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Foreword 

In accordance with the National Environmental Policy Act (NEPA) of 1969, 
the U.S. Department of Energy (DOE) has prepared this document as environ
mental input to future decisions regarding the Waste Isolation Pilot Plant 
(WIPP), which would include the disposal of transuranic waste, as currently 
authorized. The alternatives covered in this document are the following: 

1. Continue storing transuranic (TRU) waste at the Idaho National Engi

neering Laboratory (INEL) as it is now or with improved confinement. 

2. Proceed with WIPP at the Los Medanos site in southeastern New Mexico, 
as currently authorized. 

3. Dispose of TRU waste in the first available repository for high-level 
waste. The Los Medanos site would be investigated for its potential 
suitability as a candidate site. This is administration policy and is 

the alternative preferred by the DOE. 

4. Delay the WIPP to allow other candidate sites to be evaluated for 
TRU-waste disposal. 

This final environmental impact statement (FEIS) for the WIPP project is a 
revision of the draft environmental impact statement (DEIS) published in April 
1979. It includes responses to comments received from the public and from 

government agencies, in writing and in a series of public hearings, and has 
been modified to reflect changing policies and legislative requirements. 

Two principal differences between this FEIS and the DEIS arise from the 
deletion of an intermediate-scale facility for the disposal of spent fuel and 
licensing from the WIPP project, as directed by the DOE authorizing legisla

tion for fiscal year 1980. Another difference is that the WIPP project, the 
preferred alternative in the DEIS, is now termed the authorized alternative. 
The preferred alternative is to continue storing TRU waste at the INEL until 
a high-level-waste repository is available to receive it, this time expected 
to be between 1997 and 2006. The preferred alternative is consistent with the 
President's message to Congress of February 12, 1980, establishing a compre
hensive national program for the manag ement of radioactive waste. 

If this preferred alternative is pursued, additional NEPA documentation 
will be prepared for further site investigation and for decisions on the 

qualification of the Los Medanos site as a candidate for a high-level-waste 
repository. In all cases, future activities related to the Los Medanos site 
would be done in cooperation with the State of New Mexico. 

The analysis of the authorized WIPP project is to provide input to deci
sions concerning TRU-waste disposal and associated experiments. To provide 
sufficient input for these decisions, this document also analyzes the radio
logical consequences of waste transportation and processing. Nevertheless, it 
is not intended to provide sufficient environmental analysis for decisions on 
actual routes or methods for transporting material to the repository or for 
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decisions on the construction of facilities for processing the waste destined 

for the repository. These decisions will be addressed in subsequent documents. 

The WIPP authorized alternative includes a site and preliminary-design 
validation (SPDV) program in which two deep shafts and an underground experi
mental area would be constructed. This program would allow the DOE to confirm 
the geologic adequacy of the Los Medanos site before a decision to proceed 
with full construction. Although designed to meet the requirements of the 
WIPP authorized alternative, the SPDV program would be compatible with the 
characterization activities that would be needed to qualify the Los Medanos 
site for a high-level-waste repository under the preferred alternative. Simi

larly, the technical information gained from the SPDV program could aid in the 
comparison of site adequacy intended by the fourth alternative (i.e., to delay 

the WIPP pending the evaluation of other candidate sites). 

This environ.mental impact statement is arranged in the following manner: 
Chapter 1 is an overall summary of the analysis contained in the docwnent. 
Chapters 2 and 4 set forth the objectives of the national waste-management 
program and analyze the full spectrum of reasonable alternatives for meeting 
these objectives, including the WIPP. Chapter 5 presents the interim waste
acceptance criteria and waste-form alternatives for the WIPP. Chapters 6 
through 13 provide a detailed description and environmental analysis of the 
WIPP repository and its site. Chapter 14 describes the permits and approvals 
necessary for the WIPP and the interactions that have taken place with Fed
eral, State, and local authorities and with the general public in connection 
with the repository. Chapter 15 analyzes the many comments received on the 
DEIS and tells what has been done in this FEIS in response. The appendices 
contain data and discussions in support of the material in the text. 
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I Summary 

1 . 1  BACKGROUND 

This document provides environmental inpu t  for certain decisions in the 
u. s .  Depar tment of Ener gy (DOE) program for managing the transuran ic r adio
active waste gener ated i n  the national defense program . Thi s  final envi ron
mental impact statement was preceded by a draft s tatement publ ished by the DOE 
in Apr il 197 9 .  

Lar ge quantities of rad i oactive waste have resul ted f rom the production of 
nuclear weapons and the operati on of mil i tary reactors in national defense 
programs . Thi s  waste includes both hi gh-level waste ( HLW) and transuranic 
( TRU )  waste . (These terms are de fined i n  the mai n  text of this document and 
in the glos sar y . )  The ear l iest dec i s i on on manag i ng the se was tes was made i n  
the mid-1940s: to store h igh-level was te a s  l iquids i n  tanks and to bury other 
waste in tr enches . In the mid-1950s , a committee of the Nat i onal Academy of 
Sci ences suggested salt formations for the permanent disposal of high-level 
waste . Studies of sal t ,  i nclud i ng exper iments in a sal t mine in central Kan
sas , led to a 1970 proposal to establish a high-level-waste reposi tory in that 
mine ;  th i s  proposal , however , foundered for a var iety of techni cal reasons . 

Af ter the Kansas s i te was abandoned , there was a renewed exami nation of 
poss i ble repos i tory s i tes . Progressive el imination of less des i rable s i tes 
led to the bedded salt of southeastern New Mexico and to the� Los Medanos s i te 
in Eddy County , New Mex i co .  wor k star ted i n  1975 on a conceptual des i gn for a 
reposi tory at the Los Medanos site ,  pr imar ily to dispose of TRU waste stored 
i n  retr ievable form at the Idaho Nati onal Eng i neer i ng Laboratory .  The stor age 
of th is waste had begun in 1970  with a dec i sion by the Atomic Energy Commissi on 
to store thi s  waste by methods designed to keep i t  ret r i evable for at least 20 
years r ather than to continue s hallow land bur ial.  

Current leg i slat i on author i ze s  the construction of the Waste I solati on 
Pilot Plant (WI PP) as a defense activity of the DOE. The WIPP mission , as 
def i ned in thi s  legislat i on ,  i s  to provide a resear ch and develoi:nent facil ity 
to demonstrate the safe disposal of radioactive was tes res ul ting fran the 
de fense act ivities and programs of the Uni ted States . 

The legislation appropr i ating funds to the DOE for fiscal year 1980  
( PL 96 -6 9 )  prohi bited the expendi ture of  funds appropr iated to the DOE under 
that act for any purpose r elated to the licensing of the WIPP by the Nuclear 
Regulator y Canmi ssion or to the di sposal at the Los Medanos s i te of radioactive 
waste not res ul ting fran the national defense activities of the DOE. Further
mor e ,  that year ' s  author i zation act for the DOE ' s  national secur i ty and mil i
tary appli cations programs ( PL 96-164 ) defined the WIPP so as to l imit it to 
activi t i es i nvolving de fense- related radioactive waste . 

In  the meantime , studies concerned with reposi tor ies for commer cially 
gener ated rad i oactive waste conti nue under the Nat i onal Waste Terminal S torage 
program. Th is program is considering sites in var ious regions and media . 
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On Febr uar y 12 , 198 0 , Pres i dent Car ter sent a special message to Congress 
( reproduced i n  Appendi x  C) establishing the nation ' s f i r st comprehensive pr o

gram for the management of rad i oactive was te .  Thi s message was consi stent 
with the broad consens us that evolved f ran the effor ts of the I nteragency 
Review Group on Nuclear Waste Management . *  The President dec i ded that all 
reposi tor ies for the permanent disposal of highly radioactive was te s hould be 
l i censed . He di rected the DOE to expand and diver s i fy i ts progr am of geologi c  
inve stigations before selecting a spec ific site for reposi tor y developnent . 
He decided the WIPP proj ect should be canceled and that def ense and C01M1ercial 
was te s hould both be placed i n  the same reposi tor i es .  The prefer red al ter
native ident i f i ed  in thi s  f i nal envi ronmental impact statement , d i sposal of 
TRU was te in the f i r st ava ilable h igh- level-waste reposi tory , is consistent 
with the Presi dent ' s  proposed progr am . 

I n  accor dance with the Impoundment Control Act of 1974 , on Mar ch 4 ,  1980 , 
President Car ter sent to Congr e ss a proposal to rescind f unds appropr iated for 
the WIPP in f iscal year 1980 . The proposal was not acted on by Congr ess . 

This document exami nes t he impac ts of the prefer r ed al ter native , as well 
as the author i zed WIPP proj ect and other alternative plans , and compares the 
impac ts of the al ternatives . 

1 . 2 ALTERNATIVES 

This envi ronmental impact statement analyzes al ternatives for the long
term di sposal of the TRU waste stored r et r i evably at the Idaho National Engi
neer i ng Laborator y .  It  a l so  considers potenti al alternative uses of the Los 
Medanos si te . The use of the Los Medanos s i te i n  southeastern New Mexico for 
the constr uction and operation of a facil ity des igned for the dispos al of TRU 
waste and exper iments with high- level rad ioactive waste is des i gnated the 
author i zed al ternative .  The other al ternatives are evaluated in compar i son 
with thi s  al ternat ive . 

The alternative s  cons i dered i n  thi s  document ar e as follows: 

1. No action .  The TRU waste remai ns stor ed at the Idaho National Engi
neer i ng Laboratory as it  i s  now or with improved conf inement . 

2 .  Constr uction of the WIPP fac i lity at the Los Medanos s i te in south
eastern New Mexi co .  This i s  the alternat ive author i zed by leg i sla
tion .  The WIPP would i nclude a 100-acre mined reposi tor y for the 
demonstration disposal of def ense-program TRU waste , i nclud ing the 
waste stor ed r etr ievably i n  I daho , and a 20-acre under ground area for 
research and developnent on the di spos al of def ense-progr am high
level waste . 

*The I nter agency Review Group on Nuclear Was te Management , establ i shed by 
Pr esident Carter i n  March 1978 , was made up of representatives of 14  govern
ment agenc ies . I ts char ter was to make recommendat i ons for a national policy 
for the management of r adioactive was te and suppor ting programs . 
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3 .  Disposal of TRU waste stor ed at the Idaho National Engineer i ng Labora
tor y i n  the f i r st ava ilable repos itor y for high-level waste . The Los 
Medanos si te would cont i nue to be protected and i nvestigated to de ter
mi ne i ts potenti al suitabil ity as a candidate s i te for a high- level
waste repos i tory .  Thi s  is the al ternative pr efer r ed by the DOE . By 
1985  to 1 9 89 , four or five si tes potentially suitable for a high
level-waste repos i tory should have been found from among those exam
i ned in var ious media--bedded sal t ,  domed sal t ,  bas alt , granite , 
sha l e ,  and tuff . Defense-program TRU wa ste would be di sposed of in a 
high-level-waste reposi tory bu ilt at one such site ,  planned to begin 
oper ation between 1997 and 2006 . 

4 .  Delay of the WIPP fac ility .  By 1 9 8 4  or so , eval uations of sal t-dome 
and ba salt si tes should have been completed , allowing these sites to 
be consi der ed , in addi tion to the Los Medanos site ,  in deciding on the 
location of a WIPP-like facil ity . 

1 . 3  THE LOS MEDANOS S ITE 

The Los Medanos si te is in southeastern New Mexico , about 25 miles east of 
Carl sbad . I ts area is 18 , 960 acres , all Federal and State land , of which 
near ly 17 , 00 0  acres would be used for buffer zones around an underground 
repository . It has been extensively inves tigated and is a potential si te for 
a repos i tory under alternatives 2 ,  3 ,  and 4 .  

The si te i s  on a plateau east of the Pecos River , an area of rolling sand
covered hil l s  and sand dunes wi th deser t vegetat ion . The land is  used for 
grazing at a density of about six cattle per square mile . 

S ixteen peopl e live within 10 miles of the center of the s i te i  approxi
mately 94 , 0 0 0  people live within 50 miles . Basic industr ies i n  the area ar e 
mi ning , manufactur i ng ,  and agr i cultur e .  Tour ism i s  impor tant because of the 
nearness of the Carl sbad Caverns National Park ( 4 1 miles west-southwest of the 
s i te and west of the Pecos River ) .  

Southeastern New Mexico i s  ar i d .  There i s  a wet season i n  late summer , 
but the total rainfall at the site is only about 13 i nches a year . Wi nds are 
dom i nantly f rom the south to southeast throughout the year , al though the storm 
wi nds of wi nter and spr ing tend to come f r om  the west . 

Geology 

The si te is  in the nor th-centr al par t  of the Del awar e bas i n ,  a region in  
whi ch evapor ation in a shallow sea depos i ted about 3600  f eet of evapor i tes 
dur i ng the Permi an per iod 280 to 225  million years ago . A repos i tor y at th i s  
si te would be bu ilt i n  the near ly pure salt of the Salado Formation , i tself 
almost 2000  f eet th ick , w i th a mined di spos al level 2150 feet below the sur
face . 

Potash miner als and hydrocar bons (oil and gas ) ar e  impor tant resource s  i n  
the region . The former occur spor adi cally in a layer 8 0 0  to 1 0 0 0  f eet b e l ow 
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the sur face , the latter in var ious str ata from 4000  to 14 , 000  feet below the 
sur face .  There appear to be no economic reserves of cr ude oil at the site , 
but there is natural ga s amount i ng to about 0 . 02%  of U . S . r eserves . The 
Carlsbad potash dis tr ict is the pr i nc ipal domestic sour ce of sylvi te and lang
be i nite for fer t i l i zer s i  the langbe inite miner als of the ar ea may be unique i n  
t he f r ee wor ld . Langbei n i te fertil i z ers are used where crops cannot tolerate 
the add ition of chlor ides . However , similar chlor ide- free fer t i l i zers can be 
made from other mi nerals . 

The s i te is in an ar ea of low seismic i ty .  

Hydrology 

The Pecos River i s  14 miles to the southwest , but there  i s  no i ntegr ated 
surface drai nage leadi ng fran the site to the r iver . The pr i ncipal ground
water aquifer of the region is the Capi tan Format ion about 10 miles to the 
north . Aqu ifers at the site i ts elf yi eld l i ttle water , and this water is of 
low qual ity . 

Underneath the evapor i te formati ons , there ar e about 3000 f eet of rocks 
bear ing brac k ish water . Th is water flows slowly toward the northeast , with 
some connections to the base of the Capi tan . The evapor ite formati ons them
s elves conta i n  no circ ul ating groundwater , although isol ated pock ets of pres
sur i zed br i ne have been found below the Salado . Above the salt-bear i ng forma
tions there are two beds of dolomite that bear water sometimes used for stock . 
This water flows to the southwest , f i nally di schar g i ng i n  br i ne spr i ngs along 
t he Pecos River . 

Under ground di s solution of sal t  i s  st ill  an act ive proces s  i n  the r egion . 
At t he site i ts elf , d i s solution has removed some salt f r om  above the Salado , 
but essent i ally no Salado sal t .  The shallow-dissolution f ront at the top of 
t he Salado is about 2 miles west of the center of the s i te and is advancing 
hor i zontally along the top of the Salado sal t toward the east at a r ate esti
mated to be 6 to 8 miles per m illion years . The average ver tical r ate of d i s
solution , downward into the Salado sal t ,  i s  about 0 . 3 3 to 0 . 50 foot per 10 0 0  
years . At these rates the zone of salt considered for a reposi tory a t  the Los 
Medanos site would remai n  unaffected for 2 to 3 mill ion year s .  

The possibility of dissolution at t he base of the evapor i tes has been 
under i nvestigation because thi s  process appear s to be act i ve to the south i n  
Texas . According to the i nvestigations to date , t h i s  deep d i ssolution is  not 
active within 10 miles of the s i te . 

1 .  4 ENVIRONMENTAL E.VALUATICN OF ALTERNATIVES 

This section compares the envi ronmental impacts of the four al ternat ives . 
Al ternative 2 is ta k en as the r ef erence case for this compar i son i i ts environ
mental impac ts ar e eval uated in this statement . The costs and impacts of the 
hi gh- level-waste repositor i es called for in alternative 3 are ta ken pr imar ily 
f rom the dr af t  gener ic envi ronmental impact statement on the management of 
commer cially generated radioactive was te (IX>E, 1979) . 
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Alternative 1 :  No ac tion 

Trans ura nic wa ste would be ma i�ta ined at present storage sites at the 
I daho Nati onal Engi neer ing Laboratory,  poss ibly with improved confi nement . 
Because there ar e no locations suitable for deep geolog ic d i sposal at the 
Idaho National Eng ineer ing Laboratory , the wa ste would rema in near the sur
face . No ac tion would be ta ken on TRU-wa ste disposal at the Los Medanos s i te .  

In the short term , the rad iolog ical consequences of no ac tion are small .  
At the Idaho Nat ional Eng ineer ing Labor atory doses to individuals of no more 
than 0 . 0 0 0 0 0 36 rem per year could be expec ted . In  the long term , on the other 
hand , some na tural events that might produce large exposures ar e probable . 
The Laboratory is at the edge of the Arco Volcan ic Rift Zone , wh i ch has been 
active as recently as 10 , 50 0  years ago and is likely to be the scene of vol
canic ac tion in the future . Ind ividuals could r eceive SO-year radiation-dose 
commi tments as high as 90 rem to the lung if volcan ic activity disr upts the 
stored wa ste .  Inadver tent human intr u sion into the wa ste could produce indi
vidual dose commi tments of up to 700 rem to the lung , with curr ent storage 
method s .  However , with improved confinement , the maximum i nd ividual 50-year 
rad iat ion-dose commitmen ts resulting from volcan ic ac tivity and inadver tent 
i n tru sion would be reduced by a fac tor of 100 . 

Al ternat ive 2 :  The au thor ized WI PP fac ility 

The au thor ized WI PP fac i lity would cons ist of both sur face and underground 
fac ilit ies , includ ing a wa ste-handling bu ild ing , an underground-per sonnel 
bu ilding to s uppor t underground constr uction , an admin istrat ion bu i lding , fou r 
sha fts to the under ground area , under ground open ings at a single level for 
waste d isposal and for exper iments , and var ious s upport str uctures . There 
would be a storage pile for mi ned rock (pr imar ily salt) , an evaporation pond 
for r uno ff f rom the mined-rock pile,  a sewage- treatment plant , a d i sposal area 
for construction spoil s ,  and a landfill for san itary wa ste s .  The construct ion 
of the fac i lity would take 4 . 5  year s ,  and the plant would be des igned for an 
opera ting life  of about 25 year s .  The fac i l i ty would be operat iona l in 1987 . 

The development of the WI PP would occur in two d i stinct phase s :  ( 1 )  s i te 
and preliminary-design va lidat ion ( SPDV) , in wh ich two deep shafts and an 
underg round exper imental area would be constr ucted : and ( 2 )  full constr uct ion 
in wh ich the requ ired sur face and underground fac i lit ies and the rema ining 
s ha f ts would be bu il t .  The SPDV prog ram has been planned to confirm the geo
logic adequacy of the site and to ver ify the eng ineer ing properties of the 
salt at the depth of the WI PP repositor y .  After completion of the s i te ver i
fication ac tivit ies , this env ironmenta l impact sta tement t10uld be supplemen ted 
before a dec ision on the construction of the WI PP fac i l ity , if s ign if icant new 
informat ion were developed du r ing the SPDV prog ram . The SPDV-program plan 
ca lls for a 2-year per iod for constr uc ti on and s i te va lidat ion and an opera
tional per iod of up to 5 year s for design validat ion . Although designed to 
meet WI PP requi rements , the SPDV prog ram would be compatible with the charac
ter i zat ion ac tivities that would be needed to qualify the Los Medanos site for 
a h i gh-level-waste repositor y ,  if exploration at repos i tory depth should be 
required . 

Over its 25-year operating l i f e ,  the WI PP could rece ive about 6 . 2  mill ion 
cubic feet of contact-handl ed TRU was.te and as much as 2 50 , 0 00 cubic feet of 
remote ly handled TRU wa ste . Th is would account for all of the TRU wa ste cur
rently held in i nter im storage in Idaho , two-th i rds of that expec ted to be 
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gener ated at all DOE fac i l i ti es between now and 1990 , and all of that expected 
to be produced fran 1990 through 2 0 0 3 . In addi tion , the WI PP could r eceive 
about 150 cubic feet of high- level waste for exper iments .  

The envi ronmental impacts of both the SPDV progr am  and the constr uction 
and oper ation of the complete fac i l i ty have been examined . The impacts of the 
SPDV prog ram are descr ibed in th is document; the impact analyses are presented 
in greater detail in a technical repor t prepar ed for the DOE ( Brausch et al . ,  
1 9 80 )  • 

The physical impac ts of the SPDV program would be similar to those that 
accompany any snall mining proj ec t:  locally i ncreased no ise levels , local 
deg radat ion of air qua l i ty f rom dust , di sturbance of vegetat ion and wildlife  
habi tat , and i ncreased so il erosion . None of these impac ts are  j udged to be 
significant . The no i se leve ls generated could disturb local residents . The 
air  po llution produced would not cause sign if icant deter ioration of air qual
ity or result in violations of Federal or State ai r-qua l i ty standard s .  The 
i ncreases in no ise and air po llution would be shor t- lived , lasting only the 2 
yea r s  or so of SPDV construction .  Longer- term impacts on vegetat ion and wild
l if e  would occur because of clear ing about 67 acres of thei r  present vegeta
tion and removing th is land from graz i ng .  Some of thi s  land ( 15 acr e s )  would 
be removed for a ver y long time because it would be ster ilized by salt . 
Acce ss to the mineral and energy resource s at the Los Medanos site would be 
denied dur ing the SPDV prog ram , but in the event that th is s i te were not con
sidered further for a repos itory these resource s would aga i n  become avai lable . 

The socioeconomic impac ts of SPDV ac tivi ties , e i ther benef icial or ad
ver se , would be minimal because of the small size and sho r t  dur at i on of stay 
of the SPDV wor k for ce .  The SPDV prog ram would require about $ 54 million 
( 197 9 do llar s )  to design and bu ild and about $ 5  mill ion a year to oper ate . I f  
the WI PP or a h igh-level-waste repository were cons tr ucted a t  the Los Medanos 
si te , afte r  site va lidat ion the SPDV shafts and underground deve lopment would 
become a part of the comple te fac i lity .  

Because no rad ioac tive mater ials would be used i n  the SPDV prog ram , there 
would be no radiolog ical consequences .  

The physical impac ts o f  developing the complete WIPP fac ility would in
c lude the removal of 1072 ac res of land from g raz ing and the denial of acce s s  
to some sub sur face minerals . Some o f  th is land ( 37 acres)  would be removed 
f rom g raz ing for a very long t ime bec ause it would be ster i lized by the salt 
stored on its sur face . The impor tant mineral re serve is langbe inite , a min
eral used for ferti lizer where chlor ide s  cannot be used. Access to an e sti
mated 3 %  to 10% of the U . S .  reserves of th is mi neral would be den ied through
out the ope rating l ife of the WI PP , and str ict controls on i ts removal would 
be enforced after operat ions were completed . Although langbe in ite is  useful , 
s imilar minerals produced conunerc ially from br i ne lakes can be used in its 
place . 

The au thor ized WI PP fac il ity wou ld cost about $500  million ( 19 7 9  dollar s )  
to des ign a nd  bu ild and $ 24 million a year to operate .  Jobs c reated d i r ectly 
and ind irectly would peak at about 210 0 dur ing constr uc tion and drop to 9 5 0  
dur ing operation .  
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Transpor tation acc idents of extreme sever ity ,  though not expec ted to 
occur , were post ul ated to analyze the wor st poss ible consequences of trans
por ting waste to the WIPP . Such an acc ident in the transpor tation of the 
exper imental h igh-l evel wa s te could deliver to i ndivi duals a 50-year rad ia
tion-dose commi tment that might reach seven times the dose delivered by nat
u ral backg round rad i ation . In an acci dent dur i ng the shipment of TRU was te ,  
the maximally exposed ind ividua l could rece ive a dose 3 . 4  times that from 
backg round sour ces . The relation of rad i ation doses to health e ffects i s  
discu ssed i n  Append ix o .  

Dur ing operation ,  the mos t sever e cred ible accident would be an unde r
g round fi re in the d isposal area for contact-handl ed TRU wa ste . The 50-year 
rad iat ion-dose commitment rece ived by the maximally exposed individual would 
be about 0 . 0 0 0 1% of the dose f rom natu ral backg round radiation ;  th is dose 
would be delivered to the bone . 

After the WIPP ha s ceased operation and is closed , no release of rad io
act ive ma ter ial would be expec ted . Nevertheless , if someone were to dr ill 
direc tly into the stor ed TRU waste 10 0 years later , the geolog ist on the dr ill  
crew could be  exposed to a whole-body dose of  about 0 . 0 0 15 rem . Th is dose is 
about 1 . 5 %  of the annual dose rece ived from natural background radiat ion . 
Even if the wor st imag inable release into g roundwa ter occu rred , the conse
quences would be very small : the radioactivity di schar ged into the Pecos River 
would de liver an annual bone dose of only 0 . 00003  rem to the per son r ece iving 
the highest exposure .  Th is is 0 . 0 3 %  of the dose he would rece ive from natural 
bac kg round r adi ation .  

Included i n  the WIPP des ign are features that would reduce or mit igate the 
potential envi ronmental impac ts of fac i lity constr uc tion and operation . The 
mitigation mea sures to be employed would reduce physical impacts dur ing 
constr uc tion and operation by controlling a i r , water , and no ise pollution and 
would restore the si te to natural cond itions after the fac ility is decommis
sioned . Rad iologi cal impac ts dur ing operations would be reduced by de s ign 
f eatures , such as high-efficiency par ticulate air ( HEPA) f i l ter s ,  that would 
l imit the amount of r adioac tiv ity released to the environment . In add i t i on ,  
potential rad iolog ical impacts would be mit igated by establ ishing deta i l ed 
operating procedu res to decrease the probabil ity of acci dents , by developing 
secur ity measures to le ssen the chances of intentional destr uct ive acts , 
and by developing emergency procedures to reduce the effects of acc i dents . To 
enhance long-term wa ste isolation , the WI PP design would include warning monu
ments and the ma i ntenance of r ecords to aid in preser ving knowledge of the 
repos i tory and to reduce the probabi l i ty of acc idental intrus ions . 

Al ternative 3 :  The preferred al ternati ve--combi ne the author ized WI PP activ
it ies with t{le first  ava ilable reposi tory for high- level waste 

In th is al ternative , there is no separate defense-waste fac i l i ty .  A 
number of potential sites for a repos i tory for both TRU wa ste and high- level 
wa s te w i ll be located , character i z ed , and evaluated . The Los Medanos s i te may 
be included in this evaluation ; the SPDV prog ram descr ibed for alternat ive 2 
would be compatible with the s i te-charac ter ization studies that would be 
requ ired to qualify th is site for a comb ined TRU-wa ste and high- level-wa ste 
reposi tory .  The other s i tes will be in a var iety of host rocks such as bedded 
sal t ,  salt domes , basalt , granite , shale , and tuff . When four or five sites 
have b een found potentia lly s u i table , one or more will be selected for 
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deve lopment .  Th is alternat ive is consistent with the program proposed by the 
President and that descr ibed by the DOE in its statement of posit ion on the 
Nuclear Repos i tory Commiss ion ' s  Proposed Rulemaking on the Storage and D is
posal of Nuclear Was te ( DOE ,  1980 ) . Subsequent environmental impact s tate
ments ar e planned to support DOE dec is ions on reserving cand idate sites for 
possible sel ec tion in the h igh-level-waste repository prog ram . The f i r st 
h igh-leve l-waste repos i tory would be operat ional between 1997 and 2006 . 

Th is environmental impact s tatement d iscusses a conceptual repos i tory in 
salt and a conceptual repos itory in basalt:  a repos itory i n  other med ia would 
enta il d i fferent impac ts , wh ich can be accu rate ly predic ted only af ter fur ther 
study of these med ia and the ident if icat ion of spec ific site s . The delay 
i nherent in this al ternative means that the Idaho TRU was te would remain 
longer in its  present storage , increas ing by about 10 % per year . Bar r ing a 
natural catas trophe , leaving it there for a short t ime would enta il no sig
nif icant consequences . The env ironmenta l impacts of the SPDV program con
duc ted at the Los Medanos s i te would not be changed in th is alternat ive from 
those de scr ibed for th is ac tivity under alternat ive 2 ( see also Brausch et 
al . ,  1980 ) . 

At the high-level-waste repos itor y ,  the land required may be increased by 
not more than 6 %  with the add ition of TRU was te ,  but combin ing TRU was te and 
h igh-leve l wa ste in one repos i tory would decrease the overall land use by 
about 15% . The quantity of mined rock would i ncrease by 3% to 7% at the high
leve l-waste site but remain basically unchanged overall . By i nclud ing a TRU
wa ste reposi tory , the cons tr uc tion and operating cos ts at the h igh- level-waste 
site would be increased by 8%  to 25% and 15% to 30% , respec tiveiy ,  but de
c r ea sed in compar ison to the cost of separate repos itor ies . The number of 
wor ker s at the high- level-waste site would increase by 27% to 35% , but would 
decrease by 10 % overa ll . 

Transpor tation route s  var y  depend ing on the s i te selected for the comb ined 
repos i tory . The consequences of i nd ividual acc idents would remain essen
ti ally the same . There is no reason to expec t any change in the probabilit ies 
of operation3l acc i dents . 

Under allernat ive 3 ,  the Los Medanos site could become a potential site 
for a commerc ial-h igh-level-waste ( HLW) repos itory that would i nclude the 
d isposal of de fense TRU wa ste . The character istics of the Los Medanos site do 
not appear to con f lict with the draft cr i ter ia of the Nat ional Wa ste Terminal 
Storage (NWTS ) program for qualifying site s  for the disposal of commerc ial ly 
generated h igh-level was te (ONWI , 1980 ) . Moreover , although the analyses of 
env ironmental impac ts have focused on the use of the site for TRU waste , 
i nterpretations of the resul ts of these evaluat ions have not developed any 
informat ion that would elimi nate the Los Medanos site as a poten ,1  site for 
an HLW fac i lity .  However , before a dec is ion to " bank "  the Los M _,nos s i te 
under the NWTS program , an env ironmental impac t statement would L �  pr epar ed in 
accordance with the Nationa l Environmental POlicy Act s trategy set forth in 
the DOE ' s  statement of pos it ion on the Nuclear Regulatory Commiss ion ' s  Pro
posed Rulemaking (DOE, 1980 ) . 

In the long term , no re lea se of rad ioac tivity i s  expec ted from a r eposi
tory at any candi date s i te . The cred ible events or proce sses that might 
impa ir the integr ity of a repos itory would di ffer wi th the site ,  and analy ses 
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of the consequences of such phenomena at potential site s have not generally 
been per formed . However , any potential s i te will be subj ected to these 
analyses . 

Alternat ive 4 :  A de fense-waste fac il i ty bu ilt after the considerat ion of 
sites in add ition to the Los Medanos s i te 

This alternat ive is in essence alternative 2 delayed . The SPDV program 
descr ibed for the author ized WI PP al ternative (alternat ive 2) could aid in the 
compar ison of site adequacy intended under th is alternative . Dur ing the 
delay , the I daho TRU wa ste would rema in in i ts present s torage , with no 
sign if icant consequence s .  The quant ity of defense TRU wa ste stored at the 
sur f ace would i ncrease by about 10% per year . 

The physical impac ts of this alternative would be about the same as those 
of alternative 2 with re spect to land use , resour ces used , ef fluents , and 
mined-rock disposal . If the repos i tory were constr ucted in the salt domes 
inland of the Gulf of Mexico or in the basalt at Hanford , the con flict with 
mineral resource s would potentially be reduced . However ,  the salt in domes is 
i tse lf a resource .  The environmental impacts of the SPDV program at the Los 
Medanos site would rema in the same for this alternative as those descr ibed for 
the author i z ed WI PP al ternative ( see also Brausch et al . ,  1980) .  

Because the transpor tation route s  from Idaho would be longer to a salt
dorne repository ,  the probability of transportation accidents would be in
creased : the reverse would be tr ue of a basalt repos i tory .  The predicted 
consequences of an acc i dent and the radiat ion doses delivered to i ndividual 
per sons dur ing normal transpor tation would remain basically unchanged , because 
the consequences are calculated under the a ssumption that the waste packag ing 
alone provide s  the relied on conta inment .  

I ndividual rad iation exposures dur ing plant operation ( under both normal 
and postulated-acc ident cond it ions)  would not be expected to change : popula
tion expos u res would be h igher in the vic inity of salt-dome and basalt repos i
tor ies becau se of h igher population dens it ies . 

There would be no changes in the pred i c ted long-term consequences of a 
delayed TRU-wa ste repos i tory if it were construc ted at the Los Medanos site . 

Although the actual cons tr uction and operating cos ts of a delayed TRU
waste repos i tory would not be expected to change drastically f rom those of 
al ternative 2 ( if the costs are calculated in cons tant dollar s ) , the ove rall 
cost of alter nat ive 4 would be signif icantly h igher . These increased costs 
would i nclude the cost of stor ing i ncreas ing quantities of TRU wa ste at the 
Idaho National Eng ineer ing Laboratory and the cost of clos ing out and restart
ing the prog ram . The cost of closing out the pre sent effort is est imated to 
be about $3 mi llion : s tar ting the project up aga i n ,  either at the Los Medanos 
site or elsewhere,  could cost considerably mor e .  
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1 .  5 CONCLUSIONS 

The al ter na t ive of no ac tion ( a l te r nat ive 1 )  is unacceptable in the long 
term because it leaves the TRU waste stor ed near  the sur face at the Idaho 
National Eng ineer ing Laborator y ,  exposed to possible volcan ic ac tion or human 
int r usion .  

The rema ining three alternatives are pred icted to have impacts that are 
sma ll both in t he s hort term dur ing constr uc t ion and operation and in the more 
d istant future , and none of them is so clear ly super ior env ironmentally to the 
others t hat it can be selec ted on environmental g rounds alone : any of these 
three alte rnat ives can be car r ied out in a safe and env ironmenta lly acceptable 
manner . If t he SPDV prog ram is conduc ted , i ts impact at the Los Medanos s i te 
would be the same regardless of wh ich of these three alte rnat ives is  se lec ted 
for long- term wa s te d isposal . 

Al te r native 3 ,  the prefer red alternat ive , is  consistent with the compre
hensive rad i oac t ive wa s te management prog ram proposed by the Presi dent . I ts 
pred ic ted envi ronmental impac ts are genera lly small . It  may deny acces s  to 
some U . S .  mi neral resources , depend ing on the s i te selec ted for the combined 
repos i tory.  Comb ining TRU- and high- level-waste repos itor ies would use less 
land than sepa ra te repositor i e s .  The f i r st high- level-wa s te repository would 
be ava ilable between 19 9 7  and 2006 . 

Alte r native 2 ,  the au thor ized alternat ive , is  consistent with author iza
tion and appropr i a tion ac ts . The impacts predic ted for it are also g enera lly 
small . The use of the Los Medanos s i te in southeastern New Mexico would deny 
acce ss to 3% to 10 % of the U . S .  reserves of the mineral langbe i n i te for the 
operat ing l i fe of the repos itory and requ ire str ict controls on its extract ion 
therea f ter . The WI PP fac i lity would be ope rational in 1 9 87 . 

The rad iolog ical consequences of extremely unli kely acc idents dur ing the 
transpor t a tion of h igh-level wa s te could be seve r e ,  but they would be simi lar 
regar d less of when or where the repos i tory is bu i l t . The probabi l i t ies and 
the ove rall population doses would change depend ing on the location of the 
repos itor y ,  bu t the radiat ion doses rece ived by the maximally exposed indi
vi dual would be the same . 

Alternat ive 4 ,  though an env ironmentally feas ible alternat ive , is  consis
tent ne ither with leg islation nor with the Presi dent ' s  prog ram . Other than 
add it ional de lay in removal of the TRU waste from Idaho , its impac ts would be 
like those of alternative 2 if the Los Medanos s i te were selec ted af ter com
par ison with other sites.  
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2 Background 

Th is chap ter p re sents information helpful in under stand ing the rest of 
th is env i ronmen ta l impac t statement.  It beg ins by expla in ing the dec is ions 
for wh i ch the statement provi des env i ronmental informat ion and by outlin ing in 
genera l terms the contents of the statement ( Sect ion 2 . 1 ) . Then Sect ion 2 . 2  
revi ews the i nve stigations that have led to the considerat ion of a par ticular 
place , an area called Los Medanos , as the site for the WIPP fac il i ty .  Then 
Section 2 . 3 descr ibes the particular k i nd of rad ioact ive wa ste that the 
statement pr inc ipally dea ls with . 

2 . 1 BRI EF INTRODUCTION TO THI S DOCUMENT 

Since the ear ly 1940 s ,  the Un ited States has been genera ting rad ioact ive 
wa ste in national def ense prog rams , includ ing the production of nuclear weap
ons and the operat ion of mi l i tary reactor s .  Because much of th is rad ioactive 
wa ste is haz ardous enough to requ i re i solat ion f rom the biosphere , it has been 
stored on Gover nment re servations , either bur ied in trenches or held in spe
cially designed i nter im-s torage area s .  The U. S .  Depar tment of Energy ( DOE) i s  
re sponsible for deve loping and implementing method s for the safe and env iron
menta lly acceptable d isposal of th is wa ste . 

Dur ing the la st two decade s ,  techn ique s for the di sposal pf rad ioact ive 
wa ste have been st ud i ed through explorat ion , laboratory exper iments , f ield 
te sts , and ana lyses . Those effor ts led the Ener gy Research and Development 
Admin istrat ion , the p redece ssor of the DOE , to propose that a repos i tory for 
de fense wa ste , the wa ste I solation Pilot Plant (WIPP) , be bu ilt  near Car l sbad , 
New Mex ico , in the area ca lled Los Medanos . Accord ing to the f iscal year 1980  
au thor izing legislat ion ( PL 96-164 ) ,  the WIPP is  " for the express purpose of 
provid ing a resear ch and development fac i lity to demonstrate the safe d i sposal 
of rad ioac tive wa stes resulting from the de fen se ac tivi t ie s  and programs of 
the Un i ted States exempted f rom regulat ion by the Nuclear Regulatory Com
mission . " The design of the WIPP , prov id ing for the init ially retr ievable 
d i sposal of de f ense transuran ic ( TRU) wa s te and for a resear ch-and-development 
fac il i ty for de fense-program h igh-level wa ste ( HLW) , is consi stent with that 
author ization .  

On February 12 , 198 0 , President Car ter sent a spec ial message to the Con
g re ss e stab l ish i ng the nation ' s  f i r st comprehens ive prog ram for the management 
of rad ioactive wa ste . Th is program is consistent with the broad consensus that 
evo lved f rom the e ffor ts of the Interagency Review G roup ( IRG) on Nuclear Wa ste 
Management . *  The Pr esident dec ided that all repos itor ies for the permanent 

*The Inte ragency Rev iew Group on Nuclear Wa ste Management , establi shed by 
Presi dent Car ter in Mar ch 1 9 78 , was made up of representat ives of 14 govern
men t agenc ies . Its char ter wa s to make recommendat ions on a national pol icy 
for the management of rad ioact ive wa ste and s upport ing prog rams ( IRG , 1979 ) . 
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d i spos al of highly rad ioactive waste should be l icensed . He directed the DOE 
to expand and d ive r s ify i ts prog ram of geolog ic . i nvestigation before selecting 
a spec ific  s i te for a repos i tor y .  He decided that the WIPP proj ect should be 
canceled and that defense and commercial waste should both be placed in the 
same repos i tor y .  The full text of the President ' s  message is in Append ix c .  

In accor dance with the Impoundment Control Act of 1974 , on Mar ch 4 ,  1980 , 
Pres i dent Car ter sent to Cong ress a proposal to rescind funds appropr iated for 
the WIPP. The proposal was not acted on by Congress�  consequently the DOE i s  
requ ired to conti nue proj ect ac tivities . 

This document exami nes and compar es the impacts of four alternatives for 
manag ing the TRU wa ste stored at the Idaho Nat ional Eng ineer ing Laboratory 
( INEL) . The pref erred alternative , the d isposal of the TRU waste in the f i r st 
ava ilable HLW repos itor y ,  i s  cons i stent with the President ' s  proposed progr am .  
The leg islat ively author i z ed al ternat ive is to bu ild an unlicensed demonstra
tion repos i tory for de fense waste , according to a completed pr el imi nar y des ign , 
at the Los Medanos s i te in  southea stern New Mexico .  

2 . 1 . l  Dec isions for Wh ich Thi s  Envi ronmental Impact Statement Provide s  
Envi ronmental Input 

Thi s  env ironmental impact statement ( EIS) , pr epar ed in accordance with the 
requi rements of the National Envi ronmental Policy Act (NEPA) of _19 6 9 , provides 
envi ronmental informat ion for the following decisions : 

1 .  What s hould be the strategy for the long-term management of the TRU 
waste stor ed at the INEL? 

2 .  Should the TRU waste stored at the INEL be disposed of in the f i r s t  
ava ilable HLW reposi tory or in a repos itor y for TRU waste only , s uch 
as the author i zed WI PP fac il ity? 

3 .  Should the WIPP fac i l ity at the Los Medanos s i te be constr uc ted and 
oper ated ? 

4 .  I f  the WI PP fac i l i ty i s  not to be constr ucted a t  the Los Medanos s i te ,  
s hould the s i te be r etai ned to preser ve the option of character i z ing 
it as a potent ial s i te for a combi ned TRU-HLW repos i tory? 

If the answer to the fourth question is yes , add i tional NEPA documentation 
will be prepared pr ior to decisions on the qual i f ication of the Los Medanos 
s i te as a candidate for an HLW repos i tor y .  The qualification of other s i tes , 
si te select ion , and repos i tory constr uct ion and operation will also requ i r e  
NEPA documentation ( DO E ,  1 980a) . 

2 . 1 . 2  Contents of Th i s  Envi ronmental Impact Statement 

Th is document , the final envi ronmental impact statement ( FEIS) for the 
WI PP pro j ec t ,  is a rev i s ion of the dr aft env i ronmental impact statement (DEIS) 
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publ i shed in Apr il 197 9 . It includes responses to comments rece ived f rom the 
publ ic and f rom government agenci es , in wr i ting and in a ser i es of publ ic 
hear ings , and has been mod i f i ed to reflect changi ng pol icies and leg i slative 
requi rements . 

One differ ence between this FEIS and the DEIS ar i ses from the de letion of 
an i ntermedi ate-scale facility ( ISF) f rcm the WIPP proj ect . I n  Apr il 1979 , 
the DOE proposed to include an ISF in the WIPP to be used for empl acing as 
many as 1000  assembli es of spent f uel frcm commer cial nuclear reactors . The 
DOE also reque sted that the Nuclear Regulatory Commission ( NRC )  be authori zed 
to li cense the proposed fac i l ity .  The author i z ing legislation for f iscal year 
1980 ( PL 9 6 -16 4 )  does not include the ISF and di rects the Secr etar y of Ener gy 
to proceed with a proj ect that is limi ted to defense waste .  The Congress al so 
decl ined to author i ze the licens i ng of the facil ity ,  and the appropr iation 
legislation ( PL 96-6 9 )  f orbade the use of f unds for licensing or activities 
not connected wi th defense . The President ' s  pol i cy statement of Febr uar y  12 , 
1 9 80 , al so does not provi de for a separate ISF . Consequently , i ncl usion of an 
!SF is no longer cons i dered to be a reasonable al ter nati ve . Since the demon
stration of spent- f uel d isposal contr i buted appreciably to the environmental 
impacts pred i cted in the DEIS , a number of changes wer e necessar y .  

Another d iffer ence i s  that the FEIS combi nes the two al ter natives i n  the 
DEIS in which INEL TRU waste is di spos ed of in the f i r s t  available reposi tor y 
for commer cial hi gh-l evel waste . The only d i fference between these al terna
tives was timi ng , and the timing of repos i tor ies for commer cial hi gh- level 
was te is consi dered in the draft gener ic envi r onmental impact statement (GEI S )  
for the management of commer ci ally generated radioactive was te (DOE , 1979) . 

A third d i ff er ence is that the preferred al ternative has changed . In the 
DEIS , the DOE expressed its prefer ence for the cons truction of the WIPP re
posi tor y at Los Medanos ; the DOE no,.; prefers to d i spose of the TRU waste 
stor ed at Idaho in the f i rst ava il abl e repos i tor y for high-level was te . The 
preferred al ter native i n  this FEIS is cons istent with the Pr esidential pol icy 
s ummar i zed ear l i er in this section . 

The remai nder of the changes from the DEIS ar e updates of informat i on and 
analyses as well as responses to requests for addi tional analys es and for the 
clar i f i cation of par t i cular points . The comments that res ul ted in the mos t 
s ign ificant change were on the d iscussion of al ternatives to the WIPP proj ect . 
Chapter 3 ,  " Deve lopment of Alternat ives , "  is ded icated to thi s topic;  it  ex
pands on the r easoning i n  Chapter 2 of the DEIS that l ed to concentr ation on 
deep geologic disposal and provides informat ion on how the spec i f i c  al ter
natives were der ived . 

Str ucture 

Thi s document cons i sts of two par ts . The f i rs t  par t  cons i sts of chapters 
2 through 4 .  I t  begi ns with a descr iption of the national program for the 
management of rad ioac tive waste and the WI PP proj ect (Chapter 2 ) . Chapter 3 
formulates four al ter nati ve pl ans for the d isposal of the TRU waste now stored 
at the INEL . Chapter 4 analyzes the envi ronmental impacts of these four al
ternati ves . 
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The second par t of th is document presents the env ironmenta l impac ts of the 
author iz ed al ternative . It  descr ibes the wa ste to be rece ived at the WIPP 
(Chapter 5 ) 1 the method s and the env ironmental impacts of transpor ting the 
wa ste (Chapter 6 ) 1 the environment of the Los Medanos s i te in southeastern New 
Mexico (Chapte r 7 ) 1 and the des ig n  of the fac i l ity (Chapte r 8 ) . These data 
are the ba s is for a deta iled analy s is of the environmental impac ts induced by 
its constr uc tion and operat ion (Chapte r 9 ) . Because the WIPP is des igned to 
k eep the wa s te isolated far into the futu r e ,  Chap ter 9 d iscusses environmental 
impac ts both in the shor t te rm , dur ing the opera ting l i fe of the repos i tor y ,  
and in the long term , for hundr eds o f  thousands o f  year s into the futu r e .  

Retr ieval o f  wa ste from the INEL 

Among the ac tions covered by th is document is the retr ieva l of the TRU 
wa s te s tor ed at the INEL for transport to , and emplacement i n ,  a geolog ic 
repos itor y .  About 3 . 0  mi llion cub ic feet of TRU wa ste i s  either currently 
s tored or is to be s tored at the INEL through 1 9 9 0 . Th is document descr ibes 
how the retr ieval of th is wa ste would affec t  the env ironment of the INEL and 
analyses the impac ts of transporting th is wa s te to the Los Medanos s i te .  

Withdrawa l of land 

If the pre fer red alternat ive is se lec ted and the Los Medanos site is not 
used for the WI PP ,  the DOE will deve lop a coope rative ag reement with the Bu
reau of Land Management ( BLM) of the U . S .  Department of the Inte r ior to pre
serve the option of charac ter iz ing the s i te for a possible HLW repos itory . 
The land would be withdrawn permanently only i f  the Los Medanos - site were 
actually se lec ted for an Hil'l repos i tor y .  S i te charac ter izat ion stud ies would 
be per formed through a cooperat ive ag reement with the BLM that would not 
requ i re land withdrawal . 

If  the WlPP is  to be constructed as author ized , the transfer , through 
leg islation ,  to the DOE of about 17 , 200 acres of publ ic lands cu r r ently con
trolled by the Bureau would be nece ssar y .  With the add it ion of 1760  acres of 
S tate lands , th is acreage would compose the WIPP s i te in Eddy County , New 
Mex ico . Further site character izat ion and validat ion stud ies would again be 
per formed through the coope rat ive ag reement with the BLM that would not re
quire land withdrawa l .  One of the purpose s of th is document is to examine the 
env i ronmental consequences of withdrawing these public land s .  

O f  pr inc ipal concern under either alternat ive i s  the proposed use of pub
lic lands for a rad ioactive-waste repos i tory in light of the mult iple-use goal 
for the management of public lands . Accord ingly , th is document prov ides in
formation on the cur r ent land u ses of the area , an inventory and eva luation of 
the natura l resources of these land s ,  and the changes that would result from 
the author iztd WI PP proj ec t .  

S ite and pre liminary-de sign va lidation 

In accordance with the au thor iz i ng leg is lation , the DOE would proceed with 
ac t ivities lead ing to the constr uc tion of the WI PP at the Los Medanos s i te in 
southeastern New Mex ico . As par t of the cont inu ing site-character ization 
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program , the DOE would construc t  two site-validation shafts at the site before 
the constr uction of the full repos itory is begun and an in-situ exper imenta
tion fac ility to ver ify engineer ing properties of the salt . This program is 
referred to as the " site and preliminary-design validation" program , or the 
SPDV program . Such a program would provide useful input to any future charac
ter ization of a site for a repository for commercial rad ioactive waste,  if a 
dec ision were made to do so at a later date . 

Th is document spec ifically analyzes the environmental impacts of the SPDV 
program� they are presented along with the more extensive impacts of construct
ing and operating the complete fac ility. A technical report has also been 
prepared for the DOE, deta iling the analyses of the environmental impacts of 
the SPDV program (Brausch et al . ,  1980 ) . Even though the SPDV impacts are 
smaller than the complete-facility impacts , they are analyzed separately in 
order to show what the impacts would be if the SPDV program were conducted but 
the complete facility were not built. If the site-validation activities were 
to d isclose sign ificant new information , th is EIS would be supplemented , as 
appropr iate , before a dec is ion to proceed with the construction of the WIPP 
fac ility . 

WIPP construction 

This document descr ibes the environmental impacts of constructing , op
erating , and decommissioning the WI PP at the Los Medanos site .  I t  compares 
these environmental impacts with those of possible alternatives . In order to 
provide a comprehensive picture , it al so analyzes the impacts of activities 
required for the operation not only of the WIPP but of any repos itory ( e . g . , 
the impacts of waste transportation) . Impacts of th is kind are , or will be , 
the subject of subsequent reports , such as the safety analysis repor t for 
waste-transportation packagings .  

2 . 2  WASTE-MANAGEMENT PROGRAMS LEADING TO TH E  CONSIDERATION 
OF THE LOS MEDANOS SITE 

The Los Medanos site mentioned in Section 2 . 1  is the site for the action 
that would take place under the author ized alternative analyz ed in th is state
men t .  It i s  descr ibed extensively i n  the second major par t  o f  the statement . 
Th is section reviews the investigations that led to the selection of Los Med
anos as the place where the author ized alternative might be carr ied out .  

2 . 2 . l  Ear ly History of Waste-Management Programs 

In 1955 , the U . S .  Atomic Energy Commission (AB:) asked a committee of the 
National Academy of Sci ences to examine the issue of permanent disposal of 
rad ioactive waste . They concluded (NAS-NRC , 1957 ) that " the most promis ing 
methcxl of d isposal of high-level waste at the present time seems to be in salt 
deposits . "  They recommended salt for further evaluation because of its 
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the rmal and physica l  proper t i es and because its very exis tence for hundreds of 
m i l lions of years has demonstrated i ts isolat ion from c i r culat ing g roundwa ter 
and the stab i l i ty of the geolog ic format ions in wh ich it is located . Th is 
r ecommenda t i on led the AH:: to sponsor several · years of re sear ch ( 1 9 57-196 1 )  at 
the Oak Ridge Nat ional Labora tory (ORNL) on phenomena assoc iated with the 
d i sposal of rad ioac tive was te in sal t .  

I n  19 6 2 ,  P ierce and Rich ( 19 6 2 )  r epor ted on salt depos i t s  i n  the Un ited 
S ta tes that migh t  be s u i table for the d isposal of rad ioactive wa s te .  The 
Permian bas i n ,  wh ich i ncludes the Delaware basin  in eastern New Mexico and 
l arge areas in Kansas , West Texas , and Ok lahoma , was one of the areas d is
cu ssed (F igure 2- 1 ) . 

In 19 6 3 , the ORNL research wa s expanded to include a lar ge-scale f ield 
prog ram in wh ich s imula ted wa s te ( i r rad i a ted fuel elements) , s upplemented by 
e lec tr ic heate r s , was placed in Permian-basin salt beds for observation .  This 
exper iment , ca lled Proj ect Sal t  Vaul t  (Bradshaw and McCla i n ,  197 1 ) , was con
duc ted in an already exist ing salt mine at Lyons , Kansas ,  f rom 19 6 3  to 19 67 . 
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F igure 2-1 . Map of rock-salt deposits in  the United States. 
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In June 1970 , the Lyons site wa s selected by the AEC as a potential lo
cation for a radioactive-waste repository ; the select ion , however ,  wa s con
ditional on the sat is fac tor y resolution of site-spec ific issues under study . 
The concept and location were cond itiona lly endorsed by the Nat iona l Academy 
of Sc iences committee in November 1970 . A conceptual des ign for a repos i tory 
accommodating both high-level wa ste and TRU wa ste was compl eted in 197 1 .  In 
197 2 , however ,  the Lyons site wa s j udged unacceptable for techn ical reasons : 
there were previously und iscovered dr ill holes nearby , and water used in 
nearby solut ion mines could not be traced . Accord ingly , the dec is ion wa s made 
to abandon that site .  The rej ection of the Lyons s i te led the AF£ , with the 
assistance of the U . S . Geolog ical Survey (USGS) , to seek s i te s el sewhere in 
the Un i ted States . 

2 . 2 . 2  The Site-Selection Process 

The si te- se lection process appl i ed to the WI PP proj ec t can be thought of 
as  a set of informa tion screens ( Table 2-1 ) proceed ing from general ideas to 
spec i fic deta il s , from large ar eas of the country to small , we ll-de f i ned one s ,  
and f rom sur veys o f  the literature to measurements i n  the field . Th is in
format ion screen ing involves a progress ively mor e str ingent appl icat ion of 
site-selection cr iter ia and occurs in several stage s .  

Stage 1 involves general informat ion gather ing to select geolog ic med ia 
and geog raph ic regions . The appl icat ion of general c r i teria at th is level of 
knowledge leads quickly to a few reg ions tha t war rant further inve stigation .  

Stage 2 is a care ful study of the literature to nar row do�� the remaining 
reg ions and to ident i fy prom i s i ng sites accord ing to si te- selection cr iter i a .  
Each cand i date site thus chosen becomes the focal point for deta iled eng ineer
ing ,  sa fety , and env ironmenta l eva luation s .  

Stage 3 i ncludes extensive f ield studies at the cand i date s i tes : deta iled 
invest igat ions of geolog ic structure and strat igraphy , hydr ologic character
istic s ,  and re sources pre sent ; an ar chaeolog ical and h i stor ic s i te survey ; 
demograph ic and biolog ical studies ; and the operation of a meteorological 
station . At th is stage of the scr eening process the site-sel ection cr i te r i a  
may be refined or amended . It  is poss ible that these deta iled stud i es will 
reveal some aspects of the s i tes that are less than ideal , but it is not 
necessary that a site be ideal with respec t to all selec tion fac tor s .  
However , a site may be rej ected at th is stage ; if th is occu r s , the process 
reverts to stage 2 .  

Stage 4 is the deta iled s i te analysis , includ ing rad iation-safety and 
envi ronmental- impact analyses . The ba sic question , acceptab i l i ty of the can
dida te site s ,  can be answered only after ta king account of th e full r epos i tory 
sy stem : the spec i f ic geolog ic environment , the wa ste form , the plant de sign , 
and potent ial failure mod es . The impor tance of analyz ing the full system must 
be emphasiz ed b ecau se the medium selected ( e . g . , salt , shale , g r an i te )  is only 
one component of the system . The analysis of the sites eva luates the i r  abi l i ty 
to isolate the wa ste for as long as it pre s ents an unacceptable ha z a r d . If a 
cand idate site is acceptabl e ,  the selection process is complet� a , 1d the site 
rnay be u sed immed i a tely or held for future use ; i f  not , the pr occ- may be 
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star ted over aga i n .  Thi s  four-stage process has been used since 1972 i n  the 
sear ch for accepta ble si tes . 

This si te- sel ection process followed i n  the WI PP proj ect has many char
acter istics of the process used in the National waste Terminal Storage (NWTS) 
program for commer c ial high- level wastes . In the NWTS progr am ,  candidate 
si tes are selected by a systematic process that i ncludes three phases:  ( 1 )  
si te explorat ion , char acter i zation , and banking :  ( 2) detailed s i te char acter
i zation :  and ( 3 )  site selection . The var ious activi ties i ncluded in these 
pha ses ar e descr i bed i n  the DOE ' s  statement of pos i ti on on the Nuclear Reg
ulator y Conunission ' s  Proposed Rulema king on the Storage and Disposal of Nu
clear Waste (DOE, 1980a ) . If the Los Medanos si te i s  incl uded i n  the NWTS 
program , si te-character i zation activi ties w ill continue with the possibility 
of banking i t  for future cons i deration . 

Table 2- 1.  S i te Selection as a Screening Process 

Stage Function 

1 Gener al information 

2 Reg i onal stud ies 

3 S i te st udi es 

4 Site analysis  

Acti on 

Select disposal media:  
def i ne geograph i c  r egions 
where they occur : consider 
their character i stics i n  
terms of tentative selec
tion c r i ter i a  

Identify potenti al study 
areas and apply selection 
cr i ter i a  

Conduct deta iled fi eld 
studies to char acter i ze 
candidate site (s ) : deter
mine in detail how each 
site meets the selection 
c r i teria:  ident ify site 
factors that are less 
than i deal 

Analyze s i te- spec ific char
acter i stics and envi ron
mental impacts : determine 
r isks of using each site 
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Decision 

Select one (or 
more )  r eg ions 
for further study 

Select most prom
i sing study areas 
and candidate 
si tes for fur
ther study 

Proceed to step 4 
or rej ect si tes 
and select al ter
nati ve candidate 
s i te or si tes 

Accept or rej ect 
each site 



2 . 2 . 3  History of S ite Selection Lead ing to the Los Medanos S i te 

Stage 1 of the process 

In 1973 , the Atomic Ener gy Commi ssion , the Oak Ridge National Labor atory, 
and the U . S .  Geologi cal Sur vey began s eeking reposi tory si tes . As descr i bed 
i n  Sect ion 2 . 2 . 2 ,  the first  tas k in stage 1 of the selection process i s  to 
choose disposal medi a �  the sear ch in 1 9 7 3  was dir ected pr imar ily toward si tes 
in sal t ,  al though shale and l imestone si tes wer e  al so C'Ons i dered (ORNL , 1972 ) . 

The tentative s el ection cr i teria (ORNL, 1 9 7 3 )  us ed in the second task of 
stage 1 ,  eva l uating the regions wher e  salt occur s , wer e as follows : 

Depth of salt 

Thickness of sal t  

Lateral extent of sal t  

Tectonics 

Hydrology 

Mineral potent i al 

Exi sting bor ehol es 

Population dens i ty 

Land ava ila bil ity 

1000-2500 f eet 

At least 200 feet 

Suffici ent to protect against 
dissol ution 

Low h istor i cal s e i srnicity , 
no salt- fl ow  str uctures near 

Minimal groundwater 

Minimal 

Minimum number 

Low 

Federal land preferable 

These cr i ter ia ar e mos tly geologic and logisti c :  they are pr imar ily con
cer ned with radiati on saf ety , mine saf ety , and ease of constr uction . The 
cr i ter i on of mi nimal groundwater recogn i zes that , as  a bar r i er to the r elease 
of radioactivity , an i neffici ent hydrologic tr ansport system is second in 
impor tance only to the sal t itself . The cr i ter ia for the thi cknes � of sal t ,  
the lateral extent of sal t ,  and the number o f  bor eholes a r e  to protect the 
repos i tor y f rom dissolut i on .  The cr iter ion of low population densi ty and the 
prefer ence f or Feder al l ands mi n imi ze the potential for r i sks to human pop
ulations and for land- use C'Onfl i cts . 

D ur ing this search , cr iter ia wer e added to requ i r e  that there  be no deep 
boreholes within 2 miles and that the ava ilable land area incl ude 3 square 
miles and a 2-mil e-wide buffer zone as well . Bedded- sal t regions appear ed at 
the tim e  to be the most prom i sing: however , salt danes and anticfi nes ( upward 
folds ) wer e also C'Ons i de r ed .  

The U . S . Geological Sur vey (and the Kansas Geological Sur vey for that 
State ) gather ed information about most of the lar ger rock-salt deposi ts s hown 
in F igur e  2- 1 ( Barnes , 197 4 ) . Four of them remain potential al ternatives for 
waste disposal i n  salt and are being eval uated by the NWTS program for the 
di sposal of C"Ommer cial waste . These four ar e the Gulf inter i or sal t-dome 
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reg i on ( Append ix B. 7 ;  Bechtel , 197 8a) ; the Par adox basi n  (Appendi x  B. 6 ;  Bech
tel , 1 97 8b ) ; the Salina region ( Appendix B. 5 ;  NUS , 1979a ) ; and the Texas por
t ion of the Permian bas in (Appendi x  B. 4 ;  NUS , 197 9b) . 

Stage 2 of the proce ss 

From the bedded- salt reg ions surveyed in stage 1 ,  the U . S . Geological 
Sur vey and the Oa k Ridge National Laboratory selected eastern New Me xico as 
the ar ea in the United State s best sat i sfying the i r  s i te- selection guidelines . 
This area is we ll known geolog ically and is the part of the Permi an basin with 
the flattest bedding at reasonable depths outs i de of Kansas . In some par ts of 
the Permi an basi n ,  there has been much deep dr illing for oil and gas ; the 
cho i ce of eastern New Mexico maximi zed the opportun i ty to avoid dr i l l  holes . 

Thr ee locations i n  New Me xico were exami ned in more deta i l :  the Carl sbad 
pot ash area (Brokaw et al . ,  197 2 ) , the C lovi s-Por tales area (Jones , 1974a ) , 
and the Mescal ero Plai ns of C haves County (Jones , 1974b) . The survey narr owed 
the search to the Car l sbad potash ar ea . The C lovi s-Por tales ar ea was deter
mi ned to be i nadequate because the s hallO'tril salt i s  very clayey and the purer 
salt is too deep. In the Mescal ero Plains ar ea , wher e the salt depth is ad
equate , there is extensive oil- fi eld developnent . The Delaware basin (Jones 
et al . ,  197 3 )  was cons i dered the mos t de s i rabl e por tion of the Car l sbad potash 
area . Ot her ar eas outsi de it had nonuniform bedding , water-bear ing rocks 
under the Salado Format ion ( the pr i nc ipal sal t-bear i ng format ion ) , and ex
tensive o il and gas f i elds . Accordingly , a s i te i n  the Car l sbad potash area 
in the northern par t of the Delawar e bas i n  was chosen for exploratory wor k .  
One of the more restr ictive s i te-selec tion cr i ter i a , adopted pr imar ily because 
of the Lyons exper ience , proved to be the avo idance of dr i l l  holes penetrating 
through the salt within 2 miles of the reposi tory border . Thi s  cr i ter ion 
caused the potent i al site to be shif ted twice as new oil or gas wel l s  wer e  
dr illed near by .  The event ual s i te selected by the O a k  Ridge Nat ional Lab
oratory for further study was on the Eddy-Lea County l i ne ,  about 30 m il es east 
of Carl sbad . 

Stage 3 of the proce ss 

F ield i nvestigations begun in 1974 wer e  hal ted when the AEC shi f ted em
phasis to the concept of s ur face storage fac i l i ties , r ather than mined r e
posi tor ies , for high- leve l waste . In 197 5 ,  the succes sor of the AEC ,  the 
Ener gy Resear ch and Developnent Admi n i str ation ( ERDA) , restarted the program 
in the Delawar e bas i n .  The program was reor i ented towar d a mined repos i tory 
for the d isposal of TRU waste with a resear ch-and-developnent capabil ity for 
exper imentation with high- leve l waste in sal t .  

The fi rst task was to confi rm  the adequacy of the then-cur rent s i te area . 
Add itional dr i l l i ng and geophys i cal investigation produced unexpected resul ts : 
roc k str ata were much higher than e xpected ; beds showed severe d i stor tion ,  
w i th dips of up to 75 degrees;  sections of the upper Castile Format ion ( the 
formation belO'tril the Salado Formati on)  were m i s sing , and f r actured Castile 
anhydr i te encountered at a depth of 2710  feet contai ned a pocket of pr es
sur i zed br i ne .  The geolog ic str ucture appeared to be unpr edi ctable because of 
the near ness of thi s  si te to the Capi tan reef , a maj or aqu i fer in the region . 
The str ucture could have been de lineated by dr i l ling , but e xtensive dr illi ng 
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would have been contrar y to the pr i nciple of · minimi zing the number of holes 
dr illed i nto the reposi tor y .  That site was given up . 

In late 1 97 5 , the New Mexi co por tion of the Delawar e basin was r eexamined 
by the U . S .  Geologi cal Sur vey and the ERDA. The c r i teria used in looking for 
a new location were the following (Gr i swold ,  197 7 ) : 

1 .  The site should be at least 6 miles fran the Capi tan r eef . This cr i
ter ion was added as a result of the ear l ier exper i ence . It ser ves 
al so to avoid any possi ble dissol uti on ha zard r elated to the nearness 
of the reef . 

2 .  The centr al 3 square miles designated for the r epos i tory i tsel f should 
not be in the K nown Potash Distr ict , and as l i ttle as possi ble of the 
surrounding buffer zone should be i n  the distr i ct .  Thi s  cr i terion was 
to avoid conflict with mi ner al resour ces . As indi cated in Section 
7 . 3 . 7 ,  later explor ation di sclosed tha t the potash resour ces ar e mor e 
extensive than was thought at the time . 

3 .  No par t of the central ar ea should be less than a mile away f rom holes 
dr illed through the Castile Forma tion i nto underlying rocks . Th is 
di stance was reduced f rom the ear l i er 2-mile cr i ter i on as a r esul t  of 
analysis based on the wor k of Snow and Chang ( 1 97 5 )  , which indi cated 
that di ssolution by water flowing through an inadequa tely plugged 
borehole through the Salado Formation would not travel a mile in less 
than 250 , 00 0  year s .  

4 .  Known oil and ga s trends should be avoided . Thi s  cr i ter ion was to 
avoid con flict with these r esour ces . 

5 .  The near est dissolution f ront should be at least 1 mile from the site . 
( The nearest one to the Los Medanos site is the Nash D r aw d issolution 
f ront . It is at the top of the Salado Formati on ,  1220 feet above the 
planned reposi tor y  level1 there is probably another dissolution front 
near San S imon S ink . The former f ront is advancing at a r ate of 6 to 
8 miles per m i llion years hor i zontally and 500  feet per million years 
ver tically . )  

6 .  Bedd ing should be near ly flat , so far as can be determ ined by sur face 
g eophysical investi gations . Th is c r i ter i on was to insure mine safety 
and to ease constr uction . It al so avoids the need for many explora
tor y holes with a consequent r isk to the i ntegr ity of the reposi tor y .  

7 .  Sal t of high pur ity should be ava ilable at depths b_etween 1000 and 
3 0 0 0  f eet . The depth requi rements are to i ns ure mi ne safety and to 
ease ex>ns tr uction .  In addition ,  a salt thickness of 200 feet or more 
is pref er r ed to confine thermal and mechani cal effects to the salt . 

8 .  The use of State and pr ivate land should be minimi z�d , especi al ly i n  
the central area . There i s  no way to avoid State land completely , 
because 4 squar e miles out of every 36-square-mile township i n  New 
Mexico are State l and . The avoi dance of pr ivate land simpl i fi es land 
acquisi tion and makes i t  unnecessar y  to relocate people . 
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Figure 2-2 shows some of these cr i ter ia appl ied to the Del aware ba s i n .  The 
cr i ter ia s hown are t he fi r st , second , thi r d ,  and f ifth cr iter ia;  the remainder 
do not lend themselve s  to a graph ical pr esentat ion on this scale . The most 
restr ic tive cr i ter ion is the third , which calls for a di stance of at least 
1 mile from deep dr ill  holes . Eight small areas in the ba s i n  that meet thi s 
cri ter ion are s hown; areas 1 and 8 are act ually par ts of one ver y lar ge area , 
but they have been spl it in two for thi s  discussion . Table 2-2 appl ies the 
e i ght c r i ter ia to t hese eight ar eas and adds i nformation about the distance 
to , and the si ze of , the near est town . 

Thr ee ar eas sur vived the scr een i ng based on the eight cr iter i a ,  al though 
not wit hout questions about each of t he ar eas . Such ques tions do not neces
sar ily r ule out an ar ea ; a s i te need not meet ever y  cr i ter ion .  Instead , a s  a 
recent national revi ew group puts it , "most s i te suitability cr iteria will 
need to be rather general because the systems vi ew dictates that the overall , 
cumulative eff ec ts of the g eologic environment and i ts i nteraction with the 
waste is mor e impor tan t  than any par t i cular char acter i stic  of a s i te" ( IRG 
Subgroup ,  1 978 , p .  7 8 ) . 

Of the f ive ar eas that did not sur vive the scr eening , four wer e too close 
to the Capi tan r eef f ront; one , area 8 ,  was lar gely within the Known Potash 
D istr ict;  two were near known oil fields ; four wer e probably too near the 
dissolution f ront that must be around San S imon Sink;  three did not have flat 
enough bedding ;  thr ee were near ly too deep or too lack i ng in infra-Cowden salt 
or both;  and four would i nvolve pr ivate land . ( I nfra-Cowden s alt , which lies 
near the base of the Salado Format ion , is the purest sal t of the format ion . 
I t  is still not clear , however , how important the s al t-pur ity cr i ter ion is . )  

Conditions peculiar to ar ea 3 el iminated i t  f rom further cons i deration . 
I t  was the snallest of the s ur viving ar eas . It was almost , but not quite , 
excluded by cr i ter ion 1 .  Most impor tant , i t  i s  near thr ee deep holes (shown 
by the black tr i angle i n  Figure 2-2 )  that had been dr illed while e xplor ing for 
oil and ga s .  They wer e des cr ibed as having had br i ne flows that wer e i n  tur n  
descr ibed a s  " strong , "  2 0 , 000  bar rels per day , and 3 6 , 000  bar r els per day . By 
compar i son , the br i ne pocket inter cepted by dr ill hole ERDA-6 flowed at the 
r ate of only 660 barr els per day . These thr ee holes would be i n  the buffer 
zone if ar ea 3 wer e to be selected . 

Thus two ar eas remained . Between the two , ar ea 1 was then and remains 
today preferred over ar ea 2 because it sati sfi ed the cr i ter ia better than did 
ar ea 2 .  I n  ar ea 2 ,  the sal t i s  deeper than i n  ar ea l ;  mining would be mor e  
difficul t , and mine safety would be harder to i nsure . There is  no i nfra-Cowden 
sal t in ar ea 2 .  Area 2 i s  next to two shallow oil fields in whi ch water flood
ing may eventually be used . Seismic activity on the Centra l  Basin platform 25  
to 6 5  miles to the eas t  is  believed to be the resul t  of such flooding ( Section 
7 . 3 . 6 ) , and i\  would be well to avoid this possibility .  However , the Delawar e 
basi n  i s  qu ite stable tecton ically i n  compar i son with the Cent r al Basin plat
form and l ess li kely to be subj ect to i nduced s e i smic activity . In area 1 ,  on 
the other hand , the remaining questions ei ther do not af fect the i ntegr i ty of 
the repositor y or are found to be i nsign ificant . 

Area 1 met the second cr iter ion imper fectly; inter fer ence with poss ible 
future potash mi ning remains . When the si tes were being scr eened , it appeared 
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Table 2-2 . Applicat ion of S i te-Select ion Cr i te r ia to E ight Areas in the De lawa r e  Bas i n  

1 .  

2 .  

3 .  

4 .  

5 .  

Cr i te r i on 

At least 6 m i les 
f rom Capitan ree f 

S i te proper not 
in Known Potash 
D i s t r ict (KPO) 

Deep dr i l l holes 
at least 1 
m i le away 

Avo i d  known oil 
a nd gas anti
c l i nes 

At least 1 mi lf' 
f rom nearest d is
solut ion front 

6 .  Flat bedd ing , 
less than 2° 
d ip 

7 .  

8 .  

Good salt 200 f t  
thick between 
1000- and 3000- f t  
depths 

M i n imize use of 
State and pr i va te 
land 

9. Nea rest town 
Population 
D i s tance 

Cr iter ia in conflict 

Area 1 

6-10 miles 

( a )  

A r ea chosen 
to meet t h i s  
er i t e r  i on  

( b )  

( c )  

Le s s  than lo 

Sa lado 860- 2 8 36 
f t ;  i n f ra-Cowden 
290 f t  

Ar ea chosen has 
no pr ivate land, 
2. 7 sq mi S ta te 
1'\nd 

Lov i ng 
1100 
18 m i les 

2?, 4?, 5? 

Area 2 

11-15 m i les 

No over l ap 

Same 

Near seve r a l  

Over 5 m i l.es from 
Nash D r aw f ront 

Less than 1/20 

Sa1 aclo 1500-
3400 ft; l n f r 11 -
Cowden m i ssing 

No pr ivate land , 
sma l l  amount 
S ta te land 

Malaga 
300 
22 m i les 

4 ? ,  7 

aArea chosen had par t of bu f f er zone in KPD, rest f ree . 
bsynclinal area next to a produc ing gas we l l .  
CNash Draw front over laps par t  o f  area .  

Ar<!a 3 

s--8 m i les 

No ove r lap 

Same 

Monoc l i ne near 
Red •rank F l e"iil 

Over 8 mi les � rom 
Nash Draw f r ont 

Less than 1/20 

Sal ad0 l3 50-
3350 f t ,  i n f ra

Cowden � 2 5  f t  

N o  pr i v a te land 
sma l l_ amount 
State l and 

Malaga 
300 
24 m i les 

l?, 4 ?  

P.rea 4 

6-8 m i lf'S 

No ov<' r lap 

Same 

Near C r u z  F i e ld 

Prob-1hly near 
San S imon S i nk 
front 

l\ho•Jt �o 

Sal'lflo 18 50-
3850 ft, i n f ra
Cowden 200-300 
f t  

Mos t l y  Sti'l te 
lanfl , 0 . 4  sq 
mi pd va te 

Euri lce 
2500 
24 mi l_es 

1 , 4, 5?, 6 ,  8 

A r ea 5 

0--8 miles 

N o  ove r lap 

same 

None known near 

Probably near 
San S imon S i nk 
front 

Flat 

Salado 2 10 0 -
4 10 0  ft,  i n f ra
Cowden m i ssing 

Over ha l f  
pr ivate land 

Jal 
2700 
1 2  m i les 

5 ? ,  7 ,  8 

Area 6 

0-4 m i l e s  

N o  over lap 

Same 

None known 
ne3r 

Probably near 
San S i mon S i nk 
front 

over 20 

Sa lado 1900-

Area 7 

2-9 m i l e s  

N o  over la p  

Same 

Near Arena Roja 
Fi e l d  

May be near 
San S imon S ink 
f ront 

Va r i es , 0- 1 .  20 

Salado 1800-
3900 ft, i n f r a- 3800 ft, i n f ra-
Cowden th in 
( 100-150 f t ) 

A.bout ha lf 
pr ivate land , 
some State 
land 

Jal 
2700 
10 m i les 

Cowden m i ss ing 

C r i ter ion not 
exami ned 

Jal 
2700 
12 m i les 

1 , 5 ? ,  I; ,  7 ,  8 1 , 4 ,  5 ? ,  7 

Area 8 

0-6 m i les 

Ha l f  of 
a r ea i n  
KPD 

Same 

None known 
near 

Over 1 m i le 
f rom Nash 
Draw f r ont 

Over 2° , 
and dr i ll
ing proved 
unaccept
able 

S a l afia 
800-2900 

'f t ,  
folded 
i n f ra
Cowflen 
300 f t  

Some 
pr ivate 
land , 
seve r a l  
square 
m i les 
State 
land 

Loving 
1180 
2 3  miles 

1 ,  2?,  6 ,  
8 



that a si te (the Los Medanos site )  could be chosen i n  whi ch the central ar ea 
would be outside the Known Potas h Di str ict and that the site wo uld be in mi n
imal inter fer ence with potas h miner al s .  However , informat ion from potash 
e xplor ator y hol es t he DOE has dr illed si nce then has caused an enlar gement of 
the Known Potash D istr i ct to incl ude mos t of the Los Medanos s i te .  Cont rol 
zone I remai ns l ar gely f r ee of i ndi cated potash mi ner ali zation .  Thus area 1 
r emains in confl i ct wi th the second cr i ter i on .  Although thi s  cr iterion does 
not affect repos itor y  i ntegr ity per se , the existence of miner al depos i ts 
might attract dr il l i ng af ter control over the s i te has been los t  i n  a f ew 
hundr eds of years . 

I n  determi ni ng how well ar ea 1 sat i sf i es the four th cr i ter ion ,  avoiding 
known o il and gas r esour ces , s ubsequent analysis has s hown that there are no 
oil reser ves under the Los Medanos si te . There ar e some ga s reser ves , a smal l 
f r ac ti on ( 0 . 0 2 % )  of the U . S .  r es er ves , under the site , but a major por tion of 
thi s  gas can be wi thdr awn f rom outs ide the s i te or f rom wi thin control zone IV. 

Area 1 sati sfies the f ifth criter ion , the one concerned with the nearness 
of the Nash Draw dissolution f ront . There ar e 1200 f eet of sal t over the 
reposi tor y l evel ;  gi ven a ver ti cal dissol ution rate of 500  f eet per million 
year s ,  this th ickness woul d provide an i solation time of 2 . 4  mill ion year s .  

Thus ar ea 1 became the Los Medanos site . Since 1 975 , the ERDA and i ts 
successor , the DOE, have sponsored cont i nu i ng and i ntens i ve stud i es ther e ;  the 
resul ts to l ate 1 978 ar e reported i n  the Geological Character i zation Report 
( PCMer s et al . ,  197 8 )  and together with mor e recent i nformati on ar e summar i zed 
in Chapter 7 of this document and in the WIPP Safety Analys i s -Report ( DOE ,  
1980b) . These stud i es constituted a pr i ncipal par t of the stage 4 anal ys i s .  
This envi ronmental impact statement is al so a maj or part of stage 4 .  

2 . 2 . 4  The Cont i nuing Program of Char acter i zi ng Sites for HLW Repos i tor i es 

Along with t he i nvestigations i n  the Delaware basi n ,  t he ERDA continued 
its si te-char acter i zation progr am for mined repos i tor ies for the di sposal of 
commer ci ally gener ated hi gh-level waste . The cur r ent NWTS program is consid
er i ng a wide var i ety of med ia i n  diverse r egions of the countr y  i n  addi tion to 
bedded salt for high-l evel conuner cial waste ( Appendi ces A and B) . 

Rocks , other than bedded sal t ,  that ar e be i ng studied ar e cr ystal l i ne 
rocks ( basalt and gran i te ) , ar g illaceous rocks ( shale) , and t uff . Rock s alt 
has rece ived mos t of the attention in waste-di spos al stud i es over the past two 
decades;  hence a great deal more is known on the properties of salt than on 
the proper t i es of the other rocks . 

No i ntr i ns i c  envi ronmental or safety- rel ated probl ems have been ident i f i ed 
that would clearly precl ude the use of any of these media for a reposi tor y .  
O n  the contr ar y ,  i t  appear s  that problems associ ated with these media could be 
sol ved by j udicious site selection , by engineer ing des ign using state-of-the
ar t technology , or by bot h met hods . At the pr esent , however , the i nvestiga
tions of nons al t media are not as advanced as the studi es of sal t .  
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2 . 3  DEFENSE TRANSURANIC WASTE 

The element conunon to all the action al ternat ives formulated in Chapter 3 
is the disposal of transuranic ( TRU ) waste generated in U . S . de fense programs 
and cu rrently in storage at the INEL. Th is sect ion expla ins what transuranic 
waste is , where it comes from , and how much of it is in storage . 

The U . S .  defense prog ram has al ready generated large quantities of contact
handled TRU waste , wh ich requires no shielding . Smaller quantit ies of remotely 
handled TRU wa s te ,  wh i ch requi res sh ielding to protect the wor kers who handle 
it , have also been generated . Transuranic waste is any solid rad ioact ive 
wa ste , other than h i gh- level wa ste , that is contaminated w ith nuclides heavier 
than uran i um to the extent that it is not suitable for surface disposal . I t  
resul ts f rom almost every industr ial proce ss involving transu ranic mater ials , 
but predomi nantly f rom the fabr icat ion of pluton ium for nuclear weapons . I t  
would be produced in spent- fuel reproce ssing and mixed-oxide-fuel fabr icat ion 
for recycl i ng to nuc lear reactor s :  these proce sses , however ,  are not currently 
in conunercial use in the Un i ted States . 

Transuranic wa ste exists in a wide var iety of physical forms , rang ing from 
unproce ssed general trash ( e . g . ,  absorbent pape r s ,  protec tive clothing , plas
t ics , r ubber , wood , and ion-exchange res ins)  to decommiss ioned tools and glove 
boxes . 

The major producers of de fense TRU waste have been the Rocky Flats Plant 
near Denver , the Hanford complex of fac i li ties near Richland , Wash ing ton , and 
the Los Alamos Nat ional Sc ient i f ic Laboratory in nor thern New Mexico . Smaller 
producers i nclude the Mound Fac i lity near Miamisburg , Oh io , the Savannah River 
Plant near Aiken , South Carolina , the Argonne Nat ional Laboratory near Chi
cago , the Oak Ridge National Laboratory in Tenne ssee , and the Lawrence Liver
mor e National Laboratory in Livermore ,  California.  Most of this read i ly re
coverable wa s te has been stored at the I daho National Eng ineer ing Laboratory 
near Idaho Falls and at Hanford (Table 2- 3 ) . Smaller inventor ies are stored 
at the Pantex Wor ks at Amar i llo,  Texas , and at the Nevada Te st S i te . 

Table 2-3 distingu ishes between TRU waste that is bur ied and TRU waste 
that is stored . The bur ied waste is more d ifficult to retr i eve than the stored 
waste . The bu r ied waste was emplaced before 19 7 0 , when waste conta ining TRU 
nuclides was not seg regated f rom other wa ste contamina ted with low levels of 
rad ioactivity . Therefore , a lar ge volume of mater ial now considered contact
handled TRU waste was bur i ed in a manner similar to convent ional san i tary
landfill operations , w ith add itional handling precautions appropr iate for 
rad i oac tive mater ials . The waste was placed in open un lined trenches and then 
covered with several feet of ear th . At the time of its bur ial , th is waste was 
not i ntended to be retr i eved .  

In 197 0 , 1the Atomic Ener gy Commission adopted a policy requ i r ing that waste 
containing TRU nuc lides producing more than 10 nanocur ies of alpha activity per 
gram be packaged and stored separate ly f rom other rad ioactive waste . Th is 
wa s te is  now stored in such a way that it " can be read i ly retr ieved in an i n
tac t ,  contamination-free condit ion for 20 years" ( ERDA Manual ,  Chapter 0 511) . 
I t  is stacked on pads of concr e te or asphalt and covered , usua lly with sheets 
of plast ic and a shallow layer of ear th . Th is stored waste is the waste refer
red to in the dec isions l isted in Section 2 . 1 . 1. 
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Tabl e 2-3 .  TRU Waste at DOE Stor age S i tesa 

Volume (thousands of cubic feet) 
Bur i ed  CH waste-- stor ed RH waste-- stor ed 

S iteb 10/1/77 10/1/86 10/1/77 10/1/86 10/1/77 10/1/86 

LASL 5 80 5 80 54 249 0 9 
Pant ex 1 1 0 0 0 0 
ORNL 215 222 10 32 27 52 
Hanford 54 83 5483 247 855  3 8 
INEL 2102 2102c 1202 2376 (d )  20 
NTS 0 0 6 3 9  0 0 
SRP 1085 1085 56  109 0 0 

Total 9466 9473 1575 3 6 64 3 0  89  

aoata f rom Dieckhoner (1978  and pr ivate commun i cation ,  197 8 ) . See 
al so Appendix E of this document . 

br<ey :  I.ASL ,  Los Alamos Nat i onal Sc i ent i f i c  Labor ator y ,  New Mexi co ;  
Pantex , Pantex wor ks ,  Amar illo,  Texas; ORNL, Oa k Ridge National La bor atory , 
Tennessee ; Hanford , Hanford S ite , Richland , Washi ngton ; INEL , Idaho Na
tional Engi neering Labor ator y ;  NTS , Nevada Tes t S i te ;  SRP, Savannah Ri ver 
Plant , South Carol i na . 

C r t  is  estimated that exper imental ret r i eval progr ams wil l  reduce 
this vol ume to 2 million cubic feet by 1 9 85 . However , if all of INEL ' s 
bur i ed  TRU waste i s  retr i eved for shi pnent to a Feder al r epos i tory ,  the 
total volume r ecover ed will be 6 . 25 milli on cubi c f eet , i ncl uding 3 . 7 5  
million cubic feet of contami nated soil and 500 , 00 0  cubic f eet of low- level 
beta- and garmna-emi tting waste that is i ntermi xed with TRU waste . If this 
waste i s  treated by slagg i ng-pyrolys i s  inc i nerat i on , the total vol ume of 
waste shipped to the reposi tor y will be on the order of 2 . 4  million cubic 
feet (the over all volume- reducti on r atio in the i nc i neration process i s  
estimated to be 2. 6 : 1 ) . (This 2 . 4  million cubic f eet is not i ncl uded i n  
the total of 6 . 2  million cubi c feet for whi ch the WIPP is  des i gned . )  

dA ver y  small amount ( 30 0  cubic feet ) . 

Remotely handled TRU waste has always been handled separ ately . Much of i t  
ha s been put i nto 1- t o  2- foot-di ameter pipes placed ver tically i n  the groun d ,  
with a shi elding plug at the top of each pipe ( Bartlett et al . ,  1 976 , C hap
ter 2 0 ) . 

The radionuclide content of TRU waste var i es widely. Weapons-or i ented 
pl ants l i ke Roc ky Flats produce waste i n  which pl utoni wn- 2 3 9  is the domi nant 
TRU nuclide ;  waste f rom the Mound Faci l i ty is high in plutoni um-2 3 8 ; and sane 
waste f ran the Oa k Ri dge National La boratory contai ns cur i um- 2 4 4 .  On a vol ume 
basi s ,  weapons waste is by f ar the most impor tant component of the total TRU
waste i nventor y ;  t he Roc ky Flats Pl ant alone produces 4 0 %  of all DOE TRU 
waste . For thi s  reason , Rocky Flats waste i s  taken i n  thi s docmnent as re
pr es entative of all DOE contact- handled TRU waste . The character istics of 
such TRU waste ar e descr ibed i n  Chapter 5 and Appendi x E ( Tables E-1 ,  E-2 ) . 
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There ar e virtually no fission products in defense contact-handled TRU 
waste , and i ts  heat output is essenti ally zero.  

At the end of 1977 , the accumulated volume of TRU waste amounted to 11  
m illion cubic feet of mater i al , only 1 . 6 million cubic feet of which is read
ily retr i evabl e .  By the end of 198 6 , this volLUne i s  proj ected to become 13 
million cubic feet , including 3 . 7 million cubic feet r etr ievably stor ed (Table 
2-3 ) . The estimated quant ity of tr ansur an ic nucl ides stor ed at the var ious 
DOE si tes at the end of 1 977 is presented i n  Table 2-4.  About 3 0 , 0 0 0  cubic 
feet of remotely handled TRU waste from defense progr ams is now in stor age � 
this voll.Dne is expected to grCM to about 8 9 , 0 0 0  cubic feet by 1 9 86 . The rate 
at whi ch contact-handled TRU waste is produced is about 0 . 2 5 million cubic 
feet per year (DOE, 1 978 , pp. 43, 121) . 

Thi s  EIS analyzes the alter natives for di spos i ng of the readily retriev
a ble waste e xpected to be stor ed i n  I daho through 1 9 9 0 . This waste includes 
the 2 . 4 million cub ic feet shown in Table 2-3 for 1986 pl us an add i ti onal two
thi rds of the 0 . 2 5 m i llion cubic f eet gener ated annually between 1986  and 
1990 . In add ition ,  the WIPP would be designed to accommodate all defense TRU 
waste gener ated between 1 9 9 0  and 2 0 0 3 .  

Table 2- 4 .  Transuran i c  Content of DOE TRU Waste 
( Estimates as of October 1 ,  197 7 ) a 

Bur i ed waste Stor ed waste 
S iteb ( kg of TRU ) ( kg of TRU ) 

LASL 13 27 
Pantex 0 0 
ORNL 13 17 
Hanford 365 78 
INEL 361 273 
NTS ( c )  3 
SRP 7 52 

Total 7 5 9  450 

aoata f rom D ieckhoner ( 1977) . 
bsee Table 2- 3 for key to abbreviat i ons . 
cA ver y  small amount . 

Th is document does not analyze al ternatives for the disposal of the TRU 
waste stor ed retr i eva bly at si tes other than the INEL or for the disposal of 
t he TRU waste now bur i ed  at t he INEL and other DOE s i tes . Other documents 
will analyze alter nati ves for these actions . 
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3 Development of Alternatives 

The preceding chapter repor ts the exis tence of l ar ge quanti ti es of 
trans uran i c  ('l'RU ) r ad ioactive waste generated in nat i onal defense programs . 
It poi nts out the need for ta king action to dispose of this waste permanently 
and to develop di sposal methods for other ki nds of waste gener ated in the 
defense programs . Th is chapter summar i z es the alternative ac tions evaluated 
in this envi ronmental impact statement . 

Secti on 3 . 1  defi nes the al ternative of ta king no action to r emove the 
defense TRU waste stored at the Idaho Nati onal Engi neer ing Labor atory ( INEL) . 

The chapter then discusses the formulation of other al ternatives by r e
viewing the ava il abil i ty o f  di sposal methods an d  the selection o f  disposal 
si tes . Section 3 . 2  d iscusses var ious methods that have been proposed for the 
disposal of rad ioacti ve waste . One of these methods is the use of mined 
geologic repositor ies:  it is descr ibed more fully i n  Sections 3 . 3  and 3 . 4 ,  
which discuss alternative geologic medi a  ( sal t ,  i gneous and volcani c  r ocks , 
and arg illaceous rocks ) and al ternative si tes in salt , the medium that has 
been stud ied mos t extens i vely .  The status of si te selection i n  the national 
waste-management program is summar i zed in Section 3 . 5 .  

Finally , Section 3 . 6  develops the thr ee action alternat i ves evaluated in 
this document . 

3 . 1  THE ALTERNATIVE OF � ACTION 

If no action is taken to remove the TRU waste fran the INEL , the waste 
will be held ther e  for an indeterminate per iod: waste will conti nue to be 
shipped there and held i n  storage throughout the same indeterminate per iod . 
There ar e  thr ee options for thi s  retention : (1 )  to hold the waste i n  its pres
ent retr i evable storage , ( 2 )  to place the waste in improved storage at the 
INEL, and ( 3 )  to dispos e of the waste permanently on the land occupied by the 
INEL. 

Chapter 4 ,  dr awing on an analys i s  in Appendix N ,  s ummar i zes the envi ron
mental impacts of the f i r st two of these options . Neither of them is accept
able as a latg- term met hod of deal ing with the waste . Although the analys is 
finds no envi ronmental reasons that TRU waste cannot be l eft at the INEL for 
several decades or even a century ,  the pr esent storage methods do not protect 
the waste f ran future volcanic activity or fran human i ntr usion after 
government control over tue site has been los t . 

The third option , disposing of the waste at the INEL, is also unaccept
abl e :  there i s  no suitabl e  geologic envi ronment . The INEL is on the Snake 
River Plain , underlain by a ser i es of Pleistocene basal tic l ava flows inter
sper sed with beds of tmconsolidated sediments . The hydrologi c  system of the 
Snake River Plain is domi nated by the Snake River aquifer , which is approx
imately 200 miles long and 30 to 60 miles wide . The permeabil i ty of the aqui
fer is large in the upper and l ower basal tic flows , whi ch are character i zed by 
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vo ids , fissures , and other fracture networks . The top of the aqu ifer i s  200 
to 900  feet below the s urface ;  the thic kness of the aqu ifer is not known pr e
ci sely , but est imates range from 1000 to 2700 feet . Thi s  hydrologic system 
precl udes any attempt to constr uct a geologic repos itor y in or above it or to 
dr ill through it to under lyi ng rocks . 

The only par t of the INEL that is  not located over the aquifer i s  the Lemhi 
Range on the north edge of the reser vation . Th is area is not considered a 
promi s i ng si te for the permanent di sposal of radioact ive waste . The rocks ar e 
mostly l imestone of unknown hydrologic char acter i stics , exi sting mines in the 
region ar e troubled by groundwater , and hydrologic connections wi th the 
aquifer are suspected . 

I n  summar y ,  none of the options for leavi ng the TRU waste at the INEL is  
acceptable . For th is reason , all the action alternatives evaluated i n  this  
document incl ude a demonstrat ion of  the permanent dispos al of  thi s  waste . 

3 . 2  ALTERNATIVE DISFOSAL METHODS 

A number of alternat ive methods for the di sposal of rad ioact ive waste have 
been proposed , and a great deal of i nformation is ava ilable on this subj ect . 
Altho ugh the emphas i s  is usua lly on high- level waste ( SChne ider and Platt , 
1 9 74 ; Pi ttman , 1974 ) , the most recently publ ished surveys also_ addr ess low
level and intermed i ate- level wastes generated i n  commer cial reactors ( Bar tlett 
et al . ,  1 9 76 ; Hebel et al . ,  1 97 8 ) . Much of the mater i al on commer cial waste 
is  summar i zed in the dr af t  gener i c  envi ronmental impact statement on the man
agement of commer ci ally gener ated r adioactive waste (DOE, 197 9 )  and the DOE ' s  
statement of pos ition for the Nuclear Regulatory Commi ssion ' s  Proposed Rule
ma king on the Storage and D isposal of Nuclear Waste ( DOE,  1 9 8 0 ) . 

Because of the i r  long- last i ng r adioact ivity , high- leve l waste and TRU 
was te ra ise s imilar concerns about long-term isolation . In terms of safety 
dur i ng disposal oper at ions , they differ in that high- level waste is mor e dif
ficult to handle si nce it requi res r adiation shi elding . The major difference 
between the two types of waste , however , is in the i r  volumes and hence in the 
methods that may be feasible for their disposal . Methods that could be eco
nomically feasible for the small volumes of high- level waste may be impr acti
cal for the lar ge volumes of the less radioactive TRU waste . 

Five candidate methods for the di sposal of defense TRU waste ar e reviewed 
in this section : emplacement in deep ocean sediments , emplacement in very deep 
dr ill holes , tr ansmutat ion , e j ection i nto space , and di sposal in convention
ally mined geologic repositor i es . Except for geologic d isposal , none of these 
methods have been shown to be techn i cally or economically fea s i ble , and a 
decade or more of resear ch will be needed before any demonstr ation of the i r  
feasibil ity can beg i n .  The time a t  which the dif fer ent options would be ava il
able var ies consi derably: 

• The technology for di sposal in conventionally mined geolog ic repos i
tor i es is ava ilable now . 
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• The develoi:ment of the technology for di sposal in deep ocean sediments 
or in ver y deep dr ill holes would ta ke 12 to 2 5  year s ( DOE,  1 97 9 , pp . 
3 . 3 . 3 4 and 3 . 6 . 2 7 ) . 

• The deve loi:ment of the technology for transmutat ion or e j ection i nto 
space is even more distant (DOE, 1 97 9 , p .  4 . 11) . 

3 . 2 . 1  Emplacement in Deep Ocean Sediments 

I sol ation in deep seabeds would involve implanti ng can isters of radio
active waste tens of meters i nto deep ocean sed iments by f ree- fall penetration 
or other techniques . I t  is pos sible to f i nd sed iments that are thick , uni
form , and stabl e ;  that have accumulated over mill ions of year s ;  and that are 
i n  the process of becoming sedimentar y rocks . The concept of subseabed dis
posal is  still in the evaluation stage , and i ts feasibil ity ha s yet to be 
establ ished , alt hough the transportation and the means of emplacement appear 
to be achievabl e  with stra ight forward extensions of exi sting technology . 

The remaining uncertai nties pertain to the br eaching of waste containers 
and the subsequent migration of rad ionucl ides i n  ocean sediments .  The r e
tr i eval of waste appears to be impracti cal for this di sposal method . Mor eover , 
the potent i al si tes ar e located in i nter national water s  beyond the ter r i tor ial 
l imi ts of the Uni ted State s ;  i nter national agr eements would be required for 
di sposal in these water s .  

These l.ll'lcer ta int ies i n  engi neer i ng ,  safety , envi ronmental impact , and i nter 
national politics i ndi cate that subsea bed disposal is  many years away . Because 
the techn iques for disposal in deep ocean seabeds are much less advanced than 
those for disposal in mi ned geologic repositor ies and because the potenti al 
risks and envi ronmental impacts of subseabed di sposal show no promi se of be ing 
s ubstanti ally snaller than those of geologic di sposal , the DOE proposes to 
proceed first wi th convent ional geological repos i tor ies (DOE , 1979 , p .  1 . 36 ) . 
This plan is  in accor dance with the program proposed by the Pr esident ( Appen
dix C )  • 

3 . 2 . 2  Emplacement in Very Deep Drill Hol es 

Another potenti al alter native for di sposal is to dr ill or sink a s haft to 
isolate rad ioactive wastes in a ver y  deep hole . Thi s  concept rel ies on usi ng 
the surroundi ng rock to contain the wa stes and on the great depths to delay 
the release and reentry of radioactive mater ial i nto the biosphere . The util
ity of the deep- hole concept is  affected by three pr i ncipal factor s , which 
depend on the spec i f i c  char acter istics of the site and the s i ze of the hole .  

The fi r st factor is the geologic character istics of the site , i ncl uding 
hydrolog ic conditions , rock strength , and the i nter actions between the waste 
and the rock . Because these character istics are not well k nown at great 
depths , the depth that is deep enough i s  not well def i ned . A good selection 
for a deep hole site would be strong , unfractured rock l i ke cr ystalline rock 
which typically ha s a low water content , or some rocks i n  deep sedimentary 
ba sins . 

3-3 



The second factor is the capability to excavate a ver y  deep hole � th is ca
pab i l ity has been par tially establ ished already . It is possible today to dr i ll 
a nar row deep hole to 35 , 00 0  feet or to sink a wide shaft to about 15 , 00 0  feet . 
Whether the hole would have to be cased depends on the str ength of the rock and 
on confining pressures . 

The th ird factor is the safe emplacement of wastes , which may present 
severe engineer ing problems . Lower ing waste can isters 30 , 000  to 40 , 0 0 0  feet 
on a wire through h igh-dens i ty muds could signif i cantly increase the short
term r isks . Al so , the number of holes ( 8 00-13 0 0 )  required may be proh ibitive . 

The deep-ho le concept cannot be evaluated as an alternat ive for the dis
posal of radioactive wastes without more information on the deep g roundwater 
system , rock streng th under inc reased temperatures and stresses due to heat 
f rom the decay of wastes , and the sealing of the holes over long per iods of 
time . Once th is informat ion is ava ilable , then the question of depth can be 
answered , and the capabil ity of isolating radioac tive wastes in very deep 
holes can be evaluated . 

Deep holes could be used for the disposal of all types of h igh-level waste . 
Because of volume constraints , however , they would not be feas ible for the 
disposal of TRU waste (DOE, 197 9 , p. 1. 2 5 ) , and hence they are not cons idered 
further in th is document . 

3 . 2 . 3  Transmutat ion 

The tr ansmutation of long- lived rad ionuclides into short-lived or stable 
ones would probably be car r ied out in a nuclear reac tor . The fission produc ts 
f rom the transmutation , together with those resulting f rom reactor oper ation , 
would have to be separ ated and d isposed of by some other method , presi.nnably 
emplacement in a geolog ic repos i tory . Some other form of di sposal would there
fore st i ll be necessar y ,  but the time over whi ch isolation would have to be in
sured would be shor tened . 

It is questionable whether any waste can be sufficiently pur ified of TRU 
nuclides to reduce its long- term hazard sign i f icantly . Th is is par ticular ly 
true of TRU waste , much of wh ich is the h igh-volume residue left after separa
tion .  For th is r ea son , transmu tation is not considered as a process in the 
disposal of TRU waste in th is document . 

3 . 2 . 4  Ej ection into Space 

If e j ec tion into space were to be used , the waste package would be lifted 
by a space shuttle i nto a near-earth or bit . The waste package would then be 
transfer red into an unmanned or bital tr ans fer veh icle , which may have to be 
car r i ed by a second space-shuttle or biter , and inj ec ted into an appropr iate 
solar or bit . 

There appear s  to be no fundamental sc ientific impediment to space dis
posal , but many techn ical questions remain to be resolved . The technical 
feasibility depends on a re liable space-flight system and on high- integr ity 

3-4 



wa ste conta iners that could withstand rocket fa ilure or an explos ion on the 
launch pad . A concept- definition stu 1y is under way , and a r igorous saf ety 
assessment is expec ted to be complete,, by 198 1 ;  a dec is ion will then be made 
on whether to continue with the develo?Jlent of a space-d isposal sys tem . Full
scale demonstrat ion of the concept couj d probably not be establi shed before 
the turn of the century . Furthermore ,  the cost for ej ec tion i nto space is 
l i kely to exceed $1000 per pound , wh ich would impose a severe economic penal ty 
on this mode of d isposal because of the lar ge total ma ss of TRU was te ( Bart
lett et al . ,  197 6 ) . For these reasons , extraterrestr ial disposal was elimi
nated f rom further consideration as an aj_ ternative for TRU-was te di sposal . 

3 . 2 . 5  Disposal in Conventionally Mined G�ologic Repos i tor ies 

A repos i tory mi ned by conventional techniques would be located deep un
der the ground in an envi ronment whose geo] og ic , hydrologic , geochemical , and 
tec ton ic charac ter i stics are j udged sui tabJ e for long- term i solation . The 
fate of rad ionucl ides in a mi ned repos i tor } will be determined by the j oint 
effec ts of several fac tor s :  the character i s t ics of the regional envi ronment , 
the physical and chemical proper t i es of the host rock and the sur round i ng 
geolog ic formations , the physical and chemic �! form of the was te , the en
g ineered bar r ier s deliberately bu ilt  into thl repos i tor y ,  and future human 
ac tiviti es . The most sign if icant questions a,)()ut geologic repos i tor ies are 
those re lated to human i ntrusion and breach i ns by groundwater . The var ious 
geologic formations now under st udy are discussed in the next sec t i on .  

3 . 3 ALTERNATIVES FOR GEOLOGIC DISPOSAL 

Thr ee general cla sses of cand idate geologic media are being consideren for 
the disposal of rad ioac tive wa stes in conventi onally mined repos i tor ies : 

• Salt in bedded , anticli nal , and dome formations . 
• Igneous and volcanic rocks (gran ite , basal t ,  and tuff) . 
• Ar gillaceous rocks (shale ) . 

The general geologic character is tics of cand idate host formations are 
d iscussed in more deta il in Appendi x  A. 

An impor tant character istic of a geolog ic med ium is  the long-term envi ron
mental impacts of a repos itory bu ilt in i t .  The short- term impacts ( i . e . , 
those related to constr uction , operation ,  and transpor tat ion)  are fundamen
tally the same regardless of the med i um .  

3 . 3 . 1  Sal t  

Rock salt in bedded , anticlinal , o r  dome formati ons has rece ived most of 
the attention in wa ste-disposal studies over the last two decades . The or ig
inal repor t of a conuni ttee established by the National Academy of Sc iences 
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( NAS-NRC , 1957 ) recommended tha t sal t be eva luated as a di sposal med ium be
cause of its thermal and phys ical propert ies and because i ts very sur vival for 
hundr ed s of mill ions of year s ha s demonstr ated its isolat ion from ci rculating 
g roundwater and the stabil ity of the geologic formations in wh ich it is 
located . 

The U . S . Geolog ical Survey ga thered information about 3 6  sal t domes inland 
from the Gulf of Mexico ( F igure 2-1 ) dur ing i ts investigat ions in the ear ly 
197 0 s  ( Sec tion 2 . 2 . 3 ) . Salt domes ar e formed when salt flows upwar d ,  pierc
ing over lyi ng rocks . Where these processes are ac tive , one might question the 
long- term stabi l i ty of the domes , bu t there is reason to suspec t tha t the one s 
far thest from the Gulf of Mexico are no longer growing or are growing ver y 
slowly (Bar tlett et al . ,  1976 , p .  C . 67 ) . The se phenomena need mor e clar
if ication , but salt domes rema in potential alternatives for the disposal of 
rad ioactive wa ste , and they ar e be ing evaluated in the Nat ional Waste Terminal 
S torage (NWTS) prog ram for commer cial wa ste ( Append ix B; Bechtel , 1978a) . 

The Par adox basin of southeastern Utah and southwestern Color ado (Fig-
ure 2-1)  conta ins a ser ies of northwest-trending sal t-cored anticlines in 
wh ich the salt reaches within 500 to 3000  feet of the sur face along the nor th
ea stern edge of the ba sin . In the larger str uctures there has been some flow 
of sal t  from flanking ar eas into the anticlines under pr essure from the over
bur den . The dissolu tion of salt from the upper sur faces of the central cor es 
ha s deve loped a caprock of insoluble mater ial along the crests of the sal t 
ant icli nes , with the result that further dissolution is proceeding only very 
s lowly (Bar tlett et al . ,  1976 , pp . C . 97-118) . Thus , salt ant icl i nes are al
ternat ives for wa s te disposal , and they are also being evaluated in the NWTS 
program ( Appendix B ;  Bechtel , 1978b) . 

Bedded-salt format ions ar e be li eved to have been stable over very long pe
r iods of geolog ic t ime , and bedded strata are typically assoc iated with long 
groundwater flow paths to the biospher e .  Two de sirable features of many 
bedded- salt basi ns , a result of their evapor i tic or igin and subsequent tec ton ic 
h istory , are the ir relatively simple str ucture and pr ed ictable stratigraph ic 
char ac ter istics . It is o f ten possi ble to establ ish with relative ease the geo
log ic str ucture of these format ions and to pr ed ict the i r  l i tholog ic char acter
istics over a wide area .  Because of the ear ly start on investigations of salt , 
a wea l th of informat ion is ava ilable on its proper ties . 

Exper iments on salt charac ter istics , i ncluding responses to heat and radi
ation , have been conducted in Proj ec t  Sal t vault (Bradshaw and McCla in , 197 1 )  
and over the past decade a t  the Asse e xper imental repos i tory in the Federal 
Republic of Germany (Kuehn et al . ,  1976 ) . In addi tion ,  extens ive salt mining 
in many locations around the Uni ted S tates and abroad has resul ted in a well
deve loped salt-mi ning technology (D ' Appolon ia Consulting Eng ineer s ,  Inc . , 
1 9 76 ) . One parti cular advantage of salt mining is that , af ter shaft cons tr uc
t ion , e xplos ives ar e not needed .  Conti nuous-mining mach ines can be used to 
excavate t he disposal rooms , avoiding shock-produced cracks . 

The de si rable intr ins ic proper t i es of the salt include a uni formly low per
meability ,  a high thermal conduc tivity ( th is cr i ter ion is more impor tant for 
the heat-generat i ng high- leve l wa ste than for TRU waste ) , and a plasticity that 
enables f r actu res to heal themselves at feas ible repos i tory depths . However , 
l i ke every other med i um cons i dered for di sposal , salt pr esents some problems . 
Recent revi ews (OSTP , 1 978 ; Hebel et al . ,  1 97 8 )  have identified sever al fac tors 
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that should be cons i dered in locating and evaluating spec ific repos itory sites 
in sal t .  

It  has been asser ted that , s i nce interstitial water can lower the mech
anical str ength of sal t ,  the presence and var iable concentration of water 
could be a problem . The mean water content in salt is low ( typically less 
than 1% ) ,  but local var i ations over wide ranges occur within salt masses . The 
water content tend s to be the lowest in salt domes along the Gulf Coast � the 
deformation and flow process that has formed the domes seems to have kneaded 
the water from the sal t .  Bedded- salt strata such as those in New Mexico , Utah , 
and the Mi dconti nental and Ea s tern Un i ted States are generally more var iable 
than salt domes in the i r  chemical compos ition and mineralogic char acter is tics . 

The high s ensitiv ity of salt to solution processes requi res the acqu isi
tion of extensive data on regional and site hydrologic systems and some under 
s tanding o f  possible future groundwater flow reg imes before a repos itory s i te 
can be selected . Such understand ing depends in par t on the abil ity to evalu
ate the impacts of possible climatic var i ations on the integr ity of the repos i
tor y .  The solub i l i ty of rock salt in water is a hundr ed times higher than that 
of any other candidate medium ( Table A-1 i n  Append ix A) • If man- induced or 
natural events caused a breach in the repos itor y ,  any ava ilable circulating 
g roundwater could conce ivably transport the radionuclides into the biosphere . 
The geologic mater ial s  along the path of groundwater flow will slow th is trans
port by captur ing and bi nding the radionuclides through reactions collectively 
called sorpt ion . Since the sor ptive capac ity of salt is low and dependent on 
impur i ties , in a salt reposi tory sorption could be provi ded only by other rocks 
in the path of groundwa ter flow .  

Salt differ s  from basal t and shale i n  the potential env i ronmental impacts 
of the mi ned rock that is stor ed at the sur face . A salt-storage pile would 
have to be de si gned to limi t wi nd eros ion and rainwater runoff in order to min
imi ze envi ronmental impacts dur i ng and af ter repos itory operation .  

I n  summar y ,  salt is the best understood of all cand idate geolog ic med ia 
with respect to i ts possible use as a waste- reposi tory med i um .  The I nter
agency Review Group on Nuclear Waste Management concluded ( IRG Subgroup , 197 8 ,  
Append ix A ,  p .  6 7 )  that "with appropr i ate selection of a s i te and appropr iate 
hydrogeology and conservative eng ineer ing ,  salt could be an appropr iate 
reposi tory medium . "  

3 . 3 . 2  Igneou s and Volcanic Rocks 

Basal t ,  gran ite , tuff , and other crystalline igneous and volcanic rocks 
have been consi dered as geolog ic media for a repos itor y .  Crystalline rocks 
are attractive because of the i r  str ength and str uc tural stability .  The li ttle 
water they conta in lies lar gely in fractures . Basalt and granite have fair 
sorptive capac i t i es . Because of these favor able natural condi t ions , it  has 
been estimated that the wa ste conta i ners stored in a crystalline-rock repos i
tory could ma inta in the ir integr ity over hundr eds of year s .  

The design and the operating procedu res for a crystalline- rock repos i
tory would be similar to those for a salt repos i tor y .  However ,  the use of 
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continuous-mi ning mach ine s  may not be prac tical in  crystalline rock , and 
conventional dr i lling and blasting mining techn ique� would be needed. 

The paths of groundwater flow through crystall i ne rocks ar e normally , bu t 
not always , shor ter than those in bedded strata like shale or sal t .  The path 
lengths depend , of course , on the geohydrblog ic setting . Crystall ine rocks 
commonly occur in geohydrolog ic envi ronments that have e xper i enced complex 
tecton ic events dur ing wh ich these br i ttle rocks were fractured . Alter ations 
in rock prope rti es probably occurred dur ing these events ; rock proper ties may 
have been homogen i zed by per va sive events or may be var iable and diff icult to 
ascertain adequately for repos i tory des ign . The geohydrolog ic char ac ter i zation 
of crysta lline ter r a i ns presents challeng ing problems . 

Gran i tes and basalt are usually fractured ,  and the permeabil ity of the rock 
mass depends on flow through a network of fractures rather than flow through 
porous med i a .  Flow through a fracture depends on the s i ze of the opening , 
wh ich to a lar ge extent is controlled by the stresses acting across the 
fractur e .  S i nce these stresses i ncrease with depth , the permeabili ty of cr ys
talline rock usua lly decreases with depth.  The deve lopment of a mode l for 
fracture flow is a d ifficult problem that is rece iving considerable attention . 
At depths of 1500 feet or mor e below the sur face , the permeabi l i ty may be low 
enough not to present a thr eat of releasing radionuclides into flowing ground
water . An eng ineered approach to the control of fracture flow would be to 
inj ect a grout into the fractures to reduce permeab i l i ty .  

Tuff i s  an extr usive rock produced by volcan ic er uptions . There are two 
forms of tuff that are of interest for repos i tory use , and they are qu i te d if
ferent . The f i r s t  form is densely welded tuff , wh ich has a high density ,  a low 
porosity and water content , and the capability of withstand ing high tempera
ture s .  The compress i ve strength , thermal conductivity ,  and thermal expans ion 
of densely welded tuffs are comparable to those of basalt . Welded tuffs lo
ca lly have signif icant fracture permeabi l i ty and are impor tant aqui fer s (Wino
g rad, 1 97 1 ) . The second form is zeo l i tic tuff , wh ich has a low density , a high 
poros i ty ,  a very low permeability ,  a high water content , and an extr emely high 
capac ity for sor bing radionuclides . Zeoli tic tuff has a moderate compressive 
str ength and a moder ate thermal conductivity .  The dehydr at ion o f  some zeo l i te s  
beg ins a t  about lOOOc ; unless the fluids relea sed can escape through the 
rock , they will contr i bute to changes in the state of s tress that co uld result 
i n  fracture . Heat may also cause some zeoli tes to decompose to new minerals 
with lower sorptive capac i ties . 

The des i gn concept for a repos i tor y in tuff i s  to emplace rad ioact ive 
wa s te in welded tuff and to obtain a s ign i f icant benefit from the highly sor p
tive bar r ier s of zeolitic tuff surround ing the welded tuff . Loca l heat ing of 
the zeoli tic �uff must be kept below the temperature at wh ich i ts beneficial 
proper t i es ar e affected . A 2-year research program is under way at the Nevada 
Test S i te to ascerta in whether sequences of welded and zeoli tic tuffs would be 
a va lid med i um  for geolog ic disposal . Areas of welded and zeol i tic tuff ar e 
wide spread and occur in thick sec tions in the western states , though they have 
not yet been suff iciently char acter i zed as to the i r  homogene i ty and the i r  
hydrolog ic character i stics . Most of these tuffs are relatively young geolog
ically , and they have been broken into blocks by tec ton ic forces that wer e  
ac tive dur ing and af ter the t ime of the i r  formation . Faults are s t i ll ac tive 
in some ar ea s ,  j eopar d i z ing such reg ions for repos i tory use . The hydrogeolog ic 
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environments in whi ch tuffs occur are domi nated by the tectoni c  ac tivity .  How
ever , a single hydrogeologic system in the Western Un i ted States can be lar ge 
enough to inc lude many faulted blocks that contain sat isfactor ily extens ive 
sequences of welded and zeoli tic tuffs . 

The curr ent NWTS program plan calls for detailed si te-character i zation 
plans to be ava ilable in 1984 for a site in basalt at the Hanford S i te in the 
State of Washington . Plans for sites in gran ite and tuff ar e to be ava ilable 
in 1 98 5 . 

3 . 3 . 3 Argillaceous Rocks 

Shale and related rocks have a number of attr ibute s  that make them at
tr act ive as media for the i solation of r ad ioactive waste s :  low permeability ,  
the capability of deforming plast ically under l i thostatic load , good sor ptive 
capac ity ,  and low solub i lity in water . Such rocks are abundant in thick masses 
throughout the Midwestern and Western United States . However , only illi tic 
shales may be suitable for repos itor ies:  car bonaceous shales may generate or
ganic gases on decompos ition ,  and montmor illon itic shales have proper ties that 
change sign ificantly in the presence of water . Accordingly , it is necessary 
to per form ver y  deta iled stud ies at each potent i al site in shale , because the 
widely var ying charac ter and composi tion of shales make some areas suitable 
but many other s  unsuitable . In general , shales possess many of the character
i stics that make bedded salt and salt domes attractive . However , shales are 
not so plast i c  and tend to have a somewhat higher fracture permeab i l ity than 
sal t �  they also have a somewhat higher density and may require some blasting 
dur ing mining . The lar gest drawback to shales is the above-ment ioned local 
var iabi lity , whi ch presents d ifficulties in adequately character i z ing a poten
t ial site . 

The preparation of a deta iled si te-character i zation plan for a potent ial 
reposi tory s i te in shale will not be completed unt il after 198 5 .  

3 .  4 ALTERNATIVE AREAS IN BEDDED SALT 

Large areas in the Un i ted States are under lain with bedded salt ( Fig-
ure 2-1) . Dur i ng its sear ch in the ear ly 197 0 s ,  the U . S .  Geolog ical Survey 
( Section 2 . 2 . 3 )  looked par ticular ly at the Supai salt basin ,  the Sali na region , 
the Willi ston basi n ,  and the Permian basi n  ( Barnes , 197 4 ) . Of these four , only 
the Salina region and the Permi an basin are still be ing investigated in the na
tional wa ste-management program .  

The Sal i na reg ion consists of bedded-salt depos i ts of Late S ilur ian age in 
por tions of New Yor k ,  Pennsylvan i a ,  West Virgini a ,  Oh io,  Mich igan , and southern 
Ontar i o .  Strata both above and below the salt are occasionally water -bear ing . 
However , in  many ar eas the salt beds are over la in with massive anhydr i te and 
dolani te un its or shales that ar e potent ial water bar r iers . The greatest ag
gregate thickness of salt is found in Mich igan , where it r anges from 500 feet 
at the mar g ins to 1800 feet in the center . This bedded salt is cons ider ed one 
of the better alternatives to the salt of southeastern New Mex ico . However , 
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the ar ea is much mor e  densely populated , the land is mor e  intensive ly used , 
and the complex hydrolog ic character istics are l ikely to be much more d i ff icul t 
to de fine and eva luate ( Appendix B ;  NUS , 197 9a) . 

The Permi an basin in the We stern Un i ted States is a ser ies of sed imentary 
ba sins in wh ich rock salt and assoc iated salts accumulated dur ing Permian time 
over 200 mi llion years ago .  The region includes the we stern pa rts of Kansas ,  
Oklahoma , and Texas and the ea stern par ts of Colorado and New Mexico . ( The 
Kansas salt beds considered in Proj ect Salt Vault are in the northern port ion 
of the Permian basi n . )  S ince Permian time the basin ha s been relat ively stable 
tec tonically , although some par ts of it have been t il ted and warped , have 
under gone per iods of eros ion , and have been sub j ect to a major incur s ion by the 
sea . Subsi dence , collapse of the land sur face from d is solution ,  has been com
mon in the basin (Appendix B ;  Bachman and Johnson , 1973 ; NUS , 197 9b) . 

Section 2 . 2 . 3  descr ibes the process by wh ich the Delaware basin was se
lec ted from potential sites in the Permian basin and the proce ss by wh ich the 
Los Medanos s i te was selec ted from potential s i tes in the Delaware basin.  

3 . 5 ALTERNATIVE SITES IN ALTERNATIVE MEDIA 

No method other than emplacement in a mi ned geolog ic repos i tory is feas
ible at present for the dispos al of TRU waste , nor can the feasibil ity of any 
of the other d i sposal methods still being invest igated be established for at 
lea st a decade . The NWTS program is invest igating salt and other host med i a ,  
and potential reposi tory s i tes will b e  identified starting in 1983 . Although 
these site s  are be ing sought for the d isposal of commer cial high- level and TRU 
wa ste , they may also be suitable for the d i sposal of defense TRU was te .  

The Pre sident ' s  program recommends that one or mor e repos itor ies be se
lec ted f rom among s i tes in a wide var iety of host rocks with dive r se geohydro
logic character istics . S ince the NWTS program is  d irected at ident ifying and 
character i z ing s i tes for a system of repos itor ies , its activit ies will con
tinue after the site for the f i r st NWTS repos i tor y is  selected . Any sites that 
meet the s i te-selection cr i teria but are not selected rema i n  " banked" and thus 
ava ilable for poss ible selection at a later time . 

In the next 5 years ,  the NWTS prog ram is expec ted to characte r i ze several 
site s  and then to recommend one site in a process that inc ludes documented 
compar i sons of envi ronmental , technical , and i nst itutional aspects (DOE, 1 9 8 0 ) . 
The ear liest poss ible dates for issuing the final envi ronmental impact state
ment on banking and a deta iled si te-character i zation report supporting a deci
sion to bank a site are as follows : 

Geologic med ium and location 

Dome sal t  (Gulf inter ior reg ion )  
Basalt (Hanford) 
Nevada Test Site 
Other hard-rock s i tes 
Bedded salt (other than Los Medanos ) 
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1983 
1 9 8 4  
198 5  
1985  
1985 



Each of these si tes wi ll have been ta ken through the NWTS si te-explorat ion 
and si te-character i zation phases . Thus , in late 1985 , for example ,  it will 
probably be poss i ble to cons i der several sites in the selection process . An 
envi ronmental impact statement will be required pr ior to s i te selection (DOE, 
1980 ) • 

The dates shown ar e based on the assumption that all si te-char acte r i zation 
activi ties can be conducted f rom sur face explor ation only . If underground 
explor ation at the proposed repos i tory hor i zon i s  requ ired for licens i ng , as  
presently proposed by the Nuclear Regulator y Comm i ssion , the schedules would 
be extended , and it would not be possi ble to select from among the character
i z ed si tes until 1 989 . 

3 . 6 FORMULATION OF ALTERNATIVES 

Ta king no ac tion to remove TRU wa ste from i ts present near-surface stor
age in I daho ha s been ident i f i ed as the f i r s t  alternative to be analyzed in 
this envi ronmental impact statement . Th is section delineates al ter nat ives 
i nvolving its remova l and the resear ch and deve lopment of di sposal methods for 
other types of wa stes . Options for the research and development are also 
discu ssed . 

3 . 6 . 1  Alter nat ive s  for TRU-Waste Disposal 

Four alternatives are consider ed for demonstrating the d i sposal of defense 
TRU waste : no action (as already descr i bed ) 1 bu ilding the WIPP facility at the 
Los Medanos s i te in southea stern New Mexico 1  d i sposal of the TRU waste stored 
at the INEL in the f i r s t  ava ilable HLW repos i tor y ,  wh ich involves delay i n  
moving this wa ste 1  and delayi ng the WIPP for the sake of consider ing other 
si te s  as we ll as the Los Medanos site .  

3 . 6 . 2  Opti ons for Resear ch and Developnent 

I n  order to advance the state of the art of rad i oactive-waste di sposal , it  
is  thought necessary to conduct i n- s itu , full-scale exper iments with was tes . 
Many techn ical exper ts beli eve that conti nued labor ator y stud i es in salt are 
producing d imin ishing r eturns 1 the general properti es of sal t ,  for i nstance , 
ar e well known , but its bulk proper ties should be evaluated i n  the par t i cular 
formations wher e waste may be emplaced . Accordingly , continued laboratory 
exper iments should be accompani ed by i n- situ testi ng . 

One place to conduct the i n- s itu resear ch and development would be in a 
spec ially mi ned under ground ar ea not assoc i ated with a waste repos i tor y .  The 
development of s uch a stand-alone , full-scale exper imental fac i l ity would 
allow many des ign-ve r i f i cat ion , rock-mechan ics , fluid-migration , and thermal
response te sts to be per formed . The usefulness of a s tand-alone fac il ity 
would be greatest if it were located at a si te on wh ich a repos itory might be 
constr ucted in the future . In a stand-alone fac i l i ty , the costs of bu ildings , 
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shafts , and underground open ings would have to be char ged aga inst the exper i
ments alone . 

A research-and-developnent (R&D) area at a repos i tory would have advan
tages over the stand-alone fac ility .  I ts results would be helpful i n  future 
planning for that site . I t  would be more cost-effective than a stand-alone 
fac ility .  It would have no long-term impacts as long as the waste used in the 
exper iments were removed at the end of the exper iments ,  although its short
term impac ts might not be negl igible . Finally , the ear lier an R&D facility is  
bu ilt,  the more va luable its resul ts wil l  be. This suggests that i t  would be 
useful to i nclude s uch a fac i lity in the first repos i tory to be built in each 
geologic med i um .  

The options of not hav ing an R&D fac il ity or of having a stand-alone fa
c i lity are not consi dered further in th is document . The d iscussions to follow 
assume that an R&D fac i l i ty is  included in the WIPP , if alternative 2 or 4 i s  
chosen . The matter i s  left for later dec ision i n  alter native 3 .  

3 . 6 . 3  Alternatives Involving the Removal of Waste from Idaho 

The demonstration of the d i sposal of defense TRU waste and the R&D studies 
with defense TRU and high-level waste ar e complementary .  Thus ,  all the act ion 
alternatives d iscussed in th is document i nclude an R&D fac i l ity , although a 
TRU-waste repos i tory and a stand-alone R&D fac i l i ty could be built  separ ately. 

There are two choices for the d isposal of TRU waste : it could be d i sposed 
of in a repos i tory ded icated to TRU waste alone , or it could be put into a 
reposi tory for high-level waste . In addi tion , the dec is ion to build a TRU
waste repos i tory could be delayed unti l  other sites have been character i zed . 
The action alternatives , therefore , are the following : 

• Alternative 2 ,  the author i zed alternat ive . A repos i tory for demon
strating the d isposal of TRU waste and i ncluding an R&D facility for 
high-level waste is bu ilt  now at the one presently ava i lable site ,  the 
Los Medanos s i te in southeastern New Mexico . 

• Alternative 3 ,  the prefer r ed alternative . The TRU waste stored at the 
INEL is d isposed of in the f i r st ava ilable reposi tory for high-level 
waste . 

• Alternative 4 .  The dec ision on where to bui ld a fac i l i ty l i ke the WIPP 
is delayed until at least 1984 , when two or three s i tes in addi tion to 
the � Medanos si te should be ava i lable for cons ideration . 

These alternatives are descr ibed in more detail in the next three sections . 
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3 . 6 . 3 . l  Alternative 2 ,  the Author ized Alternative 

Alternative 2 ,  the author ized WIPP proj ect, consists of the following : 

1 .  A repository for demonstrating the disposal of TRU waste generated in 
U . S .  defense prog rams . It would receive the waste stored at the INEL 
through 1990 and all defense-generated TRU waste produced from 1990 
through 2 00 3 .  The waste would be emplaced in such a manner that it 
could be retr ieved for a per iod of 5 to 10 years after a decision for 
retr ieval is made . That dec ision would be made separately for each �kind of TRU wa ste (contact-handled and remotely handled) not more than <.J__s years after the first containers of it had been emplaced . The 
underground excavation would create a 100-acre mine that would be 
large enough to acconunodate th is waste1  future expansion could provide 
a mine of up to 2000  acres for the disposal of additional TRU waste , 
if th is were later determined to be desi rable .  

2 .  A 20-acre underground area for research and development .  Exper iments 
per formed there with all types of radioactive defense waste would 
answer techn ical quest ions about the disposal of waste , particularly 
high-level waste,  in salt . All the waste used in these studies would 
be removed when the exper iments are completed . No commercial h igh
level waste would be included. 

The WIPP would be constructed at the Los Medanos site in Fildy County , New 
Mexico (Figure 3-1 ) . The proj ect would require the withdrawal of 17 , 200  acres 
of Federal land , the acquisition of 1760 acres of State land � and the acquisi
tion of existing lease r ights . Another 6 20 acres would be required for r ights
of-way for roads,  a railroad , an electr ical-power line , and a water line . 

In order to provide final site validation and to ver ify the analyses used 
in the design of the underground facility , the construction of the WIPP facili
ty would be preceded by the construction of two deep shafts and an underground 
exper imentation fac ility at the Los Medanos site . (This is the site and 
preliminary-design validation ( SPDV) program referred to in Section 2 . 1 . 2 . ) 
The shafts and underground area would be instrwnented to measure rock response , 
and var ious exper iments to observe waste-package performance under repository 
conditions would be conducted . No radioactive waste would be used in the SPDV 
prog ram. The SPDV-prog ram plan calls for a 2-year per iod for construction and 
site validation and an operational per iod of up to 5 years for design 
validation .  The SPDV program would require about $ 54 million ( 1979 dollars )  
to design and bu ild and about $ 5  million a year to operate . If the WIPP (or 
an HLW repository)  were constr ucted at the Los Medanos site after the SPDV 
program , the SPDV shafts and underground development would become a part  of 
the complete fac i lity.  Based on the results of the site-validation activi
ties , this EIS would be supplemented , if necessary to incorporate significant 
new information , before a dec ision to proceed with the full constr uction and 
operation of the WIPP fac ility . 

D isposal of TRU waste in the WI PP 

Once the complete fac ility became operational , ra ilcar s and trucks would 
be unloaded inside a waste-handling building , where the waste would be pre
pared for movement underground . Each of four shafts would reach the under
ground disposal leve l .  Th is underground area, about 2150 feet below the 
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Figure 3-1.  General location of the Los Medanos site. 
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sur face , would be used for the disposal of contac t-handled and remotely han
dled TRU wa s te and f or exper iments with defense high-level wa s te .  The d is
posal mi ne would be in the Salado Formation ,  a th ick layer of bedded sa lt that 
extends f rom about 8 50 to 2 8 25 f eet below the sur face at the center of the 
site . Deta iled information on the site is g iven in Chapter 7 and Appendix H .  
Chapter 8 presents a deta i l ed  descr iption of the WI PP and i ts operation .  

I t  i s  est imated that the construc tion o f  the WIPP would cost $ 2 9 2  million 
( 1 9 7 9  dollar s )  spread over near ly 4 . 5  years and about $ 24 mill ion a year to 

operate . I n  add it ion , eng ineer ing , constr uction management ,  and technical 
su�ort would cost $ 205 mi llion .  The constr uction wor k force is expec ted to 
number about 950  people on the average dur ing the year of lar gest employment 1  
peak employment for a per iod of a few month s is expec ted to be near 1300 . The 
operationa l sta ff would number abou t 440 . 

The WI PP is designed to handle up to 1 . 2  mill ion cub ic f eet of was te per 
year . It is intended to accommodate the read ily retr ievable wa ste expected to 
be stored in I daho through 1 99 0  and other defense TRU waste generated between 
the years 1990 and 20 0 3 , for a tota l of 6 million cub ic feet . A 10 0-acre 
repos i tory w i ll be large enough for this purpose . 

The WI PP cou ld be expanded in the future to accommodate the rema 1n1ng 
retr i evably s tored TRU was te li sted in Table 2-3 . I f  the dec is ion should be 
made to retr ieve the bur ied wa ste at all sites and process it for stor age , 
there is enough area at the Los Medanos s i te to r ece ive it as wel l .  

Thu s ,  although the mi s s i on o f  the au thor ized WIPP proj ect i s  now limited 
to a sub set of the total TRU-wa ste inventory , there is a poss ibil ity that a 
repository of 2000  acres  will eventually be needed for the disposal of all 
def ense TRU waste .  Any dec i sion to add other sources of wa ste , however ,  would 
require further env ironmenta l review .  

The resear ch and development program in the WI PP 

The exper imenta l program descr ibed in Section 8 . 9  is des igned to provide 
an in-situ labora tory to answer techn ical que stions about the d isposal of 
h igh-level wa ste in bedded sal t .  

I n  the exper imenta l area , i t  would be poss i ble to acce lerate the inter
actions between the h igh- level was te and the salt and to exper iment with can is
te r mater ials , overpack or bac k f i l l  mater ials , and other mul tiple-barr ier tech
n ique s .  The exper imental prog ram could produce information on the means of 
protec ting the wa ste can isters from br ine attack for long pe r i od s  of time , on 
the produc ts of wa s te i nteractions with sal t ,  and on var ious concepts for 
irrunobili z ing any leached rad ionuclides within or near the or ig i nal wa ste
emplacement locations . 

The exper i en ts would use a form of defense wa ste that produces high 
l evel s  of heat a d gamma rad i ation . In the interest of accelerating the 
interactions , some of the wa ste will be emplaced without a surround ing 
conta iner , and some will be ground into sma l l  part icles before being 
emplaced . The exper iments would be intended to produce enough stress on the 
salt environment to s imulate adver se cond itions that might appear in a futu re 
repos itory for high-level wa ste . All the high- level wa ste used in exper iments 
would be recovered and removed f rom the WI PP at the end of the exper iments . 
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The sou rce of the wa ste to be used in these exper iments is not as yet 
de fi ned ; so lid h igh- level wa ste from de fense prog rams is not rE  ' i ly ava il
able,  as little of it ha s been produced . By the late 19 8 0 s , so 1 1 3  defense 
h igh-leve l wa ste may be ava ilable f rom the Savannah River Plant ; however ,  i t  
will not be ava ilable unt il several years after the WIPP exper iments wou ld be 
scheduled to beg i n .  To i ncrease its levels of rad ioactivity ,  th is wa ste could 
be for tif ied with ce s i um-137 . 

3 . 6 . 3 . 2  Al ter native 3 ,  the Preferred Alternative 

Th is alternat ive pre sumes that I daho TRU wa ste is held unt il an HLW re
pos i tory is ava ilable ; then the wa ste is d isposed of there . A comprehens ive 
descr ipt ion of the plans for these repos itor ies , to the extent that these 
plans have advanced , is g iven in the draft gener ic environmental impact state
ment on the management of corranerc ia lly generated rad ioact ive wa ste (GEIS) (DOE, 
1979)  and its s uppor ting documents . Accord ing to these plans , an HLW reposi
tory would consist of the following : 

1 .  A repos itory for the disposal o f  h igh-level wa ste generated in the 
corranerc ial power prog ram . Th is repository could be in sal t ,  gran i te ,  
shale , or basalt . The first such repos itory would operate for 15 to 
25 years and would conta in between 70 , 000  to 2 50 , 0 0 0  can i s ters of h igh
leve l wa ste . Initi ally at least , the wa ste would be implaced in such 
a manner that it could be retr ieved if nece ssary . The underg round 
mined open ings would ta ke up an area of 2000  acre s .  

2 .  A por tion of the repos itory g iven over to the d isposal of TRU wa ste 
from both the defense and the commerc ial programs . As in alternat ive 
2 ,  the quantity of th is wa ste is assumed to be 6 mill ion cub ic feet 
need ing 100 ac re s of storage space . 

3 .  Poss ibly , an area for re sear ch and development . I t  is undec i ded at 
th is time whether par t of the repos itory should be set as ide for 
exper iments or whether an R&D fac i l ity should be constr uc ted at the 
site pr ior to construction of the repos itory.  

As  i nd icated in Sect ion 3 . 5 ,  the areas be ing investigated for sit ing the 
f i r st HLW repos itory are inland from the Gulf of Mexico for dome salt , the 
Hanford S i te for basalt , and the Nevada Te st S i te for g ran i te or tuff . Ac
cor d ing to cu rrent plans , the first  HLW repos itory will become ava ilable be
tween 1 9 97 and 2006 . The Los Medanos s i te would also be considered for th is 
HLW repos itory .  

S ite va lidat ion may require one or two shafts and a small underground 
exper imental area comparable to the s i te and preliminary-des ign va lidation 
program of alternat ive 2 .  

The GEIS est imate s that the tota l cost of constr uct ion and operat ion of an 
HLW repos itory would be $ 1 590 , $ 4 960 , $ 2 1 10 ,  and $ 5490  mill ion in dome sal t ,  
g ran ite , shale , and basalt , respective ly , spread over a time per iod of 15 , 24 , 
17 , and 24 years , respective ly .  These estimates a ssume the once-through fuel 
cycle , wh ich involve s no reprocess ing of spent fue l .  
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3 . 6 . 3 . 3  Alternat ive 4 

The advantage of th is alternat ive would be to ga in the pos s ibil ity of pick
ing a location for a WI PP- like fac i l i ty from among several s i tes and med i a .  
As ind icated i n  Sec tion 3 . 5 ,  the ear liest poss i ble date a t  wh ich three site s  
may b e  ava ilable i s  1984 . The ear liest date on wh i ch the finished repos itory 
would be ava ilable is 1997 . 

A repos itory bu ilt  under th is alte rnat ive would cons ist  of a fac il ity for 
demonstrating the d isposal of rad ioactive wa ste generated in U . S .  defense 
programs . S ite va lidat ion could require the deve lopment of fac il i t ies compar
able to those descr ibed for the s i te and prelimi nary-de s ign program under 
alternative 2 .  It would rece ive the 6 million cub ic feet of TRU wa ste spoken 
of under alternative 2 above ( Section 3 . 6 . 3 . 1 ) . Th is wa s te would be emplaced 
i n  such a manner that it could be retr ieved , at lea st initially . As in alter
native 2,  part of the repos itory would be set aside for exper iments with h igh
leve l wa ste . 

Th is repos itory would be of roughly the same descr ipt ion as the WIPP . In 
a medium other than bedded sal t ,  the ear ly shafts and the sma ll underg round 
exper imenta l area might also be required . The cost figures for HLW repos i
tor ies in var ious media quoted in the previous s ection imply that the costs 
for TRU-wa ste-only repos itor ies in var ious med ia would differ . 

3 . 6 . 4 Summary of Al ter natives 

The four alte rnat ives are cons idered in this env i ronmenta l impact statement 
are summar ized below . The i r  environmental impac ts are d iscussed in Chapter 4 .  

Alternat ive 1 ,  no ac tion . The TRU wa ste stor ed at Idaho would rema in 
there , perhaps in improved storage . 

Alternative 2 ,  the au thor ized alternat ive . The WIPP descr ibed in Chapter 
8 would be bu ilt at the Los Medanos s i te in southeastern New Mexico . 
I t  would be a fac il i ty for the demonstration disposal of TRU wa ste 
only and for resear ch and development with h igh-level was te .  

Al ternat ive 3 ,  the pre fer red alternat ive . The TRU wa ste stored at Idaho 
would be d isposed of in the f i r st ava ilable repos itory for high- level 
wa ste . Accord ing to pre sent plans , a site will be selected between 
1 987 and 1 9 90 , and the repos itory i tself will be ava ilable between 
1997 and 2006 . The Los Medanos site will be considered as well as 
s i tes in other geolog ic med i a .  

Alternative 4 .  The dec ision on where to bu ild a WIPP-like fac ility would 
be delayed until at least 1 984 , when two or three s i te s  in add it ion to 
the Los Medanos site should be ava ilable for cons iderat i on . 

A s i te and prel imi nary-design validat ion prog ram at the Los Medanos s i te 
would be par t  of the author ized WIPP alternat ive . Although designed for WIPP 
requi rements , th is prog ram would be compatible with the s i te-charac ter ization 
stud ies required for alternat ives 3 and 4 .  
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4 Environmental Impacts of Alternatives 

Th is chapter eval uates and compares the environmental impacts of the four 
alternatives developed in Chapter 3. Section 4 . 1  d iscusses al ter native 1, no 
action . Section 4 . 2  s ummar i z es the deta iled analys is of al ternative 2 that 
appears in Chapter s 6 and 9 .  Alternat ive 2 ,  the author i zed Waste I solati on 
Pilot Plant (WIPP) in  southeastern New Mexico , is the most compl etely analyzed 
of the al ternat ive s :  it forms the refer ence aga i ns t  which the other alterna
tives are compared . The remaining two al ternatives are taken up i n  Sections 
4 . 3  and 4 . 4 .  In the discuss i on of al ternat ive 3 ,  the pr efer r ed alter nat ive , 
which places both defense TRU waste and commer ci al high-level waste ( HLW )  in 
one combi ned repos i tor y ,  the point of vi ew is twofold : (1) the changes in 
impac ts (usually i ncr eases ) brought about by e xpanding the m i ssion of the HLW 
repos i tor y and ( 2 )  the changes in impacts (usually decr eases ) brough t about by 
having one repositor y  r ather than two . Section 4 . 5 compares the environmental 
impacts of al ternat ive s  2 ,  3 ,  and 4 in a s i ngle table . 

4 . 1  ALTERNATIVE 1 :  NO ACTION 

I f  ne ither the WIPP nor any other Federal repos i tory should become ava il
able , TRU was te would have to remain at i ts present storage si tes (or be tr ans
f er r ed between them ) . The consequences of following thi s alter nat ive are 
analyzed i n  Appendi x  N i n  terms of the impac ts that would occur at the Idaho 
National Eng i neer i ng Labor atory ( INEL) . Thr ee gener al methods for manag ing 
the was te are consi dered i n  Appendix N:  

1.  The waste could be left in place , as  i s .  Addi tional was te r ece ived 
would be stored s imilar ly . 

2 .  The confinement of the waste could be improved without moving i t .  At 
the INEL this  i n-place improvement would cons i st of adding clay and 
basalt r ip- rap over the storage pads : inj ecting grout below the pads 
would further improve the confi nement . Al ternati vely , the waste could 
be inunobil i zed by inj ecting grout di rectly into the waste and the 
ground beneath it . 

3 .  The waste could be retr i eved , proce ssed , and di sposed of at a better 
location at the INEL. The methods consi der ed in Appendi x  N are d i s
poscl.l. in an aboveground engineer ed concr ete str uctur e ,  engineered 
s hallCM bur i al ,  and disposal in deep rock . 

In the shor t term ( i . e . ,  up to 100 year s ) , no r'eleases of r adiat i on would 
be e xpected from the f i r st two s ubal ternatives . The processing involved in 
the thi rd would produce small releases resulting in a maximum whole- body dose 
conuni tment of 1. 9 x lo -10 r em per year of oper at i on or 3 . 6  x lo-6 r em per 
year to the bone at t he  point (on the INEL s ite ) of max imum air bor ne con
cent r ation . The domi nant acc ident dur ing proce ssing would produce a maximum 
dose conuni tinent to the lung of about 0 . 1  r em .  
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over the long term ,  d i saster s  could disrupt the wa ste and relea se rad io
nuclides . The INEL is at the edge of the Arco Volcanic Rift Zone , wh ich has 
been ac tive as recent ly as 10 , 50 0  years ago1  it  is likely to be the site of 
futu re volcanic action .  Therefore ,  the dominant na tural d i saster would be 
volcan ic ac tion ,  either lava flow over the waste or an er uption through or 
near i t .  Human intrusion by a sma ll g roup o f  people is  also credible . 

Drawn from a study of many poss ible relea se mechan isms (DOE, 1979a) , Table 
4-1 g ives e st ima tes of the poss ible rad iat ion doses result ing from these d i s
r uption s .  Na tural d isaster s could del iver signif icant dose commi tments ( up to 
9 0  rem to the lung) to maximally exposed ind ividuals if the f i r s t  subalterna
t ive were used 1 the second subal ternat ive would reduce th is dose commi tment to 
0 . 9  rem . Human i ntr usion could del iver much h igher dose commi tments to a few 
people . Improved confinement ( subalternat ive 2 )  g ives the poss ibili ty of a 
hundredfold- sma ller individual and populat ion dose cormnitments , but leaves the 
wa ste at the sur face . 

In summary ,  no environmenta l reasons have been found why TRU waste could 
not be left at the INEL stored as it is for several decades or even a century 1 
over such a time volcanic action is unlikely , and gover nment control of the 
s i te w i ll prevent inadver tent human intr us ion . In the long term,  however , 
volcan ic ac tion that could produce lar ge exposures to rad iat ion i s  probable.  

Table 4- 1 .  Poss ible Long-Term Consequences ,  Alternat ive 1 

Release 
mechan i sm 

Whole 

Ind iv idual dose 
commi tment ( rem) 

body Bone Lung 

Populationa dose 
conunitment ( man-rem) 

Whole 
body Bone Lung 

SUBALTERN AT IVE 1 :  WASTE LEFT AS Isb 

Volcano 0 . 0 06 8 20  4 0  4 0 , 0 0 0  80 , 0 0 0  
Lava flow 0 . 0 3  50 9 0  100 200 , 00 0  400 , 00 0  
Intr usionC 10 500 700  90  4 , 00 0  6 , 00 0  

SUBALTERNATIVE 2 :  IMPROVED CONFIN� 
Volcano 0 . 0 0 0 06 0 . 08 0 . 2  0 . 4  4 0 0  8 0 0  
Lava flow 0 . 0 0 0 3  0 . 5  0 . 9  1 2 , 00 0  4 , 00 0  
Intr usionC 0 . 1  5 7 0 . 9  40  6 0  

apopulation i s  130 , 00 0  for volcanic ac tion and lava flow, 10 for human 
intr usion .  

boata from Table N-1 in Append ix N .  
coose from inhalation . 
doata from Table N-2 in Append ix N .  
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4 . 2  ALTERNATIVE 2 :  THE AUTHORIZED WIPP FAC ILITY 

A deta iled analy s is has been made of the ·wa ste I solation Pilot Plant in 
the bedded sa lt of the Delaware basin in southea stern New Mexico, at a si te 
ca lled Los Medanos . It is repor ted in Chapters 6 and 9 and summar ized in th i s  
sec tion . Th is au thor ized alternat ive i s  used a s  the reference against wh ich 
th is env i ronmental impact statement compares the other two al ternatives that 
call for the disposal of TRU waste away from the INEL . The impac ts of a site 
and pre limi nary- des ign va lidation ( SPDV) prog ram at the Los Medanos s i te are 
included in th is di scu ss ion :  these impac t analyses are pre sented in greater 
deta il in a separate repor t (Brausch et al . ,  1980 ) . 

The impac ts of the WIPP include 

1 .  Phy sical impac ts du r ing construction and operation : changed land use , 
commi tment of resources , e ff ects of e ffluents , denial of mineral re
source s .  

2 .  Soc ioeconomic impacts . 

3 .  Rad iolog ical impac ts of transpor ta t ion , inc lud ing transpor ta t ion 
accidents . 

4 .  Rad iolog ical impac ts of normal and acc idental releases dur ing the time 
that wa ste is be ing emplaced in the NIPP ( the shor t- term , or opera
tiona l ,  per iod ) . 

S .  Possible rad iolog ical impac ts after the WIPP is  closea and decommis
sioned ( the long- term per iod ) . 

6 .  Impac ts of removing wa ste from its present storage and proce ss ing i t  
for shipment to the WIPP .  

4 . 2 . 1  Physical Impac ts 

The physical impac ts of the author ized alternative would occur pr imar i ly 
dur ing constr uction and operation . These impac ts are sununar ized in Tab le 4-2 . 

The commitment of the site for repos itory development would pr imar ily 
affect g raz ing : the land sur face cur r ently has few other uses . Nat ional and 
local food produc tion would susta in no apprec iable los s ,  for the 1072  ac res 
a ff ec ted norma lly s upport fewer than 12 head of cattle . The 169 acres used in 
the SPDV program would result in even less impac t .  

Table 4-2 categor izes sur face l and use as " temporary" and " long-term . "  
Probably the on ly long-term use tha t would be tr uly permanent is  the land to 
be used for the mi ned- rock ( salt) pile and the evaporat ion pond to rece ive the 
dra inage from th is pi l e :  these 37 acre s ,  ster ili zed by sa l t ,  would not suppor t 
g raz ing aga i n .  The other parcels of land included in the long- term category 
are the por tions of the r ights-of-way ac tua lly covered by roads and railroads 
and the land occupied by bu ilding s .  Af ter the proj ect is over , th is area will  
largely rega in its  na tural vegetation if the bu ild ings are razed . The tem
porary category i ncludes the r ights-of-way for electr ic ity and water l ine s 
becau se the land on wh ich they are bu ilt would be allowed to return to its 
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Table 4-2 . Physical Impac ts of the WI PP Author ized Al ternativea 

Parameter Quantity Section 

Ose of land sur face 
Temporary 878 acres 8 . 1  and 
Long-term 224 acres 9 . 1 . 1  

Resources 
Mater ials for 
constr uctionb 

Concrete 12 5 , 00 0  bbl cement 0 . 0 32t 9 . 2 . 2  
Steel 15 , 000 tons 0 . 0 12t I of u . s. p<� 9 . 2 . 2  
Copper 150 ton a o . oo 9 t  duction per 9 . 2 . 2  
Alumin11111 200 tons 0 . 00 3t year 9 . 2 . 2  
Lumber 0 . 5  x 10 6 board feet o . oo o 5 t  9 . 2 . 2  

Water 
Constr uc tionb 15 acre-ft/yr 0 . 17 '  } of Carls- 9 . 2 . 2  
Operation 20 acre-ft/yr 0 . 23 t  bad use 9 . 3 . 3  

Electr icity 
x · 106 kW-hr Constr uc tionb 4 0 . 12t of Carls- 9 . 2 . 2  

Opera t ion 2 x 10 4 kW 23t bad use 9 . 3 . 3  
Liquid fossil fuels 

2 . 6 x 106 gal Cons tr uc tionb 9 . 2 . 2  
Operation 540 gal/day 9 . 3 . 3  

Effluents 
Construc tion per iod 

Carbon monoxide 26 tons/yr 0 . 1' 9 . 2 . 1  
Nitrogen oxides 142 tons/yr 2 . 4 ' of Eddy County 9 . 2 . 1  
Sulfur oxides 9 tons/yr 0 . 04' emiss ions 9 . 2 . 1  
Dust 7 20 tons/yr 3 . 5t 
Other par ticulates 29 tons/yr 0 . 14t 9 . 2 . 1  

Operational per iod 
Car bon  monoxide 9 . 7  tons/yr O . lt 9 . 3 . 1  
Nitrogen oxides 49 tons/yr 0 . 8 2t of Eddy County 9 . 3 . l 
Sulfur oxides 31 tons/yr 0 . 14' emi ssions 9 . 3 . 1  
Hydrocarbons 3 . 2  tons/yr 0 . 04' 9 . 3 . 1  
Salt particulates 42 tons/yr 0 . 2 lt B . 7 . 5 ,  
Other particulates 3 . 2  tons/yr 0 . 0 2t 9 . 3 . 1  
Solid nonrad ioactive 

waste ( uncompac ted )  2500 yd3/yr 8 . 7 . 2  
S an i tary was te 

( treated effluent) 30 , 000 gal/day 8 . 7 . 1  
Rad ioactiveC 

Solid 1420 ft3/yr 8 . 5 . 2  
Natural radon 0 . 94 Ci/yr 8 . 6 . 3  
Other gases 0 . 0 04 Ci/yr B . 6 . 3  

Mi neral reserves 
In en t i re withdrawa l  area 

Sylvite 3 .  7 x 106 tons K20 l . 8 t 9 . 2 . 3  
Langbeinite 4 . 4  x 10 6 tons K20 d1ot of U . S .  9 . 2 . 3  
Cr ude o il 0 reserves 
Natural gas 4 5  x 109 cubic feet 0 . 0 2t 9 . 2 . 3  
Distillate 0 . 12 x 106 barr els 0 . 0 003t 9 . 2 . 3  

I n  i nner zones 
Sylvite 0 
Langbeinite 1. 21 x 106 tons K20 ., . ,. I 9 . 2 . 3  
Cr ude oil 0 of u . s. 
Natural gas 21 x 109 cubic feet 0 . 01' reserves 9 . 2 . 3  
Distillate 0 . 0 3  x 10 6 bar r e ls o . ooooet - 2 . 3  

aThe impacts of the SPDV program are included i n  or bounded by the quantil �s 
listed in th is table . The SPDV impacts are d iscussed in the referenced sections . 

bp-or a 54-month construction per iod . 
CThe SPDV program will not produce radioactive effluents other than naturally 

occu r r i ng radon gas .  
d'l'he tonnage estimate of langbeinite reserve s ,  made by the U . S .  Bureau of 

Mines (USBM) , is u sed in the analyses presented in th is document ,  for reasons ex
plained in sec tion 7 . 3 . 7 .  I t  i s  not , however , directly comparable to the ava ilable 
e stimates of total U . S .  reserves . An estimate that is comparable has been made by 
Ag r icultural and Industr ial Minerals , Inc . (AIM) 1 this estimate shows that about 
lOt of the u . s .  reserves lie beneath the entire withdrawal area. 

esecause the USBM e stimates that 27t of the reserves lie beneath the inner 
zones , 2 . 7 t of the U . S .  reserves may be assumed to lie ther e .  
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natural vegetated state after they are constructed . The SPDV prog ram is 
designed to be temporary and involves only 169 ac res : it will include s i te 
restoration if there is to be no further activity at the Los Medanos site . 

The re sources to be used in bu i lding and operating the SPDV fac i l i ty or 
the complete WIPP fac il i ty could be used el sewhere .  Neve r theless , supplying 
them would not s tra in the re sources of the nation , the State , or the local 
area . As shown in Table 4-2 , the required amounts all are small in compar ison 
with the annual production of these re sources in the Un i ted Sta te s .  

Most o f  the effluents from the SPDV fac ility and the repos itory would have 
l i ttle effect on the env ironment , although salt dust f rom the mined-rock pile 
and from mi ning would have effec ts like those of a normally operating salt or 
potash mi ne--that is , it could s uppre ss some spec ies of plants nearby . Sewage 
treatment and the disposal of solid wa stes in a local landfill would be about 
equivalent to that of a small town with a population of less than 500 
persons . The effluents listed in Table 4-2 come mostly from the operat ion of 
diesel equipment in the plant.  

The impac ts of the rad ioactive effluents from the repos itory are g iven in 
Section 4 . 2 . 4 below .  The SPDV fac i l ity would not release any rad ioactive 
effluents other than natural radon gas generated dur ing min ing . 

The development of most of the s ubsur face mine ral reserves* l is ted in 
Table 4-2 would be den ied temporar ily :  all of the sylv ite , three-quarte r s  of 
the langbe in i te ,  about ha lf of the natural gas ,  and three-quarters of the 
d isti llate are expected to become ava ilable for exploitation .  Sections 9 . 2 . 3  
and 9 . 6 . 5  e xpla in how some of the s ubsur face-development r ignts could be re
stored : min ing (other than solution mining )  and dr illing for oil and gas may 
be allowed in the ou ter control zone . More than half of the natural gas could 
be recovered by dr illing outs ide the central por tion of the site . Dev iated 
dr i lling f rom the ou termost buffer zone to locations beneath the repos itory 
could allow recovery of all of the natura l gas present at the site . It is 
uncerta in when the restr ictions on access can be relaxed , but the delay could 
be several decades .  Access to these re sources would be den ied dur ing the SPDV 
prog ram , but if the Los Medanos s i te were not considered fur ther for a 
repos itory ,  these mi nerals would aga in become ava ilable . 

In sunmary , the most impor tant physical impacts of the development of 
alte rnative 2 would be the use of land , e spec ially that requi red for the mined
rock pile , and the denial of access to s ubsur face mineral reserves . The most 
impor tant of these re serves is the pota ssic mineral langbe in ite , used for 
fert i lizer whe re chlor i des mu st be avoided . Because Car lsbad is the only 
known langbe in ite distr ict in the Un ited State s ,  it will eventually be neces
sary to substitute other minerals . These other minerals are currently be ing 
produced commerc ially , at compet i t ive pr ice s ,  from br ine lake s .  The use of 
the total reserve s  at the s i te would forestall this deplet ion by a maximl..UTI of 
15 year s :  if the DOE permit s  min ing in the outer buffer zone , the rema in ing 
WIPP reserves would account for only 4 years of production .  The impac ts of 
the SPDV program are a small fraction of those for the complete WIPP fac i l i ty .  

*Reserve s  ar e the por tions of re source s that are recoverable under today ' s  
economic cond itions w ith today ' s  technology . 
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4 . 2 . 2  Soc ioeconomic Impac ts 

These impac ts ar e summar ized in Table 4-3 from informat ion given more 
fully in Sec tion 9 . 4 .  

The WI PP would cos t abou t $ 2 9 2  mi llion to bu ild and about $ 24 million a 
year to operate ( 1979 do llar s ) . In add ition ,  it would cost $ 2 05 mi llion for 
eng ineer ing , construction management ,  and technical suppor t ,  for a tota l of 
about $ 5 00 mil lion . On ly a por tion of the f i r st two costs would be spent 
loca lly : dur ing the per iod of construct ion ( assumed in the analysis to be 54  
month s ) , the economy of Eddy and Lea Counties would rece ive $ 1 38 mi llion in 
d irec t  new expenditures for labor and local procurement . Ind i rec t ,  or spin
o ff ,  e ff ec ts in the pr ivate sec tor would add $ 112 . 4  million .  Dur ing re
pos itory operat ion , the tota l direct and indirec t  impac t on the pr ivate sector 
of the economy would be about $ 33 mill ion annua lly ( j u st over $ 17 mill ion 
d irec tly and near ly $ 16 mi ll ion ind i rectly) . The SPDV program would requ ire 
$ 54 million ( 19 79 do llar s)  to design and constr uct and about $ 5  mi l l ion a year 
to operate . 

New jobs would be created . The number of jobs would r ise until  198 3 , when 
an average of approx imately 9 50 people would be d i r ectly employed on the 
proj ect and abou t 1200 ind irect jobs would ex is t :  dur ing two br ief peaks in 
1982 and 1 9 8 3 , the proj ect would provide more than 1200 d i r ect j obs . These 
tota ls would drop back to 440  direct and 5 1 4  ind i r ect jobs dur ing operat ion . 
About ha lf of the people f i l ling these jobs would be h i r ed loca lly . At the 
peak of the construct ion ac tivity , the proj ec t  would add as many as 2250 
people to the population in the area : dur ing operat ion th is number would drop 
back to about 10 00 . The max imum di rect employmen t for the SPDV program is 
estimated at 1 2 4  people .  Becau se of th is sma ll influx o f  wor kers and the 
short durat ion of the ir stay , soc ioeconomic impacts , either benef ic ial or 
adverse , would be min ima l .  

Table 4-3 .  Soc ioeconomi c Impac ts of the WIPP Author ized 
Al ternative in Eddy and Lea Count ies 

Impact Constr uct ion Ope rat ion 

Expend ituresa 

$137 . 9  mill ionb D i rect $ 16 . 9  mi ll ionC 

I nd irect $112 . 4 mill ionb $ 16 . l  mill ionC 

Tota l  $ 2 5 0 . 3  mill ionb $ 3 3 . 0  mill ionC 

Jobs 
D i rect 9 22d 44o e 

I nd i rect 121sd 5 14 e 

Total 2137 d 9 5 4e 

Popu lation changes 
1200 d D i rect 6 o o e 

Indirect lOsod 4 o o e 

Tota l  22sod lOoo e 

a in 1979 dolla r s . 
bTotal costs for the whole per iod of const r uc t ion . 
cAnnual costs . 
dpeak y ea r .  
eFull operat ional per i od .  
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Two alternat ive assumptions were made in the soc ioeconomic ana lys i s .  The 
f i r st assumed the pre sent re si dency pa ttern for potash-indu stry wor k e r s :  the 
wor k for ce li ves mostly in Car l sbad , wh ich would rece ive by far the ma jor 
impact of the proj ec t .  The second assumed that a sign if icant fract ion of the 
wor ker s live in Lea County : Hobbs would then rece ive mor e than one-third of 
the impac ts . 

Under the first assumpt ion , ther e might be a tempor ary hou sing shor tage in 
Car lsbad dur ing the peak constr uction per iod .  Under the second assumpt ion ,  
housing i n  Hobbs would keep up with demand , but would have to spread beyond the 
present c i ty l imits and munic ipal utilities . In both cities community services 
are j udged to be adequate . Bec�use the ir popu lat ions ar e expec ted to increase 
stead ily even wi thout the WI PP , both cities will have to increase the se rvi ces 
they offer du r ing the next decade . The impac t of the extra popu lat ion due to 
the WIPP would be s imply to requ i re that the increased services be provi ded 
perhaps 6 months to 1 year ear lier . Ex ist ing laws and sta tute s provide au
thor ity for the DOE and other agenc ies to provide plann ing and mitigat ion 
assistance for adver se soc ioeconomic impacts ( Sec tion 9 . 6 . 6 ) . 

4 . 2 . 3  Rad iolog ical Impac ts of Tr ansportation 

These impac ts are summar ized in Table 4-4 from informa tion g iven mor e 
fully in Sections 6 . 7  and 6 . 8 .  

The ana lysis  of transpor tat ion to the WIPP assumed that stored TRU waste 
would be shipped from the INEL over a per iod of 10 years and tha t TRU wa ste 
would be sh ipped from the Rocky Flats Plant as it is produced . Ther e  would 
be about 500 sh ipments a year to the repos i tory , d i str ibuted be tween the two 
types of TRU wa ste as shown in Table 4-4 . Dur ing each of the 2 or 3 yea r s  
af ter the WIPP opens , the plant would rece ive two o r  th ree shipmen ts of 
h igh- level wa ste for exper iments . 

The analysis of normal , acc ident-free transpor tat ion calculated the dose s 
rece ived by the general public along transpor tation route s to the WIPP . The 
total annual doses are 5 . 4  man-rem from contac t-handled TRU wa ste and 1 . 2  
man- rem f rom remotely handled TRU waste . Sh ipments of high-level wa ste wou ld 
contr ibute le ss than 0 . 14 man-rem dur ing each of the 2 or 3 year s when th is 
wa ste would be r ece ived . These doses would be spr ead over many hund r eds of 
thousands of people ; they would be much smaller than the doses those peopl e  
would rece ive f rom natural backg round radiation .  

To calcu late an upper limit to the dose a per son might rece ive from trans
portation to the WIPP , the analysis  postulated a per son who ,  for an ent i r e  
year , watches every shipment of TRU wa ste from a point 2 5  feet from the path 
of the sh ipments . S uch a per son would rece ive a dose of 0 . 0 0 0 1 5  rem dur ing 
that year , a dose many times smaller than the dose he wou ld rece ive from na t
ural bac kground source s . 

Most transpor tation acc idents would not be severe enough to r.e lease any 
rad i oactivi ty at all because of U . S .  Depar tment of Transpor tat ion ( DOT) regu
la tions on packag ing for sh ipment .  Statist ics show that only 0 . 5% of tr uck 
acc i dents and 0 . 4 % of rail acc idents have impacts mor e  seve re than those tha t 
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Table 4 - 4 .  Rad iolog ical Impac ts o f  Transpor tat ion 

EXPOSURE DURING ACCIDENT-FREE TRANSPORTATION 

Number of Populat ion exposure 
Wa s te type sh ipments per year (man- rem/y r )  

CH TRU wa ste 459  5 . 4  
RH TRU wa ste 41  1 . 2  

Total for TRU wa ste 500 6 . 6  
Exper imen tal 

h igh- leve l wa ste less than 6 for 2-3 year s less than 0 . 14 

EXPOSURE DURING ACC IDENTS : DOSES REx:::EIVED BY AN INDIVIDUALa 

Dose conuni tment ( rem) 
Scenar io Bone Lung Whole oooy 

CH TRU wa ste ( ra il )  17 . 4  0 . 87 0 . 4 2  
CH TRU wa s te ( tr uc k) 5 . 8  0 . 29 0 . 14 
RH TRU wa ste ( ra il )  0 . 00 8  0 . 0 0 2  0 . 0 0 7  
PJ1 TRU wa s te ( tr uc k) 0 . 00 16 0 . 0004  0 .  0 0 14 
Exper imen ta 1 

h igh- level wa ste ( ra il )  37 9 . 1  33 

EXPOSURE DURING ACC IDENTS : DOSES REx:::EIVED IN A SMALL URBAN ARFAb 

Dose conuni tment (man- rem) 
Scenar io Bone Lung Whole body 

CH TRU wa ste ( ra il )  7 , 68 0  3 9 0  190 
CH TRU wa s te ( tr uc k) 2 , 560 130 6 2  
RH TRU wa ste ( ra il )  3 . 6  0 . 9  3 . 2  
RH TRU wa s te ( tr uck)  0 . 6  0 . 2 0 . 7  
Exper imenta l 

h igh-leve l wa ste ( ra il )  16 , 60 0  40 50 14 , 80 0  

EXPOSURE DURING ACC IDENTS : DOSES REx:::EIVED IN A IARGE URBAN ARFAc 

Dose conunitment (man- rem) 
Scenar io Bone Lung 

CH TRU wa ste ( ra il )  13 , 20 0  660  
CH TRU wa s te ( tr uc k) 4 , 4 10 2 20 
RH TRU wa ste ( ra il )  6 . 2 1 . 5 
RH TRU wa s te ( tr uc k) 1 . 2 0 . 3 
Exper imenta l 

h igh- leve l wa ste ( ra il )  28 , 50 0  69 60  

Sour ces : Sections 6 .  7 and 6 . 8 .  

aMaximum dose to an ind iv idua l 100 meters  from the acc ident . 
bApprox imately 6 0 0 0  people are affec ted by the plume . 
CApprox irnately 10 5 , 0 0 0  people are aff ec ted by the plume . 
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the regulations prov ide protec tion aga inst , and fewer than 0 . 2%  have f i re s  as 
severe.  Wh ile the total number of acc idents stati st ically expected , at all 
levels of sever ity , is about eight per year , an acc ident exceeding in sever i ty 
the conditions spec i fied in DOT regulations would be expected only about every 
14 0 yea r s  ( Sec tion 6 . 7 . 3 ) . 

For the analysi s , severe acc idents were hypothesi zed . The sever i ty of 
these acc idents is so g r eat that they would be expected to occur only once in 
40 , 00 0  year s .  Acc ident analyses were per formed for both a small urban area 
and a large u rban area . They were assumed to happen under atmospher ic con
di tions tha t would hold the plume of re lea sed mater ial together , thu s maxi
miz ing the concentration of mater ial , and blow i t  in the d i r ection of the 
densest population ,  thu s maximi z ing the number of people affected . Deta i l s  
are g iven in Section 6 . 8 .  

According to Table 4-4 , the maximum ind ividual dose commi tment that might 
be rece ived f rom any of the hypothetical acc idents with TRU wa ste would be 17 . 4  
rem to the bone . Th is 50-year dose commi tment is  more than three times the 
bone dose rece ived f rom natural background radiat ion dur ing SO year s .  The 50-
year dose cornrni tments to other organs would be smaller than the cor respond ing 
doses f rom natural backg round . The hypothet ical acc ident wi th h igh-level waste 
might deliver a greater dose cornrni tment , but shipments of th is wa ste would be 
so few that i ts expected frequency of occur rence is  less than once in a 
mi l l i on year s .  

In all the hypothe tical acc idents with TRU waste , the SO-year dose cornrnit
, ments delivered to the genera l population would be smaller than the doses 

rece ived from na tural background rad iation dur ing the same S O - year s .  

4 . 2 . 4  Rad iological Impac ts Dur ing Plant Operat ion 

The se impac ts are summar i zed in Tables 4-5 and 4-6 from analyses descr ibed 
in more deta il in Sections 9 . 3 . 2  and 9 . 5 . 1 .  

Table 8- 5 in Section 8 . 6 ind icates that dur ing normal wa ste-handling op
erations the WI PP would release radioactivi ty to the atmosphere at a rate of 
about 0 . 0 04  cur ie per year . The na tural radon gas re leased from the rock 
dur ing the mining would enter the atmosphere at a higher rate , about 1 cur ie 
per year . 

Becau se the re lea se s from wa ste handling are smaller' than the re lea se from 
mining , the consequence s shown in Table 4-5 would be expected to be small . 
The maxim6m ind iv idual dose cornrni tment ( to the bone ) i s  only 0 . 0065%  of the 
dose rece ived f rom na tu ral bac kg round radiation .  The whole-body dose commit
ment is  0 . 0 0 0 0 9 6 %  of the dose from background rad iation .  

A number of possible operat ional acc idents were stud ied ,  and Table 4-6 
shows the doses that the worst of the se would de liver to a per son at the nea r
e st i nhabi ted po int ,  James Ranch , j u st outs ide the boundary of the s i te to the 
south- southwe s t .  The wor st acc ident is an underground f i re in area s where 
contact-handled wa ste is emplaced . It could expose a per son at the boundary 
of the site to a bone-dose commi tment of about 0 . 0001%  of the SO-year dose 
commi tment f rom backg round radiation .  
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Table 4- 5 .  Rad iolog ical Impac ts of Normal Plant Oper at ion 

50 -year dose commi tment from 1-year exposurea 

Rec ipient of exposu re Bone Lung Whole body 

Ind iv idual liv ing at James 
Ranch , the neare st 
inhabited pointb 

Populat ion with i n  50 miles 
of the WIPPc , d  

Source :  Sect ion 9 . 3 . 2 .  

6 . 5  x lo -6 3 . 0  x lo-7 1 .  6 x lo -7 

8 . 8  x lo -3 4 . 0  x lo- 4 2 . 2  x lo- 4 

ain un its of rem for the ind ividual dose and man-rem for the population 
dose . 

bThe annual doses rece ived from natural background are 0 . 1  rem to the 
bone , 0 . 18 rem to the lung , and 0 . 1  rem to the whole body . 

CThe popu lation within 50 miles of the repos i tory was taken as 96 , 00 0  in 
these calculations . 

dThe annual population doses from natural backg round are 9200  man-rem to 
the bone , 17 , 000  man- rem to the lung , and 9600  man- rem to the whole body . 

Table 4-6 . Rad iolog ical Impac ts of Operat ional Acc idents : Dose or Dose 
Commi tment Rece ived by a Per son Living at the S i te Boundarya 

Dose or dose commi tment ( rem) a 

Group Bone Lung Whole body 

CH-wa ste ar ea 
Ho ist drop 6 . 0  x lo-7 1. 5 x lo-8 1 .  5 x lo-8 

Underg round f i re 4 . 4  x lo-6 1 . 0  x lo -7 1 . 0  x lo-7 

RH-wa ste area 
Can ister drop in 

transfer ce ll 1 . 2  x lo-8 6 . 0  x lo-10 3 . 6  x lo-10 
Ho i st drop 

RH TRU wa ste 2 . 1 x lo-7 1 . 0  x lo- 8 6 . 2  x lo-9 

Exper imental 
h igh- level wa ste 1 . 6  x lo-6 7 . 3  x lo-7 7 . 8  x lo-7 

Source :  Section 9 .  5 . 1 . 

aThe doses rece ived from natural backg round radiat ion dur ing the 50 yea r s  
o f  these dose commi tments a r e  5 rem to the bone , 9 rem to the lung , and 5 rem 
to the whole body . 
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4 . 2 . S  Poss i ble Long-Term Impac ts 

Dur ing the long term after the WIPP would cease operation and wa s closed 
up , no release of r ad ioact ive mater ial to the biosphere would be expected . 

Nevertheless , there are a number of poss i ble man-made and natural events 
that could cause such a release : the dr i lling of hole s ,  for example ,  or fa i l
ure s of plug s in sha fts or hole s .  Although no release appear s l i kely a t  the 
Los Medanos site , the analysis in th is document instead assumes the occurrence 
of breaches in the reposi tory and assesses the i r  consequences ( Section 9 . 7 . 1 ) . 

Table 4-7 tabula tes the most severe consequences found . Scenar io 1 as
swnes an open hole that connec ts water-bear ing rocks above and below the 
wa ste-d isposal level and admi ts flowing unsatura ted wa ter to the waste . Sce
nar io 4 is a so-called bound ing case , the wor st imag inable release through 
flowing g roundwater , in which all the water in the rocks of the overlying 
Rust ler Format ion is diver ted down to the wa ste level and then back up into 
i ts or iginal course.  Scenar io 5 assumes that dr illing into the repository 
brings up mate r ial tha t expose s the dr ill crew direc tly and people on a down
wind farm i nd i r ectly . For each of these scenar ios , Table 4-7 shows the dose 
or SO-year dose commi tment to the maximally exposed ind ividua l .  

Scenar ios 1 and 4 produce SO-year bone-dose commitments tha t are less than 
0 . 0 0 1 %  of the dose rece ived from natural background rad iation in 50 year s .  

Table 4-7 . Consequences to Max ima lly Exposed Per son of Poss ible Long-Term 
Releases of Rad iation 

Scenar ioa 

1 

4 

s 

s 

Organ rece iving 
Type of consequence greatest dose 

Combined effects of Bone 
CH and RH TRU wa ste 
( 50 -year dose commi tment) 

Combined effects of Bone 
CH and RH TRU wa ste 
( SO -year dose commi tment) 

D i rect pathways 
( dose from single 

exposure after dr ill ing 
through one type of waste ) 

Ind i rect pathways 
( 50 -year dose commitment) 

Whole body 

Bone 

aAs de fined in Section 9 . 7 . 1 . 3 .  

Dose rece ived by 
organ ( rem) 

1 . 3  x lo-s 

2 . 6  x lo-s 

2 . 4  x lo-s 

( CH TRU waste ) b 

i . s  x lo -3 

(RH TRU waste )  c 

2 . 2  x lo-4 

(CH TRU wa ste ) b 

2 . 7  x lo-4 

( RH  TRU waste) b 

bor illing i s  assumed to occu r  80 year s after WIPP decommi s s ion ing . 
CDr illing i s  assumed to occur 100 yea r s  after WIPP decommi s s ioning .  
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Scenar io 5 presents the possib ility of higher doses .  It  presumes cor ing r ight 
through the bur ied wa ste and exposing the geolog ist who examines the core .  
This per son could rece ive a whole-body dose of 2 . 4  x lo-5 rem if the core 
holds contac t-handled waste or 1 . 5  x lo-3 rem if it holds remotely handled 
wa ste . I f  there were a farm nearby ,  an improbable development , people who 
live and subsist on the food produced there could be exposed to bone-dose 
corranitments of about 3 x lo-4 rem. Accord ingly , even under very severe pos
tulated repository breaches ,  the maximum dose commitments are ins ign i ficant . 

Although other scenar ios for the release of waste have been suggested , 
scenar io 4 bounds the consequences of other liquid-breach and transport sce
nar ios conve ivable at the Los Medanos site . Solution-mining release scenar ios 
postulated for domed salt are not considered conceivable in the bedded salt of 
the Los Medanos site becau se of the relationship of the reposi tory to geologic 
features ( i . e . , the presence of numerous th in layers of relatively impermeable 
anhydr ite and polyhalite in the Salado) , lack of economic incent ive as com
pared to other salt deposi ts ,  and lack of large quantit ies of water . 

The wa ste to be emplaced in the WIPP would release so little heat that 
thermal e ffec ts will not threaten i ts integr i ty .  At the center of the reposi
tory itself the maximum temperature r ise would be less than 2°c at 80 years 
after wa ste emplacement; buoyant for ces ar ising from the heating of the salt 
would produce displacements of 10 mill imeters  at most .  

As the mined cavities close , an area of less than 1000 acres over the 
repository would subside slowly .  At the center of this area the sur face may 
sink by as much as 1 . 6  feet . Because the natural var iat ions in- the ter rain 
are greater , th is subsidence would be li ttle noted . 

4 . 2 . 6  Impacts of Remov ing the TRU Wa ste from Storage 

The removal of the TRU wa ste from its present storage pads at the INEL is 
analyzed in Section 9 . 8  and summar ized in Table 4-8 .  The analysis includes 
process ing by s lagg ing pyrolysi s .  

The largest rad iological impac ts from each year of normal operation would 
be bone-dose corranitments of 3 . 6  x lo-6 rem to the maximally exposed per son 
and 0 . 033  man- rem to the surrounding population . Th i s  release would be from 
processing by slagg ing pyrolysi s .  

Table 4-8· shows the consequences of the most severe acc idents among those 
a ssumed to occur dur ing the retr ieval and the processing of waste . The maxi
mum dose commitments from acc idents would be 0 . 1  rem ( lung) to the max imally 
exposed i nd ividual and 200 man-rem ( lung) to the sur round ing population .  
These doses would come from a h ighly unlikely event :  an explosion in the 
slagging-pyrolysis  build ing coupled with a loss of the confinement a fforded by 
the bu ilding .  

The rad iological effec ts of the exposures from normal operation and from 
all but the most unl ikely acc idents would be far smaller than the correspond
ing effects from na tura l background rad iation . Nonrad iolog ical effects would 
be limi ted to minor commi tments of manpower and other resource s .  
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Table 4-8 .  Rad iolog ical Consequences of Remov ing Waste 
f rom S torage and Prepar ing It for Sh ipment 

Individual Population 
dose C011111itmenta dose commi tmenta 

Proce ss Organb (rem) (man-rem) 

NORMAL OPERATION 

Retrieval Bone 4 . 6 x 10-10 4 . 2  x lo-6 
Processing 

Pyrolysis Bone 3 . 6 x lo-6 3 . 3  x 10-2 
Repackaging Bone 5 . o  x lo-7 4 . 6 x lo-3 

ACC IDENTS 

Retr ieval Lung 4 x lo-4 o . e  
Proce ssing 

Pyrolysis Lung O . l  200 
Repackag ing Lung 2 x lo- 5 0 . 0 4 

sour ce :  Section 9 . 8 .  

a5o-year dose COllDlli tment received by the organ li sted . Por rough com
par isais , the doses delivered by natural background radiation to the whole 
body du r ing 50 years are about 7 . 5  rem to a per son and l x 106 man-rem to 
the population a ffected by the processes l i sted here , about 130 , 0 0 0  peopl e .  

Dorgan that receives the greatest dose commi tment. 

4 . 2 . 7  Surmnary of Major Impac ts 

The largest impac ts entered in Tables 4-2 through 4-8 are brough t together 
in Table 4-9 . Each impact except land u se is compared with some relevant 
standard , such as an existing cond ition withou t the WIPP . Rad iat ion dose s ,  
for example , are compar ed with the doses r ece ived f rom natural backg round 
rad iat ion .  

The lar gest adver se impac ts listed are the following : 

1 .  Denial of mineral reserves . About one-tenth of the known U . S .  reserve s 
of the mi neral langbe inite will be kept from exploitat ion for a time 
that may be as long as several decade s .  Substitutes can , however , be 
extrac ted from br ine lakes . Conducting the SPDV program alone would 
not result in a long-term den ial of mineral reserve s .  

2 .  Poss ible accidents dur ing transpor tation .  An extremely severe ac
ci dent in transpor ting TRU wa s te could de liver to a near by i nd ividual 
a SO-year dose commitment three times the dose delivered by natural 
bac�g round rad i ation dur ing SO year s .  

3 .  Poss ible long-term re leases of rad ioactivity . If people were to dr ill 
d i rectly into a can is ter of remotely handled TRU wa s te af ter the re
pos i tory i s  sea led , the dr ill-crew geolog ist might be exposed to a 
rad iation dose of l . S x lo-3 rem 1  and per sons living on a near by 
farm might rece ive a bone-dose commitment of 3 x io-4 r em .  I f  the 
repos i tory were b r eached by flowing wa ter that car r i ed rad ionuc lides 
to the biospher e ,  the maximum dose commitments rece ived by people 
would be even smaller . Accordingly , u sing very conservat ive analyses 
of postulated events ,  it is conc luded that the maximum dose comm i t 
ments a r e  insign i ficant . 
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Ta b l e  4-9 . Summary of the Major Impacts of the WIPP Repos itorya 

Land use 
Tempor a r y  
Long term 

Mine r a l  r e ser ves-- langbeinite 
Tempor a r y  den ialb 
Long- term den ialb 

Jots , d i r ect and i nd i r ec t  
Pea k 
Long term 

Popu lat i on change s ,  d i rect 
and i nd i r ec t  

Pea k 
Long term 

Norma l ,  acc i dent- f r ee  
Popu lat ion dose 

Acc i den ts w ith TRU wa s te ,  
ma1x imum bone-dose 
commi tmen td 

I nd iv idual 
Sma ll ur ban popula t i on  
Lar ge urban popu lat ion 

PHYSICAL IMPACTS 

a7 a ac r e s  ( 12 1  ac r e s )  
224 ac r e s  ( 4a ac res)  

4 . 4  x 10 6 tons K20 
1 . 2  x 10 6 tons K20 

SOC IOEX:OroMIC IMPACTS 

21 3 7  ( 1 2 4 )  
9 S4 ( 0 )  

22SO 
1200 

10\ 
2 . 7 \ 

4 . 7 \ 
2 . 1\ 

2 . 1\ 
1 . 1\ 

TRAN SPORTATION IMPACTSc 

6 . 6 man-rem/yr 

17 rem 
76aO man-rem 
13 , 2 0 0  man-rem 

0 . 0 0 1 \  

3 4 0 \  
26\ 
2 . S\ 

I MPACTS OF NJRMAL PLANT OPERATIONC 

1 of u. s. reserves 

1 of the two-county 
employment ( 1979) 

1 of the two-county 
populat ion ( 1979 ) 

1 of backg round 
dose 

1 of SO-year 
backg round dose 

Bone-dose comm i tment 
Ind iv idual 
Population ,  wor s t  sec tor 

6 . S  x lo-6 r em O . O O li S\ } of annual 
a . a  x lo - 3 man-rem 0 . 0 0 0 0 0 1\ bac kground dose 

I MPACTS OF OPERATIONAL AC:C IDENTSc 
I nd i vi dual bone-dose 

commitment from f i r e  
i n  d isposal ar ea for C H  wastee 

Expec ted release 

4 . 4  x lo-6 rem 

LONG- TERM IMPACTSC 

0 

Dr illi ng f through RH TRU wa ste 
C r ew member ( bone dose ) l . S  x lo-3 rem 

Farmer ( bone-dose comm i tment )  3 x lo - 4 rem 
Dr i l l i ng f thr ough CH-TRU waste , 

farmer (bone-dose commi tmen t )  2 x lo-4 rem 
Wa te r car r ies wa ste to b iosphere , g 

max ima lly exposed pe r son 
( bone-dose commi tmen t )  2 . 6 x lo-S rem 

0 . 0 0 0 09\ 

1 .  S\ 

0 . 0 0 6\ 

0 . 0 0 4 \  

O . O O O S\ 

of SO -year 
backg round dose 

of annual 
background dose 

of SO-year 
background dose 

aThe impac ts of the SPDV prog ram , where app l i cable , a r e  provided parenthet ica l ly .  
bQuant it i e s  li s ted ar e der ived from USBM and AIM est imate s 7  see footnotes d and e 

to Table 4- 2 .  
�o rad ioac tive mate r ials will be used du r ing the SPDV program . These types of 

impac ts w i ll not occur . 
dFrom extremely severe hypothet ica l acc ident with contact-handled or remote ly 

hand l ed  TRU wa s te .  
eThe wo r s t  of the hypothet ical acc idents analyz ed . 
fo r i l l i ng 10 0 yea r s  after repos i tory is closed , br ing ing wa ste to sur face . 
gThe wo r � t  of the scenar ios tha t assume wa te r breaches the repos i tory and 

t r a n spor ts r ad i onuc lide s .  
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4 . 3  ALTERNATIVE 3 ,  THE PREFERRED ALTERNATIVE : COMBINE THE AUTHORI ZED 
WIPP ACTIVITIES WITH THE FIRST AVAILABLE 

HIGH-LEVEL-WASTE REPOSITORY 

Under alternat ive 3 no reposi tory ded ica ted to the disposal of TRU wa ste 
is bu ilt .  Instead , TRU waste stored at the INEL is held unt il  a reposi tory 
for h igh-level wa ste is bu ilt ;  then the TRU wa ste is d isposed of in the HLW 
repository .  S ites to be considered for the HLW repos itory include sites in 
bedded sal t ,  salt domes ,  basalt,  granite , shale , and tuff . The Los Medanos 
site may also be considered . This alternat ive is consistent with the program 
proposed by the Pre sident and with the program descr ibed by the DOE in the 
Waste Confidence Rulemak ing {DOE, 198 0 ) . The first  HLW repos itor y is planned 
to begin operation between 1997 and 2006 . 

The impac ts of alternative 3 are presented from two points of view :  
( 1 )  the local changes i n  impac ts { usua lly increases) tha t would occur a t  the 

HLW repos itory because its miss ion had been expanded to include TRU-wa ste 
disposal and ( 2 )  the overall national changes in impacts { usua lly decreases ) 
that would occur because one combined repos itory had replaced two separate 
ones--one for TRU wa ste only and one for high-level waste . 

To present impac ts from either point of view , pred ictions of the impacts 
of HLW reposi tor ies are needed . To compute them accurately would requ ire for 
each site the results of deta iled explorations and at least a conceptual de
s ign for the plant to be bu ilt there .  Programs now investigating the disposal 
of h igh-level waste in salt  anc other rocks will eventually produce these 
ba sic data and a thorough prediction of impac ts . These programs are ,  however ,  
st ill  in ear ly stages :  no spec ific  sites have been selected, and no conceptual 
des igns are ava i lable . In th is section the discussion of HLW-reposi tory im
pac ts is therefore based largely on env ironmental impacts predicted gener
ica lly in the GEIS , the draft gener ic environmental impact statement for the 
management of commerc ially generated rad ioactive waste {DOE, 1979b) . The 
information f rom the GEIS is supplemented where possible by more recent da ta 
or est imates from the ongoing programs . The predictions ava ilable from these 
sour ces descr ibe the impac ts of the HLW reposi tor ies alone , without the ad
dition of defense TRU waste . The predictions made in th is sec tion assume an 
HLW reposi tory like those descr ibed in the GEIS but mod i f ied and enlarged to 
accept the defense TRU wa ste that would go to the WIPP i f  alternative 2 were 
followed . The analyses assume that the reposi tory is in bedded salt in the 
Delaware basin ,  in dome salt in the Gulf inter ior reg ion , or in basalt at 
Hanford. If a site is selected in salt or basalt at some other location ,  the 
impac ts are li kely to be similar ; impacts at locations in other med ia would be 
less similar . 

Tables 4-10 and 4-11 present the impacts of alternat ive 3 from the two 
po ints of view.  Table 4-10 descr ibes changes in the predicted local impacts 
of an HLW repository if it is expanded to accept TRU wa ste . Table 4-11 de
scr ibes d i fferences in impac ts on a nat ional scale .  By combining the im
pacts of the WIPP with those at the expanded HLW repository ,  alternative 3 
would generally ach ieve a reduction in overall impacts ; for th is reason most 
of the entr ies in Table 4-11 are decreases . 
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Table 4-10 . Local Impacts of Alternative 3 :  Changes in Predicted Impacts at 
an HI.W Reposi tory Because of the Addit ion of TRU-Waste Disposal 

Impac t 

Physical impac ts 
Land use , excluding 

r igh ts-of-way 
Re source s 

Constr uc t i on  mater ials 
Water and electr ic ity 

Liquid foss i l  fuels 
Effluents 
Mined-rock pile 
Conflict w i th 

mineral resources 

Soc ioeconomic impacts 
Constr uc tion costs 
Operat ing costs 

Work force 
Popula tion changes 

and service demands 

Transportat i on  impacts 
Rad iation doses from 

normal transportation 

Rad iation doses f rom 
acc idents 

Impacts dur ing operation 
Routine radiat ion doses 

to popula t ion 
Rad iation doses from 

acc i dents 

Poss ible long- term impac ts 
Poss i b i l i t ies for breach 

of reposi tory 

At HI.H repository 
in salta 

Increase of less than 
6% ( 25 ac res) 

Change 

Increase of perhaps 30-50% 
Substant ial inc rease : 

water 90% , electr ic ity 
25% 

Increase of about 2% 
Sma ll inc r ease : 3-10% 
Small size inc rease : 7% 
No conflict in Gulf inte-

r ior reg ion 7 no add i
t i onal conflict in 
Delaware basin 

Small inc rease : 25% 
Possible inc rease up to 

30% 
Increase of perhaps 35% 
Increase probably not 

a sign ificant impact 
on resources of area 

Little chang e 1  inc reased 
populat ion dose spread 
over many people 

Sma ll increase in 
probabi l i ty of an 
accident 

Little change 

No change that would produce 
doses comparable to 
those from natural 
background radiat ion 

Scenar ios similar to 
those at the WIPP7 site 
select ion will insure 
no increase in predicted 
r isk 

At HI.H repository In 
basalt at Hanford 

Increase of less than 
4% ( 25 acres) 

Increase of up to 40% 
Substant ial inc rea se : 

water 110 % ,  elec tr i c i ty 
35% 

Increase of about 2% 
Small inc rease : 3-10% 
Slight size increase : 3% 
Probably no conflict 

Small inc rease : 8% 
Small increase : 

less than 15% 
Increase of pe r haps 27% 
Increase probably not 

a signif lcant impact 
on resources of area 

Little chang e 1  increased 
populat ion dose spread 
over many people 

Small increase in 
probabi l i ty of an 
acc ident 

Little change 

No change that would 
produce doses comparable 
to those from natural 
background radiation 

Scenar ios different 
from those at the WIPPJ 
site select ion will 
insure no increase 
in pred icted r isk 

aoome salt in the Gulf inter ior reg ion or bedded salt in the Delaware bas i n .  
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Table 4-11 . Nationa l Impac t of Alte rna tive 3 :  Di fferences Between the 
Impact of an Expanded HU\' Repos i tory and the Comb ined 
Impac ts of Separate Repos itor ies for High-Level waste and 
for TRU Wa s te 

Impac t 

Phy sical impacts 
Land use , excluding 

r ights-of-way 
Resources 

Construction mater ials 
Water and e l ec tr ic ity 
Liquid fos s i l  fue ls 

Effluents 
Mined-rock pil e  

Con fl ict with 
mineral resou r ces 

Soc ioeconomi c impacts 
Constr uc t i on  costs 
Oper a t i ng costs 
Wor k f or ce 
Popu lat ion changes 

and ser v i ce dem ands 

Transpor tat ion impacts 

Rad ia t i on doses from 
normal t r anspor tat i on  

Rad i ation doses f rom 
accidents 

Impac ts dur ing operation 
Rou t i ne rad iation doses 

to population 
Rad iation doses from 

acci dents 

Pos s i ble long- term impac ts 
Pos s i b i l i t ies for breach 

of repos itory 

Difference 
Expanded HIM repo s itory Expanded HIM repos i tory in 

in salta basalt at Hanford 

Decrease of about 15% 

Decrease of perhaps 20-25% 
Decrease of perhaps 15-35% 
Decrease of less than 3% 
L i ttle d i ffer ence 
No d i f f erence in tota l 

volume 
In Gulf inter ior reg ion , 

removal of con f l i c t ;  
in Delaware bas i n ,  no 

d i fference in con flict 

Small decrease : perhaps 17% 
Decrease: perhaps 20% 
Decrease : about 10% 
L i ttle d i ffer ence 

Pred icted small increase : 
l man-rem over several 
m i l l ion people 

L i ttle d i fference 

No d i f f erence 

No d i f ference 

S ite selection w i l l  in

sure no i ncrea se in 
pred icted r is k  

Decrease o f  about 10% 

Decrease of perhaps 15-20% 
Decrease of perhaps 20-35% 
Decrease of less than 4% 
L i ttle d ifference 
No d i ffer ence in total 

volume 
Remova l of conf l ict 

Small decrease : perhaps 7% 
Decrea s e :  per haps 10% 
Decrease : about 1 0 %  
Li ttle d i fference 

Pred icted small decrease : 
l man-rem over several 
m i l l ion people 

L i tt le d i fference 

No d i f f erence 

No d i f f erence 

S ite select ion w i l l  
i n s u r e  n o  inc r ease i n  
pred icted r i s k  

a0ome salt in the Gulf inter ior reg ion or bedded s a l t  in the Delawa r e  bas i n .  

4 . 3 . 1 Assumpti ons 

c 
Each of the expanded repos i tor ies will rece ive spent fuel , de fense high-

level wa ste , and a le sser amount of other high-level wa ste such as spent-fuel 
cladd ing : it will hand le about 45 to 6 5  HLW packages per day . It will be 
de s igned to rece ive defense TRU wa ste at the rate s for which the WIPP has been 
de signed : 1 . 2  mi llion cub ic feet per year of contact-handled wa ste wi th three
shift-a-day operat ion and 10 , 00 0  cubic feet per year of remotely handled 
wa ste . The extra bu ild ings requ ired for TRU-waste di sposal will not be so 
numerous as those in the complete WI PP plan , because many of the WI PP build
ings--the administrative bu ildings , �or example--will not need to be dupl i
ca ted . Fu rthermore , the des igns for the WIPP include prov i s ion for remote 
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handling that will not need to be duplicated in the extensive HLW-handling 
areas . The expanded repos i tor ies w ill requi re an extra shaft for moving TRU 
wa ste underground . 

The extra underground excavation required at an HLW reposi tory in salt 
w ill be extens ive--approx imately the ent i re 2 million tons of salt proposed in 
the WIPP de sign. The excavat ion est imate for an HLW reposi tory in a Gulf in
ter ior salt dome calls for the removal of 33 mi ll ion tons of salt (DOE, 1979b , 
p .  3 . 1 . 10 2 ) . The excavation for TRU waste , to be per formed on a second level 
in the dome , will therefore add about 6% to the excavat ion for HLW emplace
ment . A s imilar increase will be needed at a repository in the Delaware basin.  

Because heat-produc ing waste can be emplaced more densely in basalt than 
in salt,  more wa ste can be put in a basalt repos itory than in a salt  reposi
tory,  and the basalt reposi tory will operate longer 1 for th is reason the GEIS 
predicts tha t 90  mill ion tons of basalt will be removed. The add ition of 
TRU-wa ste d isposal w ill add roughly 2% to the mined weigh t ,  or about 3% to the 
mined volume , since basalt is roughly 20%  more dense than salt .  There will be 
no separate level for the d i sposal of TRU waste , which w ill be emplaced at  the 
same depth as h igh-level waste 1 the 3% increase in mined volume will therefore 
come f rom a hor izontal expansion of the single HLW level assumed in prel imi
nary plans for a basalt repos itor y .  

4 . 3 . 2  Phys ical Impac ts 

The GEIS assumes that land preempted for an HLW repositor y ,- not including 
r igh ts-of-way , w i ll total about 440  or 7 0 0  acres in salt or basalt ,  respec
tively (DOE, 197 9 b ,  p .  3 . 1 . 10 7 ) . The comparable area at the Los Medanos site 
is about 110 acres ( Section 9 . 1 . 1 ) 1 the total addition to the HLW reposi tory 
would probably not exceed 25 acres because most of the WIPP land uses listed 
in Section 9 . 1 . 1  would not have to be duplicated . The local increase in land 
use at the HLW-repos i tory site would therefore be less than 6 % . On a national 
scale , the land used would dec r ease by 10% to 15% from the land used by the 
separate repositor ies for h igh-level and TRU waste . 

· 

The re sources used in bu ilding the expanded reposi tory for both h igh-level 
and TRU wa ste would not be greatly increased over those used for the HLW re
posi tory alone . The amounts of constr uction mater ials needed depend sensi
tively on deta ils of the plant design. The GEIS pred icts (DOE, 197 9 b ,  pp .  
3 . 1 . 113 , 116 ) , for example , the use o f  15 , 0 0 0  tons o f  steel  for the f i r st HLW 
reposi tory in salt  and 20 , 00 0  tons for the first reposi tory in basalt 1 the 
comparable figu re for the WIPP f ac ility is 15 , 00 0  ton s ,  only a fract ion of 
wh ich will be required at the expanded repositor y .  I f  this fraction is 
roughly 0 . 5 ,  the local inc r ease in steel use would be about 50% at  the dome
salt reposi tory and about 4 0 %  at the basalt repositor y 1  the local increases in 
the use of copper ( 40 %  and 30% )  and lumber ( 30 %  and 22% ) would be smaller . On 
a national scale , the use of resources in construction would decrease 1 the de
creases would r ange f rom 20% to 25% in salt and from 10% to 20% in basalt.  

The re source s used in operating the WIPP would be  comparable to those used 
at HLW reposi tor ies .  The GEIS pred ic ts (DOE, 1979b, p. 3 . 1 . 116 ) electr ical 
power demands of 43 , 00 0  and 29 , 00 0  k i lowatts at the salt and basalt reposi
tor ies 1  the WIPP e st imate of 20 , 00 0  k ilowatts suggests that the use of electr i-
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cal power at the expanded repository might be substant ially increased over the 
GEIS e st imates--perhaps by 25% to 35% . Water use at the WIPP, estimated at 
roughly 6 . 5  million gallons per year , is  larger than the uses predicted by the 
GEI S :  3 . 5  and 3 . 0  mi llion gallons per year . On the other hand , the annual use 
of liquid fossil fuels at the WIPP (200 , 00 0  gallons)  would be so much smaller 
than the use at HLW repositor ies ( 3 . 3  and 1 . 9  million gallons per year ) that 
the incremental impac t of TRU-waste disposal would be neglig ible . The entr ies 
in Tables 4- 10 and 4-11 assume that half the use of resources predicted for 
the WIPP would occur at the expanded repository.  

The amounts of effluents released dur ing the operation of  the WIPP would 
be small compared to those released from HLW repos itor ies in salt  and basalt . 
The GEIS predictions (DOE, 1979b,  p.  3 . 1 . 117 ) for the release of ni trogen 
oxides , for example ,  are 625  and 56 5 tons per year 1 the WIPP pred iction is 
only 49  tons per year . The GEIS predict ions for particulate emissions 
( exclud ing dust) are 41 and 40 tons per year 1 the comparable WIPP prediction 
is only 3 . 2  tons per year . An expanded reposi tory would accordingly produce 
only slightly more effluents than an HLW repository ,  and li ttle decrease in 
national impac ts would result from alternative 3 .  

The mined-rock pile would be larger at an expanded repos itory than at an 
Hal reposi tory .  About 6 %  more rock would be added to the pile if TRU-waste 
disposal were added to an HLW reposi tory in salt.  At an expanded reposi tory 
in basalt ,  the pile would be only slightly larger than the pile predicted by 
the GEI S .  Although this basalt pile would be three times a s  large a s  the pile 
predicted for an HLW reposi tory in salt , a compar ison of the two piles cannot 
rest on ly on the ir  volume s .  In the humid climate near the Gulf of Mexico 
measures must be taken to contain or remove the pile , wh ich would otherwise 
wa sh onto the surround ing land . At Hanford , wh ich has a dr y climate , the 
basalt pile can probably be left stand ing at the sur face . 

Conflict with mineral resources may not be an impac t of the expanded repo
si tor ies in salt domes or basalt .  Although hydrocarbon resources are some
times found near salt domes , none exist with in or beneath the domes them
selves . No mineral re sources are thought to exist beneath the basalt at 
Hanfor d ,  though further exploration would be requ ired to establi sh th is expec
tation r igorously . The conflict with mineral resources beneath the Los Medanos 
site would probably continue at an expanded reposi tory in the Delaware basi n .  

4 . 3 . 3  Socioeconomic Impac ts 

The soc ioeconomic impac ts of add ing TRU-waste disposal to an HLW reposi
tory stem from the expenditure of additional money for constr uction and 
operation and f rom the creation of additiona l jobs . 

The GEIS e st imates (DOE, 1979b,  p.  3 . 1 . 13 3 )  constr uct ion costs of $1000  
million and $3100  million for HLW repositor ies in salt and basalt , respec
t ively1 the WIPP design and constr uction cost is $497 mi llion . If  roughly 
half of the WIPP costs were to be incurred in the add itions to an HLW re
posi tory , the local inc reases in constr uction costs would amount to about 25% 
and 8% in salt and basalt , respectively 1  the national cost reductions would be 
about the same per centages . The changes in impac ts ar is ing from constr uction 
costs would therefore be barely apprec iable . 
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The GEIS est imate s (DOE, 1979b ,  p.  3 . 1 . 134 ) operating costs for a salt 
reposi tory at $ 59 0  million over 15 years and for a basalt repository at $2390  
million over 24 years . The cor respond ing cost for the WIPP , over 25 years , 
would be $600  m illion . To predict accurately the operat ing cost of an ex
panded repository for both HLW and TRU waste would require a careful est imate 
of the f raction of the WIPP cost to be added to the HLW reposi tory cost.  In 
the absence of designs for an expanded repos i tory , this prediction is diffi
cult to make . Since the two predic ted operat ing costs of separate reposi
tor ies in salt are roughly equal ,  the operation of the expanded repos i tory 
in salt might be as much as 1 . 3  t imes as costly as the operat ion of an HLW 
repository there .  At a basalt site the added cost of operation would probably 
be le ss than 15% of the or iginal cost.  Under these assumpt ions , the nat ional 
reductions in operating costs might be 26% and 10% in salt and basalt , 
respect ively . 

A pred iction of the wor k force at an HLW repository is uncer tain because 
the plant designs are still in ear ly stages .  The GEIS pred icts (DOE, 1979 b ,  
p.  3 . 1 . 127 ) 8 7 0  employees a t  an HLW repository i n  salt ;  other , unpubli shed , 
estimates r ange from 1000 to 1500 . The GEIS pr edicts 1100 employees at an HLW 
reposi tory in basalt .  Of the 440 employees pred icted for WIPP operation ,  
probably a ll the underground wor kers ( 140 )  would be needed at an expanded 
repository ;  an undetermined number of the 300 employees at the sur face would 
also be needed . Under the a ssumption that about 150 of these WI PP sur face 
wor ker s would be needed , the number of jobs added to an HLW reposi tory would 
be about 300 , an addition of 35% at a salt reposi tory and 27% at a basalt 
repos i tory . The national reductions in wor k force would be about 10% at 
e ither reposi tory .  

These increases i n  the wo r k  force would increase the soc ioeconomic impacts 
predic ted for the HLW reposi tor ies . The GEIS predicts these impacts in terms 
of the number of people expected to move into the area around a repos itory and 
in terms of the increased demands for soc ial service s .  I ts predictions of 
these impac ts vary among the repositor ies because the sites are in different 
areas of the Uni ted States . For example ,  the impac ts are generally smaller 
at sites in the southeast than in the southwest ; for this  reason the soc io
economic impac ts of the WIPP cannot be added d irectly to those of the dome-salt 
repositor y .  Since none of the soc ioeconomic impacts pred icted by the GEIS are 
likely to stra in the resources of the areas near the repos i tor ies , the addi
tion of TRU-waste disposal to HLW repositor ies would not severe ly affec t  those 
areas . The national impac ts would change little . 

4 . 3 . 4  Rad iological Impacts of Transpor tation 

The added impac ts of transport ing TRU waste to an HLW repository have been 
pred icted by calculations of the population dose commi tments that would result 
f rom shipping defense TRU waste to the Gulf inter ior reg ion and to Hanford .  
Per formed by the methods used i n  Section 6 . 7  to analyze normal transpor tation ,  
these calculations predict dose commi tments of 7 ,  8 ,  and 6 man-rem for the 
transportation of TRU waste to the Delaware basin , to the Gulf inter ior re
gion ,  and to Hanford , respectively . According to these figures ,  the impacts 
of transpor tation would , in pr inc iple , be bare ly larger in the Gulf inter ior 
reg ion and smaller at Hanford ; the smaller impact of transportat ion to Hanford 
is due pr imar ily to the shor t distance between Han ford and the INEL ,  the 
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pr imary source of TRU waste . On a national scale , the population dose commit
ments could be barely reduced by plac ing an expanded repository at Hanfor d ;  
they would b e  increased by car rying the INEL waste to the Gulf inter ior reg ion 
instead of the Delaware basin.  Since all these population dose commi tments 
are spread over several  mill ion people , there would be little change in trans
portation impac ts , e ither locally or nationally ,  if alternative 3 is selected . 

Because the add ition of TRU-waste disposal to an HLW repository will re
qui re an increased number of sh ipments , the probabilities of transportat ion 
acc idents on the way to the expanded repos itory would be greater than the prob
ab i lities a ssoc iated with transportation to an HLW reposi tory .  I f  the HLW 
repositor ies rece ive 50 HLW packages each day , however , the added 2 packages a 
day of TRU-wa ste shipments w i ll not greatly increase these probabilities . The 
poss ible accidents with TRU waste would not change . On a national scale ,  the 
probab ilities would change slightly because of the changed distances .  

4 . 3 . 5  Rad iological Impac ts Dur ing Plant Operation 

The GEIS predicts (DOE,  1979b,  p .  3 . 1 . 120 )  that emissions of radioactivity 
from an HLW repositor y ,  whether in salt or in basalt , will contr ibute a 70-
year dose commi tment to a reg ional population that will be no more than 100 
man-rem. Since the cor respond ing dose commitments from WIPP operation are 
much smaller than 100 man- rem, adding TRU-waste disposal to an HLW reposi tory 
would add little to the local impacts of routine operation ;  the- same amounts 
of TRU wa ste would be handled in e ither the expanded reposi tory or the sepa
rate repositor ies . Alternative 3 would offer no change in routine emissions 
on a national scale . 

The consequences of acc idents at an expanded reposi tory for high-level and 
TRU wa ste would be dominated by the consequences of dropping a spent-fuel 
canister--the acc ident ident if ied as the most severe at the HLW repositor ies 
examined in the GEIS (DOE, 1979b , p.  3 . 1 . 125) . Because th is acci dent is more 
severe than any of the WIPP handling acc idents ,  add ing TRU-waste disposal to 
an HLW reposi tory would not make possible any additional acc idents of greater 
sever ity than those already poss ible there . Handling the TRU-waste packages 
would i ncrease the probability of an acc ident with waste of lower activity 
than spent fue l ;  as pointed out in Table 4-6 , however , the population dose 
commi tments f rom such acc i dents are much smaller than those from natural 
background radiation .  

4 . 3 . 6  Possible Long-Term Impacts 

As at the WIPP or at an HLW repository ,  no long-term release of rad io
active mater ial is expected at an expanded reposi tory . Analyses of the con
sequences of hypothet ical releases from HLW repositor ies are nevertheless 
under way ; using methods s imilar to those of Sect ion 9 . 7 . 1 , these stud ies will 
postulate scenar ios and determine the i r  consequences . 

The scenar ios for release from salt domes in the Gulf inter ior region will 
probably be simi lar to those postulated in the WIPP studies ( Section 9 . 7 . 1 ) ; 
most of them w i ll involve intr usion by water that d issolves the salt and 
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carr ies the wa ste . Some of the hypothetical events that breach the expanded 
reposi tory w i ll be d ifferent f rom the WIPP events because salt domes and salt 
beds have different geologic and hydrolog ic charac ter ist ics . Concern has been 
expre ssed for other potential long-term impac ts of an HLW reposi tory in a sal t 
dome . Solution mining in the future could result in high radiation exposures 
if it  inadver tently encountered the emplaced waste and if the radioact ivi ty in 
the sal t ,  used in food , were not detected . Extensive solution mining of an 
HLW reposi tory is probably not c red ible , however ,  because of the mar kers and 
engineered bar r ier s that will protect the sealed repository from inadver tent 
intr usion (DOE, 1980 , p. II-225 ) . 

The scenar ios for re lease from Hanford basalt will be much different from 
the WIPP scenar ios . Because basalt is practically insoluble and shows li ttle 
plast ic ity ,  the hypothetical events that introduce and dr ive the water are 
likely to be d i fferent : for example , flow along exi st ing joints can be postu
lated in basal t ,  but not in salt . The effects of glac ier s will appear in the 
scenar ios for basalt . Direct dr i lling into a basalt reposi tory is even more 
unli kely than dr illing into a salt repository .  

Although the conceivable mechan isms for breaching a reposi tory a r e  clear ly 
different among the bedded-salt , dome-salt , and basalt sites , there is at 
present no evidence that any of the sites is safer than the others . Although 
each site has charac ter istics that could conce ivably give r ise to a breach of 
a reposi tory in the far-d istant future , the probab ility is low that such a 
breach could produce hazardous releases of radioac tive mater ial . 

At an expanded reposi tory for both TRU and h igh-level waste? , the effects 
of spent fuel would dominate the impacts of long-term releases : the releases 
f rom spent fuel have much more severe effects than the releases from TRU 
wa ste . Add ing TRU-waste disposal to an HLW reposi tory would barely increase 
the e ff ec ts of long-term release . More impor tant , no site will be selected i f  
i t  appears to offer significant r isks from long-term re leases of either high
level or TRU waste . 

4 . 3 . 7  Potent ial Use of the Los Medanos Site 

Under alternative 3 ,  the Los Medanos site could become a potent ial site of 
a reposi tory for commerc ial h igh-level waste and defense TRU waste . The Los 
Medanos site does not appear to be in conflict with the draft c r i teria of the 
National Waste Terminal  Storage (NWTS) program for qualifying sites for the 
d isposal of commerc ial high-level waste (ONWI , 198 0 ) . Moreover , although the 
analyses of envi ronmental impacts have focused on the use of the site for TRU 
wa ste , i nterpretations of the results of these evaluat ions have not developed 
any information that would eliminate the Los Medanos site as a potential site 
for an HLW reposi tory . 

Before there can be any dec is ion to " bank" the Los Medanos site for poss i
ble use under the NWTS prog ram as a site for the d isposal of high-level waste , 
an envi ronmental impac t statement would have to be prepared (DOE, 1980 ) .  The 
analys is that would under lie th is statement has not been done , but an idea of 
the effec ts at the Los Medanos site can be obta ined by a compar ison of infor
mation f rom the WIPP design and f rom the GEIS . 
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Th is compar ison differs  from that made in Sec tions 4 . 3 . 2  through 4 . 3 . 6  i n  
that the poi nt o f  view i s  the add ition of h igh- level waste to a TRU-waste re
pos itor y rather than the add ition of TRU wa ste to an HLW repository . 

No more land would need to be withdrawn , although the sur f ace fac i lities 
could be four times as lar ge , includ ing a mined-rock pile 10 to 20  times as 
large .  Because control zone II would rema in 2000 ac res in size ,  its inter
fer ence with mineral resources would be unchanged . 

Constr uction and operation would cost twice as much . The s ize of the wor k 
force would double . The use of resources would inc rease . 

Transpor tation impacts would i ncrease . The transpor tation of h igh- level 
waste would increase routine exposures and the probability of acc idents : the 
i ncreases would be similar to the exposures and probabi l ities pred icted by the 
GEI S for an HLW repository .  If an acc ident of extreme sever ity should occur , 
it could , in pr i nc iple ,  be more severe than the accident postulated for the 
WIPP becau se there would be a larger amount and var iety of rad ionuc lides in a 
spent-fuel pack age than in an exper imental-waste package . 

Dur ing normal operations , careful handling of high-level waste will keep 
radiation doses to the sur rounding population small . An accident with high
leve l wa ste would probably release more rad ioactivity than an acc ident in a 
reposi tory for TRU wa ste alone . 

The use of the Los Medanos site for HLW disposal would increase the pre
dic ted radi ation exposure f rom hypothetical liquid-breach scenar ios , mostly 
because of the much greater tota l quantity of rad ionuclides in a 2000-acre HLW 
reposi tory than in a 100-acre TRU-waste repos itory .  The direct-access sce
nar io in wh ich someone dr ills through an HLW can ister would result in much 
higher radi ation doses than the scenar io for dr i lling through a TRU-waste 
can ister . 

The impac ts of a subsur face exploratory program at the Los Medanos site 
for a potential HLW repos itory would be equivalent to those of the SPDV 
program descr ibed in discuss i ng the impacts of alternative 2 and would be 
i ncluded in and bounded by the impac ts of an HLW repos itor y .  

4 . 3 . 8  Swmnary and Compar isons 

Add ing TRU-wa ste disposal to an HLW reposi tory in a Delaware basin salt 
bed , a Gulf inter ior region salt dome , or basalt at Hanford would slightly in
crease the local environmental impac ts of the HLW repos itory . The local physi
cal impac ts would i ncrease by f ractions of the or ig inal impac ts , probably no 
more than 50% and , for most of the impacts , much less . The local soc ioeco
nomic e ff ec ts might i ncrease appr eciably around the salt-dome s i te because the 
expenditures for TRU-waste disposal might be a significant fraction of the 
costs of HLW d isposal there : at a basalt site ,  where operating costs are 
higher , the added impac ts would be smaller . The pred icted exposures dur ing 
the transportation of TRU waste to a salt dome are barely larger than the ex
pos ures dur ing transpor tat ion to the Los Medanos site i the exposures dur ing 
transpor tation to Hanford are barely smaller . None of these exposures is , 
however ,  compar able to expos ures from natural background radiation . The pre
dicted releases of radioactivity dur ing repos itory operations with TRU waste 
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are so small that they would not be a signif icant addit ion to the predicted 
sma ll releases f rom an HLW repos itory . There is no reason to expect that add
ing TRU waste to an HLW repos itory in either salt or basalt would apprec iably 
i ncrease the probability of long- term releases of rad ioact ive mater ial . 

At a site selec ted in the salt of the Delaware basin  or the Gulf inter ior 
region or in the basalt at Hanford ,  the local impacts are likely to be s imilar ; 
the pr inc ipal differences would probably ar ise from differences in climatic 
cond itions a ffecting the mi ned rock stored at the s i te and from d ifferences in 
soc ioeconomic cond itions around the site . The effects of breach ing the repos
itory in the d istant future may d iffer from site to s i te ;  they cannot be 
evaluated , however , until  spec if ic sites have been selected . 

At a s i te in shale , g ran ite,  or tuff , the local impacts are likely to be 
different . The GEIS (DOE, 1979b , pp . 3 . l . 10 4 f f )  analyzes HLW repos itor ies in 
shale and gran i te ;  that analys is , wh ich does not consider spec i f ic sites , 
pred icts impacts about like those of the salt and basalt repos itor ies.  Until 
further study of shale , g r an ite , and tuff has been carr ied out and sites have 
been identi f i ed ,  the impac ts of repositor ies in them cannot be predicted . 
No analyses per formed to date have suggested environmental r ea sons for re
j ec ting these types of rock .  

On a nat ional scale , the disposal of TRU waste in an expanded HLW reposi
tory would decr ease some of the impacts of operating separate HLW and TRU-waste 
repos i tor ies .  The physical impac ts would be reduced by amounts rang ing up to 
40% . The predicted soc ioeconomic impac ts , many of which are bene f ic ial to the 
local commun it i es and states involved , would decrease by amounts ranging up to 
25% .  The impac ts of transportation would be s lightly greater if the expanded
repos itory site is in salt than if it is in basalt;  the difference would , how
ever , produce effects far smaller than those of natural backg round radiation .  
O n  a national level ,  there would be no difference in impacts from repos itory 
operation or , probably , f rom unexpec ted long-term releases of radioactivity .  

4 . 4  ALTERNATIVE 4 :  A DEFENSE-WASTE FACILITY BUILT AFTER THE 
CONSIDERATION OF S ITES IN ADDITION TO LOS MEDANOS 

I f  the dec is ion to bu ild a fac ility for defense TRU waste is deferr ed 
until approx imately 1984 , add itional sites will have been investigated . I f  
these sites are suitable , i t  will then be poss ible i n  pr inc iple to choose a 
site in the Delaware basin or some other part of the Permian bas i n ,  the Gulf 
inter ior reg ion , or Hanford . This section predicts the envi ronmental impacts 
of repos i tor ies in these places . A full d iscussion of impacts at a s i te in 
the Delaware basi n  is not needed here , because they are discussed in Section 
4 . 2 ;  selecting a Delaware basin site in 1984 would s imply delay the onset of 
the impac ts . The effects of this delay are discussed in Section 4 . 4 . 1 . Sec
tion 4 . 4 . 2  d iscu sses the impac ts of TRU-waste repos itor ies in dome salt and in 
basalt . The impac ts of a subsur face exploratory program to ver i fy the suita
bi lity of the Los Medanos s i te under th is alternative would be the same as 
those discussed for the SPDV program under alternat ive 2 .  
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4 . 4 . 1  Impac ts of Delaying the Author ized WIPP Proj ect 

The envi ronmental impac ts d iscu ssed in Section 4 . 2  are largely independent 
of the time when construction of the WI PP beg ins . For that reason the issues 
involved in delay are pr imar ily other than environmental .  

Delay of a proj ect can be env ironmenta lly helpful if the time ga ined can 
be used to decrease the environmental impac ts of the proj ect ; delay in the WI PP 
program , however ,  is not expected to reduce the impacts . Stud ies at the Los 
Medanos site w ill continue as needed whether or not the proj ect is delayed , but 
the supplemental information these stud ies will provide is not expec ted to 
change the pred icted impacts and r isks s ign ificantly . Rather , th is information 
will improve confidence in the r isk predictions and narrow the uncerta int ies in 
them . Bounding calculations using the ex isting data are alr eady sufficient to 
evaluate the potential impac ts of the WIPP . 

If the WI PP we re delayed , the amount of TRU waste stored above the ground 
at the INEL would increase by about 10% per year at current generation rates , 
with cor respond ing increases in the costs of the curr ent temporary-storage 
methods .  

A major impac t of delay ing the WIPP would be the cost of clos ing out the 
cu rrent proj ect and then r eopen ing it several year s later . To end the current 
programs would requ ire carefully compiling , cataloging , and stor ing for future 
use all the documents already developed ; negotiating and paying contractors '  
fees ; and re imburs ing contractors for the costs they will incur in terminat ing 
the prog rams . The total close-out cost is estimated at $3 . 2  mi�l ion.  

After a delay of  roughly 4 year s ,  the costs of designing and bu ild ing the 
WI PP would have increased . Inflation , estimated at 8% per year for th is anal
ysis , would increase all the currently est imated costs of des ign , developing 
special wa ste-hand ling equ ipment , and constr ucting the plant . Mor eover , re
starting the de sign would requ ire funds for assembling a new des ign team ; it  
would also be  necessary for th is new team to review the ear lier des ign work 
and rev ise it accord ing to whatever new standards and methods have become 
applicable since the closing of the proj ect . After the add ition of a 25% con
tingency allowance to cover any other poss ibilities , the estimated cost of 
restarting the proj ect would amount to an increase of $25  million (excluding 
inflation and including the $3 . 2  mi llion close-out cost)  over presently 
estimated costs . 

Two alternatives have been considered for delay in removing TRU wa ste from 
the INEL ,  where it is now stored : 

1 .  Del�y ing retr ieval and processing until  the wa ste is to be moved . 

2 .  Retr i eving the waste in the near future ,  processing it , and putting 
it into storage for the duration of the delay . 

The d ifferences between the environmental effects of these alternatives 
have been shown to be min imal in an analysis of INEL waste that assumed a 
20-year delay for the f i r st al ternative and a starting da te of 1985  for the 
second (DOE , 1979a , pp . 2-10  through 2-21 ) . Even a 20-year delay would cause 
vi rtually no change in the environmental effects and rad iolog ical r isks as
soc iated with retr ieving , processing , and shipping TRU waste to the WIPP or 
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another Federal repos i tor y .  The rad iological r isk from the f i r st a l ternat ive  
is  neg lig ibly lar ger than the r i sk from the second ; the rad iolog ical expos u r e � 
of e ither alternat ive would be much less than those from natura l background 
radi ation . The nonradiolog ical effec ts would genera lly be l imi ted to those 
assoc iated with a commitment of manpower and the use of other resources . 
Ma intenance and surve i llance will  be requ ired even if the waste is left in 
place , as is . 

Some deg radat ion of the wa ste conta iners at the INEL cou ld occur if re
tr i eva l were de layed for 20 year s ,  but no release of rad ionuc l ides to the 
env ironment would be expec ted . Leav ing the wa ste in Idaho for 20 years wou ld  
s l ight ly i ncrease the probabil ity of  the release of rad ionuc lides as a res u l t  
o f  an improbable natura l disaster . The r isk , however , i s  small  in compar i son 
with that f rom natural background rad iation .  

Of the two de lay alternatives , delay i ng retr ieva l at the INEL wou ld cos t , 
in con stant do llars , an estimated $6 m i l l ion less than retr ieving and proce ss
ing immed iate ly (DOE, 197 9 a ,  p.  15-5) . However , the cost sav ings wou ld be 
only about 3% of the tota l cost of removing the waste f rom Idaho . 

4 . 4 . 2  Impac ts of TRU-Wa ste Repos itor ies 

If a TRU-was te repos itory is bu ilt  in bedded sal t  in the Permian bas in , i �  
a sa lt dome i n  the Gulf inter ior reg ion , or i n  basalt a t  Hanford , the general 
design of the plant would rema in near ly the same as the WI PP d�sign . The rate s 
at wh ich the wa ste is rece ived and the handling methods would change littl e ,  
if at all . The pred ic ted environmental impac ts would also change l i tt le ;  the 
changes would resul t  most ly from differences in rock types , surround ing areas , 
and transpor tation rou tes .  

Becau se there ar e no conceptua l designs for TRU-wa ste repos i tor ies in dome 
salt and basal t ,  pred ictions of the changes in impacts mu st be qua l i tat ive . 
Table 4-12 compare s  the impac ts of TRU-wa ste repos itor ies at the alternat ive 
s i tes with the impac ts of the WI PP ( S ec tion 4 . 2 ) . Because the two al ternative 
repos i tor ies in sa lt would exert similar impac ts , Table 4-12 presents the ir  
impac ts i n  only one co lumn and notes d i fferences where they are apprec iable . 
The rema inder of this sec tion explains the entr ies in Table 4-12 . 

Phys ical impac ts 

Because the plant design and the operating method s will probably rema in 
the same , a TRU-waste reposi tory in a salt dome or in basalt would exert  near ly 
the same physical impac ts as a TRU-waste repos i tory in bedded sal t .  The pr in
c ipal d i fferences would appear in the e ffec ts of the mined- rock pile  and in 
the conflict  with mineral resources . 

Al though the mined-rock pile would be the same size  at both sites in sa l t ,  
the humid c l ima te i n  the Gulf i nter ior region could change its impac ts . The 
impac ts of the salt  pile in the Delawar e  basin  are expec ted to be small 
( S ec tion 9 . 2 ) , pr i nc ipa lly because of the dry c l imate there .  Because heav i e r  
ra infall could , i n  theory ,  wa sh the mined rock  onto surrounding land , prel im
i nary plans for an HLW repos itory in the Gulf inter ior reg ion i nvolve spec ial 
precau tions to conta in the pile . As another precaution , the salt  not needed 
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Table 4-12 . Changes from the Author ized-Alterna t ive Impac ts if a TRU-Waste 
Repos itory Is Bu ilt in Sa lt or Basalt 

Impac t 

Physical impacts 
Land use 
Re sou r ces used 
Effluents 
Mined-rock p i le 

Con f l i c t  with 
mi neral r e sour ces 

Soci oeconomic impac ts 
Con st r uc t ion cos t s  
Ope r a t i ng costs 
Wor k  force 
Popu l a t i on  changes and 

serv ice deman d s  

Transpor t a t i on  impac ts 
Rad iat ion doses f rom 

normal t r anspo r ta t i on  

Rad i a t i on doses f rom 
a cc i dents 

Impac ts du r ing ope r a t ion 
Rou t i ne radiation 

doses to popu l a t i on  

Rad iat ion doses from 
acci dents 

Poss i ble long-term impac ts 
Poss i b i l i t i e s  for 

breach o f  repo s i tory 

Repos itory i n  sa l ta 

No change 
No change 
No change 
No size change ; extra 

mea sures necessary to 
conta i n  p i le in G u l f  
i n ter ior region 

Much reduced in 

Change 

G u l f  i nter ior reg ion ;  
perhaps reduced in Per m i an 
ba s i n ,  depend ing on s i te 

No change 
No change 
No change 
S ign i f icant decrease in 

G u l f  inter ior reg ion ; 
l i tt le change in Permian 
ba s i n ,  depend i ng on s i te 

No appreciable change in these 
sma ll dose s :  30% i nc r ea se in 
G u l f  inter ior reg ion , and 
l i tt le change in Per� i a n  
ba s i n  

No change 

Increase in Gulf i nter ior 
r eg i on because of l a r g er 
sur r ound ing popu l a t i on ;  
l i tt le change i n  Permian 
basi n ;  no change in 
max imum dose s ,  a l l  we ll 
below background 

Same as for rou t i ne doses 

Sce nar ios simi lar to those 
at WIPP ; s i te se l ec t i on 
will insure nc increase 
in p r ed icted r i sk 

Repo s i tory In ba sa l t  
a t  Hanford 

No change 
No change 
No change 
Possible sma ll decrease 

in s i z e ;  l i t t l e  poss i b i l
ity of contam i na t i ng land 

None k nown 

Increase 
I nc r ease 
L i t t le change 
S ign i f icant decrease 

No apprec iable change : 
10% decrease 

No change 

Inc rease because of 
larger s u r round ing 
popu lat ion ; no change 
i n  maximum dose s ,  a l l  
we l l  below background 

Same as for rou t i ne doses 

Scenar ios d i f fe r e n t  from 
those at WI PP; s i te se
lec t ion w i l l  insure no 
i nc r ea se i n  p r ed i cted r i sk 

a0ome sa l t  in the Gulf inte r ior reg ion or bedded sal t i n  the Permian ba s i n .  
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for backf i lling would probably be removed from the site . These measures would 
probably keep the impacts of the mined rock from exceed ing the impacts esti
mated for the Delaware basin site . 

A basalt mined-rock pile may be slightly smaller because the storage cav
ities in the competent rock may be mined at a h igher extraction ratio, with 
less necessity for strong pillar s between tunnel s .  Fur thermore ,  a basalt pile 
is not expec ted to be as damaging to surrounding land as a salt pile might be , 
espec ially in the ar id climate of Hanford . 

Con flict w ith mineral resources is one of the pr inc ipal impacts of a re
pos itory in the Delaware basin .  A repos itory elsewhere in the Permian basin 
might or might not exert th is impact ,  depending on the spec ific s i te .  A re
pos itory in dome sal t ,  wh ich overlies no valuable mineral depos its , would not 
exert th is impac t .  Although it is not completely cer ta in that no mineral 
resources lie beneath the Hanford basalt ,  no ev idence has suggested that they 
are present . 

Soc ioeconomic  impac ts 

The impac ts resulting from expend itures for constr uction and operation 
would change l i ttle if the TRU waste is d isposed of at the alternative s i tes . 
These costs would be greate r at Hanford because min ing hard rock is more expen
sive than min ing salt 1  a reliable pred iction of the d ifference in cost would 
require a conceptual design for a TRU-waste repos itory there . 

The size of the wor k force would probably not change unless the increa sed 
d iff iculty of mining basalt requires a signif icantly larger group of miners at 
Hanford . The population changes and demands for add itional services will be 
smaller than those in the Delaware or the Permian basins because of the larger 
wor k force and increased social services already ava ilable in the Gulf in
ter ior reg ion and at Hanford . 

Transportation impac ts 

The impac ts of transporting TRU waste to the alternative sites have been 
evaluated through calculations of population dose commitments . Per formed by 
the methods used in Section 6 . 7  to analyze normal transpor tation , these cal
culations predict dose commitments of 7 ,  9 ,  and 6 man- rem for the transporta
tion of TRU waste to the Delaware basin (assumed to represent the Permian 
ba sin) , to the Gulf inter ior reg ion ,  and to Hanford , respective ly .  Since all 
three dose commitments are small , there would be little change in the 
transportation impacts sunmar i z ed in Section 4 . 2 . 

The analyses of transpor tation acc idents in Section 6 . 3  remain va lid for 
al ternative 4 because the same mater ials would be sh ipped in the same types of 
conta iners . 

Impac ts dur ing operation 

The normal release of radioactivity dur ing routine plant operations would 
rema in unchanged if the plant is bu ilt at one of the alternative s i tes . The 
maximum dose commitments rece ived by persons near the plant would also remain 
the same . The total population dose commitment , expressed in man-rem , would 
increase because the population densities in the Gulf inter ior reg ion and near 
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Hanford ar e grea te r than the popu lat ion density in the Delaware basin. Because 
the dose commitments w i ll rema in much sma ller than those from natural back
ground rad iat ion , the pred icted effects of routine plant operation would change 
little . 

The acc idents postulated for the repos itory would remain the same at any 
of the al ternative s i tes . Except for deliver ing doses to the larger popula
tion , the ir consequences would also rema in unchanged , and no doses comparable 
to those from natural backg round rad iation would be expected . 

Poss i ble long-term impac ts 

As expla ined in Section 4 . 3 ,  the scenar ios for breach ing a decormnissioned 
reposi tory in the d istant future w ill d i ffer among the alter native s i tes , 
wh ich have signif i cantly different geolog ic and hydrologic character istics . 
The development of the se scenar ios is now under way . The scenar ios for breach
ing a dome-salt repos itory will probably resemble those postulated for the 
WI PP , with possibly more concern given to solut ion mining for the reasons d is
cussed in Sec tion 4 . 3 ;  the scenar ios for breach ing a basalt repos i tory are 
likely to be much d i fferent . Until these scenar ios are completed and deta iled 
analyses are car r ied ou t ,  no r igorous compar ison of the long-term impacts of 
TRU-waste repos itor i es at the al ternat ive s i tes can be made . Stud ies to date , 
however , have shown no rea son to expec t that any of the sites is clearly safer 
than the others . No long- term releases are expected f rom any TRU-waste 
repos itor y .  

Summary 

The env ironmenta l impac ts of a defense-waste fac ility at one of the 
alternative s i tes would be near ly the same as the impacts of such a repository 
in the Delaware ba s i n .  The pr inc ipal differences i n  the predicted impacts are 
due to the d i fferent: m i ned- rock piles , to the absence of valuabJ.e mineral 
resources at the alte rnative sites , and to the different soc ioeconomic con
d itions pr eva i ling in t he alternative regions . 

4 . 5  TABULAR COMPARI SON OF ALTERNATIVES 

Table 4-13 l i sts in h ighly condensed form the maj or impacts of the author
ized alte rnative ; it compare s  these impacts with those of alternatives 3 and 
4 .  Th is summary of the ma ter ial presented in th is chapter omi ts many fac ts 
that must be con s i dereo in compar ing the alternatives . The table is an over
simplification unl e ss u sed w ith the d iscussions and tables presented in the 
rest of the chapter . 

Alte rnat ive 1 ,  the no-action alternat ive , would be expected to exert only 
small env i ronmental impacts in the short term , dur ing the next several dec
ades , bar r ing an un l i kely na tura l cata strophe . In the long term , however ,  it 
is environmenta lly unacceptable as an option for the permanent d ispcsal of TRU 
waste because it leaves the waste at the sur face , exposed to possible volcanic 
action or human i ntr usion .  Although the rema in ing three alternatives have 
impacts that ar e pred icted to be small in both the shor t term and the long 
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term , none of them is so clear ly super ior to the other s  that i t  can be se
lected on environmental g rounds alone . Alternative 2 ,  the WI PP i n  south
eastern New Mexico ,  is the alternat ive author ized by leg i s lat i on . Alterna
tive 3 ,  the d isposal of the TRU waste stored at the INEL i n  the f i r st HLW 

repos itor y ,  is the pre ferred alternative becau se it is the one tha t i s  the 
most compatible with the Presi dent ' s  proposed national prog ram f or the 
management of rad ioactive wa ste . The envi ronmental impacts of alternative 4 
would be comparable to those of alternative 2 .  
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Table 4-13 . Compar ison of the Env ironmental Impacts of Alte rnat ives 3 and 4 
with the Environmental Impacts of Al ternative 2 

Ba s is for compar ison 
with alte rnat ive 2 

Physical impac ts 

Socioeconom ic impac ts 

Radiological impac ts 

of transpor ta tion 
and ope r a t ion 

Alternat ive 2 

Withdrawal of about 1 100 
acr e s  now used for gra z ing 

by fewer than J.6 cattle 

Ste r i l i za t ion of �O acres 
by mined-rock pile 

Den ial of access to 3% to 10% of 
U. S .  langbe i n i te 

Injection of $ 1 38 m i l lion 
into two-coun ty economy ; 

permanent population increase 
of 1200 

Poss ible temporary housing 
shor tage ; need to increase 
commun ity services seve ral 
months ea r li e r  than without 

the p ro j ec t  

Norma l transpor tation and 

operation : dose commitments 
much sma ller than na tural 
backg round doses 

Acc iden ts : extremely 
severe transpo r tation accident 
could produce dose 
commitments seven t imes 
natura l backg round dose s ;  
acci dents at plant con tr ibute 
a f r ac t i on much below 1% 

Alternat ive 3 

The changes in impacts caused by 
expansion of HLW repos i tory 

Commi tment of abou t 25 add i t ional 
acr e s  at HLW repository 

Increase in stored-rock volume 

of up to 7% 

Poss ible avoidance of con f l ict 
with mineral resources , de
pending on s i te 

I nc r ea se in spend ing near HLW 
repos i tory of up to 25% in 
construc t i on and of up to 
30% in opera t ion ; roughly 30% 
i nc r ease in work force 

Poss ibly no s ign i f icant increase 

in demands for services near 
HLW repos i tory , depending on 
s i te 

Norma l transpor ta t ion and opera

tion :  l i tt le change in dose 
commi tments 

Acc idents : sl ight increase in 
probab i l i ty of acc i dents ; no 
inc rease in seve r i ty of 
possible accidents 

Alternative 4 

The impacts of a l ternat ive 2 

Same amount of land w i thdrawn ; 
cur r ent uses depend on s i te 

Little difference in volume 
of mined-rock p i l e ;  long
term ef fects could be smaller 

if rock is other than salt 

Possible avoidance of 
conf l ict with mineral re
sources , depending on s i te 

Spending equal to WIPP 
spending or sig n i f icantly 
h igher , depending on s i te ;  

l i t t le or no change in 
popula t i on from WIPP 
est ima te s 

Poss ible decrea ses in demands 

for serv ices , depending on site 

tittle change in impacts of 

normal transpor tat i on ; s l ight 
increase in popula t ion doses 
f rom normal operat ion 

No change in predicted impacts 
of transpor tation acciden ts ; 
slight increase in populat ion 
doses f rom acc idents dur ing 
opera tion 



"" I 
w 
..., 

Table 4-13 . Compar ison of the Env ironmenta l Impacts of Alternat ives 3 and 4 
with the Environmental Impacts of Alternat ive 2 ( continued) 

Long-term impacts 

Impacts of remov ing waste 

( impacts at retr i eval 
s i te s ,  not at repos i 
tory s i te) 

Impacts of not proceeding 

with the author ized 

a l te rnat ive 

Alte rnat ive 2 

No release of rad ioactive 
mate r ia l  expected 

Hypothetical un l ikely re
leases could produce doses 

or dose conuni tments amount
ing to a small fraction of 
natu ral backg round doses 

Normal operation :  dose commit

ments far below doses f rom 
natura l background radiation 

Accidents : extremely severe , 

h ighly un l ik e ly acc idents 
could produce dose commit
ments sma ller than doses 
f rom natu ral background 
r adiation 

Alte r nat ive 3 

No release of rad ioactive mate r i a l  
expected 

Effects of hypothetical un likely 
releases probably unchanged : 

deta i led modeling unava i lable 

Same as a lte rnat ive 2 except for 
i ncrea se in volume of stored 
waste dur ing delay 

Cost ( $3 . 2  m i l l i on )  of clos ing 

WIPP proj ect 

Alte r native 4 

No release of radioactive 
mate r ial expected 

Effects of hypothetical 
unl i kely releases probably 
l i ttle d i f ferent from 
those at the WIPP1 deta i led 
mode l ing unava i lable 

Same as alte rnative 2 except 
for increase in volume of 

stored waste dur ing delay 

Cost of closing and reopening 
project 
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5 Waste Forms 

The des ign and the operation of the WI PP are based on the types and charac
ter istics of the wa ste to be rece ived there . This chapter pre sents the formal 
cr iter ia that will govern the acceptance of waste at the WIPP 7 these cr iter ia 
constitute a deta iled descr iption of the character istics of the waste . A sec
ond section of the chapter presents the wa ste-acceptance cr iter ia that were as
sumed in the analysis of env ironmental impacts 7 these assumed cr ite r ia we re 
made more conservative than the actual cr iter ia in order to predict upper l imits 
to the impac ts of the WIPP . The final sec tion of the chapter discusses the 
selection of a techn ique for processing the waste be fore it is sh ipped for d is
posal .  

Further information is provided in Append ix E ,  wh ich deta ils the radio
nuclide content and the radioactive-decay charac ter istics of the wa ste, and 
Append ix F ,  wh ich outline s  the wa ste-process ing techn iques that have been 
considered .  

5 . 1  WASTE-ACCEPTANCE CRITERIA 

In 1977 , the U . S .  Depar tment of Energy (DOE) formed the Wa ste Acceptance 
Cr ite r ia Steer ing Commi ttee (WACSC ) .  The Commi ttee in it ially consisted of 
technical per sonnel f rom DOE headquar ter s ,  DOE field offices controlling 
defense wastes ,  the Off ice of Waste Isolation ,  and the WIPP staff from Sand ia 
National Laborator ies . The Committee was later expanded to i nclude rep
resentatives f rom the Rocky Flats Plant ( the DOE ' s  largest producer of defense 
transuran ic (TRU) wa ste ) , the Office of Nuclear Waste I solation, * and the 
Westinghouse Electr ic Corporat ion ( the Techn ical Suppor t Contractor for the 
WIPP) . 

The WACSC ' s  ta sk wa s to reconc ile the interests of var iou s agenc ies in
volved with the production ,  treatment , and d isposal of de fense TRU wa ste and 
to formulate wor kable , prac tical cr ite r ia for the acceptance of these waste s .  
I n  p repar ing the draft environmental impact statement for the WIPP ,  tentative 
acceptance cr ite r ia dated July 1977 were used . Since the dra ft wa s prepared , 
the WACSC has recommended cr i ter ia that have been forma lly approved by the 
DOE, and the WACSC has been disbanded . It is these rev ised , approved waste
acceptance cr iter ia that are the ba s is of th is document . They are summar ized 
in Table 5-1 .  

*On July 1 ,  197 8 , the re sponsibilit ies of the Off ice of Waste Isolation 
were transferred to the newly created Off ice of Nuclear Wa ste Isolation , under 
the management of the Batte lle Memor ial Inst itute , Columbus ,  Oh io . 
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Table 5-1.  Waste-Accept�nce Cr iteria for Contact-Handled and Remotely Handled TRU Waste 

Criterion 

eo.buatibility 

Ga• generation 

IllllObil izati on 

Bxploaives 

Pyrophor ica 

Toxic ard corrosive 
aater ials 

Sludges and 
free liquids 

Design life 

Str ucture 

Structure 

Contact-handled '1'RIJ waate 

WA8TB FORM 
No Hai t ,  auat be packaged in ateel containers or overpack . 

Ga• generation by all aechaniams muat not exceed 10 mole•/•3 of diaposal-rooa vol1111e per 
year under reposi tory conditions. In ter .. of waste composit ion, this cr iterion aay be 
interpreted to mean that the average organic content of contact-handled '1'RIJ waste aay 
not exceed 14 lb/ft3 for waste in SS-gallon dr UllB and 6 lb/ft3 for waste in other 
containers. 

Powders, aabea, etc. , must be bound in glass, concrete , ceramic, or other approved 
aa tr ix 1  free liquids are not allowed. 

Not allowed. 

Sllla ll quant ities (up to l• of the waste by weight) of radionuclide-metal pyrophor ics 
may be accepted with other -.ate forms if they are dispersed throughout the waste. 

Toxic materials allowed only with special materials procedures and precautiona1 corrosive 
materials will not be accepted . 

Sludges ard other waste forms conta ining rea� ily desorbable water under reposi tory 
conditions will not be accepted 1 free liquids will not be accepted . 

CONTAINER 

10 years to allow retr ievability. 

Type A requi rements. 

PACKAGE 
Type A1 any daaaged container must be overpacked. 

Handling Devices to allow handling by a forklift. 

weight Leas than 2S , OOO pounds. 

Diaensiona Not larger than 8 by 12 by 8 . S  feet. 

Sur face-dose rate Not exceed ing 200 mrelll/hr 1  containers with a aurface-dose rate in exceaa of 10 arell/hr 
must be color coded. 

Sur face contami nation S• of 49 CPR 173 . 397 . 

Cr iticality 30-<Ja llon drua, 100 grams fiasile1 SS-<Jallon drua, 200 gr ... f iaaile1 DO'l'-7A, 3SO graaa 
fissile or leaa than S gr... in any cubic foot. 

Thermal power Conta iner must be color coded if the theraal power exceeds 0 . 1  W/ft3 . 

Remotely handled '1'RIJ waate 

8aM as for contact-handled 'l'RU 
waate 

No criterion1 quantities are 
inaign ificant 

Salle as for contact-handled 'l'RU 
waste 

Salle as for contact-handled 'l'RU 
waste 

Salle as for contact-handled 'l'RU 
waste 

Same as for contact-handled 'l'RU 
waste 

Same as for contact-handled 'l'RU 
waste 

Salle as for contact-handled ·TRu 
waste 

8aM as for contact-handled 'l'RU 
waste 

Salle as for oontact-handled 'l'RU 
waste 

Axial l ifting pintle 

LeBB than 7000 pounds 

24- inch diameter , 10-foot length 

LeBB than 100 rBll/hr 

S• of 49 CPR 173 . 397 

49 CPR 173 ,  Subpart BJ less than 
S grama in any cubic foot 

Leas than SOO watts per canister 



s . 1 . 1  Definit ions 

Discuss ions of waste-acceptance cr ite r ia frequently use several terms that 
need to be de fi ned clear ly : conta i ner , package , overpack , combustible mater i
al , gas-produc ing mate r ial , and immobilized mater ial . Each term is defined 
below accord ing to its accepted mean ing in th is chapter . These are not of
fic ial de fi n it ions , as prec isely descr ibed in the WIPP waste-acceptance cr i
ter ia.  Rather , they are abstrac ted ver sions of  the official definit ions ; they 
convey concepts and avoid spec ific deta il .  

Conta iner : A dr um, box , or can ister that immediately surrounds the waste 
is the wa ste conta iner . Any assoc iated hardware such as line r  mater ial or 
• spiders"  for spacing is considered part of the conta iner . 

Package : Once wa ste is placed ins ide the conta iner , the conta iner becomes 
an integ ral part of the waste .  The waste and its container are called the 
wa ste package.  It is the package that is emplaced in the WIPP . 

Overpack : If required by the phys ical cond it ion of the container or by 
surface-contamination levels , a supplementary layer of conta inment is placed 
over the or ig i nal conta iner that is then cons idered to be part of the waste .  
The supplementary conta inment i s  the overpack . 

combust ible mater ial : Any mater ial that w i ll sustain combu stion in a i r  
when exposed to a temperature o f  1475°F or less for a per iod o f  5 minutes i s  
combu stible . 

Gas-produc ing mater ial : Any mater ial that produces gas dur ing its de
composition is gas-producing . Many mater ials , particular ly organ ic mater ials , 
produce hydrogen , methane , car bon monoxide , and carbon dioxide by bacte r ial 
decomposition ,  radiolytic decomposition ,  thermal decomposition ,  or chemical 
reaction ( corrosion )  • 

Immobilized mate r ial : Any so lid mater ial that conta ins less than 1% (by 
we ight) of powder ( le ss than or equal to 10 microns in s ize)  is considered 
immobili z ed . The intent of immobili zation is to min imi ze the amount of res
pi rable mater ial in the waste packages .  

5 . 1 . 2  Transuranic Waste 

Transuran ic wa ste is de fined as wa ste contaminated with certa in alpha
emi tting radionuclides , the level of contamination exceeding 10 nanocur ies 
per gram . The nuc lides included are uranium-233 (and its daughter products ) , 
plu tCX'l ium, and transpluton ium nuclides ; they charac ter istically have long 
half-lives and h igh rad iotoxic ity . Transuranic waste is categor ized in two 
cla sse s :  contact-handled (CH) and remotely handled (RH) . 

A qualitat ive distinction between contact-handled and remotely handled TRU 
waste is made in th is document : contact-handled wa ste emits so little radia
tion that wor kers can handle it without extensive sh ield ing : remotely handled 
wa ste requi res shielding or remote handling to protect operating per sonnel.  
Therefore , contact-handled TRU waste is d istinguished from remotely handled 
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TRU waste on the basis of the surface-dose rate . Waste packages with surface
dose ra tes no h igher than 200 millirem per hour are designated contact-handled 
TRU waste , and those with surface-dose rates h igher than 200  millirem per hour 
are des ignated remotely handled TRU waste .  

Contact-handled TRU waste 

Contact-handled wa ste is that TRU waste whose radiation levels on the 
sur face of the waste contai ners are low enough to allow contact (as opposed to 
remote) handling methods .  About 98% (by volume) of the TRU waste produced in 
DOE installations is class ified as contact-handled TRU waste .  

Contact-handled TRU waste exists i n  a wide var iety of physical forms , 
ranging from unprocessed general trash and concrete-stabilized sludge to de
commissioned mach ine tools and glove boxes . For acceptance at the WIPP , the 
following cr iter ia restr ict the form of the waste :  

• Combustibility.  Combustible TRU-waste mater ials will be  accepted at 
the WIPP if they are packaged in containers that do not allow the 
spread of any cred ible fire . 

• Gas generation . Total gas production from radiolytic decompos ition , 
pyrolysis ,  corrosion,  and bac ter ial decomposition is restr icted to 
preclude any credible long-term gas-pressure hazard that could result 
in fractur ing the sealed repository .  The total gas produced from 
contact-handled wa ste by all mechanisms may not exceed 10 moles per 
cubic meter of d isposal rcxxn in the WIPP. 

• Immobil i zat4on . Dry powders ,  ashes , and similar particulate mater i
als will not be accepted for disposal at the WIPP unless they are 
immobil ized in a binder like glass , concrete , or ceramic .  

• Sluaqes and free liquids . Sludges and other waste forms containing 
water that can seep from the wa ste under repos itory conditions will not 
be accepted at the WIPP .  Free liquids will not be accepted. 

• Explos ives and compressed gases . Explosives and compressed gases will 
not be accepted for emplacement at the WIPP. 

• Pyrophor ic mate r ials . Pyrophor ic mater ials other than radionuclides 
w ill be accepted at the WIPP only if they have been rendered safe by 
mixing with chemically stable mater ials ( e . g . , concrete , glass) or have 
been processed to remove the ir hazardous properties . Also, up to 1% by 
we ight of the wa ste in each package may conta in pyrophor ic forms of 
radioactive metals provided they are dispersed throughout the waste .  

' 
• Toxic and corrosive mate r ials . Toxic substances ct>i1'MF1nated with 

transuranic nuclides will be accepted at the WIPP provided that the 
toxic mater ials are identified and the WIPP operator is notified and 
g rants a�roval before shipment. Corrosive materials contaminated with 
transuranic nuclides must be neutralized or otherwise rendered non
corrosive . waste packages containing toxic mater ials must be color 
coded in accordance with WIPP standards .  
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The conta iner s currently in use for contact-handled TRU wa ste are listed 
in Table 5-2 . Most of the pre-1970 ( bur ied) waste is in 55-gallon drums . Al
though drums are st ill widely used , the present trend is towa rd large plywood 
and metal boxes ,  wh ich not on ly cost less per un it volwne than drums but also 
make more eff ic ient use of storage volume . At pre sent ,  about 70%  ( by volume) 
of all contact-handled TRU wa ste is put into boxes ,  most of it in spec ial 
plywood boxes . These boxes are about 4 by 4 by 7 feet in outs ide dimensions ,  
are covered with a 3-millimeter layer of f iberglass-re inforced polyester (FRP) , 
and are li ned with polyv inyl chlor ide and fiberboard . They are approved by 
the U . S .  Department of Tr anspor tation (DOT) and are k nown as DOT-7A container s .  
S ince the WI PP wa ste-acceptance cr iter ia require a metal overpack for all com
bu stible boxes as a fi re protection measure , the contact-handled TRU waste 
arr iving at the WIPP will be in metal conta iners .  The maximum acceptable s i ze 
of a conta i ner is  8 by 12 by 8 . 5  feet . The maximwn we ight permitted is  25 , 000 
pound s .  All conta iner s meet the min imum structura l requirements of 49  CFR 
173 . 3 98 ( b) for Type A sh ipping conta iner s ,  and the ir des igns are s uch that 
they can be expec ted to rema in intac t for a 10-year per iod to allow retr ieval.  

The radio i so tope compos i tion of  contact-handled TRU wa s te var ies widely 
among the DOE fac i l it ies that generate the waste . By volume , we apons-program 
wa s te is the lar gest component of the total TRU-wa s te inventory.  The Rocky 
Flats Plant alone produces 40%  of all DOE TRU wa ste . For th is reason , the 
typical isotope compos i tion of Rocky Flats waste is tak en as representat ive of 
contac t-hand led TRU wa ste . Its compos it ion is g iven in Append ix E ,  Tables E-1 
and E-2 .  

The fi s s i le-mater ial conten t ,  based on transpor tation re�ulations , i s  a 
max imum of 200 g rams for a 55-gallon dr um and 350 grams for boxes .  The aver
age content ha s been observed to be 7 . 5  grams for a drum and 12 . 2  grams for 
the most common box u sed to s tore wa ste ( 4  by 4 by 7 feet) . For other boxes ,  
the maximum f i s s i le-mate r ial content is 5 grams in any cub ic foot of waste , 
with a max imum of 350 g rams per box . 

The maximum allowable sur face-dose rate for a conta iner of contact-handled 
TRU wa s te is 200 milli rem per hour . The average sur face-dose rate observed at 
the Idaho Nat iona l Eng ineer ing Laboratory ( INEL) , where the Rocky Flats waste 
is stored , is about 3 . 1 millirem per hour , s ubstantially below th is limit .  
The average for 4- by 4- by 7-foot boxes is  less than 1 mi llirem per hour , and 
the average for stee l bins , 4 by 5 by 6 feet, is about 51 milli rem per hour . 

The therma l power of weapons-g rade plutonium is about 2 . 4  x lo- 3  watt 
per g ram . Accord ingly , a drum conta in ing the maximum permitted pluton ium 
con tent (200  grams ) ha s a thermal powe r of about 0 . 5  wa tt , and a box conta in
ing 350 g rams of plu ton ium has a thermal power of 0 . 8  watt . Of all the 
contact-handled TRU wa ste expec ted at the WIPP , a very small percentage is 
heat- source plu ton ium, wh ich has the grea test thermal power b ecause of the 
pre sence of large amounts of the nuc lide pluton ium-238 . The thermal power of 
heat- source plu ton ium is 0 . 45 watt per g ram. Packages conta ining heat-source 
pluton ium are limited in thermal power output by transpor tation regulations . 
A 55-ga llon dr um is limi ted to 10 watts . The l imit for 4- by 4- by 7-foot 
boxes is 250 grams or 113 watt s .  Th is limi t has se ldom , if ever , been reached. 
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Package descr iption 

DOT-7A FRP-coa teda 
plywood box 

SS-gallon dr umb 

30-gallon drum 

Welded steel box 

FRP-coa ted plywood 
box 

Corr ugated meta l 
pipe 

Table 5-2. Types of Containers Used for Contact-Handled TRU Waste 

Volume t of 
Max imum Package waste in §S!urce 

gross volume fiscal year Loa oak 
Dimensions we ight ( lb) (ft3 ) 1976-76A Hanford Savannah Alamos Ridge 

4 by 4 by 7 feet 10 , 000 112 42 . 6  

2 4  inches in diameter , 840 7 . 4 2  24 . 6  x x x x 
3S inches high 

19 inches in diameter , 4 . 0  l . S  x x 
29 inches high 

Random 0 . 0  

Random 24 . 2  x x 

2 . 5  inches in diameter , 98 2 . 4  x 
20 feet long 

aFRP • fiberglass-reinforced polyester . 
borhe inter ior and exter ior sur face treatment and the we ight of the drum (DOT-17C or 17H) vary with the user . 

Rocky Mound 
Flats Facility Other 

x x 

x x x 

x 



Remotely handled TRU waste 

A small frac tion ( about 2% by volume) of the TRU waste generated by DOE 
fac i lities exceeds the limit of 200 millirem per hour on the surface-dose rate 
of contact-handled TRU waste . This waste is des ignated remote ly handled TRU 
waste . The sur face-dose rates of packaged remotely handled TRU waste range 
from 200 milli rem per hour up to 100 rem per hour . Th is waste will be handled 
by shielded equipment des igned especially for the purpose . The physical and 
chemical form of remotely handled TRU waste has not been well character ized . 

The can i ster assumed for the remotely handled TRU waste i s  a r ight 
circular cylinder made of car bon-steel pipe 24 inches in outside diameter . 
The overall length of the can ister is 10 feet.  Inside , the waste occupies 
approximately 25  cub ic feet . Containers  are des igned to Type A DOT spec i
ficat ions and are de s igned to remain intact for 10 years to allow for 
retr ieval . Table 5-3 summar i zes the cani ster proper ties . 

There is no predomi nant source of remotely handled TRU waste . The ex ist
ing waste conta ins a wide range of rad ionuclide s .  For design purposes and for 
use in analyz ing postulated acc idents , a hypothetical • reference" waste was 
ass umed . Th is wa ste conta ins a fission-product distr ibution typical of the 
wa ste the Oak Ridge National Laboratory (ORNL) calls intermed iate-level wa ste 
and an ac tin ide inventory typical of weapons-grade plutonium at a max imum 
density of 5 g rams per cubic foot of waste . Appendix E ,  Table E-3 , char
acter izes the rad ionuclide content of this waste under average and upper-limit 
cond itions . 

An upper limit of 100 rem per hour is  the maximum allowed dose rate at the 
sur face of a can i ster containing remotely handled TRU waste . At present , 
there is no data base for est imating the average surface-dose rate . The 
surf ace-dose rate is a conservative max imum used for per forming on- site 
rad iation-shielding calculations and the safety analys is . 

The thermal power density of the reference remotely handled TRU waste is  
2 . 8 wa tts per cubic foot . The waste volume results in a thermal power of 
about 70 wa tts per can ister . 

5 . 1 . 3  High-Level Waste for E?Cper iments 

An isolated area of the WIPP will be dedicated to exper iments intended to 
de fine the long-term behavior of var ious waste forms in a bedded-salt storage 
envi ronment ( Sec tion 8 . 9 ) . Most of the exper iments will involve waste that 
produces h igh levels of heat and radiation :  much of the waste will undoubtedly 
be prepared espec ially for the exper iments . 

The acceptance cr i ter ia for exper imental waste have not been fully devel
oped . It is planned to use both solid and granular bulk high-level waste in 
the exper imental prog ram. Granular bulk wa ste is s imply solid vitr ified waste 
broken into piece s  rang ing from about 1/64 to 4 inches in diameter . Intact 
( unbroken) exper imental wa ste is used in the analysis to represent all waste 
in the exper imental program at the WIPP .  The solidification o f  these products 
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g ives r ise to wastes with different nuclide contents because the amount of 
wa ste placed in each container is adj usted to limit the thermal loading . 

For design purposes and postulated-accident analysis , a reference exper i
mental wa ste has been chosen. It is the output of the proposed Savannah River 
solidification plant and is spiked with cesiwn-137 to increase its thermal 
power density.  

The proper ties of the canister assumed for the exper imental waste are in
cluded in Table 5-3 . The reference can ister is a r ight c ircular cylinder made 
of sta inless-steel pipe that is 12 . 75 inches in outside diameter , with end 
caps welded at both ends. The overall length is 6 feet.  The weight of a 
filled high-level-waste canister is about 1000 pound s .  With allowances for 
glass shr inkage on cooling and with an appropr iate weld-zone clearance,  the 
net volume of solidified high-level waste in a canister is 3 . 8  cubic feet 
( 107 liters) . 

In Appendix E, Table E-4 ,  the radionuclides present in high-level waste 
are quant ified in terms of cur ies per liter of waste. 

5 . 2  ACCEPTANCE CRITERIA ASSUMID FOR ANALYSF.S REPORTED IN THIS DOCUMENT 

The following assumed cr i ter ia are used in predicting the environmental 
impacts of shipping TRU waste and handling it at the WIPP : 

• No explosive mater ials 
• No pressur ized gases 
• No free liquids 
• Pyrophor ic mater ials allowed ( 1% assumed) 
• Combustibles allowed ( 25% assumed) 
• 10% of waste in powder form 

These assumptions produce the maximum environmental impacts in transporta
tion and in-plant accidents ( fi res and container failures followed by re
leases) . There would be no releases due to container failure if no portion of 
the waste were in powder form1 releases due to fire would be minimized if the 
containers did not conta in combustible and pyrophor ic materials .  These as
sumed cr iter ia, a llowing combustibles and pyrophor ics and 10% of the waste in 
powder form, are therefore conservative in that they tend to overest imate 
potential impacts . 

Inasmuch as a dec ision has yet to be made on how to prepare the TRU waste 
for shipment for disposal in a geologic reposi tory, the INEL studied several 
reprocessing options ( Section 9 . 8 . 3 ) , ranging from complete incineration by 
slagging pyrolysis to s imply shipping the waste as is.  Incineration has the 
greatest impact at the INEL. However , if the waste is incinerated by slagg ing 
pyrolysis,  the resulting waste form will not have pyrophor ic or combustible 
mater ials left in it,  and none of it will be in powder form. 

Thus,  the assumptions made for the analysis of reprocessing are incons is
tent with those made for the analyses of impacts of transportation and of 
handling accidents dur ing operation. The use of d ifferent assumptions for 
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Table 5-3 . Charac ter ist ics of Remotely Handled Waste Conta iner s 

Charac ter is t ic 

Constr uction mater ial 
Outs ide d iameter , inches 
Length , a feet  
Conta iner volume , cubic feet 
Volume of wa ste , cub ic feet  
Loaded we igh t ,  pounds 
Maximum design we ight ,  pounds 
Thermal power , wa tts 
Maximum design thermal power , wa tts 

a 1nc ludes hand ling pintle . 

Remotely handled 
TRU waste 

Schedule 10 carbon steel 
24 
10 
3 1 . 4 
25 
Var ies 
7000  
70  
500 

High-level waste 
for exper iments 

Schedule 4 0  sta inless steel 
12 . 7 5 

6 
4 . 4  
3 . 8  
1000 
NAb 

1070 
NA 

�A = not applicable ; reference-waste proper ties ( conta iner we igh t ,  thermal power )  const itute 
max imum de sign levels.  



waste character istics is conservative . One "worst-case" set is used in 
analyz ing the impacts of shipping the TRU waste to, and handling it at,  the 
WIPP . Another "worst-case" set is used in analyz ing the impacts of prepar ing 
the wa ste for shipment . 

5 . 3 PROCESSING OF TRANSURANIC WASTE 

The waste-acceptance cr iter ia descr ibed in Section 5 . 1  and listed in Table 
5-1 do not spec ifically require that existing TRU waste be processed before 
being sent to the WIPP .  The dec ision on whether to process is yet to be made 1 
nevertheless , process ing may be desirable for disposal in the WIPP or the 
first ava ilable h igh-level-waste reposi tory.  It would make assaying the waste 
for TRU-nuclide content easier , reduce the waste volume , and be a means of 
insur ing that the waste meets the acceptance cr iter ia by eliminat ing moisture 
and fine par ticulates and thus exceed ing the requirements of those cr iter ia . 

Incineration is considered the most feasible processing alternative , if 
the dec ision is made to process the waste . Numerous analyses have been con
ducted at the INEL to evaluate the mer i ts of var ious inc inerat ion systems . 
The analyses were made in terms of the July 1977 draft acceptance cr iter ia 1 
they assumed that 10% combustible and no pyrophor ic or gas-producing mater ial 
would be allowed in the processed waste . In add ition , they assumed that the 
product had to be inunobile to meet the waste-acceptance criter ia.  The anal
yses examined , in add ition to inc ineration ,  combinations of pretreatment 
processes , incineration, and residue- inunobilization processes.  

The first analysis (FMC, 1977 ) evaluated the nine radioactive-waste inc in
eration processes descr ibed in Appendix F.  Because many of the investigated 
inc ineration processes produce residues that are not inunobile , it was neces
sary to consider inunobilization for treating the residue s .  The 11 inunobiliza
tion processes that were considered are also descr ibed in Appendix F.  

The waste- treatment proce ss j udged most des irable in four separate studies 
wa s slagg ing pyrolysis (FMC, 1977 1 Cox et al . ,  1978 , EX;&G , 1977 1 Kaiser Engi
neers , 1977 ) , which requires a min imum of waste preparation before incinera
tion and no further immobili zation after inc ineration .  In the slagg ing
pyrolysis process, the waste and an inert mater ial like soil are melted to
gether , dr iving off all moisture and volatiles and inc inerating all combust
ibles . The output of this process is a basaltlike glass slag that is inert, 
has no combust ible or gas-forming ma terial , is resistant to leaching , and can 
be cast into any shape or size . The · super ior i ty of the slagging-pyrolysis 
inc inerator comes from its ability to accept a waste feed with a minimum of 
sorting and siz ing and to produce a residue that, when cast and cooled, does 
not need further processing .  The process also reduces the volume of the 
or iginal wa ste mater ial by 50% .  

Although some of the stud ies were conducted for the bur ied waste at the 
INEL, their find ings are also applicable to the processing of waste that i s  
retr ievably stored a t  the INEL. Furthermore , the analyses ,  although based 
almost solely on the character istics of the defense TRU waste at the INEL, are 
believed to be applicable to defense TRU waste from other sources . 
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6 Transportation of Waste to the WIPP 

This chapter revi ews and eval uate s  the main features of transporting radio
ac tive waste to the WIPP : the regulations gover ning such transport and the or
g an i zations re sponsible for them , the packages and packaging systems used for 
the waste , the routes over which the waste is  l i kely to tr avel and the range 
of routing con trols that can be exer c ised , the volume of transpor ted wa ste and 
the number of shipments , the cost of transpor ting the waste , the rad iolog ical 
effec ts of wa ste tr ansportation under both normal and accident conditions as 
well as under cond ition s  simulating i ntentional destructive ac ts , the nonrad i o
log ical eff ec ts of tr ansportation acc idents , and the insur ance coverage of 
shipments . 

6 . 1  REGULATIONS 

The tr an sportation of radioac tive was te to the WIPP will comply with the 
regu lations of the U . S .  Depar tment of Transpor tation (DOT)  and the cor respond
ing regulati ons of the U . S .  Nuclear Regulatory Commi ssion (NRC ) . These regu
lations ar e de signed to protec t the publ ic from the potential con sequences of 
radi oact ive-mater i al tr ansport.  The spec ific regulations that apply to the 
WIPP are found in the Code of Federal Regulations (CFR) under the following 
heading s :  

49 CFR 107 

49  CFR 127 

49  CFR 171 

49 CFR 172 

49 CFR 173 

49 CFR 174 

49 CFR 177 

49 CFR 178 

Rule-making Procedures of the Mater ials Transpor tation 
Bur eau 

( Proposed ) Requi rements of the Inter national Atomi c Energy 
Agency 

Gener al Information , Regulations and Def ini tions 

Hazar dous Ma�er ial s  Table and Hazar dous Mater ial s  Commun ica
tions Regulat ions 

Sh ipper s--General Requi rements for Sh ipments and Packag ings 

Car r i age by Ra il 

Car r iage by Publ ic Highway 

Shipping Container Specif ications 

The se regulations ins ure safety through standar ds for pac kag i ng , handl ing ,  and 
routing radi oact ive ma ter i al s .  

The ter ms " pac kag i ng" and " pac kage" are used throughout thi s  sec tion . 
Packaging is de fi ned as the shipping container : package is defined as the con
tainer and its rad ioactive contents . 
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6 . 1 . 1  Packagings and Packages 

The pr imary means for insur ing safety dur ing the tr ansport of radioactive 
mater ial is proper packaging . Consequently, most of the regulations for the 
transport of rad ioactive mater ials are concerned with packaging standards . 

Three aspects of packaging that apply to WIPP shipments are considered by 
the regulaticns:  

1 .  Containment of the radioactive mater ial , with allowance for heat 
dissipation if required. 

2 .  Shielding from the radiation emi tted by the mater ial . 

3 .  P revention of nuclear cr i ticality in fissile mater ial s .  

This  secticn discusses each of the se three aspects . 

Regulations to insure adequate containment 

Each radionuclide is classified in one of seven transport groups according 
to i ts  potential hazard and toxicity.  (The current transport groups may be 
replaced by those proposed in 49  CFR 127 . )  Radionuclides in the more hazard
ous transport groups are res tr icted to smaller amounts per package; that is,  
for any si ngle type of packaging, less activity of a more hazardous radio
nuclide is allowed per package. For example , since plutonium-239 is in Trans
port Group I ( the most hazardous group) and strontium-90 i s  in Group I I ,  less 
plu toniurn- 239 activity is allowed per package than strontium-90 activity. 

The regulations allow radionuclides to be shipped in different types of 
packagings , depending on the total radioactivity in the package. Of importance 
to this document are Type A and Type B packages.  A Type B package is allowed 
to contain more activity of a particular nuclide than a Type A package . The 
limi ts for these two package types are different for each transport group. For 
example, the current regulations allow up to 0 . 001  cur ie of plutonium-239 
(Transport Group I)  to be shipped in a Type A package; for strontium-90 
(Transport Group II)  th is l imit is 0 . 05 cur ie. 

All packagings must at least meet the requirements for a Type A packaging 
as descr ibed in 49 CFR 173 . 3 9 3  to prevent the dispersal of their radioactive 
contents and to shield people from the contents during normal transpor t .  These 
packagings must pass tests that simulate the extreme conditi ons of normal 
transport;  the tests are outlined in 49  CFR 173 . 3 98 . 

Quantitips of radioactive mater ial exceeding Type A packaging l im i ts  can 
be transported only in  Type B packagings , which are strongly accident-resistant 
containers of var ious shapes and sizes . Any Type B packaging design placed in 
ser vice must be certif ied by either the NRC or the DOE. The DOE may certify 
the design of a packaging , s uch as those designed by a DOE contractor for use 
by the DOE , if it satisfies the general packaging and shipment requirements 
found in 49 CFR 173 . 3 9 3 .  In addition to meeting the standards for Type A 
packagings , a Type B packaging must survive certain severe hypothetical-
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acc ident cond it ions that demonstrate resistance to impac t ,  punc ture , f i re , and 
s ubmer sion in water ( 4 9  CFR 173 . 3 98 ) . The abi lity of the packag ing to survive 
must be proved by full- scale te sting or by analysis . To be j udged as sur
v iving , a Type B packaging mu st not release any of i ts r ad ioac tive contents 
except for limited re lease s of contaminated coolant or gase s .  The allowable 
re leases are de fi ned in 49 CFR 17 3 . 3 98 . Fur thermore,  the rad iation-dose rate 
outs ide a Type B packag ing must not exceed 1 rem per hour at a distance of 
3 f eet ( 4 9  CFR 173 . 3 98 )  af ter the te sting sequence . 

Sur face contaminat ion on packages , wh ich might be tr ansferable or even 
d i sper sible , is l imi ted to levels spec i f i ed  in 49 CFR 173 . 3 97 ,  a regulation 
that also de scr ibes the method for asse ssing the amount of contami nat ion on 
the sur face. 

Regulat ions controll i ng radiat ion exposure 

As a prac tical matter , the radiation emi tted by the rad i oac tive contents 
of a package is not complete ly absor bed by the pack ag ing , but the rad iat ion 
that is a llowed to escape pack aging mu st be below spec ified l imits that 
minimize the expos ure of the public.  Packages that will be handled only by 
the shipper and the rece iver ( i . e . , packages sh ipped in exclus ive-use or 
sole-u se veh icles)  may not exceed the following dose-rate limi ts : 

1 .  1000 m i l li rem per hour a t  a d i stance of 3 f eet f rom the exte r nal 
sur face of the package ( in a closed tr anspor t veh icle only ) . 

2 .  200 m i l li rem per hour at any poi nt on the external sur face of the car 
or veh icle ( in a closed transpor t veh icle only) . 

3 .  10 milli rem per hour at any poi nt 6 feet f rom the ver t ical plane s  
pro j ec ted by the ou te r lateral sur faces o f  the car o r  veh icle � or if  
the load is transpor ted in an open transpor t veh icle,  at any po int 
6 feet from the ver t ical planes proj ec ted from the outer edges of the 
veh icle. 

4 .  2 mi lli rem per hou r in any normally occupied pos it ion in the car or 
veh ic le ,  except that th is provision does not apply to pr iva te motor 
carr ier s .  

Almost all , if not all , pack ag ing s  will prov ide suff ic ient sh ield ing to reduce 
radiation levels we ll below these spec i f icat ion s .  

Regulations to prevent nuc lear cr it icali ty 

The cr it icality standards for pack ages conta in ing f is s i le mater ials are 
found in 49  CFR 17 3 . 3 96 . A pack ag ing used to sh ip f i s s i le mater ial must be so 
de s igned that it is s ubcr it ical in the most reac t ive con f iguration that is 
cred ible for the for m of the mater ial and for optimal cond it ions of neu tron 
moderation and re flection by wa ter . The number of such packages that may be 
transpor ted together is also limi ted . Some quantit ies and forms of f i s s i le 
ma ter ials cannot be made cr itical under cred ible cond it ions and are exempted 
from spec ial fissile-mater ial requ irements . 
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6 . 1 . 2  Handl ing 

Dur ing handling ,  the car r ier of rad ioact,ive mater ials must per form special 
acti ons in addition to those requi red for other hazardous mater i al s .  Since the 
safety of rad ioactive-mater ial transpor t is pr imar ily governed by packag i ng
de s ign regula ti ons , the speci al actions are largely l imi ted to admi nistrat ive 
ac tia'ls such as documenting ,  cer tifying ,  and placarding . However , one impor
tant ac tion is to insu re that radiation levels are not exceeded in any ship
ment . A speci al tr anspor t index (dose rate in milli rem per hour at 3 feet 
f rom the acce ss ible exter i or sur face of the package)  was developed to aid the 
car r ier in ma intaining radiation levels within allowable l imi ts . 

6 . 1 . 3  Routing 

The DOT i s  establ ishing routing regulations for the transpor t of radio
act ive ma ter ials by public highway . When off icially adopted , they will be 
included in 4 9  CFR 177 . The obj ectives are to reduce the impac ts of trans
porting radi oact ive waste and to ident ify the role of state or local govern
ments in the routing of rad i oactive material s .  The proposed regulations are 
bas ed  on the belief t hat reducing the t ime in transit will decrease the over
all tr anspor tation impac ts . The propose9 regulations , as appl icable to WIPP 
sh i?nents , requi re that shi?nents be made on inter state h ighways that are not 
restr icted by state regulations or on al terna tive highways proposed by states 
through whi ch shi?nents are made . Other requirements that apply to WIPP ship
ments include regulat ions requiring wr i tten route plans that mus t  be prepared 
by the carr i er in advance and spec ific regulations for dr iver tr-aining . The 
proposed regulations al so all ow states and local author ities to regulate routes 
provided their regulations are not i nconsi stent with those of the DOT . 

Concurrently with the DOT , the New Mexico Envi ronmental Improvement Board 
has al so wr i tten a set of proposed regulations . The 1 9 7 9  New Mexico Legisla
ture gave the Board au thor ity to regulate the tr anspor t of radioactive waste 
on New Mex ico highways . The present draft regulations , however ,  do not clearly 
def i ne to whom the regulations apply . The State regulation s ,  if they apply to 
the WIPP , would requi re S tate l icensing of WIPP tr uck carr iers:  restr iction of 
tr uc ks carrying WIPP shipments to inters tate highways , when poss ible , to mini
mize the t ime in transit:  avoidance of highly populated areas and hazardous 
road cond itia'ls when travel i ng on roads other than inters tate h ighways : and 
advance not i ce  of sh i?nents f or large quanti ties (more than 1000 cur ies)  of 
rad ioactive mater ial like the remotely handled TRU waste to be emplaced in the 
WI PP and the def ense high-level waste to be used in WIPP exper iments . 

Other state s traversed by potential routes to the WIPP , s uch as Colorado 
and Texas , are consider ing routing regulations . The State of Lou i s iana has 
issued routing prohibitia'ls for high-level-waste shipments . Even though there 
may be some differ ences ama'lg them , the regulations promulgated by the var ious 
state s  will all have to be consi stent with the forthcoming DOT regulations , or 
else they will be preempted . As a resul t ,  the preceding discussion of DOT and 
New Mexico regulations should adequately descr ibe most routing contingencies 
f or tr uck shi?nents to the WIPP . 
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The DOT and State of New Mexico regulations are proposed and have not been 
promulgated. Once in effec t ,  these regulations may affect tr uck routing to 
the WI PP si nce the DOE will comply with DOT and any S tate or local regula tions 
that are appl i cable to the tr ansport of was te to the WIPP . 

No add i t i onal regulations are cu rr ently proposed for rail  transpor t .  Any 
speci al routi ng regulations to be proposed in the future must consider many 
factor s :  distance s ,  road-bed cond i tions , population distr ibutions , and the use 
of special trains . Spec ific regulations must be reviewed carefully and indi
vidually because the r is k  from tr anspor tation acc idents has two components : 
probability of occu r rence ( determined , for example , by di stances , road-bed 
cond i tions , and equ ipment) and consequences ( determi ned , for example , by the 
population d i s tr ibution) . If the consequences are reduced by avoiding popula
tia1 center s ,  for example ,  the extra mi l eage traveled may i ncrease the prob
abil i ty of an accident , possibly i ncreasing the r i sk . Furthermor e ,  rails be
tween and through population centers are of ten in better condi tion than those 
in lesser- used rou tes s k i r ting population centers .  The poor road-bed condi
tia1s encountered by avoidi ng population center s mi ght therefore i ncrease the 
probability ,  and hence the r i sk , of an acci dent . Actions l i ke these would 
i ntui tively seem to reduce r i s k , but they may , in fact,  i ncrease r i s k .  

I f  a pa rticular rou te i s  spec ified for rail shipments , the shipper must 
use a " spec i al tr ai n . " A spec ial tr ain is ded icated to the transpor t of 
radi oactive wa ste with no other f re ight on boar d1 i t  i s  opera ted under 
restr ictions gover n i ng ,  for example ,  speed and pass i ng .  Several studies have 
exami ned the change in impact resul ting f rom the exclusive use of special 
tr a i ns for shipping rad ioac tive mater ial s .  

These studies concl uded that the use of special tr ains would not s ignif
icantly reduce the radiolog ical risk  of radioac tive-mater ial transpor t or 
i nc r ease i ts overall safety .  Just i f i cation for not using special tr ains , 
despi te recorranenda tions to the contrary by members of the Association of 
Amer i can Ra ilroads , can be bas ed on the conclusions of three documents : an 
envi ronmental statement publ ished by the NRC ( 19 7 7 )  , a repor t issued by Sandia 
Nati onal Laborator ies ( Smith and Taylor , 1978 ) , and an envi ronmental impact 
statement issued by the I nters tate Commer ce Commi ssion ( ICC , 1977 ) . After 
consider ing the bene f i ts of special trains ci ted by the Association of Amer
ican Ra il roads ( benefi ts tha t include the l i kel ihood of less acc i dent damage , 
f ewer dera i lments , le ss sw itching , ea sier cleanup af ter an accident , and less 
time in tr ans i t) , the NRC document concludes tha t the reduction of normal and 
acc i dent r i s ks for the shipment of spent fuel would be very small . Smi th and 
Taylor ( 1978 ) conclude tha t ,  for the tr anspor t of rad ioactive mater ials asso
ci ated with the nuclear fuel cycle , the use of special tr ains s l ightly in
creases the total rad iolog ical impac t .  F i nally , the ICC ( 197 7 )  envi ronmental 
impact statement on the transportation of radioactive mater ials by r ai l  con
clude s tha t spec ial tr ains increase both nonradiological and radiologi cal r i sks 
under normal cond i ti ons wh i le decreasing radiolog ical r i sks under acc ident con
d i t i ons , al though the estimated incremental increases or decreases are very 
small . In s ummary , the use of special trains does not measurably reduce the 
radi ological impac ts of transpor tation and in some cases may even increase 
them . 
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6 . 1 . 4  Vehicle Safety 

No additional or special vehicle regulations are imposed on the carrier of 
radioactive mater ials beyond those requi red for a carr ier of any hazardous 
mater ial .  Vehicle safety is insured by other Federal regulations , which are 
not specific to vehicles carrying radioactive mater ial . For example , truck 
safety is governed by the Bureau of Motor Carr ier Safety,  which imposes 
vehicle-safety standards on all tr uck carriers ( 4 9  CFR 325 , 386-398 ) . Along 
with other functions, the Bureau conducts unannounced roadside inspections of 
vehicles and dr ivers . Dur ing an inspection, the condi tion and loading of the 
vehicle and the dr iver ' s  documents are checked. These checks are performed on 
all tr uck carr iers , however , not j ust those carrying radioactive mater ial . 

6 . 2  ORGANI ZATIONS RESPONSIBLE FOR REGULATING TRANSPORTATION 

6 . 2 . l  Definition of Terms 

Goods being transported are classified in two general categor ies : hazardous 
mater ials and nonhazardous mater ial s .  Hazardous mater i als are subject to more 
str ingent controls during transpor t than nonhazardous mater ial s .  Radioactive 
mater ials are considered hazardous mater ials , and any mater ial containing 0 . 00 2  
microcurie or more of radioactivi ty per gram is considered radioactive mater ial 
for regulating purposes . 

The transport of radioactive mater ials is conanonly carried -out by three 
participants who have separate functions : shippers ,  carr iers , and warehousers . 
Shippers offer mater ials for transport1 they are responsible for packaging ,  
marking , and labeling shipments before they give the shipments to a carr ier . 
Carr iers actually transport goodSJ they must properly identify their vehicles 
as carrying radioactive mater ial and use the precautions specif ied by regula
tions while transporting shipments . Warehousers store mater ial s ,  but no ware
housers will be involved in the transport of radioactive waste to the WIPP 
because no waste will be stored at intermediate locations.  

Carr i ers have been further classified into three types :  pr ivate, contract, 
and commCXl .  Pr ivate carr iers transport their  own mater ialsJ  that is , the ship
pers are the carr iers . Contract carriers selectively transport mater ials for 
shippers under specific contracts . Conunon carr iers transport mater ials for the 
general public under published tar i ffs and rate schedules .  Any of the three 
types could be used for transporting waste to the WIPPJ however , shipments will 
probably be made by contract or caDmCXl carriers.  

6 . 2 . 2  Organi zations 

Four Federal agencies will be involved in the tr ansportation of radio
active mater ials to the WIPP : the Department of Transportation (DOT) , the 
Nuclear Regulatory Conunission (NRC) , the Department of Energy (DOE) , and the 
I nterstate Conmerce Conunission (ICC) . The DOT, the NRC , and the DOE deal 
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pr imar ily with safety , while the ICC deals pr imar ily with the econom ics of 
transportation . Because the pr imary concer n  of this document i s  safety , the 
regula tory function of the ICC will not be discussed. 

The DOT i s  respon si bl e  for regulating safety in the tr an spor tation of all 
hazardous ma ter ials;  i ts  regulati ons apply to shippers and all car r i er s .  Under 
the Hazardous Mater ial s  Transpor tation Act of 1 974 , the DOT i s  author ized " to 
protect the natiCXl adequately against the r i sks to l i fe and proper ty which are 
i nherent in the transpor tation of hazardous mater ials i n  commer ce . "  The DOT is  
spec ifically respons ible f or categor iz ing nuclear mate r i al s ,  providing design 
and per formance spec ifications for packagi ngs that will car ry small quantities 
of nuclear mater ials not exceeding Type A quantities ( see Section 6 . 1 . 1 ) , and 
regulating the carr iers that transpor t nuclear mater ial s .  I n  fulfill ing the se 
responsibilities , the DOT has promulgated detailed regulations that govern the 
packaging ,  shipping ,  car r iage , stowage , and handl i ng of r ad ioac tive mater ials 
by all transport mode s .  

The NRC i s  the regulator of the conuner cial nuclear industry . Specifical ly , 
it regulates the s afety of certain comrner cial nuclear operations : the rece ipt , 
possession, use ,  and transfer of byproduct , source , and spec ial nuclear m�
ter ials ( terms def i ned in 10 CFR 40 . 4  and 50 . 2 ) . The regulatory author i ty of 
the NRC extends to most nuclear oper a tions except the research-and-deve lopi;i.;:n t  
operations o f  the Department o f  Energy and the Depar tment of Defens e .  For t he 
transport of nuclear mater ial s ,  NRC regulations apply pr imarily to shipper s .  
Another NRC responsibility i s  the provision of des ign and per formance cr iter ia  
for packagings tha t will car r y  quanti ties of nuclear mater ials greater than 
Type A quanti ties . 

The DOE , through its management di rec tives and contractual ag reements with 
contractors,  guarantees the protection of publ ic health and safety by impos ing 
on its tr anspor tation ac tivi ties standards similar to those of the DOT and the 
NRC . The DOE has author i ty ,  granted by a 1973  memorandum of underst and i n g  
between the DO T  and the Atomi c Energy Commi ssion (Fede r al Regi ster , Vol . 3 8 , 
p. 8486 ) , to certify DOE- owned packagings in accordance with exi sting DOT and 
correspond ing NRC regulation s .  The DOE may design,  procure , and cer tify i ts 
own Type B packagings ( descr ibed in Section 6 . 1 . 1 )  to be used by the DOE or 
i ts  contrac tor s ,  provided the pac kag i ngs comply with ex i sting c r i ter i a .  

T he  responsibilities of the three organi zations ove rlap but can b e  stated 
simply. The DOT has pr imary responsibil i ty for safety in transpor ting all 
hazardous mater i al s ,  i ncluding nuclear mater i al s ,  and it regulates shipper s  
and carrier s .  The NRC i s  responsible for regulating the Type B packag i ngs 
( see Section 6 . 1 . 1) us ed by comrner cial shippers ,  wh i le the DOE has the author
ity to certify its own packagings for government shippers .  The DOE cer t i f i
cate must indicate compl i ance with DOT and corresponding NRC regulations . Both 
the DOE and the NRC must requi re the shipper s and pr ivate car r iers under the i r  
authcx ity to conform t o  DOT regulati ons , and effor ts a r e  made by both ag enc ies 
not to duplicate DOT regulations with the i r  own . 

The responsibilities and author i ties of the agencies are defi ned by several 
pieces of Congress i onal legi s lation and memorandums of under s tand i ng .  The 
DOT' s responsibilities are defi ned by the Transpor tation of Explos ive s Ac t ,  the 
Dangerous Cargo Ac t ,  the Feder al Aviation Act of 1958 , the Depar tment of 
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Transpor tation Act,  and the Hazardous Mater ials  Transportation Act of 1 97 4 . 
The NRC ' s  responsibilities are defined by the Atomic Energy Act of 1 9 54 , the 
Energy Reorgan ization Act of 1 974 , and Public Law 94-79 .  The DOE ' s  responsi
bilities are defined by the Atomic Energy Act of 1 9 54 , the Energy Reorganiza
tiai Act of 1 97 4 ,  and the Depar tment of Energy· Organization Act .  Because of 
their overlapping responsibilities , these agencies have issued memorandums of 
understanding among themselves.  The memorandum of understanding between the 
DOT and the Atomic Energy Commission i n  1 973 (Federal Register , Vol . 3 8 , p.  
8486 ) is  par tly superseded by the memorandum of understanding between the DOT 
and the NRC on the regulation of safety in the transportation of radioactive 
mater ials  (Federal Register , Vol . 44 , p. 38690 ) , issued in 197 9 . Further 
clar ification of responsibility will be provided by forthcoming memorandums 
draf ted between the DOT and the DOE and between the DOE and the NRC . 

In fulfilling i ts  responsibility to comply with DOT and NRC regulations , 
the DOE , through its WIPP Proj ect Office , will direct an operating contractor 
with management di rectives and contractual provisions . The DOE will also 
evaluate designs for packagings to be used for transporting waste to the WIPP; 
such packagings are presently being des igned. The evaluation of designs must 
i nclude the engineer ing tests described in later sections of this chapter , 
engineering evaluations , or comparative data: the engineer ing tests required 
by the DOT and the NRC demonstrate resistance to impact,  f i re ,  puncture , and 
submersion in water . The DOE contractor that ships waste to the WIPP will 
package the waste in these packagings for transport by a car r ier . If contract 
or common carriers are used, the DOE will specify the destination of the 
shipment , bu t will not have the author i ty to direct routing: the DOT will 
regulate these carr iers . If the DOE or the DOE ' s  contractor operating the 
WIPP decides to become a pr ivate carr ier , the DOE will select the routes to be 
follawed as long as they are consistent with DOT routing regulations . No 
matter which type of carr ier is selected , the shipment of waste to the WIPP 
will be governed by the regulations of the DOT. 

6 . 3  PACKAG� AND PACKAGING SYSTEMS 

Proper packaging design is the foundation of safety in the shipment of 
rad ioactive mater ials.  All wastes transported to the WIPP will be shipped in 
packagings that comply with the regulations detailed in Section 6 . 1 .  To 
i nsure that packagings are safe and meet Federal regulations , the DOE will 
test and analyze packagings to be used for the WIPP . Work now under way is 
developing and testing these packagings . Most development and testing will be 
performed by a model-and- analys is approach that uses computer-modeling 
techniques to reduce the requi red number of full-scale exper iments . Once the 
models have been thoroughly confirmed and validated, they will be used exten
sively to test the design of the packagings , eliminating much of the need for 
expensive full-scale te sting . Even after the computer analysis has been per
formed , however , full-scale testing will be conducted for WIPP packagings . A 
formal safety analysis report for packaging , a report descr ibing the packaging 
system and the analyses and tests performed to determine its acceptabil i ty ,  
will be prepared for each packaging system. In addition ,  a quality assurance 
program will be carr ied out during the construction of the packagings and 
mai ntained during their actual use. 
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6 . 3 . 1  Contact-Handled TRU waste 

Most of the wa ste to be transpor ted to the WIPP is contact-handled (CH)  
TRU wa ste . Contac t-handled TRU waste is cu r r ent ly sh ipped f rom the Rocky 
Flats Plant near Denver , Colorado , to the Idaho National Eng ineer ing Labor a
tory near I daho Fa lls in A'IMX-600 ser ies ra ilcars under the provis ions of DOT 
Exemption S9 48 , wh ich allows the sh ipment of contac t-handled TRU wa ste in ATMX 
ra ilcars p rovided it is pack aged in Type A polyethylene- lined dr ums or plywood 
boxes coated with fiber glass-re inforced polyester .  In add it ion , dr ums are pre
pack aged in steel cargo conta ine r s  ( 8  by 8 by 20 f eet)  that provide an e ff ec
tive th ird bar r ier for conta inment .  Even though the ATMX system has no t been 
te sted under the hypothetical-acc ident conditions descr ibed in 4 9  CFR 173 . 3 98 ,  
it forms a conta inment system of multiple bar r ie r s  that , as a single un it , is 
conside red to be equival ent to a Type B packaging (Adcock and McCarthy ,  
1974 ) .  

Since the ATMX packag ing system is pre sently used for sh ipping contact
handled TRU wa ste , it will be descr ibed in deta i l .  The DOE-owned A'IMX ra ilcar 
ha s many sa fety dev ices , inc lud ing roller-bear ing wheels , shock-absor bing draft 
gear , inter lock ing couplers to prevent uncoupling in a dera i lment , and lock ing
type cente r pins to prevent the loss of the tr uck s  ( swiveling wheel carr iages 
at each end of the ra i lcar ) under most c i r cumstances . The under f rame is a 
heavy one-piece stee l casting re infor ced by welded steel plate s to produce a 
continuous floor . The s uper str ucture is also very strong because of i ts mas
s ive cross-braced side s .  The sides , constr uc ted from steel armor , are de
s igned not to buckle dur ing a ro llover . The ends of the car are heavily 
re infor ced and des igned with a slope that will de flec t following or preced ing 
cars over the roof of the car should an acc ident occur . Th is extremely strong 
ra ilcar is appropr iate ly descr ibed as able to withstand major catastrophes 
(Adcock and McCarthy ,  1974 ) . 

Add it iona l protec tion for contact-handled TRU wa ste sh ipped in the ATMX 
ra ilcar is a fforded by the Type A pack ag ings placed ins ide . These Type A 
packag ing s can be e ither dr ums or boxes . Typically , the Rocky Flats drum is a 
DOT-17C SS-ga llon steel dr um with a mo lded polyethylene liner . The Rocky 
Flats box is a DOT-7A plywood box ( 4  by 4 by 7 feet)  overcoated with a lamin
a te of fibergla ss-reinforced polye ster and lined with polyvi nyl chlor ide and 
fiber boa rd (Wi ck land , 1976 ) .  

A d istinc tly d ifferent packag ing , called a Super Tiger , is  currently cer
t i fied for sh ipping Type B quantities of radioac tive mater ials by both tr uck 
and ra il . Th is alte rnat ive packag ing for contact-handled TRU wa ste is pres
ent ly the on ly pack ag ing used for tr uck sh ipment . Although de s igned as a 
general-u se pac kag ing for the sh ipmen t of mater ials in Type B quantities , the 
Super Tiger is f requent ly used to hold Type A dr ums or boxe s .  I t  has the di
mens ions of a standard cargo conta iner (8  by 8 by 20 fee t)  and can be handled , 
stor ed , and shipped like any standard ized shipping conta iner . The pack aging 
is constr uc ted from two rec tangular steel shells separated with r ig id fire
retardant polyu rethane foam (Hansen ,  1970 ) . 

The entire oute r shell is fabr icated from duc tile low-carbon-steel plate . 
Th is ma ter ial can elonga te by near ly 40% , thus allowing the she ll to de form 
severely without crack ing . All cor ner s are lap-doubled , cont inuou sly seam
welded along the over lapping edge , and reinfor ced with a layer of steel plate . 
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In add ition ,  all external edges are protected with a diagonal gusset plate . 
One end of the shell is removable.  Ten h igh-strength 1- inch-diameter bolts 
secure the end of the conta iner to the body , and additional joint integr ity is 
provided by four 1-i nch-diameter steel dowel pins . 

A spec ial formulation of fire-retardant r igid polyurethane foam was devel
oped for the Super Tiger . Th is foam, poured in place and allowed to expand 
between the two steel shell s ,  provides excellent thermal protection and , 
because of its h igh energy-absorbing capability ,  an ideal shock- isolation 
med ium as well . 

The steel inner shell , approximately 6 by 6 by 14 feet , has a removable 
end cap . All edges or joints in the shell are over lapped and double-seam
welded like those in the outer shell . The inner end cover is attached by 
bol ts and has a silicone seal . 

The Super Tiger has been certified (Hansen , 1970 )  in accordance with the 
tests spec ified in 10 CFR 71 , Appendix B ,  or 49 CFR 173 . 3 98 .  Nevertheless, 
some conmentors on the draft of this environmental impact statement have al
leged that the tests per formed to certify the Super Tiger were not consistent 
with the requirements . Spec ifically, questions have been raised about the 
length of the pin used in the puncture test . The puncture test used to cer
tify the Super Tiger is descr ibed below. 

One of the tests descr ibed in 10 CFR 7 1 ,  Appendix B ,  for the cert ification 
of Type B packag ings is a 40-inch drop onto a 6-inch-diameter pin that is 
8 inches long 1 th is test is referred to as the 40- inch puncture test . The test 
was used not only to certify the Super Tiger but to provide design information 
for wall construction .  A special Super Tiger was constr uc ted , with each of its 
four sides fabricated to different design spec ifications . Three of the sides 
were made with breakaway plates of varying thicknesses,  and a fourth was not . 
The fourth side also had the th innest wall . The puncture test was conducted 
four times , once on each side . The three sides with breakaway plates were not 
indented more than 6 inches by the 8-inch-long pin . The four th side--the one 
without breakaway plates and with the thinnest walls--was expected to fail.  
To obta in add itional design information from the test of the fourth side, the 
8-inch-long pin was replaced by a 24-inch-long pin , which could puncture the 
inner wall when the outer wall failed . The 40-inch drop onto the fourth side 
did, as expec ted, cause the fa ilure of both the outer and the inner walls . 
The information obta ined in this test made it possible to select the design of 
one of the other three sides that per formed satisfactor ily .  

I t  i s  important to re iterate that each of four sides,  constructed to dif
ferent spec ifications,  was subj ected to the puncture test . One side was ex
pected to fail and was made to fail more completely by increasing the length 
of the puncture pin .  The design of th is side was abandoned 1 it was not and is 
not used fo� Super Tiger s .  / 

Cost-effective packag ings that can safely contain drums or boxes of 
contact-handled TRU waste are currently be ing developed for the WIPP. The 
packag ings now being developed are expected to be used instead of the Super 
Tiger and the A'JMX ra ilcar for two reasons : the existing systems are not of 
the r ight shape and size for efficiently pack ing the drums and boxes that will 
be transported to the WIPP, and the existing systems , now 10 years old, can be 
improved by using recent advances in technology. As presently conceived, the 
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de sign of the se packag ing s ,  referred to as tr ansuranic package transporte r s  
(TRUPACTs ) ,  ca lls for i nner and outer conta i ners tha t a re separated by poly
urethane foam .  The inner conta iner has a stee l inner frame with sta inle ss
steel sheets for side s :  the outer conta i ner is s imilar ly constructed except 
that carbon stee l is used for the sides . The access to each conta iner is 
through a h inged door that is sealed after load ing : the seals on the two door s 
insure doub le conta inment .  Accord ing to pre sent proposals , a TRUPACT used for 
ra il transport w i ll conta in for ty-e ight S S-ga llon steel drums or e ight metal 
boxes measur ing 4 . 3  by 3 . 3  by 6 . 2  fee t .  Wi th external d imensions of approxi
mately 24 by 8 . 9  by 9 . 8  f ee t ,  th is packag ing is expected to weigh 12 tons and 
to have a maximum payload of 21 tons . 

The development of a packag ing proceeds in sequence through des ig n ,  anal
ysis , scale and prototype te sts , and commerc ial fabr icat ion .  The conceptual 
design for the ra il ver s ion of the TRUPACT wa s formali zed dur ing 197 9 . De
ta iled de sign and scale-model te s ts are scheduled for 1980 , and a safety
analysis repor t will be prepared dur ing 1980  and 198 1 .  A prototype of the 
ra il TRUPACT w i ll be fabr i cated dur ing 198 1 ,  and prototype te st ing and l icens
ing will be completed dur ing 1982  and 198 3 .  Commercially produced TRUPACTs 
for ra il tr ansport are expected to be ava i lable dur ing 1986 . A TRUPACT for 
tr uck transpor t will be developed concur rently , with the development sequence 
para lle ling the seq uence for ra il TRUPACTS . Commercially produced TRUPACTs 
for tr uck transpor t are also expected to be ava ilable dur i ng 1986 . Production 
un i ts could be ava ilable by 1987 . 

The packag ing systems now be ing des igned for the WIPF are intended to be 
tota lly compa tible with regula tory requi rements.  They will be subj ected to a 
full range of eng ineer ing te sts . In add ition , full-scale acc ident-s imulation 
te s ts w i ll be conducted with prov is ions for public partic ipat ion and obser
vation . 

6 . 3 . 2 Remote ly Handled TRU Wa ste 

Remote ly handled ( RH )  TRU wa ste , wh ich will account for a small per centage 
of sh ipments to the WI PP ,  is commonly g enerated dur ing the decontaminat ion or 
decommiss ion ing of fac i l i t ies tha t have handled rad ioactive mater ial s .  Gener
ally compos ed of piping , valve s ,  mach i ne tools , concrete r ubble , e tc . , remotely 
handled TRU wa ste must be sh ipped in sh ielded conta iner s .  Although several 
packag ings could be used for sh ipment to the WIPF , two l ikely conf igurat ions 
are ( 1 )  disposable shielded packag ings ( e . g . , the concrete-sh ielded drums used 
by the Federal Republic of Germany at the Asse repos i tory) transported l ike 
contac t-hand led wa ste and ( 2 )  can isters placed in reu sable sh ielded packag ings 
s imilar to those used for high-level wa ste . In e i ther conf iguration ,  the 
wa ste shipments mu st be made in packag ings tha t meet Type B spec ifications . 

6 . 3 . 3  High-Level Wa ste for Exper iments 

High- level wa ste to be used in the WIPF exper imental program will be 
placed in can i ster s before be ing transpor ted . Can ister designs under con
siderat ion range from 1 to 2 feet in d iameter and 6 to lS feet in leng th . The 
longer can isters could be transported in the ca sks now used for movi ng spent 
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fuel f rom nuclear reactors;  the shorter canisters would be transportable in 
shorter , lighter shipping casks,  if such casks become available . 

At present , there are no shipping casks· designed specifically for trans
porting can isters of high-level waste. There are , however , two conceptual 
cask designs; each of these casks , if fabr icated , would weigh 60 to 100 tons . 
One design (Peterson and Rhoads ,  197 8 )  uses a stainless-steel cavi ty lining 
surrounded by a lead gamma-radiation shield . The lead , in turn , is enclosed 
by a thick stainless-steel str uctural wall surrounded by a borated-water 
neutron shield . A thick stainless- steel outer wall equipped with cooling fins 
completes the body of the cask . The lid of the cask is made of depleted 
uranium and a solid hydrogenous material to provide shielding for gamrna and 
neutron radiation , respectively. This  cask , 14 . 5  feet long and 8 . 2  feet in 
diameter , would have a capaci ty of nine 1-foot-diameter , 10-foot-long 
canisters . Another design (Sutherland , 1978 ) uses a stainless-steel cavi ty 
lining su rrounded by a layer of depleted uranium or lead as gamma shielding 
encased by a stainless-steel structural wall . Water or sol id hydrogenous 
mater ial provides neu tron shielding . Copper fins for heat conduction extend 
from the outer str uc tural wall through the neutron-shield zone . A layer of 
depleted uranium, i ncorporated into the end forgings , and a thick layer of 
hydrogenous mater ial provide radiation shielding at the ends of the cask . 
This cask , 13 . 5  feet long and 5 . 5  feet in diameter , would have a capaci ty of 
seven 1-foot-diameter , 10-foot-long canisters . 

6 . 4  ROUTES 

The contact-handled TRU waste to be emplaced in the WIPP is currently 
intended to come pr imar ily from the Idaho National Engineer ing Laboratory 
(INEL) and the Rocky Flats Plant . At present,  the Rocky Flats Plant ships i ts 
waste to the INEL , and most of the inventory at the INEL has come from Rocky 
Flats . By the time the WIPP is in operation , Rocky Flats is expected to 
process i ts waste and , for impact analysis , was assumed to ship i t  directly to 
the WIPP instead of to Idaho. Other s i tes that would ship their waste to the 
WIPP but are not di rectly considered in the impact analysis include the Han
ford complex in southeastern Washington , the Los Alamos National Scientific 
Laboratory in north-central New Mexico , and the Savannah River Plant in South 
Carolina. 

In arranging for waste transportation ,  the DOE will select the mode of 
transport ( rail or tr uck) and the type of carrier 1 the DOE may also select 
major junction and interchange points along the routes to be followed by 
contract and common carr iers . Should the DOE or i ts contractor become a 
pr ivate carr ier , specific routes could be designated by the DOE . The contract 
and conunon carr iers will make whatever routing arrangements are necessary and 
appropriate within the operating author i ty granted them by the Interstate 
Conanerce Commission .  They will select routes for safety and shortest transi t 
time. A selection of typical rail-transpor tation routes to the WIPP from each 
source of contact-handled TRU waste is shown in F igure 6-1 .  A number of routes 
could be selected by the railroads , but the number of routes within 200 miles 
of the WIPP is probably l imited to the routes shown in F igure 6- 2 .  On either 
ra il route , the waste shipments would travel through Clovis ,  Roswell , 
Carlsbad , and Loving , New Mexico. 
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Figure 6-1 . Typical rail transportation routes from principal sources {open circles) . 

A number of tr uc k routes could be used , as shown i n  F igure 6-3 , but once 
the tr uck is within 200  m iles of the WIPP , the number of l i kely routes is  
probably decrea sed to one . As shown in F igure 6-4 , shipments from the INEL 
and Rocky Fla ts would most li kely come th rough Vaughn ,  Roswell , and Carl sbad , 
New Mexico. I t  is assumed for this analysis tha t tr uc k shipments will follow 
approximately the same rou tes as rail shipments . The approximate shipping 
distance s between the WI PP and the DOE si tes are given in Table 6- 1 .  

Table 6-1 . Shipment Di stances 

Location 

Idaho National Enginee r i ng Laboratory 
Hanf ord S i te 
Los Alamos National Sc ient ific 

Labor atory 
Savannah River Pl ant 
Rocky Flats Plant 
Oak Ridge National Labora tory 

. 6- 13 

Distance 
Truck 

1200 
1750 

340 
1500 

700 
1300 

(miles ) 
Ra il 

17 5 0  
2 3 0 0  

NA 
1500 

750 
1 6 0 0  
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Figure 6-2. Probable rail routes within 200 miles. 
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Figure 6-3. Typical truck transportation routes to the WIPP. 

-

The INEL will ship a small quantity of remotely handled TRU waste to the 
WIPP . Other source s of remotely handled TRU waste are the Oak Ridge National 
Labora tory in Tennessee , the Hanford S i te in southeastern Washington , and Los 
Alamos 1 this analysis does not consider the latter three sources , however . 
The routes for remotely handled TRU waste from the INEL are expected to be the 
same as those for contact-handled TRU waste . 

Sour ces of the high- level waste to be used in the exper imental program are 
not defined at present . It is expected , however , that this waste will come by 
ra il either from the Pacific Northwest Labora tory (PNL) near the Hanford S i te 
in the State of Washington or from the Savannah River Plant in South Carolina .  
I f  the high-level waste comes from the PNL ,  the routes through New Mexico 
could be the same as those descr ibed for the contact-handled TRU waste1 if it 
canes from Savannah River , however , it will probably traverse Texas and turn 
towar d New Mexico at Pecos , Texas . Shipments would then pass through Malaga 
and Loving in New Mexico. 
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F igure 6-4. Probable truck routes within 200 miles. 

6 . 5  VOLUMES OF WASTE AND NUMBER OF SHIPMENTS 

The quantities of waste stored at the var ious DOE sites are not precisely 
known; that is , the estimates of these quantities (Dieckhoner , 1978--see 
Appendix E in this document) have large uncertainties associated with them. 
This section estimates the shipnent volumes for the various waste types and 
details how the number of shipments is calculated . 

6 . 5 . 1 Contact-Handled TRU Waste 

Table 6-2 gives the volume of waste shipped per year and the volumes of 
contact-handled TRU waste stored at the INEL . The waste volumes stored at the 
INEL were obtained from Appendix E .  It i s  assumed that the waste shipped from 
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the INEL to the WIPP is limi ted to the wa ste now stored above the gr ound . The 
Roc ky Flats Plant (RFP) produces much contact-handled TRU wa s te that ha s been 
and is be ing shipped to the INEL ;  this prac tice is assumed to con tinue until 
the WIPP becomes operati onal . By that time , Roc ky Flats is expected to be 
proce ss i ng all of the wa ste i t  generates and to ship i t  di rec tly to the WIPP . 

For contac t- handl ed TRU wa ste ,  no volume reduction wa s assumed because no 
proce ss i ng techn ique ha s been spec i f ied ;  reduction factors would vary signif i
cantly with the technique used. 

I t  is est imated tha t one- third of all INEL con tact-handled TRU waste will 
be shipped in boxes and two-thi rds in dr ums . The waste shipped directly from 
Rocky Flats is expected to be two- thi rds boxes and one- thi rd dr ums . I t  is  
estima ted that the backlog of wa ste will be el imi nated dur ing a 10-year cam
pa ign , al though the ex ist ing fleet of ATMX railcars and S uper Tigers is insuf
f i ci ent to accommodate the backlog in 10 year s .  New production volumes for 
the INEL were taken f rom Appendix E ;  new produc tion at Rocky Fl ats was esti
ma ted . The total volume shipped each year is the s um  of backlog el imination 
and new produc tion .  Even if the bac klog volume is  wor ked off in 10 years ,  the 
total volume shipped each year , as est imated in this analys i s ,  will be less 
than the maximum throughpu t of the WIPP as def i ned in Chapter 8 .  

Table 6-3 pres ents estimates of the wa ste volumes that will be contai ned 
in the shipments of contact-handled TRU waste . Both boxes and dr ums are 
cons idered .  The volume-per-sh ipment numb ers were genera ted f rom the number s 
of boxes or dr ums tha t could be shipped in a Super Tiger or an ATMX railcar 
since the de sign d imensions of new packagings are still subj ec t to change.  

Loca tion 

INEL ( box ) 
INEL ( dr um) 
RFP ( box ) 
RFP ( dr um) 

Total 

INEL 

Table 6-2 . Volume of Waste Shipped per Year 

Bac klog 
waste 

Volume 
Backlog 

waste transpor ted 
per yeara 

New wa ste 
produc tion 

per yea r 

CONTACT-HANDLED TRU WASTE 

700 , 00 0  70 , 0 0 0  23 , ooo b 

1 , 3 00 , 000 130 , 0 00 45 , 0 0 0  
None None 67 , 00 0  
None None 3 3 , 000  

2 , 00 0 , 00 0  200 , 000  170 , 000  

REMOTELY HANDLED TRU WASTE 

14 , 000 1 , 40 0  2 , 8 00 

aAss umes bac klog volume is tr an spor ted in 10 year s .  
�rom limi ted source s  other than the INEL . 

Total wa ste 
shipped 

per year 

93 , 00 0  
180 , 0 00 

67 , 000  
3 3 , 0 0 0  

370 , 0 0 0 C  

4 , 2 00 

cTh is value is a best est imate , bu t the uncertainties in  it �ay be 
as high as +200% , - 50 % . 
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Table 6-3 . Volume of Waste in a Sh ipment 

Mode 

Ra ila 

Ra il 
Truckb 

Tr uck 

Ra il 
Tr uck 

Conta ine r 

Box 
Dr um 
Box 
Drum 

Volume of 
conta ine r 

( ft3 ) 

CONTACT-HANDLID 

112 
7 . 4 

112 
7 . 4 

REMOTELY HANDLED 

42 
42 

Number of 
conta ine r s  

per sh ipment 

TRU WASTE 

TRP 

24 
1 26 

8 
42 

WASTE 

5 
1 

aATMX ra ilcar assumed for ra il  sh ipment .  

wa s te volume 
per sh ipment 

( ft3 ) 

2700 
9 30 
900 
3 10 

210 
42 

bType B conta iner for tr uck sh ipment assumed to hold e ight 
boxes .  

Tables 6-2 and 6-3 were used to generate Table 6-4 , wh ich presents the 
number of sh ipments of contac t-handled TRU waste to the WIPP s i te each year . 
One add it i onal ass umption wa s made in estimat ing the number of sh ipments : 25t 
of the total vo lume _was a ssumed to be sh ipped by tr uck and 75% by rail . 

6 . 5 . 2  Remote ly Handled TRU Waste 

The number of sh ipments of remote ly handled TRU waste wa s dete rmined by 
inethcds i dentical w ith those used for contact-handled TRU wa s te .  The backlog
wa ::;tp volumes were obta ined from a DOE repor t ( Append ix E) . As suggested in 
S ec t i on 6 . 3 . 2 ,  remotely handled TRU waste could be sh ipped in at least two 
c�n f igurat ions . To determi ne the number of sh ipments , th is waste was assumed 
to be can i stered and placed in heav ily sh ielded casks .  Five canisters were 
a ss umed for each ra il sh ipment and one can ister for each truck shipment. 
Using the vo lume-sh ipped-per-y ear value s  f rom Table 6-2 and the volume-per-
sh ipmen t values from Table 6-3 , the annua l  number of sh ipments of remotely 
h 3ndl ed TRU wa s te was ca lcula ted ( s ee  Table 6-4 ) . 

6 . 5 . 3 �igh-Leve l  Waste for E?Cper iments 

Very small quant it ies of h igh-level wa ste will be sh ipped to the WIPP for 
use in exper iments . The e xper imental prog ram is be ing developed , and the 
expec ted quantities of h igh-level wa ste are est imated to establish baseline 
transpor tation requi rements . Cur rent e st ima tes w i ll requi re the equivalent of 
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Location 

INEL ( box) 
INEL (drum) 
RFP ( box) 
RFP (drum) 

Total 

INEL 

Table 6-4 . Annual Sh ipments of Wa ste 

Ra il Tr uck 
Waste volume 

(ft3 ) 
Number of 
shipments 

Wa ste volume 
( ft3 ) 

CONTACT-HANDLED TRU WASTE 

70 , 00 0  26 23 , 00 0  
140 , 0 00 155 50 , 0 0 0  

50 , 00 0  1 9  17 , 0 0 0  
25 , 0 00 27 8 , 0 0 0  

290 , 00 0  227 100 , 00 0  

REMOTELY HANDLED TRU WASTE 

3 , 100  15  110 , 00 0  

Number of 
shipments 

26 
16 1 

19 
26 

232 

26 

40  can i sters of high-level waste . Since only ra il casks have been des igned 
for high-level wa ste and since the designs allow a maximum of seven can isters 
per cask , it has been assumed for a conservative consequence analysis that a 
total of six sh ipments will be made dur ing the operating life of the WIPP . It 
is more likely, however ,  that more shipments would be made because the casks 
may not be complete ly loaded with canister s 7  the high-level waste will probably 
be shipped only as the exper iments are set up . Not all of the sh ipments are 
li kely to be made dur ing the fi rst year , but they should be completed within 
the fi r st 2 or 3 years of operation . 

6 . 6  COST OF TRANSPORTING CONTACT-HANDLED TRU WASTE TO THE WIPP 

The estimated cost of transporting to the WIPP the contact-handled TRU 
wa ste currently stored in Idaho and the waste to be generated at Rocky Flats 
over a per iod of 30 years is $230  mi llion.  Th is cost includes the costs of de
veloping the packag ings , of producing 14 ra il and 13 tr uck packag ing systems , 
and of shipping the wa ste f rom the INEL and Rocky Flats . The development costs 
are expected to be $10 million .  The product ion costs for the ra il and the 
tr uck sy stems are est ima ted to be $22 million . (The number of systems required 
wa s based on the assumption that 25% of the waste is sh ipped by truck and 75% 
by ra il . ) The rema in ing $198 million will be the cost of shipping the waste . 
In calculating this cost , the current rates  of wa ste transpor ta tion from Rocky 
Flats to the INEL were extrapolated to 1990 using an inflation rate of 10% and 
were adjusted for distances to the WIPP . The shipments were assumed to be lim
ited by the volume of the waste in the packag ing and not by the we ight of the 
waste in the packag ing 7 loads will normally be limi ted by volume if the waste 
is not proce ssed . The $ 230 million cost estimate does not include the costs 
of shipping remotely handled TRU waste or high-level waste for experiments . 
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6 . 7  RADIOLOGICAL IMPACTS OF WASTE TRANSPORT UNDER NORMAL CONDITIONS 

D i fferent forms of radioactive wa ste will be shipped to the WIPP from three 
or four location s ,  by var ious modes of transpor t ,  and in var ious packag ing s .  
All sh ipments w ill comply with DOT requirements to protect the public from ex
posure to rad iation .  After de fining the cond it ions of normal transpor t and 
outlining the procedures used in the impact analys is , th is sect ion presents 
the pred icted impac ts of wa ste transpor t under normal cond it ions . 

6 . 7 . 1  Condi tions of Normal Transport 

In normal transpor t ,  the package of rad ioactive mater ial arr ives at its 
de st i nat ion without releas ing i ts contents . The potent ial exposure of people 
to rad iation ar ises from the rad iation emitted by the rad ioactive mater ial 
ins ide the sh ipping conta iners .  EVen though the packaging has rad iat ion 
shields to protect the public and the workers involved in waste transpor t ,  a 
radioactive-wa ste shipment exposes the populat ion near the route to radiat ion � 
this exposure , however , occurs at a very low dose rate that will not exceed 
Federal regulations . 

The population groups exposed to radiation are , in order of decreasing 
exposure , those who d i rectly handle waste packages �  people wor king in the 
vicin ity of the packages and those accompanying them (member s  of the tra in 
c rew or tr uck dr ivers) � and bystander s ,  including people liv ing or wor king 
along the route , passing motor ists , and tra in passenger s .  People nearest the 
tr anspor ted radioactive mater ials receive the highe st dose s .  

I n  the analysis- of wa ste transpor t to the WIPP site , the evaluations of 
radiological impac ts under normal cond it ions cons idered the doses received by 
shipping crews as well as by the public.  

6 . 7 . 2  Procedures Us ed in Analysis 

Th is analysis uses the methods recormnended and used by the NRC in its 
environmental statement on the transportat ion of waste (NRC , 1977 ) . These 
methods provide quant itative est imates of doses that might be delivered to the 
public by the transport of radioactive mater ial to the repos i tory .  The normal 
transpor tation dose wa s evaluated by the RADTRAN computer code ( Taylor and 
Daniel , 1977 ) , a code used by the NRC as well . 

The normal transportation dose is est imated from information entered into 
the thr ee  models that RADTRAN compr ises (Figure 6-5) . The standard-sh ipment 
model requires input about the mater ials shipped , the transpor t index (dose 
rate in m illi rem per hour at 3 feet from the access ible exter ior surface of 
the package) , the type of shipping conta iner , the number of sh ipments per year , 
the number of miles per shipment , and the mode of shipment . The transportat ion 
model requires such informat ion as tra ffic patterns and miscellaneous shipment 
information .  The population-d istr ibution model is used to define populat ion 
densi ties along shipp ing lanes .  

The assumed number of sh ipments of contact-handled TRU waste from the INEL 
and Rocky Flats is g iven in Sect ion 6 . 5 .  All INEL wa ste stored above the 
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Figure 6-5. RADT RAN models used in  calcu lating the impacts of 
transportation u nder normal conditions. 

g round would be sent to the W I PP ; bur ied wa ste wou ld not .  The Roc ky Flats 
Plant p r oduces much of the contact- hand l ed TRU wa ste thD t ha s been sh i pped to 
Idaho in the past ; this pra c t i ce is assumed to con t i nue unt i l  �he W I PP becomes 
ope rat i onal . I t  is a ssumed that by then Roc ky Fla ts w i l l  have begun process
i ng all of its wa ste and sh ipp ing it d i rectly to the W I PP . The number of 
sh ipments of remotely handled TRU wa ste and h i gh- leve l wa ste for exper iments 
i s  a l so g iven i n  Sec t i on 6 . 5 .  

Table 6 - 5  presents se lec ted da ta used a s  i nput to RADTRAN . Much of the 
informa t i on wa s ba sed on eng i neer i ng j udgment and is con s i stent wi th a recent 
RADTRAN ana lys i s  of tr uck and ra i l  transpor t ( Sm i th and Taylor , 197 8 ) . Much 
of the i n f orma t i on is conserva t i ve and w i l l  result in ove rest ima tes of dose s .  

The max imum i nd iv idua l dose wa s calcu la ted from an equat ion tha t i s  
central to RADTRAN :  

where 

D (x )  

00 

2 k f e- µr B ( r )  dr 
v x r ( r 2 x2 ) 1/2 

K = dose-rate factor (mrem- f t 2/hr ) 
v = ve loc i ty (mph ) 

µ = 

r = 

x = per pend icular d istance from sh ipment pa th ( f ee t )  
absorpt i on c oe f f i c i ent f or a i r  ( 0 . 0 11 8  per foot ) 
d i s tance from sour ce ( feet ) 

B = 

D (x)  = 
Berger bu ildup f ac tor in a i r  ( B ( r )  = 0 . 0 0 0 6 r  + 1 )  
dose at per pend icu lar d i stance x 

6 - 2 1  
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Table 6-5 . Miscellaneous Input to the RADTRAN Code 

Parameter 

Number of crewmen 
Mean velocity while crew is aboard, mph 
Distance from source to crew , feet 
Stopover , hours 

In high-population zone 
In medium-population zone 
In low-population zone 

Speed , mph 
In high-population zone 
In medium-population zone 
In low-population zone 

Fraction of travel 
In high-population zone 
In medium-population zone 
In low-population zone 

Traffic count, cars or trains per hour 
In high-population zone 
In medium-population zone 
In low-population zone 

Number of people per vehicle 
Dose rate , mrem/hr 

Contact-handled TRU waste ( surface 
of Super Tiger or ATMX car ) 

Remotely handled -TRU waste (6 feet from 
surface of Super Tiger or ATMX car ) 

High-level waste (6 feet from cask surface) 
Dose-rate factor , mrem-ft2/hr 

Contact-handled TRU waste 
Remotely handled TRU waste and high-level waste 

Truck 

2 
51 . 5  
10 

1 
5 
2 

15 
25 
55 

0 . 05 
0 . 05 
0 . 90 

2800 
780 
47 0 
2 

2 

10 
10 

325 
1000 

Ra il 

5 
38  
500 

0 
0 
24 

15 
25 
40 

0 . 05 
0 . 05 
0 . 90 

5 
5 
1 
5 

2 

10 
10 

780 
1000 

Equation 6-1 is used to calculate the dose rece ived from a shipment by a 
person standing x feet away along a line perpendicular to the shipment path. 
The person is assumed to remain stationary while the shipment passes .  The 
average velocities for tr uck and rail and the dose-rate factors ,  all given in 
Table 6-5 , were used . The person rece iving the highest exposure was assumed 
to be only 25 feet from both shipment paths and to watch every shipment to the 
WIPP . In other words ,  this most-exposed person would watch 459 shipments of 
contact-ha�dled TRU waste ( 23 2  by tr uck and 227 by rail) as well as 41 ship
ments of remotely handled TRU waste ( 26 by truck and 15 by rail) annually from 
a vantage point that is only 25 feet from the shipment path. 

The dose delivered to a person who is r iding in a car stopped beh ind a 
stalled tr uck is calculated from the equation 

( 6-2)  
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where 

� 
K 
µ 
r 
B 
T 

= 
= 
= 
= 
= 
= 

dose (mrem) 
dose-rate fac tor ( 32 5  mrem-ft2/hr for tr uck )  
absorption coeffic i ent for a i r  ( 0 . 0 118 per foot) 
distance from source ( feet )  
Berger bu ildup f ac tor in a i r  (B ( r )  = 0 . 0 0 06r + 1 )  
time du r ing wh ich the per son stays near the tr uck (hou r s )  

The equation is used to calculate the dose resul ting f rom a n  occu r rence in 
wh ich a tr uc k carrying contact-handled TRU waste stall s ,  congests traff i c ,  and 
prevents following cars from proceed ing . It was a ssumed that for 2 hour s  the 
tr uc k cannot be moved to the side of the road to allow car s  to pass . The 
d i stance f rom the car pa ssenger to the ca sk is a ssumed to be 20 feet ; the pas
senger is ass umed to rema in in  the car for the entire 2 hours wh ile the tr uck 
is sta lled .  No cred it is tak en for the sh i e ld ing provided by the glass and 
steel of the car . The dose-rate factor is calculated to be 3 2 5  mr em-ft2/hr , 
the value g iven in Table 6-5 . 

6 . 7 . 3 Res ults of the Ana lysis 

The res ults of the RADTRAN analysis are pre sented in Tables 6-6 , 6-7 , and 
6-8 . The population doses in Tables 6-6 and 6-7 are g iven in un i ts of man-rem . 
These results are the tota l doses rece ived by persons living along each sh ip
ment rou te , motor ists tr ave ling i n  the same and oppos i te d i r �tions , and people 
around the sh ipment wh ile it is stopped . The doses to the transpor tat ion crews 
are g iven in Table 6-8 . 

The signif icance of the population doses can be examined by compar ing them 
w ith the doses rece ived by the same population f rom natural bac kg round radia
t ion .  The doses for per sons liv ing along each sh ipment route , for example , can 
be compared d i r ect ly with the natu ral-bac kg round doses that would be rece ived 
by people living with in half a mile of the sh ipping route . At th is distance 
doses f rom transpor tation become neg l ig ible . Th is compar i son can be made as 
spec ific as poss ible by cons ider ing the tr uc k  rou te from Rocky Flats . 

Approx imate ly 4 50 , 0 0 0  people l ive in the 1-mile-wide str ip along the rou te 
from Rocky Flats to the WIPP site . Th is populat ion est imate is probably high, 
bu t it is the number that wa s  calculated by RADTRAN f rom the conservative 
inpu t �  the conservat ism is a result of averag ing population dens ities for 
rou tes f rom a ll sour ces . If each per son along the rou te rece ives an ave rage 
of 0 . 1  rem annua lly from natural background sources (Append ix 0) , the popu
lat ion dose resul ting f rom natu ral radioac t ivity is 45 , 0 00 man- rem for the 
tr uc k  rou te from Rocky Flats . The add it ional annual populat ion dose of 0 . 4  
man-rem f rom normal transpor tation, g iven in Table 6-6 for the sum of box and 
dr um sh ipments , is thu s only about 0 . 0 0 1% of the dose rece ived by the same 
population f rom natu ral source s .  

S imi lar compar isons can b e  made for the other doses pred icted by the 
RADTRAN analy s i s . They show that the dose r ece ived by the public from the 
transpor t of wa ste to the WIPP is many times smaller than the dose rece ived 
f rom natural backg round . 
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Table 6-6 . Calculated Rad iation Doses from the Normal Transpor tation 
of Contact-Handled TRU Waste 

Annual dose (man-rem) 
Number Populat ion Populat ion 

Or ig i n  o f  Miles Miles along surround i ng 
and shipments per per sh ipp i ng Pa s s i ng sh ipments at 
mode per year shipment year route s motor ists rest stops Tota l 

INEL ( box) 
Tr uck 26 1200 3 1 , 00 0  0 . 096 0 . 04 9  0 . 16 0 . 3 1 
Ra il 26 1 7 50 46 , 0 0 0  0 . 3 4 0 . 0 0 0 3  0 . 007 0 . 3 5  

INEL (dr um) 
Tr uck 16 1 1200 190 , 00 0  o .  5 9  0 . 3 1  0 . 99 1 .  89 
Ra il 155 1 7 50 2 7 0 , 000 2 . 1  0 . 0 0 2  0 . 04 2 . 14 

RFP ( box) 
Tr uck 19 700 13 , 00 0  0 . 04 0 . 0 2 0 . 12 0 . 18 
Ra i l  19 7 50 14 , 000 0 . 11 0 . 0 0 0 1  0 . 0 0 5  0 . 1 2 

RFP (drum) 
Tr uck 26 700 18 , 00 0  0 . 06 0 . 0 3 0 . 16 0 . 2 5 
Ra il 27 7 50 20 , 0 0 0  0 . 15 0 . 0 0 0 1  0 . 0 0 8  0 . 16 

Total 4 59 60 2 , 0 0 0  3 . 5  0 . 4 1  1 . 5 5 . 4  

Table 6-7 . Calculated Radiation Doses from the Normal Transportation 
of Remotely Handled TRU Waste and High-Level Waste for 
Exper imen ts 

Annua l dose 'man-rem) 
Number Populat ion Populat ion 

Or ig i n  o f  Miles Miles along surr ound ing 
and sh ipments per per shipp i ng Pa s s i ng shipments at 
mode per year shipment year route s motor ists rest stops Total 

REMOTELY HANDLED TRU WASTE 

INEL 
Truck 26 1200 3 1 , 00 0  0 . 2 9 0 . 15 0 . 4 9 0 . 9 3 
Ra i l  1 5  1 7 5 0  26 , 000 0 . 26 0 . 0 0 0 2  0 . 0 0 5  0 . 26 

Total 4 1  57 , 00 0  o . ss 0 . 1 5 a . so 1 . 19 

HIGH-LEVEL WASTE 

Hanfor d ,  
r a il 6 2 3 0 0  13 , 80 0  0 . 14 0 . 0 0 0 1 2  0 . 0 0 2  0 . 14 
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Table 6-8 . Calculated Radiation Doses Received by Transportation Crews 
from All Waste Types 

Annual dose (man-rem) 
CH TRU wa ste (box) CH TRU waste (drum) RH TRU High-level 

Mode INEL RFP INEL RFP waste 

Tr uck 2 . 4  1 . 0  14 . 9  1 . 4  2 . 4  
Rail 0 . 0 1 0 . 004  0 . 08 0 . 0 0 6  0 . 01 

aNot applicable . 

O CH waste, truck 
O CH waste, rail 
.A. R H  waste, truck 
• R H  waste, rail 

1 0-6 .... ____ ..._ ______________ .... ____________ ....i., 
4 1 0  1 00 1 000 

Distance from road (feet) 

Figure 6-6. Radiation doses received by a person standing near 
various waste shipments as they pass. 
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The most-exposed per son (descr ibed in Section 6 . 7 . 2 )  would receive an 
additional 0 . 00015 rem annually . This dose can be compared directly with the 
0 . 1-rem bac kground dose he would receive annually . Figure 6-6 presents addi
ti onal data for an individual exposed to a single waste shipment. Each curve 
on the graph define s  the dose rece ived from one shipment of waste at varying 
di stances f rom the shipnent pathJ each curve represents a different waste 
type.  For example ,  a person standing 10 feet from the path of a truck that is 
carrying contact-handled TRU waste would receive about 0 . 0000003 rem per 
shipment ( 0 . 1  rem for every 3300 shipments) . 

The person detained in a car for 2 hours while waiting for the stalled 
tr uck to move would receive an· external dose of about 0 . 0016 rem. 

In all scenar ios examined for normal transport ,  the additional increment 
of exposure rece ived by the publ ic is very small when compared with annual 
exposures to backg round radiation.  The health effects resulting from this 
exposure would be undetectable (Appendix 0) . 

6 . 8  RAD IOLOGICAL IMPACTS OF WASTE TRANSPORT UNDER ACCIDENT CONDITIONS 

This section discusses the potential impacts of transportation accidents 
on the publ ic.  It addresses these que stions : What is the likel ihood of these 
accidents? What are the effects of accidents that result in s9111e release of 
radioactive mater ial? 

To answer these questions , acc ident scenar ios were developed, they model 
low-probability transportation accidents . Accidents that could release some 
radioactive mater ial would have to be severe enough to break open a Type B 
packaging . Accidents of such sever ity have a low probabili tyJ  accidents that 
could occur with a high probabil i ty would not be severe enough to release 
appreciable amounts of radioactivi ty. 

After the scenar ios were developed , the quantities of released radioactive 
mater ial were e stimated . Using these release estimates , an asswned population 
distr ibution surround ing the accident location,  and assumed weather condi tions 
at the time of the accident , an assessment was made of the effects of the acci
dent en the public.  Using the assumed condi tions of release , the probability 
of release was estimated f rom publ ished data (Dennis et al . ,  197 7 J  NRC , 1977 ) . 

6 . 8 . l Accident Conditions Exceeding Regulatory Test Conditions 

• 
Most transportation accidents would not be severe enough to release any 

radioac tive waste from the packagings that will be used for the WIPP . In all 
the scenar ios ,  DOT Type B packagings were assumed because the radioactivi ty 
content of all the expected shipments will exceed the limits for Type A packag
ings . A descr iption of their behavior under accident conditions (NRC , 1977)  
was used in estimating the amount of mater ial released in all the scenar ios . 
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Figu re s 6-7 and 6-8 , taken from a study (Dennis , 1978)  of ac tual acc idents , 
show the cumulative probability of rail and tr uck accidents as a function of 
the change in velocity exper ienced by the pac kaging or the du ration of a 
fi re.  These f igu res can be used to determine what pel'Centage of accidents 
resul t in environments at least as severe as the envi ronments produced dur i ng 
the te sting of Type B packagings . 

All Type B packagings are certif ied to survive sequential exposure to a 
ser ies of te st envi ronments . These test envi ronments , descr ibed i n  4 9  CFR 
173 . 398 , are designed to simulate very severe transportation acc idents . The 
complete sequence consists of the following tests in the order i ndicated : 

1 .  Drop test : a 30-foot drop onto an unyielding target .  
2 .  Puncture te st:  a 40-inch drop onto a 6-inch-diameter probe . 
3 .  Thermal test:  a 30-minute-duration fire at 147 5°F . 
4 .  Water- immersion test:  an 8-hour submersion i n  water . 

The existing certification- test standards for Type B packag ings are super
imposed on F igures 6-7 and 6-8 . F igure 6-7 shows the cumulative probabil i ty 
of tr uck and rail transport acc idents ver sus the velocity change tha t occurs 
dur ing these acc idents . Normally , the greater the packaging veloci ty is at 
impact,  the greater the sever ity of the impact.  S imilarly , Figure 6-8 shows 
the cumulative probability of occurrence versus the duration of a f i re in a 
tr uck or rail accident.  The measure of f i re sever ity i s  the duration of the 
fire.  The min imum protection levels provided by the certif ication-test se
quence for Type B pac kag ings for the impact and f i re environments are given in 
Table 6-9 . 

The information in Table 6-9 can be stated in a different manner . In the 
drop te st the packaging s tr ikes an unyielding surface at an impact veloci ty of 
30 miles per hour . The transporting vehicle would have to be traveling at a 
much greater velocity (more than 6 0  miles per hou r )  in  order for i ts package 
to impac t at 30 miles per hour : exper iments show that the crushing of the 
vehicle would slow a package f rom 6 0  to 30 miles per hour . Furthermore , there 
are few ,  if any , tr uly unyielding surfaces along transportation routes.  For 
these r ea sons , more than 99 . 5% of all tr uck accidents and more than 9 9 . 6 %  of 
all ra il accidents are less severe (less intense) than the regulatory requi re
ments for the impact envi ronment . S imilarly , the f i re envi ronment of the 
standards provides protection against fi re envi ronments that are not li kely to 
be exceeded in 99 . 9% and 99 . 8% ,  respectively , of all tr uck and rail accidents 
resul ting in fire.  

Table 6-9 . Percentage of Accidents That 
Do Not Exceed the Test Condi
tio"?i"S" in Regulatory Standards 

Transport mode 

Truck 
Ra il 

Impact 

99 . 5% 
99 . 6 % 

6-27 

F i re 

99 . 9% 
9 9 . 8%  



1 .00 

0.996 
0.995 

� 0.95 

:a 
.: a ;. 
.� 
.! � D u 0.90 

Source: Dennis, 1978 
0.85 "----'----'----'---'---�--60 0 1 0 20 JO 40 50 

Velocity change (mph) 

Velocity change associated with 
uisting impact qualification 
stand1rds (hypothetical accident-
49 CFR 1 73.398) 

F igure 6-7. Cumu lative probabil ity of velocity changes due to impact, 
given a reportable tru ck accident or a reportable train  
accident. 

1 .0000 r-1-1--1-=::I:::=::r=====t 
0.9990 
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Sourca: Dennis, 1978 

D.985 .._ _ __...___---& __ __...__ _ __...__ _ __. __ ___, 
50 60 0 1 0 20 JO 40 

Fira duration (minutes ) 

Fire duration associated with 
existing qualification sund1rds 
for fire (hypothetical accident-
49 CFR 1 73.J9Bl 

F igure 6-8. Cumulative probabil ity of fire du rations, given a reportable truck 
accident or a reportable train accident. 
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As shown in Table 6-9 , the 49 CFR 17 3 . 3 9 8  li cens ing-cr ite r ia te sts prov ide 
complete protec tion for all but a very sma ll fract ion of tr uck and ra il acc i
dents involv ing Type B pack ag ing s .  However ,  in the rema inder of th is sec tion , 
acc idents more seve re than those cove red i n  49 CFR 17 3 . 3 98 are cons ide red for 
purpose s of ana lysis . 

6 . 8 . 2 Acc ident Cond it ions for Scenar ios 

Five hypothet ical acc idents ( one for each type of wa ste and mode of 
transpor tation) are cons ide red in th is sec tion . They would be spectacular 
acc idents that would requ ire a compound ing of un li kely c ircumstances . The 
sh ipping data and acc i dent rates d iscu ssed ear lier were used to calcula te the 
annua l number of acc iden ts of all �ypes and modes . The probabili t ies of these 
hypothetical acc i dents are given in Table 6 - 1 0 . S i nce many parame ter s ( plume 
s i z e ,  cloud he igh t ,  wind direc tion , packag ing damage , and populat ion 
dens ities) have been sel ec ted conservative ly in order to bound the conse
quences of transpor ta t ion acc idents , the probabilit ies of the acc idents 
hypothe sized here are very small . The scenar io analysis descr ibed below wa s 
per formed for acc iden ts whose effec ts are much mor e severe than those of the 
va st ma j or ity of ac tual transpor ta tion acc idents . The l ikelihood that such 
severe acc iden ts will occur at all is nea r ly zero,  as can be seen in the th ird 
column of Table 6- 1 0 .  

6 . 8 . 3 Procedure : Construc tion of Acc ident Scenar ios 

Th is analy s is is based on the f i ve d i fferent acc ident scenar ios de scr ibed 
below . Each of the scenar ios wa s ass umed to ta ke place in two locat ions with 
d i fferent population dens ities and d i str ibu tions . To model typical urban 
populat ion cente r s  along the rou te s that will car ry wa ste to the WIPP , the 
study uses deta i led population da ta for a large urban area (Albuquerque , New 
Mexico) and for a sma ll ur ban area (Car lsbad , New Mex ico) . The use of spec ific 
data does not re str ict the appl icab i l ity of the resul ts of the study ; the se 
par ticular ur ban area s we re se lected becau se the ir population densities are 
representative of many other c i ties along potential rou te s .  

Climatic cond it ions we re se lec ted to produce the greate st cred ible popula
tion doses . Becau se cond itions preva iling at the t ime of an acc ident are 
lik ely to vary widely , there are no typical cond it ions repre sentat ive of all 
the urban areas along the rou te . Pasqu i ll atmospher ic stab i lity ca tegory F 
( stable cond it ions ) ,  a wind speed of 2 . 2  miles per hour ( 1  mete r per second ) 
and an i nver sion layer at 3 3 00 f eet ( 10 00 meters )  we re used to ca lculate the 
d isper s ion of the rad ioac tive mate r ial re leased . These are typ ical of n ight 
cond itions with l imi ted atmospher ic mixing and therefore the g rea te st 
concentrat ions of disper sed mater ial s .  It has been suggested that other at
mospher ic stab i l ity ca tegor ies will not produce g r eater impac ts ,  b ecause of 
the h igher wind speeds assoc iated with them . Even though other categor ies may 
result in h igher g round- leve l concent rations than ca tegory F if  the wind 
speeds are the same , category F re sults in the greatest concentrations at the 
wind speeds that accompany the categ or ie s .  I n  se tting up the mathematical 
ana lysis of the acc idents , a vir tua l po int source wa s used to s imulate a 
d isper sed sou rce 49 f eet h igh,  a release he ight that , wh ile representat ive of 
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Table 6-10 . Approximate Frequency of the Hypothetical Acc idents 
Presented in Th is Section 

wa ste type and 
transpor tation mode 

Contact-handled 
TRU waste 

Ra il 
Tr uck 

Remotely handled 
TRU waste 

Ra il 
Tr uck 

High-level waste 
for exper iments , 
ra il 

Frequency of 
all acc idents 

( per year)  

3 . S  
0 . 6  

0 . 3  
0 . 07 

o . ua 

a For 1 year only . 

Frequency of 
acc idents exceed ing 

regulatory test 
cond itions 
(per yea r )  

0 . 00 7  
0 . 0 0 06 

0 . 0 0 0 6  
0 . 0 00 07 

0 . 0 0 0 28 

Est imated 
interval between 

acc idents under 
scenar io cond itions 

(years)  

40 , 000  
450 , 000  

450 , 000  
4 , 0 00 , 000  

1 , 00 0 , 00 0  

re lease he ights in acc idents involv ing fire , max1m1zes the exposure of a 
close- in i l'¥3 ividual . The released rad ioac tive mater ial was assumed to pa ss 
into the most densely populated areas in the modeled reg ions � in  all prob
ability , the wind would actua lly blow toward the most densely populated areas  
only a fraction of_ the time . Population densities out to a distance of  50 
miles were used in the calculation.  

The compute r code AIRDOS-II (Moore , 1977 ) ,  used to compute the disper sal 
of the radioac tive mater ial and to predict its transport to the public, a ssumes 
that the acc ident location and the surround ing terra in are flat and that the 
plume of d isper sing rad ioactive mater ial does not interact with bu ild ings or 
other sur face irregular ities.  In an urban environment with bu ild ings,  sur face 
ir regular ities,  and thermal anomalie s ,  a plume will d isperse more rapidly than 
in open country.  Consequently , stability category E ( slightly stable) or F 
( stable) is more appropr iate than category G ( extremely stable ) .  D iffusion 

cond itions typical of stability category F were chosen to obta in a conserva
tive midrange atmospher ic cond i tion .  No scaveng ing of radioactive mater ial 
from the plume by ra i n  or snow wa s  assumed . The quantity of radionuclides 
released,  population dens itie s ,  and meteorolog ical data were input to 
AIRDOS- II . 

' 
The output from the AIRDOS-II code is the effects exper ienced by the gener-

al public.  In th is study these e ffects were evaluated in terms of rad iation 
dose s  rece ived from exte rnal exposures and SO-year rad iation-dose commitments 
rece ived from continuing exposure to i nhaled rad ioact ive mater ial . The more 
impor tant of these eff ec ts were the SO-year dose commitments . 

Although it is possible that a severe transpor tation acc ident would con
taminate crops or an imals,  the affected areas would be small enough to be 
placed under str ict controls shortly after the acc ident.  Af ter acc idents 
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whose sever ity even approaches the sever ity of those postulated in this anal
ys is ,  crops , milk , and an imals would be inspec ted : if contaminated , they would 
be condemned and destroyed (NRC , 1977 , pp .  5-33 and 5-38 ) . Radiation exposures 
f rom eating contaminated food are therefore not cred ible results of a transpor
tation acc ident . Accord ingly , th is analysis pred icts no dose connnitments re
ce ived by the inge stion pathway : only dose commi tments from inhalation appear 
in the results . 

Hypothetical ra il acc ident involving contac t-handled TRU waste (probability 
of 1 i n  40 , 000  years )  

The assumed ra il acc ident involves a flatbed ra ilcar loaded with three 
Type B packaging s .  Each packaging contains 42  drums of contact-handled TRU 
waste (drums only are considered in the scenar ios because , for any single 
sh iE111ent , they would provide a g reater level of radioactivity) . The flatbed 
car is assumed to dera il dur ing a violent tra in coll is ion near the center of an 
urban area . The violent collision is followed by a f i re that is assumed to 
la st for about half an hour .  It must be emphasized that such a violent acc i
dent in an urban area is near ly i ncred ible becau se in all urban areas speeds 
are decreased for movement through other rail tra ff ic and over switches . The 
crushing forces f rom the impact are assumed to cause half the drums to release 
the ir contents with in the packag ing . Only half these dr ums are assumed to re
lea se the ir contents because the drums , contained by the Type B packaging , 
provide the ir own buff er : that is , the dr ums away from the impact sur face are 
cushioned by su rrounding drums . The release fraction of one-half was based on 
actual accident exper ience involving unprotected 5 5-gallon drums : a sh ipment 
of yellowcake (u ranium ore concentrate) near Spr ingfield , Colorado (NRC ,  1978 ) , 
and a shipment of yellowcake near Wich ita , Kansas (NRC , 1979 ) . In both acci
dents , about half the dr ums released their  contents .  The drums were not in a 
Type B packag ing , however , so these results , when applied to th is scenar io,  
provide bounding cond itions . Approximately 10%  of the mater ial released from 
the dr ums within the Type B packag ing is assumed to be released , as assumed by 
the NRC ( 1977 ) for a s imi lar accident . Thus,  under the assumptions proposed 
here , the equivalent of approximate ly 6 . 3  drums of contact-handled TRU wa ste 
might be exposed . 

It should be pointed out that the contact-handled TRU waste descr ibed in 
th is section is not assumed to be processed or immobi lized .  The impac ts of 
transpor tation are thu s bounded since unprocessed wa ste is more readily dis
persed under accident cond itions.  

Two mechan isms that cau se the exposed mater ial to become airborne are  the 
bu rning of combu st ibles and the entrainment of fine particulates in a i r . To 
calculate the eff ec ts of burn ing , th is study assumes tha t ,  of the 6 . 3  drums of 
contact-handled TRU wa s te that are exposed , 25% is combu st ible ma ter ial in the 
form of rags and paper . Data have been obta ined from exper iments in wh ich 
combu st ible mater ials contamina ted with s imulated TRU nuclides were bu rned . 
Mish ima and Schwend iman ( 1970 , 1973a )  have measured releases for a var iety of 
waste forms and confinements . Those measurements suggest the conservative 
a ssumption that 1%  of the TRU waste in the released combustible mater ial is 
a i rborne and respi rable . The fi re will therefore produce an a irborne and 
respirable re lease of the equivalent of 1 . 6% of a drum ' s  content .  

Add itional mater ial may become a irborne a s  a result o f  entra inment by the 
wind . For the climatic cond it ions assumed in th is  scenar io ( low wind speeds 
and generally �table cond ition s ) , only the finest powder is likely to be 
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entra ined in the a ir and tr anspor ted beyond the ii:llTled i a te vic in ity of the 
pack ag ing . I t  is expec ted that much of the con tac t-handled TRU wa s te sh ipped 
to the WIPP will be meta l scrap , r ag s ,  sludg e ,  and sludge-conc r e te mi x .  Con
s i der i ng da ta p resen ted by She f e l b i ne ( 1 9 78 ) , th is study a ssumed that 10% of 
the contac t-hand led TRU wa ste will be in a f i ne-powder form a fte r the acc i
dent . Thu s ,  of the exposed contac t-handled TRU wa ste , on ly 0 . 6 3 drum is a s
sumed to be in the form of a powder that could become a ir bor ne . Th is ass ump
t i on is l ik e ly to be conser vat ive bec au se one of the wa s te- acceptance cr i ter i a  
l imi ts the allowed quantity of par t icles sma ller than 1 0  microns in d iamete r 
to 1% by we igh t .  

Emp ir ical da ta have been obta ined for the entra inmen t in a i r of dry powder s  
depos i ted on var iou s  sur faces (M ish ima and Schwend iman,  1 9 7 0 , 1 9 7 3 b) ; the meas
u red entr a inment frac t ions for a dry powder depos ited on a road l i k e  sur face 
we re u s ed in ana lyz i ng th is scenar i o .  M ish ima and Schwend iman found emp i r ical
ly tha t  0 . 14 %  o f  a dry powder wa s en tra ined afte r  be ing sub j ec ted to a 2 . 5-mph 
w i nd f or 6 hou r s .  Th is value was obta i ned under carefully controlled cond i 
t ions i n  wh ich dry powder wa s  placed gently on the roadl i k e  sur fac e .  Th is 
per centage is p robably not large enough f or th is scenar i o ,  in wh ich some of the 
powder might be d isper sed as it fa lls to the road bed . For th is rea son , 1 . 4 % 
o f  the dry powder ( a  value 10 t imes the exper imen ta l va lue) is e s t ima ted to be 
entra ined in a ir du r ing the est imated 6-hour cleanup of the acc iden t  scene . 
The exper iments al so i nd icated that only 6 2 %  of the a i rbor ne powder is of 
r e sp i rable s i z e .  The equ ivalent of 0 . 6 3 dr um i s  exposed to the a i r  a s  a dry 
powder ,  1 . 4% of t he powder is entra i ned in the a i r , and 6 2 %  of the entra i ned 
powder is resp i r a b l e .  Thu s ,  the w i nd w i l l  produce an a i r bor ne and resp irable 
relea se of the equ i va l ent of 0 . 55 %  of one dr um . 

The tota l r e lea se that is a i r bor ne and r e sp i r able is the sum of the re
l ea se s  f rom the two mechan i sms , f i re a nd w i nd ;  the total relea se is the equ iv
a lent of 2 . 2 % o f  a dr um. From Append ix E, the rad ioac t iv ity a i r bor ne and 
respi rable is 

I sotope 

Pu-2 3 8  
Pu- 2 3 9 
Pu- 240 
Pu- 2 4 1  
Am-2 4 1  

Release ( C i )  

0 . 0 0 0 8 6  
0 . 0 1 
0 . 00 2 5 
0 . 06 1  
0 . 0 00 16 

Hypothet ical tr uck acc iden t  involv ing contac t-hand led TRU wa ste (probab i l i ty 
o f  1 i n  4 50 ,  000 year s)  

A t r uc k  car r y i ng one 'IYPe B pack ag ing conta i n i ng 4 2  dr ums is assumed to 
c rash near the c en ter of an urban a r ea . A s ubsequent f i re is a ssumed to engulf 
the pac k ag ing and its contents for hal f  an hou r . As in the ra i l  acc iden t ,  half 
the drums a re crushed f rom sh i f t i ng c au s ed  by the imp ac t  f or ce . They relea s e  
the i r  contents with in the pack ag ing , and 1 0 %  of the loose ma te r ial w i th in the 
p ack ag i ng is relea sed . Thu s ,  the equ ival ent of 2 . 1  dr ums of uncon ta ined wa s te 
may be exposed to the f i r e .  Abou t 2 5 %  o f  the contac t-hand led TRU wa ste is 
a ssumed to be i n  t he form of r ags a nd paper and the refore combu s t ib l e .  I t  is  
thus ass umed tha t  abou t 0 . 5  dr um of con tac t-hand led TRU wa ste is exposed and 
combu s t i b l e .  
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In add i ti on to re spi r able mater i al released by the f i r e , there may be add i
t i onal respi rable mate r i al released from sol id noncombus tible mater i a l s  by the 
wind , as d is cussed f or the hypothetical r a il acci dent . These two sour ce s  pro
vide the total a i r borne release , about 0 . 7 % of a dr um ' s con tents . From i nven
tor ies g iven i n  Append ix E ,  the r adioac t i v i ty a i r bor ne and r e spi rable i s  

I sotope Release (C i )  

Pu- 238 0 . 0 0 0 2 9  
Pu- 2 3 9  0 . 00 34 
Pu- 240 0 . 0 0 0 8 4  
Pu- 2 4 1  0 . 02 
Am- 241 0 . 0 0 0 0 5 5  

Hypothetical r a i l  acci dent invol v i ng remotely handled TRU was te (probab i l i ty 
of 1 i n  4 5 0 , 0 0 0  year s )  

A shipp i ng ca sk for r�motely handled TRU waste will be heavi ly shielded 
and capable of d i ss ipating heat g enerated by the wa ste i n s i de .  A cask used 
for r a i l  tr anspor t woul d  be lar ger and heav i er than a cask used for truck 
tr anspor t  a nd would carry g r ea ter quant i ties of wa s te . 

The hypothe ti cal acc i dent i nvolves a r a i l  flatcar loaded wi th a cask con
tai n i ng f ive can i sters of remotely handl ed TRU was te . Af ter a v i olent tr a i n  
wreck i n  a n  urban area , the ca sk becomes enveloped i n  a f i re tha t l a s t s  about 
an hour . As a res ul t  of impact and f i r e ,  vol a t i le f i s s i on products contai ned 
i n  the can i ster s ar e assumed to be released , even though b r eaching the cask 
and heati ng t he wa s te to the po i nt of vola t i l i z ing the ces iwrr l 3 7  are highly 
unl i k ely becau se the ca sks are so massive.  Mak i ng such an unl� kely assumption 
adds even more c onser vat i sm to this s cenar i o .  I t  i s  fur ther a ssumed that 1% 
of the ce s i um- 1 3 7  i s  released from the can ister s to the inter ior of the cask 
and tha t  10 % of the relea sed ces i um- 1 3 7  e s cape s  f rom the ca sk to the env i r on
ment ;  0 . 1 % of the ce s i um i nventory ,  the r e fore , reaches the envi ronment . Tha t 
this a ssumed release f r act i on is reasonable i s  sugge s ted by the resul ts of 
another study (NRC , 1 9 76 ) , whi ch est imate s tha t 0 . 06 %  of the ces i um i nven tory 
in spent fuel would be relea s ed in a h i gh- temperature envi ronment . S i nce 
the re ar e 65 . 3  cur ies of ce s i um- 1 3 7  i n  each of the f i ve can i s te r s  ( see Appen
d i x  E ) , t he release to the a tmosphere dur i ng this scenar io i s  

I sotope Release (C i )  

C s- 1 37 0 . 3 3 

Hypothe tical truck acc i dent i nvolving r emotely handled TRU was te (probabi l i ty 
of 1 i n  4 m i l l ion yea r s )  

The s ame assumpt i ons are made for the tr uc k acc i dent a s  for the ra i l  
acc i dent except t hat only one can i s ter of remotely handled TRU wa ste i s  
car r ied i n  a tr uc k cask . The release to the a tmosphere , whi ch i s  only 
one- f if th of the release in the r a il accident ,  i s  

I sotope Release ( C i )  

C s- 1 3 7  0 . 0 6 6  
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Hypothetical ra il acc ident involving high-level waste for exper iments 
(probability of 1 in 1 million year s)  

Since high-level waste will probably be in a solid form ( glass or ceramic)  
and will be  shipped in a rail  cask , the hypothetical conditions for the rail 
accident involving remotely handled TRU waste are assumed : a violent wreck , a 
subsequent fi re ,  and release of volatiles . The only volatiles in high-level 
waste ava ilable for re lease are cesium-134 and ces ium- 137 . The re leased 
f r action of each isotope ( 0 . 001)  is the same as the fraction used in the 
scenar ios for remotely handled TRU waste . 

Since there are 1 . 4  million cur ies of cesium-137 and 13 , 000 cur ies of 
cesium-134 ( a s  descr ibed in Append ix E) , the re leases to the atmosphere dur ing 
th is scenar io are 

Isotope 

Cs-134 
Cs-137 

6 . 8 . 4  Results of the Analysis 

Release (Ci) 

13 
1420 

In this accident analysis , the inhalation of radionuclides is  the pr imary 
pathway to people . When radioactive mater ial is inhaled , a fract ion of it i s  
reta ined in the body . Reta ined mater ial continues to irrad iate _ the bod y  until  
i t  can decay or be removed by biological processes .  By convention ,  the dose 
g iven off by radioactive mater ial while in the body is integrated over a 
SO-year per iod after i nhalation . Th is integrated dose is called the SO-year 
dose conuni tment ( Append ix 0) . For mater ials that decay rapidly or are removed 
quickly ,  most of the dose commi tment is received dur ing the first year or two. 
For long-lived mater ials that rema in in the body , the dose is  relatively uni
form over the enti re SO year s .  The results of the accident analysis are given 
in terms of the SO-year dose commi tment to the whole body , to the bone , and to 
the lung s .  

For the assumed climatic conditions , the individual rece iving the maxi
mum dose w ill be a per son who rema ins 330 feet downwind from the acc ident 
dur ing the ent i re t ime the cloud of rad ioactive mater ial is passing 1 Table 
6-11 presents the doses received by th is hypothet ical person .  Figure 6-9 
shows plots of d istance versus dose to the whole body , the bone , and the lungs 
of the maximally exposed per son in the hypothetical acc ident with contact
handled TRU waste . From this graph , it  is  seen that a person stand ing 100 
feet f rom t�e scene would receive a smaller dose than a person stand ing 3 30 
feet from the scene . As the d istance increases beyond 330  feet,  the doses 
decrea se steadily .  Because it takes t ime for part icles released above the 
g round to fall to the surface , the calculated doses also decrease steadily as 
the d istance decreases below 330 feet . The point where the maximum dose is  
rece ived can be closer to the acc ident or far ther away , under d ifferent 
meteorolog ical a ssumptions and d ifferent limitations on the model.  

The calculated doses may be compared with the doses rece ived from nat
u ral backg round rad iation .  An average i ndividual in the general public will 
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Table 6-11.  Doses Received by an Individuala 

SO-year dose commi tment 
Scenar io Bone Lung 

Contact-handled TRU waste 
Ra il 17 . 4  0 . 87 
Tr uck 5 . 8  0 . 29 

Remotely handled TRU waste 

( r em) b 

wnoie body 

0 . 42  
0 . 14 

Rail 0 . 008  0 . 00 2  0 . 00 7  
Tr uck o .  0016 0 . 0 004 0 . 0014 

H igh- level waste for 
exper iments 37 9 . 1  33 

aThe maximum dose is rece ived by a person 330  feet from the 
accident . 

booses from na tural background rad iation are 5 rem to the bone 
and the whole body dur ing 50  years and 1 . 8  rem to the lung dur ing 
10 years , as explained in the text. 

e .. � 
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F igu re 6-9. Radiation doses received by a person from the 
accident scenario for contact-handled TRU waste. 
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rece ive 5 rem of whole-body dose over 50  years from natural rad ioac tive 
sour ces (NCRP, 1975) . The maximum whole-body dose commitment rece ived by an 
ind ividual from the most severe acc ident scenar io is 33 rem, wh ich is almost 
seven t imes the 50-year natural-background dose ( 5  rem) he would rece ive to 
the whole body . The bone- and lung-dose commitments from the tables can also 
be compared with backg round values.  The average dose rates from natural
backg round sources are approximately 0 . 1  rem per year to the bone and 0 . 18 
rem per year to the lungs (NCRP, 1975) . As an indicat ion of the s ignificance 
of the bone- and lung-dose commitments in the tables ,  the bone dose should be 
compared d i rectly to the 5 rem rece ived by the bone from natural rad iation in 
50 years ,  and the lung-dose commitment should be compared to the 1 . 8  rem 
received by the lung from natural radiation in 10 years .  Because of biologi
cal clearance , the SO-year dose commitment to the lung is rece ived within 10 
years of i ntake.  Consequently, a compar ison is more accurately made to a 
10-year cumulative background dose.  

The population dose commitments in Tables 6-12 and 6-13 represent the sum 
of the dose commi tments received by all individuals a ffected by the dis
pers i on  of the rad ioactive mate r ial.  

In an emergency si tuat ion , local government control could keep people 
f rom handling the wa stes or remain ing at the scene of the acc ident.  Emer
gency per sonnel ,  however , may be forced to go much nearer the acc ident scene 
in order to re scue inj ured people or save equ ipment. Est ima tes were made of 
the exposure they might rece ive from the releases assumed in the high-level
wa ste scenar io. Th is scenar io was used for the analysis because it had been 
shown to have the worst impact .  The following assumpt ions were- made : the 
wind blows in one compass quadrant at 2 . 2  mph ; the emergency wor ker moves to 
a point within 16 feet of the acc ident wreckage and cannot proceed further 
because of the i ntense heat ; he remains there for 5 minute s ;  the source is  at  

Table 6-12 . Dose to a Small Urban Areaa 

Dose commitment (man-rem) b 

Scenar io Bone Lung Whole body 

Contact-handled TRU waste 
Rail 7680 390 190 
Tr uck 2560 130 62 

Remotely handled TRU waste 
Rail 3 . 6  0 . 9  3 . 2  
Tr uck 0 . 6 0 . 2 0 . 7 

High-level waste 
for exper iments 16 , 60 0  4050 14 , 80 0  

aApproximately 6 0 0 0  people are affected by the plume . 
�e doses rece ived by this population from natural back

g round rad iation are 3 0 , 0 0 0  man-rem to the bone and to the whole 
body dur ing 50 years  and 11 , 00 0  man-rem to the lung dur ing 
10 years . 
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Table 6-13 . Dose to a Large Urban Areaa 

Dose commitment (man-rem) b 

Scenar io Bone Lung Whole body 

Contac t-handled TRU wa ste 
Ra il 13 , 20 0  660  330 
Tr uck 4410 220 110 

Remotely handled TRU wa ste 
Ra il 6 . 2  1 .  5 5 . 4  
Tr uck 1 . 2  0 . 3 1 . 1  

High-level wa ste 
for exper iments 28 , 50 0  6960  25 , 40 0  

aApprox imate ly 10 5 , 00 0  people are affec ted by the plume . 
bThe doses rece ived by th is populat ion from natural back

g round radiation are 5 25 , 000  man- rem to the bone and to the 
whole body dur ing 50 years and 189 , 00 0  man-rem to the lung 
dur ing 10 years .  

ground level . Calculations using these assumptions pred ict that a rescue 
wor k er would receive 50-year dose commi tments of 50 rem to the bone , 8 rem to 
the lung , and 44 rem to the whole body . The se doses are large but cer ta inly 
not fata l ,  and it is likely that the traumatic bod ily i nj ur ies susta ined wh ile 
contend ing with the wr eckage and f i re would be much more signif icant . 

6 . 8 . 5  Cost of Decontaminating the Scene of the Acc ident 

The rad ioac tive contamination resulting from very severe acc idents , s imi
lar in magnitude to the scenar ios descr ibed previously , is  expens ive to con
trol and clean up . The expenses are great because many ac tions are requi red 
for the control and clean up of contaminat ion . Emerg ency c rews , re sponding 
quickly , may have to clean up bu ild ings and streets , per form rad iolog ical 
survey s ,  evacuate h ighly contaminated areas,  secure the a reas be ing cleaned , 
and deny the use of land if  the situat ion require s  such ac tion .  In genera l ,  
the overall cost o f  clean ing up af ter an acc ident inc reases with the amount of 
contamination . 

The costs of controll i ng the contaminated areas and clean ing up after an 
acc ident have been stud ied in considerable deta il in the Urban Study ( Finley 
et al . ,  198 0 ) , which est imate s the se costs for a densely populated urban en
vironment . By u sing figures presented in the Ur ban Study , the costs of con
troll i ng and clean ing up were est imated for acc idents that produce re leases 
equal to the releases in the scenar ios � the e st imated costs are pre sented in 
the fourth column of Table 6-14 . The costs g iven are the costs tha t would be 
nece ssary to reduce contamination to level s  that are cur r ently r ecommended by 
the Envi ronmenta l Protection Agency ( 0 . 2  microcur ie per square meter for both 
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shor t-lived and long-lived nuclides) .  The costs are large, rang ing from 
$ 13 , 000  to $500  million ( 1979 dollars ) , but these scenar ios might be expected 
to occur only once in 4 0 , 00 0  year s  to once in 4 mi ll ion yea r s .  Since these 
e st imates are for a densely populated urban environment ,  they are much higher 
than the costs expec ted for an acc ident in a suburban or rural environment .  
They are even much h igher than the costs would be in most urban environments . 

These cost estimates are made using many asswnption s .  They are crude at 
best,  and such fac tors as inflation , court settlements , and psychological 
impac ts cannot be inc luded in them. 

Table 6 -14 . Decontamination Costs for Acc idents in Urban Environments 

Radioactivity Expected rate of Est imated cost 
Scenar io released (Ci )  occurrence ( per year ) ( 1979 dollars)  

Contact-handled TRU 
wa ste 

Ra il 0 . 07 4  1/40 , 00 0  80 , 00 0  
Tr uck 0 . 0 2 5  1/450 , 000  13 , 00 0  

Remotely handled TRU 
wa ste 

Rail 0 . 33 1/450 , 00 0  3 , 00 0 , 00 0  
Tr uck 0 . 066  1/4 , 000 , 000  4 0 , 00 0  

High-level waste 
for exper iments - 1430  l/1 , 0 0 0 , 00 0  500 , 00 0 , 00 0  

6 . 9  NONRADIOLOGICAL IMPACTS OF WASTE TRANSPORT 
UNDER ACCIDENT CONDITIONS 

As with any new transportation activity ,  the shipment of waste to the WIPP 
will result in an i nc remental inc rease in the number of injur ies and deaths ex
pected for the transportation i ndustry . These deaths and inj uries are not in 
any way related to the radioactive mater ial be ing transported 1 if  the WIPP 
shipments contained cargo other than rad ioactive mater ial , the number of these 
injur ies and deaths would be the same . 

The numbfr of mi les traveled by all WIPP shipments , calculated from Tables 
6-6 and 6-7 , are pres ented in Table 6-15 . Also contained in the table are 
acc ident statistics (DOE, 197 9 , pp .  7 . 2 . 12 and 7 . 2 . 7 )  for the expected number 
of injur ies and acc idents per mile of travel.  From the miles traveled and the 
acc ident statistic s ,  the numbers of expected injur ies and deaths were calcula
ted . For each year of shipments , near ly one inj ury would be expected 1 for 
every 12 . 5  year s  of shipments , one death would be expected . 
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Table 6-15 . Expec ted Injur ies and Deaths from Nonrad iolog ical Causes 

Transport Total shipment Expected consequences per Expected consequences 
mode inc lud ing return million miles of travel per year 

tr ip (miles/yr )  Inj ur ies Deaths Inj uries Deaths 

Ra il 77 0 , 00 0  0 . 6  0 . 06 0 . 44 0 . 04 
Tr uck 570 , 0 00 0 . 7  0 . 07 0 . 40 0 . 0 4 

Tota l 0 . 8 4 0 . 08 

6 . 10 INTENTIONAL DESTRUCTIVE ACTS 

The public is concerned about the safety and secur ity of shipments of 
radioactive mater ials if subj ected to terror ist attack.  While the public per
ce ives a ter ror ist attack on a rad ioac tive shipment as be ing both easy and 
harmful , such an attack is d ifficult to implement , requ ires sk illed and trained 
personnel ,  and has no guaranteed impact.  Never theless , terror ists might at
tempt to th reaten to release radioactivity from radioactive waste because of 
the expected highly emotional reaction of the public.  

The Urban Study ( Finley et al . ,  19 8 0 )  est imated the consequences of suc
ce ssful attacks on spent fuel in very densely populated areas�  these est imates 
have created suffici ent concern among Federal ag enc ies to prompt the NRC to 
wr ite inter im regulations for the physical protection of spent-fuel shipments 
by tr uck and ra il . The regulations w ill rema in in effect unt il ongoing re
search proj ects that are examining the response of spent fuel under sabotage 
conditions determine what controls are actually required . 

Radioactive mater ials to be shipped to the WI PP , includ ing contac t-handled 
and remotely handled TRU wa ste , do not pose as ser ious a hazard as spent fuel 
and do not pre sent as attrac tive a target for terror ist activities. The mass 
of the packag ings and the relatively sma ll radioact ivity content of the TRU 
wa ste make these WIPP shipments a less attractive target than spent-fuel sh ip
ments . For ra il shipments , there would be tremendous d iff iculty in moving the 
ma ss ive overpack s  or ca sks to a location where a release would do the most pub
lic harm. For tr uck sh ipments , the tr uck would have to be diverted to a loca
tion where it would do the most harm. However , stealing a tr uck laden with a 
ma ssive packaging is not likely to occur without detect ion . For solid ified or 
irmnobili zed waste ( e . g . , processed contact-handled TRU waste , most remotely 
handled TRU wa ste , and hi gh-level waste for exper iments) , d i spersal could be 
accompli shed only using very large charges of h igh explosives . For unproc
e ssed wa ste , large quanti t ies of high explosives might sca tter mater ial over a 
large area and present a "pick-up" problem but not a health problem. The 
maj or impact of such events would be the bla st and m issile damage ,  which would 
far overshadow any rad iological effect . Fire is not very effective as a means 
of e ither generating or d ispersing respi rable mater ial . In a densely popu
lated area , where most public harm could be inflicted , the time required for a 
f i re to threaten the packaging would allow t ime for a fire department to ext in
guish the blaze . 
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Even though a successful attack is highly unlikely ,  it is assumed to occur 
in th is analysis because no absolute assurance can be made that it will not 
occu r .  The fractions of mater ial re leased as a result of a successful attack 
were e stimated by using the Urban Study as a guide . The release fract ions tha t 
migh t be used for WIPP sh ipments are given in Table 6-16 . The release frac
tions for remotely handled TRU waste and high-level waste are the same as those 
g iven in the Urban Study for spent fuel.  The value wa s cons idered applicable 
to these wa ste type s because they w ill probably be transported in casks similar 
in shape and dimension to spent-fuel cask s.  The release fract ion for processed 
contact-handled TRU wa ste is s lightly smaller . Unproce ssed contact-handled TRU 
wa ste has such a low rad ionuclide content and potential for harm that no re
lease fraction is g iven for it.  

Table 6-16 . Release Fract ions Assumed for 
Intent ional De str uctive Acts 

Wa ste type 

Contact-handled TRU waste 
Unproce ssed 
Proce ssed 

Remotely handled TRU waste 
High-level wa ste 

for exper iments 

Release frac tion 

Very low 
0 . 0 0 0 5  
0 . 00 0 7  

0 . 00 0 7  -

Because of i ts higher radioactivity content per sh ipment ,  the most poten
tially harmful target is the high-level waste to be used for exper iments . 
Since the number of shipments of high-level waste would probably be no more 
than six or seven dur ing the lifetime of the WIPP , high-level waste presents 
min imal exposu re to the possib ility of attack . The impact of a sabotage at
tack on the h igh-level wa ste wa s calculated from the meteorolog ica l cond it ions 
and population d istr ibutions used for the transportation acc idents , in order 
to make a direct compar ison of the two sets of impacts . 

Assuming that an attack is successful , the expected impacts would be ser i
ous .  The calculated whole-body dose is about 2 . 5  times higher than that of 
the high-level-wa ste acc ident ( as descr ibed in Tables 6-11 , 6-12 , and 6-13 ) , 
but the lung and bone doses are near ly 20 times and 70  t imes higher , respec
t ively. The bone dose is so much higher because the isotopes of plutonium are 
not re lea sed to the atmosphere in the high-level-waste transportation acc i
dents but would be released in an i ntentional act.  The bone and whole-body 
doses are high and would cer ta inly harm people : however ,  it should be empha
sized that the release fractions used are very conservative estimates that 
have no exper imental basis . It must also be remembered tha t ,  while the like
lihood of such a terror ist a ttack or i ts success cannot be est imated , a 
successful attack would be extremely difficult.  

An exper imental prog ram designed to simulate condit ions created by a ter
ror ist attack is in progress . I ts general purpose is to determine package 
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response to ter ror ist attacks and to determine the character istics of any re
leased mater i al .  The program w ill provide information on the released fr ac
tial of mater ial and the par t icle- s i ze distr ibution of the material , informa
tion that is needed for the accurate assessment by analytical models of the 
radiological consequences to the publ ic.  

· 

The f i r st phase of the program is evaluating the response of spent fuel 
and spent- fuel packagi ng s .  Exper iments are proceedi ng from model tests with a 
spent- fuel sur rogate to scaled gener ic te sts with spent fuel . A second phase 
will exami ne other radioac tive mater ials,  including contact-handled TRU waste , 
should it be shown that a s ignificant hazard to the publ ic resul ts f rom i nten
tional destr uctive ac ts i nvolving spent fuel . 

6 . 11 EMERGENCY PROCEDURES 

As discussed in Sec tion 6 . 3 , the packagings in  which the wastes will be 
tr ansported to the WI PP are de signed to withstand the most severe accidents 
wi thout releasing the i r  contents . However , as an addi tional precaution to 
protect public health and safety dur ing waste shipments to the WIPP , emergency
re sponse capabil i ties and procedure s for transportation accidents will be de
veloped . The cu rrent status of these capabilities and procedures , as well as 
the plans for the ir future development ,  are di scussed in this section . 

The DOE WI PP P roj ec t Off ice , under the requi rements of ERDA Manual Chapter 
0 6 0 1  (ERDA, 197 6 ) ,  will develop an overall emergency-pr eparedness plan for the 
WIPP . The preparation of the pl an w ill involve several groups-

that have 
var ious k i nds of responsibil i ty or au thor i ty for i t .  The DOE is responsible 
for informing concerned persons about the hazardous nature of the transported 
mater i als in si tuations  where emergency- response plans would be put into ef
fect.  S tates have the author ity ,  if not the responsibility ,  to develop 
emer gency-prepar edness plans for tr anspor tation accidents involving poten
ti ally hazar dous mater i al s .  Most states have emergency plans that are under 
development bu t are not yet completed . The DOE WIPP Project Office will wor k 
with potential carr iers , state law-enforcement off icials , state radiological
hea l th official s ,  and the DOE Albuquerque Operations Office to develop the 
procedures to be fellowed af ter a transportation accident with radioactive 
waste. The expected emergency procedures and responses are discussed below. 

Dur i ng the fi r st 15 to 30 minutes af ter an accident occurs ,  emergency ac
tion may be requi red for attending to inj ured per son s ,  identifying inunediate 
thr eats to life or property , and deciding what steps are necessary to prevent 
further damage . It is the re sponsibili ty of the carr ier to notify law
enforcement off icial s ,  the DOT , and the carr ier ' s  own management at the 
earl i est poss ible moment . However , the dr iver and helper may be victims of 
the accident and unable to act; if they are ,  other people will have to report 
the accident to law-enfor cement official s .  State and local pol ice and emer
gency crews are normally the persons who take the necessary immediate action 
for protec ting the he al th and safety of the publ ic.  These off icials have the 
author i ty to take such actions as clear ing the inunediate area of all unauth
or ized persons , controll i ng traff i c ,  extinguishing f ires , and rescuing persons 
trapped i n  the wr eckage; they will al so carry out mitigating measures such as 
cover ing spilled mater ial with tarpaul ins or heavy plastic sheets to minimize 
ai rborne dispers ion .  
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Dur ing or irmnediately af ter the ini tial establ ishment of control over the 
acc ident scene , the emer gency- r e sponse personnel of the state radiological
health depar tment and of the DOE will be contacted , ei ther by the car r i er or 
by publ ic-safety off i c i al s .  Thes e  per sonnel will arrange for assi stance in  
moni tor ing the acc i dent scene . The DOT regulations requi re that a descr iption 
of the tr anspor ted mater i al accompany the shipment to provide information that 
can be used in a ssessing potential hazards . If the contamination f rom an 
accident is great enough to require a decision regarding the evacuation of 
persons f rom the sur roundi ng area , the decision and subsequent actions must be 
made by re sponsible loca l publ i c- safety official s .  

The cleanup phase of the emergency procedures includes the removal of any 
radioac tive contami nation and the restoration of the accident scene to i ts 
or i gi nal state . The car r i er has the bas ic responsibility to insure that 
cleanup is  completed . The state or local government agencies , such as pol ice , 
health , and envi ronmental departments , will typically exercise their  pol ice 
and emer gency power s  to direc t the cleanup of both public and pr ivate property.  
General standards for cleanup are being developed by the Envi ronmental Protec
tion Agency . 

The carr ier is re sponsible for keeping people f rom reach ing the packages 
and spilled radioactive mater i als and for insur ing that any vehicles , areas , 
and equipment tha t have become contami nated are not placed in service again 
until they have been decontami nated and surveyed. 

The DOE WIPP Proj ect Office will offer to train state and local pol ice and 
emergency personnel in the proper procedures to be followed af ter a transporta
tion acc ident . Thi s training will be made available throughout the operating 
l ife of the WIPP . 

The WIPP operating contr actor has the responsibil i ty for assist ing in 
tra ining local hospi tal per sonnel in  the imi�ediate area of the WIPP site ( i . e . , 
at Hobb s and at Car l sbad) i n  the handling and care of patients contaminated by 
radi oact ive mater ials . 

Other hospi tal s along the transpor tation route may al so be capable of 
providing medical attenti on to persons contami nated dur ing transportation acci
dents . In Albuquerque , for example ,  the personnel of the Kir tland Air Force 
Base Hospi tal are tra i ned in handling persons contaminated with radioactive 
mater ial s  and would be available to tr eat persons so inj ured dur i ng a 
tr ansportati on accident . 

6 . 12 FINANCIAL RESPONSIBILITY FOR ACCIDENTS 

Ordi nar ily , liability for WIPP-related nuclear accidents ( i ncluding trans
por tation accidents ) would be determi ned in accordance wi th the generally 
appl i cable state- law r ules of tort liabili ty as applied by the courts . F inan
cial responsibil i ty for such liabil i ty would be assumed by the Federal Govern
ment as provided i n  the Price-Anderson Act.  The Pr ice-Anderson Act was or ig
i nally passed by Congress in 1957 , and is found in Section 170 of the Atomic 
Ener gy Ac t of 1 9 54 ,  as amended ( 42 use 2 21 0 ) . 
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The Pr ice-Anderson Act is designed to insure , through a system of pr ivate 
i nsurance and Gover nment indemnity ,  that the publ ic would be protected in the 
event of a nuclear accident connected with a facili ty operated under a con
trac t wi th , or a license issued by , the Government. Under the Pr ice-Anderson 
Ac t ,  the DOE is author i zed to enter i nto i ndemni ty agreements with contrac tor s 
oper ating nuclear facil i ties.  Through these indemnity agreements , f i nancial 
protection is cu rrently afforded up to a l imit of $560 , 0 00 , 0 0 0  per accident . 

A signif i cant feature of Pr ice-Ander son coverage is  the extension of 
protection , not only to the DOE contrac tor having an i ndemni ty ag reement , bu t 
to all other "per sons indemnified , "  which term is defined to include anyone 
who may be subj ected to public liability as a result of a nuclear incident 
covered by the indemnity .  The WIPP wil l be operated by a DOE contractor under 
a contract that will contain this broad Pr ice-Ander son i ndemni ty protection .  

The standard indemni ty provi sion used by the DOE for facil ities like the 
WI PP covers a nuclear i ncident at the site of contract activi ty and al so 
incidents tha t mi ght occur in the tran sportation of mater ial to and from the 
s i te .  Thus , there will be overlapping coverage for transportation accidents 
to the extent that materi al de stined for the WIPP is  shipped from DOE 
fac i lities that are now be ing operated under contracts containing Pr ice
Anderson indemni ty provi sions ( e . g . , the INEL ) . Pr ice-Ander son indemnity 
coverage ex tends to nuclear incidents caused by sabotage , terror i sm,  or other 
illegal ac tivity tha t takes place at the si te of contract activi ty or along 
planned routes of tr ansportati on.  

The Pr ice-Anderson Act and i ts implementing indemnity agreements provide 
for simpl i f i cation of l iability determinations through the mandatory wa iver of 
cer tain legal defenses by per sons indemnified in the event of an " extraordinary 
nuclear occu rr ence . "  An " ex traordi nary nuclear occurrence" is a nuclear inc i
dent i n  which injury, damage , or contamination exceeds DOE cr i ter ia comparable 
to the NRC cr i ter ia published in 10 CFR 140 . 83-85 . However ,  in the case of the 
WIPP ,  only an extraordinary nuclear occurrence in the tr an spor tation of waste 
ma ter ial f rom a "production or utilization facility , "  as those terms are de
f i ned in  42 USC 2014 (v)  and ( cc )  (e . g . , the INEL) , would be subject to the 
wa iver-of-def enses provi si ons . An extraordinary nuclear occu rrence at the 
WIPP s i te itself or in the transpor tation of mater ial from a DOE loca tion 
other than a production or utili zation facility ,  while fully covered by the 
Pr ice-Anderson indemni ty ,  would not be subj ect to the waiver-of-defenses 
provisions in the determi nation of liability.  

The statutory limi t  of liability of $560 , 00 0 , 00 0  per nuclear incident ha s 
been reevalua ted on sever al occasions by the Congre ss and considered appropr i
ate . This " l imi t , "  however , is in real i ty only a threshold for further reeval
uat i on by the Cong ress should any nuclear incident result in publ ic liabili ty 
exceed i ng tha t amount . The Price-Anderson Act provides that if an incident 
should result in public liability exceeding the stated l im i t  " the Congress will 
thoroughly review the par ticular incident and will take whatever action is 
deemed nece ssary and appropr iate to protect the public from the consequences 
of a disaster of such magni tude" ( 42 USC 2210 ( e ) ) .  
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7 The Los Medanos Site and Environmental Interfaces 

The region sur rounding the Los Medanos* site has been under study for many 
years .  Before th is proj ect wa s proposed , the reg ion wa s studied intensively 
by the U . S .  Geological Survey because of i ts potash and oil-and-gas resources.  
In the WIPP context , two exploratory holes were dr illed nor theast of  the pres
ent si te in 1974 , and intensive geolog ic studies started in 1975 . Biolog ical 
studies began in 197 5 ,  meteorolog ical studies in 1976 , and economic studies in 
1977 . The resul ts of these studies are given in numerous reports cited later 
in this chapter and in Append ix H .  

Because the WIPP would be located in a deep geologic formation ,  the re
sults of the geologic and hydrolog ic studies are of the greatest importance . 
For this rea son , this chapter starts by swrunar iz ing the other s ,  combining them 
under the general categor ies of the biophysical environment (climate ,  vegeta
tion , and wildli fe) and the soc iocultural environment ( history ,  archaeology , 
land use, demography, and economics) . A much more extensive coverage of these 
subjects is provided in Append ix H. Thereafter th is chapter takes up in some 
deta il the interrelated subj ec ts of the geolog ic and hydrolog ic character is
tics of the site . 

7 . 1  BIOPHYSICAL ENVIRONMENT 

The Los Medanos site is in Eddy County , New Mexico, about 25 miles east of 
Car lsbad ( Figure 7-1) . 

The site is on a plateau east of the Pecos River , an area of rolling sand
covered h i lls and sand dunes .  There is no integrated sur face dra inage : what 
ra in does fall usually soaks into the sand or evaporates directly.  

The site is  covered with vegetation character ist ic of semiar id climates.  
The land is  used for ranch ing , and cattle are often to be seen.  Ranch bu ild
ings are miles apart : in between there are a few windmills , several stock
wa ter ing tank s ,  and an occasional dr illing r ig .  There are many roads in the 
area ,  the be tter ones sur faced with ca liche , the poorer ones often li ttle more 
than tracks in the sand . The most noticeable man-made features are the potash 
mi nes and processing plants with their large build ings and stacks .  Their 
emiss ions often create a haze heavy enough to obscure loca lly the view of the 
mountains 40 to 60 miles to the we st. 

* In this chapter the terms " Los Medanos site" and "WIPP site" are 
synonymous .  
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Figure 7-1 .  General location of the WIPP site. 
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7 . 1 . l  Climate 

The climate of the reg ion is semiar id , with generally mild tempera tures , 
low prec ipitation and humid ity , and a high evaporation rate . Winds are mostly 
from the southeast and moderate . In late winter and spr ing , there are strong 
west winds and du st storms . Dur ing the winter , the weather is of ten dominated 
by a high-press ure system situated in the central por tion of the Western 
Un i ted States and a low-pressure system located in north-central Mexico . Dur
ing the summer , the reg ion is affected by a low-pressure system normally situ
ated over Ar izona . 

Temperatures are moderate throughout the year , although seasonal changes 
are d i stinc t.  Mean annual temperatures in southeastern New Mexico are near 
6 0°F ( F.agleman , 1976 ) .  In the winter (December through Febr uary) nighttime 
lows average near 23op and average maximums are in the SO s .  The lowest re
corded temperature at the nea rest class A weather station in Roswell was 
-29op ,  in February 190 5 .  In the surraner (June through August) , the daytime 
temperature exceeds 90°F approximately 75% of the time . The highest re
corded temperature at Roswell wa s 110°F,  in July 1958 . 

Precipitation is light and unevenly d istr ibuted throughout the year , aver
ag ing 11 to 13 inches .  Wi nter is the season of least prec ipitation , averag ing 
less than 0 . 6  inch of ra infall per month . Snow averages about 5 inches per 
year at the site and se ldom remains on the ground for more than a day at a 
time because of the typically above-freez ing temperatures in the after noon . 
Approximately ha lf the annual prec ipitation comes from frequent thunderstorms 
in June through September . Ra ins are usually br ief but occasionally intense 
when moisture from the Gulf of Mexico spreads over the reg ion. 

7 . 1 . 2  Terrestr ial Ecology 

Vegetation 

The vegetation in the vicinity of the WIPP site is not a climax vegeta
tion ,  at least in part because of past g raz ing management . The compos ition of 
the plant life at the site is heterogeneous ,  because of var iations in terrain 
and in the type and the depth of soil .  Shr ubs are conspicuous members of all 
plant corranunit ies . The site lies within a reg ion of transit ion between the 
northern extension of the Ch ihuahuan Desert ( desert grassland) and the south
ern Great Plains ( Shor t Grass Pra ir ie ) ; i t  shares the floral  character istics 
o f  both. 

Grazing , pr imar ily by domestic livestock , and the control of fire are 
largely respons ible for the shr ub-domi nated seral commun ities of much of 
southeastern New Mexico . A gradual retrogress ion from the ta ll- and mid-
g ra ss-dominated vegetation of 100 years ago has occurred throughout the 
reg ion . The ce ssation of graz ing would pre sumably not alter the dominat ion by 
shr ubs , but it would result in an increase in g ra sses . Exper imental exclo
sures have been establi shed to study site-spec ific patterns of succession in 
the absence of g raz ing , but long-term resul ts from them are not yet available . 

The semi ar id climate makes wa ter a limi ting factor in the entire reg ion .  
The amount and t iming of rainfall greatly influence plant productivity and 
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therefore the food supply ava ilable for wildlife and l ivestock . The seeds of 
desert plants are of ten opportun istic : they may lie dormant th rough long 
per iod s  of drought to germinate in the occasional year of favorable rainfall . 
S ign if icant fluctuations in the abundance and d istr ibution of plants and wild
life are typical of this reg ion . Several examples of such fluctuations have 
been documented in the study area : the area within 5 miles of the center of 
the WIPP site , wh ich has been intensively studied . 

Two i ntroduced spec ies of sign i ficance in the region are the Russian 
thistle, or tumbleweed , a cormnon invader in disturbed areas , and the salt 
cedar , whi ch has pro liferated along drai nageways . 

No endangered plant or animal spec ies are known to occur within the study 
area. 

Several distinc t  biological zones occur on or near the site : the mesa , the 
central dunes complex , the c r eosotebush flats , the Livingston Ridge escarp
ment , and the tobosa flats in Nash Draw west of the r idge .  

A low, broad mesa named the Divide lies on the eastern edge o f  the study 
area and suppor ts a typical  desert-grassland vegetation . The dominant shrub 
and subshr ub a re mesqu ite and snakeweed, respectively. The most abundant 
grasses are black grama, bush muhly , r ing muhly , and fluffgrass . Cacti ,  espe
cially var i eties of pr ickly pear , are present . 

Where the ground slopes down from the Divide to the central dune plains , 
the soil becomes deep and sandy. Shr ubs like sh innery oak , mesqu i te ,  sand 
sagebrush , snakeweed , and dune yucca are dominant . In some places , all of 
these species are present : in others , one or more are e ither missing or very 
low in density.  These diff erences appear to be due to localized var iations in 
the type and the depth of so il . Thus , a number of closely related but d i s
tinc t  plant assoc iat ions form a • patchwork• complex , or mosaic, across the 
stabi lized dunes in the central area . Hwmiocky , partially stabi lized sand 
dunes occur , and lar ge ,  act ive dunes are also present . The former consist of 
" islands" of vegetation ,  pr imar ily mesqui te ,  separated by expanses of bare 
sand . The mesquite-anchored so il is less susceptible to eros ion, ma inly by 
wind ,  than is the bare sand . The result  is a ser ies of valleylike depres
sions , or blowouts , between vegetated hummoc k s .  Active dunes runn ing east to 
we st are found south and east of the James Ranch headquarter s .  Typical  views 
of the site are shown in Figures 7-2 through 7-5 . 

To the we st and southwest the soil again changes ,  becoming more dense and 
shallow ( less than 10 inches to caliche) than in the dune area . The composi
tion of the plant life is rad ically al tered , and c r eosote bush becomes domi
nant . Toward Livingston Ridge to the west and northwe st ,  creosote bush 
g radually g ives way to an Acacia-dominated association at the top of the 
escarpnen t .  The we stern face of the r idge drops sharply to a valley floor 
( flats) densely populated with tobosa g ra ss , which is rare elsewhere in the 
study area . 

Th is vegetation complex suppor ts populations of mammals ( includ ing domes
tic livestock) and rept iles as well as a d iverse population of bird s .  Insects 
and other ar thropods are also numerou s .  The fauna of the central dunes area 
irrmed iately sur round ing the WIPP s i te have been most intensively studied .  
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F igure 7-2. Sand dunes at the W I PP site.  

F igure 7-3. Typical v iew of the W I PP site. 
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Figure 7-4 . A patch of bare ground resulting from wind erosion.  

F igure 7-5.  Hummocks around the bases of mesquite bushes. 
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Mammals 

Th i r ty-n i ne spec i e s  represen t i ng seven mamma l i an or der s  have been observed 
in the study a r e a .  The most abundant small mammals are Ord ' s  and banner ta il 
kangaroo rats , the Pla ins pocket mou se , the spotted ground squ i r r e l , the 
nor thern g ra sshopper mous e ,  and the Southern Pla i ns woodrat . These are not 
equally abundant in all hab i tats . Many spec i e s  are restr i c ted to spec i f ic 
hab i ta ts . Of those l i s ted , the Southern Pla i ns woodrat i s  the least fa stidi
ous ,  be i ng found i n  all central dunes habitats a s  well as on the D i v ide and 
the c r eosote-bush flats . I t  is most numerous i n  the shallow- so i led cr eosote
bush ar ea s .  Ord ' s  kangar oo rat and the nor thern grasshopper mou se are found 
on the D iv i de and in a ll dunes hab i tats . The Pla i ns pocket mouse appear s to 
avoid sna keweed-domi na ted areas and ac t ive dunes but is common in sh i nnery 
oak-mesqu i te a s soc i at i ons . The fa stidious spotted ground squi r r el i s  restr ic
ted ma inly to shi nnery oak-mesquite assoc i a t i ons , wh ich have sandy so i l s ,  
wher ea s  the b ann e r ta i l  k anga r oo  rat prefers the shallow mesa and so i l s  o f  the 
creosote-bu sh flats and avo ids sandy area s .  Vegetat i on and so i l  type are the 
two most i n f l uenti al f ac tor s in determi n i ng the d i str i bu t i ons of these an i
mal s .  Soi l  type is of spec ial impor tance for many burrow i ng mammals . 

The deser t  cottonta il and the black-ta i l ed j ack rabb it are common in a l l  
hab i ta ts , a s  is the most frequently s ighted predator , the coyote . 

Two b ig-game spec i es , the mule deer a nd the pronghorn ,  are present . Mule 
deer , by far the mor e common of the two , f requent shi nnery oa k-mesqui te asso
c i at i ons . Pronghorn are usua lly obser ved on the D iv i de .  

Three spec ies of bats have been collec ted w i t h i n  the study area : the cave 
myot i s , the pa llid bat , and the Bra z i l i an f r ee-ta i l ed bat . The last is the 
bat found in Car lsbad Cave r ns ; occasional forag i ng on the s i te is expec ted , a s  
the s i te lies j u st w ith i n  the 40-mile r ange o f  t h e  C avern colony . I t  i s  
never theless notable that the spec imens collected i n  the study a r e a  a r e  the 
f i r st r ecorded i n  southea stern New Mex i co  ea st of the Pecos ; for the cave 
myot i s , the collect ion cons t i t ute s the f i r st record east of the Pecos for all 
of ea stern New Mex i co .  Th is is ma i nly because l i ttle o r  no collec ti ng had 
been done in the ar ea befor e the WIPP-rela ted wor k .  S u i table hab itat for bat 
colon i z a ti on i n  the immed i a te v i c i n i ty of the study a r ea is l im i ted . 

Reptiles and amph ib i ans 

Commonly obse r ved rep t i les in the st udy area are the s ide-blotched l i zard , 
the we s tern box turtle , the western wh ipta il l i z a r d ,  and several spec ies of 
snakes , i nc l ud ing the bull snake , the we stern rattlesnake , the coachwh ip , the 
we stern hog nose , and the glossy snak e .  Of these , only the s i de-blotched l i z
a r d  is found i n  all hab i tats . The othe r s  ar e ma i nly restr icted to one or two 
a ssoc i at i ons within the central dunes a r e a ,  although the we stern wh ipta il l i z
ar d and the Jes tern rattlesnake ar e found i n  creosote-bu sh-domi nated areas a s  
we ll . The yellow mud tur tle is found only i n  the l im i ted number o f  aquat ic 
hab i tats i n  the study area { i . e . , d i r t  stock pond s  and meta l stock tan k s ) , but 
it is common i n  these locale s .  

Amph i b i ans ar e similar ly restr icted by the ava i lab i l i ty o f  aqua t i c  habi
tat . Nevertheless , the g r een toad , the Pla i ns spadefoot , and the t iger s ala
mander ar e common whe r e  there is wa ter . 
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Bi rd s 

A total of 122 spec ies of birds  representing 36  famil ies have been ob
served on or near the WIPP s ite .  Observation poi nts outside the study area 
include the near by salt lakes and the intersec tion of New Mexico Highway 31 
and the Pecos River . Of the 40 breeding bird spec ies included in th is total , 
28 occur with in the study area . Among these are two impor tant game spec ies , 
the mou rn ing dove and the scaled qua i l :  others include the wh i te-necked raven , 
the loggerhead shr ike , the black-throated sparrow ,  Cassin ' s  spar row ,  the cac
tus wren , and the moc kingbi rd . The roadrunner , the burrowing owl , the great
horned owl , Swa inson ' s  hawk , and Harr is '  hawk also nest here . 

The dens ities of bi rds in the study area show considerable annual and sea
sonal var iations . For example , the dens ity of mourn ing doves in the summer of 
1979 was 10 t imes the surraner 1 978 density . S imilar dramatic increases were 
noted for the loggerhead shr ike and Cass in ' s  spar row .  Many other spec ies 
showed little change in density over the same 2-year per i od .  Favorable spr ing 
ra ins in 1979 resulted in a very abundant summer seed crop in compar ison with 
that for 1978 , when spr ing ra infall was low . Th is cor relates  closely with the 
inc reased number of doves and other bird s .  Factor s other than food supply 
( e . g . , ava ilability of nesting s ites)  may limit the populations of many spe
cies , however . 

Arthropods 

About 1000 spec ies of insects have been collected in the study area . Of 
sp ecial i nterest are s ubterranean termi tes . Vast colonies of these organ isms 
are located across the study area : they are detr it ivores and play an impor tant 
part in the recyc ling of nu tr ients in the study area . The ir  bioma ss per ac re 
is as large as that of the cattle graz ing the sur face . 

7 . 1 . 3  Aquatic Ecology 

Aquatic habitats with in the 5-mile-rad ius study area are limi ted . Stock
water ing ponds and tanks constitute the only permanent sur face waters :  Ephem
eral sur face-wate r pudd les form after heavy thunderstorms . At greater dis
tances , sea sona lly wet , shallow lakes (playas) and permanent salt lakes are to 
be found . 

Laguna Grande de la Sal is a lar ge , permanent sal t lake at the south end 
of Nash Draw.  Natural br ine spr ings , e ffluent br ine from nearby potash ref i n
er ies , and surface and subsur face runoff discharge into the lake.  It  is li ke
ly that sur face r unoff f rom the WI PP s i te reaches the lake.  One of the natu
ral br ine spr ings at the nor thern margin of the lake wa s found dur ing th is 
st udy to s upport a small population of the Pecos River pupf ish . Th is species  
wa s former ly among the spec ies recognized as  endangered by the State of New 
Mexico. The spr ing , now ca lled Pupf ish Spr ing , is about 11 miles we st- south
we st of the WIPP site . 

The Pecos River is the nearest permanent water course . It ultimately re
ce ives any sur face-runoff dra inage f rom the WI PP s i te via Laguna Grande de la 
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Sa l .  Natural brine spr ing s ,  representing outfalls of the b r i ne aquifers in 
t he Ru stler Forma t i on ,  f ecc'l the Pecos at Malaga Bend , 1 4  miles southwest of 
the site . 

Th is na tura l s<:ll i nc inflow adds approximately 3 40 tons of salt per day to 
the Pecos . Retu rn flm1 f rom i rr igated areas above Malaga Bend makes a fur ther 
contr ibution to the s:, l i n ity .  The concentrations of potass ium ,  mercury , nick
el , s i lver , selen ium , z i nc ,  lead , manganese,  cadmium , and bar i um also show 
signif icant elevations  .:it Malaga Bend but tend to decrease downstream . The 
heavy metals  presumably are rapidly ad sorbed onto the r iver sed iments . Natu
ral levels of cer ta in  heavy meta ls in the Pecos below Malaga Bend exceed the 
wa ter-qua lity standards of the Wor ld Health Organ ization , the U . S .  Environ
menta l Protec tion Agency ( EPA) , and the State of New Mexico . For example , the 
maximum level for lead is 50 par ts per b i llion and levels of up to 4 0 0  par ts 
per billion have been mea sured dur ing WIPF-related studies .  

Several mar i ne or gan isms are present in  the lower Pecos and in  the Red 
Bluff Reservoir . They include small , shelled protozoans (Foramin ifera ) ,  a 
Gulf Coast shr imp , an e stuar i ne oligochaete and dragonfly , and seve ral species  
of mar ine algae . 'I'hese spec ies have presumably been introduced . A depauper
a te f auna--con s isting ma inly of salt- tolerant species of i ns ec ts , oligo
chaete s ,  and nematod cs--and unu sua l algal assemblages characte r i ze th is 
st r etch of the r i v e t . 

The combination of high sal i n ity , elevated concentrations of heavy metals , 
a nd salt- tolerant and mar i ne f auna makes the lower Pecos a un ique r iver system . 

Two spec ies of f i s h  in the Pecos below Car lsbad are recqgnized by the 
S tate of  New Mex i co as  be ing endangered :  the g ray redhorse and the blue 
sucker . S ince 1 97 9 , two other spec ies , the ra inwater k i ll i f ish and the Pecos 
pupf i s h ,  are no l on<J i ;r  r ecog n i z ed by the State as endangered ,  because several 
thr iv ing populations  we r e  d iscovered in the lower Pecos . 

Thr ee add itional State- l i sted endangered species of f ish are found in  the 
Black River , a per enn ial  str eam that flows from the west and enters  the Pecos 
north of Malaga Bend . One of the s e , the Pecos gambusia (Gambu sia nob i l is ) , 
a l so appears  on tlw Federal list . Moderate populations of the gray redhorse 
a nd th.;:; blue s uck er 01.re al so found in  the Black River . 

7 . 2  SOCIOCULTURAL ENVIRONMENT 

The analyses carr j ed out for th is environmental impact statement have 
required the coll ection of voluminous data descr ibing the soc ial and cultural 
re sources of the reg i o� around the WI PP s i te.  Because deta iled summar ies of  
the da ta are too long to be included in the ir ent i rety i n  thi s  text , they are 
presented in Append ix H .  Th is section d iscusses the ma j or data in general 
terms intended to serve as backg round mater ial for the pred ictions of env iron
mental impac ts in Ch2p ter 9 .  The deta ils of the impact analyses rest heav i ly 
on the data i n  Append ix H ,  wh ich should be consulted by readers who wish to 
i nve st iga te the impacts fully or to find references to deta iled sour ce 
mntc r ial . 
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7 . 2 . 1  History and Archaeology 

The abor iginal inhabi tants of the reg ion around the WIPP site were Amer i
can I ndi ans ; wander ing bands of hunters or foragers probably crossed the 
ar ea . Spanish explorers passed through dur ing the sixteenth centur y ,  but the 
area was used almost enti rely by I ndi ans until cattlemen began coming to the 
ar ea around 186 6 , about 20 year s after the United States acquired the land . 
Trading pos ts a ppeared in the late nineteenth century ;  the town now called 
Car lsbad was founded in 1889 . The twentieth century brought the develop
ments--mainly the prod uction of potash , o il ,  and gas--that have i ncreased the 
population eightfold in the last 50 year s .  

The reg i on  has not been considered a fr uitful area for ar chaeological 
research , because the wander ing abor iginal inhabitants left few traces that 
have remai ned for study today . Ar chaeologists studying the Southwest have 
concentrated on the major prehistor ic cul tural centers far from the WIPP 
site .  The basic stud i es of the regi on are summar ized i n  Appendix H . l ,  which 
also presents a summar y of the intens ive ar chaeological surveys made dur ing 
the investigations of the WIPP s i te .  

The first  of these surveys of the WIPP land found about eight ar chaeologi
cal s i tes per square mile in  the central 4 square mile s ;  a s i te was defined a s  
a place used and occupied by prehistor ic  people.  The evidence found a t  the 
s i tes was us ually stone tools , f ragments of pottery , or dar k stains in  so il or 
rock that had once ser ved as a hearth . The sur vey found no pit houses or per
manent str uctures . Later sur veys of the r ights-of-way outs ide the central 4 
squar e  miles have , however , found what appear to be the remains of two prehis
tor ic str uctures . None of t he sur veys have found that the preh i �tory of the 
WIPP site is different from that of its surrounding s .  

The res ul ts of these sur veys s upport the conclusion that preh istor ic 
people used the ar ea ligh tly but perva sively .  Although the ar chaeolog ical 
re sour ces around the WIPP s i te are few and widely scattered , they may shed 
light on the ways in which people have lived in marg inal environments . To 
find and preser ve these re sour ces , careful ar chaeolog ical surveys are made i n  
all the areas that the WIPP proj ect will distur b .  

7 . 2 . 2  Land Ownership and Use 

Figures 7-6 and 7-7 show land ownership and use within 30 miles of the 
WIPP s i te .  These maps s how that there is li ttle pr iva te land in  the area . 
Most of the land is  owned by the Federal Government or the State of New Mexico . 

The dominant use of the l and around the site is g ra zing ; the areas marked 
for oil and gas production in  Figure 7-7 also suppor t grazing . The average 
number of cattle that can g raze  in each section is approximately six to nine .  
There are numerous active oil and gas wells . The only agr icultural land within 
30 miles is i rr i ga ted f armland along t he Pecos River , near the municipali ties 
of Car lsbad and Loving ;  little , if  any , dry-land farming takes place within 
the area . 
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F igure 7-6. Land- ownership within 30 m i les of t he W I PP s ite. 

7 - 1 1  

N 

• 



0 

Sources: 

5 

D 

1 0  Miles 

Irrigated 
farmland 

G razing rangeland 

General areas of 
gas production 

Gen era I areas of 
oil production 

Bureau of Reclamation Land Use Map, 1 968 ;  New Mex ico Bu reau 

of M ines and Mineral Resources, New Mexico Energy R esources Map, 

1 974; Adcock and Associates, field surveys, 1 978. 

Figure 7-7. Land use within 30 miles of the W I PP site. 
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At present , l and within 10 miles of the site i s  used for potash-mining 
operations , ac tive oil and gas we ll s ,  and g ra zing . With or without the WIPP , 
this pattern i s  expected to change little in  the future . 

7 . 2 . 3  Population 

The immed iate ar ea around the WIPP site is  spar sely settled : only 16 
people live within 10 miles . Withi n 50 m iles , however , reside approximately 
102 , 24 5  per sons , most of them in seven pr inc ipal mun i c ipal ities : Artesi a ,  
Carl sbad , and Loving in  Eddy County and Eunice ,  Hobbs , Jal , and Lovington i n  
Lea County . The nearest of these mun icipal i ties i s  Loving , 18 m iles away , 
with a population of 1 6 0 0 .  The two l ar gest are Hobbs , with 3 2 , 6 0 0  i nhabi t
ants , and Car lsbad , with 28 , 600  i nhabitants . 

The populati ons of Eddy 
County , 76 . 9% of the people 
and 5% in  r ural farm areas . 
81 . 1% , 15 . 1% , and 3 . 8% .  

and Lea Counties are predomi nantly urban . In Eddy 
live in ur ban areas , 18 . 1% in r ural nonfarm areas , 

I n  Lea County , the cor responding f i gures are 

Extens i ve data on population ar e g iven in  Appendix H ( Sect ion H . 2 . 1 ) . 

7 . 2 . 4  Hou sing 

Housing is  ava i lable but not abundant in  the three commun i ti es--Car l sbad , 
Hobbs , and Loving--that are the most l ikely to be affected by- the WIPP. 

Through annexat ion , Car lsbad has recently expanded greatly the vacant land 
within the c ity l imits .  Because much of the c ity is now being rezoned , how
ever , the amount of land that will  be ava ilable for future housi ng i s  diffi
cult  to predict . For several years the vacancy rate has been about 1% , some
what lower than the 3% generally felt to be des i rable for order ly population 
growth and commun ity develoffllent . About 10 , 000  housing uni ts exist i n  Carls
bad : mobil e  homes ar e about 9% of this total . 

Hobbs has no zoning ordi nance . The vacancy rate there has been about 1% 
to 2% for the last 2 or 3 year s .  Of more than 11 , 000  housing uni ts , about 12% 
are mobile homes . 

Although the 4% vacancy rate i n  Loving i s  h igher , the number of units 
t here is much srnaller--about 500 . About 10 % of these un i ts are mobile homes .  

D iscuss ions of housing , i nclud ing tables of data , for all three municipal
i ti es are in Appendix H ( S ection H . 3 . 3 ) . 

7 . 2 . 5  Industr i es , Employment , and I ncome 

The basic i ndustr i es of the two-county area are mining , manufactur ing , and 
agr icul ture . The maj or industry is mining :  it accounts for 24 . 6% of the total 
per sonal i ncome in  Eddy County and 3 1 . 2% i n  Lea County . Potash mining and 
processi ng in Eddy County and oil and natural-gas production in Lea County are 
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the pr inc ipal m1n 1ng ac tivit ies . Within 10 miles of the site are three potash 
mines and two potash-process ing plants . 

In the two count ies are 94 manufactur ing companies.  Manufactur ing , wh ich 
accounted for 5 . 2% of a ll per sonal income there in 1977 , includes food process
ing , meat pac k ing ,  the produc tion of chemicals , and the fabr icat ion of metal 
par ts . Within 5 miles of the site ,  there are no manufactur ing establishments .  

I n  1977 ag r iculture accounted for less than 4%  of the total per sonal in
come in the two-county area . Agr i culture there pr imar i ly produces cotton and 
livestock . Because of the ar id climate , farming operat ions re ly on irr igation 
for water resour ces ;  most of the irr igated lands are located along the Pecos 
River ( F igure 7-7) . Within 10 miles of the site ,  there is no irr igation or 
farming ac t ivity. Ca ttle g raze on the site and the surround ing land . 

There are no commercial establi shments within  5 miles of the site .  Wi th in 
10 miles there is only one , a g eneral store . 

Tour ism , par t icular ly in Eddy County ,  contr ibutes substant ially to the 
economy of the two-county area . The Car lsbad Caverns Nat ional Par k ,  approxi
mately 4 0  miles we st-southwe st of the site ,  is  the major tour ist attract ion of 
the area ;  in 1978 the attendance totaled 867 , 2 76 person s .  Other park s ,  such 
as the Guada lupe Mounta ins Nat ional Par k  in Texas , the Living Deser t State 
Par k , and the Presidents ' Park in Car lsbad , also a ttract local residents and 
tour ists .  

Between 1974 and 1978 the expand ing economy of the two counties was accom
pan i ed by a g rowth in  the labor for ce of about 4%  per year . The unemployment 
rate in 1979 wa s about 4% . 

The per-capita income in the two counties is higher than the statewide 
average : $ 68 11 in Eddy County and $ 6 089 in Lea County . These incomes are also 
h igher than the na t ional average for count ies that are not in Standard Metro
poli tan Sta t i stical Area s .  

Full d iscuss ions of industr ies , employment , and income are in Append ix H 
( Sections H . 2 . 2 ,  H . 3 . 1 , and H . 3 . 2 ) . 

7 . 2 . 6  Transpor tat ion 

As shown in Figure 7-1 , several U . S .  and New Mexico h ighways are within 30  
miles of the site .  With in  1 0  miles o f  the site a �e portions o f  New Mex ico 
Highways 31 and 128 ; both are two-lane roads with a bituminous sur face . New 
Mex ico 128 connec ts the communi ty of Jal with New Mex ico 31 , which prov ides 
access to Loving and Carlsbad . Near the WIPP site ,  New Mex ico 128 is  used 
pr imar ily by ranchers,  potash miner s ,  and employees of gas companies . New 
Mex ico 31 connects U . S .  Highway 6 2-180 ( the main  artery between Car lsbad and 
Hobbs) w ith U. S .  Highway 2 85 . S ince th is h ighway prov ides access to several 
min ing opera tions,  Route 31 is used pr imar ily by potash miner s .  

Numerous d i rt roads i n  the area are ma inta i ned for ranching ,  pipeline 
ma intenance , and access to oil- and gas-dr ill ing s ite s .  The better roads are 
sur faced with ca liche , wh i le others are li ttle more than tracks in  the sand . 
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Ra il transpor tation in Eddy and Lea Counties is provided by the Atch ison , 
Topeka and Santa Fe ·Ra ilroad and the Texas-New Mexico Ra ilroad . There are no 
ra ilroad tracks within 5 miles of the WIPP s ite . Ra ilroad tracks reach the 
Duval Corporation ' s  Nash Draw mine , the fac i lities of the Internat ional Miner
als and Chemica l Corporation ,  and the Kerr-McGee plant ,  all pota sh-min ing 
operations be tween 5 and 10 miles from the site .  

The two ch ief corranerc ial a irports in the two-county area are the Cavern 
Ci ty Airport near Car lsbad and the Lea County Munic ipal Field near Hobbs.  
There are no a irpor ts within 5 miles of the WIPP site . The nearest air str ip, 
12 miles north of the site ,  is pr ivately operated . 

Append ix H (Section H . 3 . 4 )  prov ides fur ther information on transpor tation , 
including d iscussions of the local systems in Car lsbad , Hobbs , and Loving and 
an ana lysis of traff ic patterns and road cond ition s .  Section 8 . 3  descr ibes 
the new roads that will lead from the maj or highways to the WI PP . 

7 . 2 . 7  Corranun ity Services 

A wide range of educational oppor tun ities is ava ilable in the two-county 
area .  Car lsbad and Hobbs offer full pr imary and secondary education ; each 
city has 14 public schools.  Students in  Loving attend schools there through 
j unior h igh school and then a ttend high school in Car lsbad . In all th ree com
munities , enrollments are less than the capac it ies of the school systems . 
Vocational train ing is offered in Eddy County by the Car lsbad and Ar tes ia Pub
lic Schools and in Lea County by the Hobbs School Distr ict and the New Mexico 
Jun ior College . Th ree institut ions offer h igher educat ion . In Car lsbad the re 
is a branch campus of New Mexico State Univer s ity .  I n  Hobbs two inst itution s 
offer college cred i t :  New Mexico Junior College , a rapidly expanding 2-year 
State-suppor ted inst itution ,  and the College of the Southwest , a small pr ivate 
school that offers 4-year deg ree programs . 

Shor t-term hospitali zation is ava ilable in four corranun ities in the two
county ara . In Eddy County there are two hospitals--the Ar tes ia General Hos
pital in Arte sia and the Guadalupe Med ical Center in Car lsbad . Lea County 
also has two hospitals--a small one in Jal and the Lea Reg ional Medical Center 
in Hobb s .  I n  1980 a new hospital will be opened i n  Lovington . Eddy County 
has about 3 . 5  hospital beds for each 1000 people ;  Lea County has about 3 . 6 .  
Physic ians provide family-practice med ica l services in most of the corranunities 
in the two counties . Ambulance and emergency services are ava ilable in both 
count ies. 

Car lsbad , Hobb s ,  and Loving all offer corranun ity services typical of other 
U . S .  ci ties of their sizes.  Because the full discussion of these services is 
voluminous , • it appear s  in Append ix H ,  which examines the str ucture of these 
commun ities in detail : social service s ,  fire and police protect ion , water and 
sewage systems , corranunication s ,  electr icity and natural-gas services , 
rec reational opportunities , and solid-waste management .  Append ix H also 
conta ins deta iled information on the local governments , includ ing deta iled 
tables of revenues and expenditures . 
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7 . 3  GEOLOGY 

The geologic  st udies at and around the WIPP si te are a imed at collec ting 
detailed geologic i nformati on for use in evaluating the site ' s suitabil ity for 
a radioactive-waste reposi tory . Th is secti on s ummar i zes the lar ge amount of 
geolog i c  informati on currently ava ilable;  most has been dr awn f rom the WIPP 
Geological Character i zation Report ( Powers et al . ,  1 9 7 8 ) , which should be 
cons ul ted for more detailed i nformati on and for refer ences to pr imary sources . 
The Safety Analysi s  Report (DOE, 1 9 8 0 )  al so contains deta iled d iscussions of 
this mater i al .  

The geolog i c  character i zation of the site star ted wi th surveys of litera
ture and existing data and has conti nued with the collection of new data . I n  
the process , many standard petroleum- and miner al- industry techn iques have 
been used . Speci al emphas is has been placed on correlating data obtained by 
geophysi cal techniques and borehole dr il l i ng .  The geophysi cal techn iques most 
widely used have been s e i smic refl ec ti on and res istivity . By June 1 9 80 , new 
seismic-reflection data for about 152 line-mil es had been obtained , and over 
9000  resistivity measurements had been made and analyzed . Twenty-one bore
holes had been dr illed to evaluate potash resources . S ixteen boreholes had 
been dr illed pr imar ily f or stratigraphic information on or near the site ,  and 
f if teen other holes had been dr illed at the edge of , or away f rom ,  the s i te to 
st udy salt d issolution .  Thr ee of these holes , located outside the boundar i es 
of the site , were dr illed through the sal t to tes t deep aquifer s  and to 
acqui re geologic data on the deeper strata . 

Geologic stud i es cont i nue i n  order to permit  a better quant i f i cation of 
t he rates of geologic processes in and near the s i te and to develop a more 
thorough unders tandi ng of the geologi c  phenomena of inter es t .  More detailed 
descr ipti ons of the geologic , hydrologic , and geophysical methods of investiga
t ion ar e  given in Appendix J and i n  the Geologi cal Character i zation Report 
( Powers et al . ,  1 97 8 ) . 

7 .  3 • 1 Summary 

The site is  a topograph i cally monotonous , slightly hummocky plain covered 
with caliche and s and . I t  is near a drainage divi de that is almost f ree of 
drainage patterns but separates two maj or and actively developing solution
erosion features . 

The waste-emplacement areas of the WIPP are to be about 21 50 feet deep, 
near t he mi ddle of a thick sequence (from 500 to 4100  feet beneath the sur
face ) of relatively pure evapor i te strata containing pr imar ily rock salt and 
anhydr i te .  The Salado Formati on , r i chest in rock salt and nearly 2 0 0 0  f eet 
thick , contains the salt layers in whi ch the wastes are to be empl aced . The 
disposal hor i zon is hydrologi cally isolated by at least 13 0 0  feet of evapo
r i tes , mainly rock s al t ,  f rom the overlying nonevapor i te formations , and by 
nearly 2000  f eet of anhydr i te and rock s al t  f ran the underlying nonevapor i te 
format ions • 

The Delaware basi n ,  i n  whi ch the s i te is  located , has long been , and is  
considered still to be , tectonically stable . Maj or tectonic activity and 
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basi n  subsi dence ended about 225 mill ion year s ago ; si nce then regional eas t
ward t il ting has been t he main geologic movement near the site .  No surface 
faul ti ng is known at the site . 

Tectonic faul ti ng and war pi ng of pre-Permi an rocks near the site seem to 
have predated Permi an evapor i te deposi tion.  Deformation of the evapor i tes has 
occurred pr imar ily in the Castile Formation beneath the Salado and is mos t 
i ntense in a belt on t he inner edge of the bur ied Capitan reef 8 miles north  
o f  the site . Penetration into highly thickened salt sections and salt  struc
tures in the Castile has occa sionally been accompani ed by ar tesi an brine flows . 
An anticline (of lesser magnitude than those commonly assoc iated with br ine 
flows ) on t he  upper Castile is located at the northern edge of control zone II  
(see Figure 7-8 ) . Cont rol zones I and I I  appear to be in a sl ight structural 
trough . 

Bedded- salt di ssolution near the site is  res tri cted to the Rus tler Forma
tion and t he top of t he Salado Formation . There is no evi dence that the re
sul ti ng adj ustment has produced any significant structural irregular i ties or 
collapse features in overlying strata .  The closest surf ici al effects f rom 
d i ssolution are at Nas h  Draw ,  whose edge is  4 miles northwest of the center of 
the site .  The rocks e xposed t here are strongly j ointed , cavernous , and lo
cally brecciated . No " breccia pi pes" or domes ar e known at the site ,  even 
though t hey have been t he s ubj ect of intensive investigations . 

Minor igneous activi ty ,  in  the form of dikes and possible sill s ,  has oc
curred in t he Delaware basi n ,  but the closest such feature is about 9 miles 
northwest of the center of the si te and is 35 million year s old .  

The earthquake record i n  southern New Mexico dates back only to 1 9 2 3 , and 
seismic instr uments have only been in place in the State si nce 196 1 .  Histor i
cal records before 1 9 6 2  indi cate t hat no earthqua kes with a modif ied Mer call i 
(MM) intensi ty of V or greater have occurred within 120 miles of the site .  

The closest were two MM I V  events at Carlsbad i n  1 9 2 3  and 1 94 9 .  The strongest 
wi thin 180 mil es was the 193 1 MM VII I event at Valentine ,  Texas , about 125 
miles away . The cl osest s hock reported si nce 1961 (when more and improved 
i ns truments were introduced in  New Mexi co)  was a magn i tude 2 . 3 event on Janu
ar y 1 9 ,  1 978 , about 10  miles northeast of the site;  the largest two were a 
magni tude 4 . 6 ear thqua ke centered almos t 180 miles to the southwest in August 
1966 and a magnit ude 4 . 7 earthquake 1 90 miles east of the site in  June 1978 . 

The ear thqua ke data show two distinct clusters .  Many small events ar e 
scattered on t he Central Basin platform , j ust across the New Me xico-Texas 
border to the east ;  these ar e probably caused by the inj ection of water for 
o il recovery.  A second cluster is southwest of the s i te in t he Rio Grande 
r if t  zone , also outs i de the Delawar e basin in Texas . The remaining recorded 
earthquakes within 1 80 miles are scattered sparsely in the Great Plains and 
the Basin and Range provinces to the north and wes t .  

Analysis of r is k  f rom vibratory ground motion at the surface shows that 
the greatest ground accelerations expected to occur once in 1000 and 10 , 000 
years are less t han or equal to 0 . 06g and O . lg ,  respectively . The probabili
t i es of higher values depend mai nly on assumptions about the seismic potent ial 
of the area near t he site .  
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F i gu re 7-8. Site topographic  map. 

Mineral resour ces at the site include ca liche , gypsum, salt ,  sylvite , lang
be in ite , oil , gas ,  and distillate . Only potassium salts ( sylvite and langbe in
i te ) , wh ich occur in strata above the repository , and hydrocarbons (oil ,  gas , 
and distillate ) , wh ich occur in strata below the repositor y ,  are of present 

· economic concern . Enormous deposi ts of ca liche , sal t ,  and gypsum elsewhere in 
the reg ion are more than adequate for future requirements . To a large extent 
the potash and hydrocarbon resources l ie in control zone IV, in which mining 
and dr illi ng can be allowed . Langbe inite ,  gas ,  and distillate are the only 
k nown or probable economic resour ces under control zones I ,  II , and I I I .  
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The site soils are all from the Kermit-Ber ino Association--sandy , deep 
soils f rom wi nd-wor k ed mixed sand deposits . The Ber ino and the Kermit are the 
only ser ies in control zones I and I I :  both ar e deep, noncalcareous,  yellow
red , red ,  or light-colored sands . They occur on gently sloping terrain and 
have a slight water-erosion potential and a very high wind-eros ion potentia l .  

7 . 3 . 2 Regi onal Geology 

Th is section d iscu sses the sur face and subsurface geology of the reg ion 
within 200 miles of the WIPP site in southea stern New Mexico , focusing on the 
Delaware basi n .  

Geologic h istory 

The geologic history of the region ( Figure 7-9 ) falls into three phases 
af ter the formation of a basement crystalline complex 1 to 1 . 5 billion years 
ago. The first pha se , lasting at least 500 mi llion years , was the upl ift and 
erosion of Precambr ian sed imentary and metamorphic rocks . The deep igneous 
rocks were exposed , and the area was reduced to a nearly level pla in ( Powers  
e t  al . ,  1978 , pp .  3-38ff ) . 

The second phase , cor respond ing to the Paleozoic Era , was an almost con
tinuous mar ine submergence with slow accumulations of shelf and sha llow ba sin 
sed iments . The ear ly to middle Paleozoic Era was characte r ized by genera lly 
mild epe i rog en ic movements ( vertical movements on a continental scale) and the 
deposition of mar ine car bonates and elastics ( sand , silts,  a�d clays) . Dur ing 
the Ear ly Ordovician , a broad sag , the Tobosa ba sin , formed and began deepen
ing .  The depos ition of shelf elast ics continued , and carbonates were deposited 
in shallow wa ters . M ild tec ton ic activity continued until the middle Missis
sippian with occa sional minor fold ing and perhaps faulting . As the basin sub
sided , the Pedernal landma ss to the north emerged and there was some regional 
erosion ( Power s  et al . , 1978 , pp . 3-89ff ) . 

From La te M iss i ssippi an through Pennsylvani an t ime , tectonic activity in
creased : the Central Bas in  platform , the Matador arch , and the ancestral 
Rockies formed , with ma ssive depositions of elastics next to the uplifted 
area s .  The Tobosa bas in  wa s split into the rapidly subsiding Delaware , Mid
land , and Val Verde ba sins . Dur ing Pennsylvanian t ime , repeated marginal 
faulting cau sed per iod ic upli ft of border ing platforms and some warping in the 
Delaware ba sin.  By Ear ly Permian time , th is tec tonic activity apparently died 
out as basin subsidence and sed imentation accelerated . Reefs developed dur ing 
the mid-Permian : eventua lly the Permian sea became briny ,  forming thick Late 
Permian evapor ite deposits (Cast ile , Salado , and Rustler Formations)  in deep 
water and on br ine flats . The Late Pennsylvanian and Permian elastic and evap
or ite sequenfe is the result of the accumulation of over 13 , 00 0  feet of sed i
ments in a relat ively br ief per iod ( 50 to 75 million years ) . The final event 
of this long , near ly continuous accumulation of mar ine sed iments was the depo
sition of mar ine or brack ish tidal- flat red beds over the evapor i te strata 
( Powers  et al . ,  1978 , pp . 3-93ff ) . 

In the th ird and present phase , which began about 225 million year s  ago , 
the region has had ma inly conti nental or nonmar ine environments and relatively 
stable tecton ic cond it ions . Dur ing the Tr iassic, a broad flood-pla in sur face 
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MAJOR G E O L O G I C  E V E N TS-SOUTHEAST f·JfW ;1iE XICO R E G ION 

Eolian and erosional/solution activity. Do1·dnpment of present landscape. 
Deposition of Ogallala fan sediment>. fc.r P1otiJn of ca!iche ca�r:ick.  
Regional upl ift and east-sGuthca1t;·.•a. d t i : t :;.�:  l:l;;sin-AJnge uplift of 
Sacramento and G uadalupe-Delaware t.1ou; 1t;;ins. 

Erosion do minant. No Early to Mid-Tmiarv r :1.;ks pment. 
Laramide "revolutio n." U pl ift of Becky r.'u�.it3ins. Mild tactonism 
and igneous activity to west and north. 

Submergence. Intermittent shallow seas. Thin limestone and clanics deposited. 

Emergent conditions. Erosion, formation of rolling terrain. 

Deposition of fluvial elastics. 

Erosion. Broad flood plain develops. 

Deposition of evaporite sequence tollo\\tU iiy wntinental red �eds. 

Sedimentation continous in Delaware, Midland, Val Verde basins and 
shelf areas. 

Massive deposition of elastics. Shelf, m,;rgin, h3sin pattern of 
deposition develops. 
Regional tectonic activity accelerates, fc!ding lip Central Basin platform, 
Matador  arch, ancestral Rockies. 

Regional erosion. Deep, broad basins ta cast and west of platform develop. 

Renewed submergence. 

Shallow sea retreats from New Mexico; erosinil. 
Mild epeirogenic movements. Tobosa bosin ;1:�siding. Petlernal la11dm�s1 
and Texas Peninsula emergent, until  Middle Missis�ippian. 

Marathon-O uachita geosyncline, ta south, begins subsiding. 
Deepening of Tobosa basin area; shelf uepnsitinn o f  elastics, derived 
partly from ancestral Central Basin platform, and carbonates. 

Clastic sedimenta tion - Bliss sandstone. 

Erosion to a nearly level plain. 

Mountain building, igneous activity, metd!r1 nrph;;m, erosional cycles. 

• There is no consensus on times an d  durations. See Cohee et al. ( 1 978) for a further review of thi> subject. 

F igure 7-9. Major geologic events affecting southeastern New Mex ico and western Texas. 

developed with the depos ition of elastics . No Ju rassic neposits are k nown ; 
the rolli ng terra in on Tr iassic rocks is presumed to have formed dur ing the 
Jura ssic . Dur ing the Jurassic ,  and perhaps as ear ly as the Tr ia ssic , subsur
face dissolution of the Upper Permi an evapor ites  began . Dur ing the Cretaceous ,  
the area was s uanerged ,  and thin limestone and elastics coll ected i n  intermit
tent shallow sea s .  At the close of the Mesozoic , the Rocky Mountains wer e  
uplif ted , w ith mild tec ton ic and igneous activity to the west and north of the 
s i te .  Throughout most of the Tertiary , eros ion dominated . The mid to late 
Tertiary Ba sin and Range uplift of the Sacramento and the Guadalupe-Delaware 
Mounta ins was accompan ied by regional uplift and east-southeastward tilting . 
Miocene-Pliocene Ogallala fan deposi ts accumulated on th is gently sloping 
sur face , and a resistant caliche caprock formed . Dur ing Quaternary time , 
the present landscape developed through surface erosion and the d issolution 
of the Upper Permian evapor ites , the formation of an add itional caliche lay�r 
(Mescalero ) , ter race and stream-valley depos ition ,  and the deposition of wi nd
blown mater ial ( Power s  et al . ,  1978 , pp . 3-89ff ) . 
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Dur ing the th ird pha se ,  per iods of continental depos i tion have alterna ted 
wi th erosional epi sodes marked by shallow angular unconformitie s .  These 
unconformi t ies represent intervals dur i ng wh ich the salt beds at the s i te were  
t il ted and s ubj ec ted to potential d issolution .  At  least four erosional 
episodes are recognized :  

1 .  Ear ly Tr iass ic time ,  in wh ich the Dewey Lake Red Beds we re er oded to 
a s l ight angular unconformity before the depos ition of the Upper 
Tr iass ic Santa Rosa and Ch inle Sandstones . 

2 .  Jura ssic-Ear ly Cretaceous time , i n  which the Santa Rosa was t i l ted anc 
eroded to a wedge before mar ine inundation in Washi tan time ( latest 
Ear ly Cretaceous ) .  

3 .  A Late Cretaceous through mid-Tertiary interval when the reg ion was 
aga in t il ted and the Tr iassic Santa Rosa Sandstones were beve led for 
a second time . 

4 .  A post-Ogallala uplift and eros ion in ear ly Ple istocene time ,  before 
the deposition of the (Kansan ?)  Gatuna Formation took place . 

After the depos it ion of the Gatuna Formation , there probably were wetter in
ter vals dur ing the later I llinoian and Wisconsin glaci ations , dur ing wh i ch 
there was renewed eros ion . Dur ing later glaciations , cl imat ic cond itions did 
not change and the local climate rema ined semiar i d ,  as indicated by the devel
opment of the Mescalero caliche beg inning about 500 , 000 years  ago ( Bachman , in 
prepa ration) . 

Each per iod of tilting and eros ion caused gradual salt migration down the 
resultant slope . The salt def ormed as it impinged on reef abutments or 
responded to uneven sed iment load ing or eros ional unload ing . There may have 
been several s uch epi sodes . Fur thermore , each erosional per iod subj ec ted 
bur ied salt to potential d is solution . Any pre sent " deep-d issolut ion" fea tures 
in the basin could have star ted as soon as  Ear ly Tr iassic t ime , but more 
probably epi sodes of active dissolution occurred dur ing the Jurassic and Late 
Cretaceous-mi ddle Terti ary and the several pluvial per iods cor respond ing to 
Ple istocene glac ial stages . Episod ic d is solution and the ev idence from 
deta iled mapping studies ( Bachman , in preparation) are d iscussed fur ther in  
Section 7 . 4 . 4 .  

Physiography and geomorphology 

The WIPP site is in the Pecos Valley section of the southern Great Pla ins 
physiograph ic provi nce , a broad h ighland belt sloping gently ea stwa rd from the 
Rocky Mounta ins and the Bas in  and Range province to the Central Lowlands prov
i nce (Figure 7- 10 ) . The Pecos Valley section itself is dominated by the Pecos 
River Valley , a long north-south trough 5 to 30 miles wide and as much as 10 00 
feet deep in  the north . The valley has an uneven rock- and alluv ium-covered 
floor with wi despread solution-subsidence feature s ,  the result of dissolution 
in the under lyi ng Upper Permi an rocks . The terrain var ies from pla ins and 
lowlands to rugged canyonlands , includ ing such eros ional features as scarps , 
cue sta s , te rraces , and mesas . The surface slopes gently eastwa r d ,  reflect ing 
the under lying rock str ata . Elevations range from more than 6000  feet in the 
northwe st to about 2000 feet in  the south ( Powers et al . ,  1978 , pp . 3-3ff ) • 
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Adapted from Fenrieman ( 1 93 1 ) .  
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F igure 7-1 0. Physiographic provinces and sections. 

The Pecos Valley section is bordered. on the ea st by the Llano Estacado , a 
virtually uneroded plain formed by r iver action . The Llano Estacado is par t  
of the High Pla i ns section o f  the Great Pla ins physiog raphic province . Few 
and mi nor topograph ic features are present in the H igh Plains section ,  formed 
when more than 500 feet of Tertiary silts ,  g ravels , and sands were la id down 
in alluvial fans by streams dr a ining the Rocky Mounta ins . In many areas the 
near ly flat sur f ace is cemented by a hard cali che layer . 

To the west of the Pecos Valley sec tion are the Sacramento and the 
Guadalupe Mounta i ns ,  part of the Sacramento section of the Ba sin and Range 
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prov i nce . The Capitan escarpment along the southeastern s i de of the Guadal upe 
Mounta ins mar ks the boundar y between the Ba sin and Range and the G r eat Pla ins 
prov ince s .  The Sac r amento sec tion ha s large bas i na l  areas and a se r i e s  of 
interven i ng mounta in r anges . 

The ma in geomor ph ic features bear ing on the reg ion are the PecoG River 
d r a i nage system , the Mescalero pla i n ,  a kar st ter ra i n ,  and w i nd- eros ion " blow
outs . "  The Pecos River system has evolved from the south , cutt ing headwa rd 
thro ugh the Oga l lala sed iments and b ecoming entr enched somet ime a f ter the 
midd l e  Ple i s tocene . It rece ives almost all the sur face and sub s u r f ace dra in
age of the reg i on ;  most of i ts tr i bu tar ies are i ntermi ttent because of the 
semi ar i d  climate . Mos t of the ground sur face east of the Pecos River Val l ey 
lies in t he Llano Estacada , a poor ly drai ned ea stward- s loping sur f ace cove r ed 
by grave l s , wind-blown sand , and ca l i che that ha s deve loped s ince ear ly to 
mi ddle Ple i s tocene t ime . The sur f ace loca lly has a k ar st te r ra in conta in ing 
super f i c ial sinkho les , dol i ne s ,  and solut ion- s ub s idence tr oughs , from both 
sur f ace erosion and s ubsur f ace d is so l u t i on .  The s i te lies near a ca l i che- and 
sand-covered dra inage d i v i de separ a t i ng two major and ac t ive ly deve 1opi ng 
sol u t i on-er o s i on f eatu r e s :  Nash D r aw to the we st a nd San S imon Swale to the 
east . 

Str a t igraphy and li tho logy 

A reg iona l geolog i c  sec t ion is shown in Figure 7- 1 1 .  1'he stra t i g raph ic: 
sec t i on at the s i te reg i on i ncl udes Pr ecambr i an through Tr i a s s ic r oc k s ,  
over la in by ou t l i e r s  of pos s ible Cretaceous age and widespread sed imen t s  of 
late Ter tiar y  through Quate r nary age .  

Meta sed imen ts and gra n i t ic-volcanic igneou s mate r i a l s  consl i t ule �o s t  of 
the reg i ona l ba sement , c ropping ou t in i sola ted a r eas to the we st and nor th . 
The gran it i c  roc k s  range in ag e from abou t 1 4 0 0  m i l l ion year s in th0 nor t h  to 
abou t 1 0 0 0  m i l l i on y ea r s  in the sou th and are over la in i n  pl aces by young er 
volca n ic mate r ial s .  The sur face of the Precambr i an re fl ec ts the late Paleo-
zoic platform- and-basin s tr uctural con f igu ration of the a r ea ( Powe r �; et a l . ,  
197 8 , pp . 3- 24 ff ) . 

The Paleo zoic sec tion cons i s t s  of up to 20 , 0 0 0  feet of Upper Cambr i a n  sand
stones through Upper Perm i an evapor i tes a nd r ed bed s . The O r dov ician , S i l u r  · 

i an , and Devon ian roc k s  are ma inly car bonate s with sands , shales , and che r t s .  
They we re deposi ted in ' the sha l low,  c a lm  she lves o f  the br oadly s ub s i d i n g  Tu
bosa basi n ,  with mi nor per turbations in upl i f ted areas such as the ance s t r a l  
Central Ba s i n  platform . The M i s s i s s ippi an sequence cons ists o f  loca lly cher ty 
l imestones ove r la in by s i l ty and sandy sha le s ,  tr uncated aga inst adj acent 
emer g i ng upla nd s . Post M i ss iss ippi an mounta in bu ilding c aused upl i f t , t i l t i ng , 
and eros ion , produc ing a ma s s i ve sec t ion of Lowe r Pennsylvanian conti n�nta l 
sed iments i nterb edded wi th dar k l ime s tone s ,  par t i cular ly toward the top of th� 
sec tion . tFrom late in the Pennsylvan ian thr ough the Permian , a basi n ,  bas i n
mar g i n ,  a nd she lf con f i gu rat i on developed ; it resul ted in the depos i  t 1 on of 
dar k shales , elast i c s , and some limestone s and bioc l a s t ics . Dur ing the Pe r 
mi an a s e r i e s  of r ee fs f ormed along the ba sin mar g i n s ,  and sha llow-wa te r  
limestone s and elast ics we re depos i ted on the ad j acent shelve s .  I n  the Late 
Permi an , evapor i tes we re depos i ted in shallow seas re s tr i c ted by the 12nc i r · ·  

c l i ng Permian ree fs ( Powe r s  et al . ,  1 9 7 8 , pp . 3 - 2 7 f f ) . The evapor itc 0 a r. �  
over la in by Permi an red b ed s .  
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The Mesozoic sequence is represented only by the Upper Triass ic te r r i
genous Santa Rosa Sand stone , whi ch in many places is trunca ted or removed by 
eros ion , and by scattered patches of Cretaceous limestone and sandstones 
( Powers et al . ,  1978 , pp . 3- 53 ff ) . 

The ear ly Cenozoic section is miss ing from the reg ion because it has been 
eroded or was never depos i ted. The widespread late Miocene-Pliocene Oga llala 
Formation to the east of the site represents the ear liest preserved Cenozoic 
deposit known in the region . The Ogallala is capped by a dense , res istant 
layer of caliche , probably formed dur ing the late Pl iocene . Quaternary 
deposits occur only loca lly and cons ist of the middle Ple istocene Gatuna 
Formation and later ter race , channel , and playa depos its , Mescalero caliche , 
and Holocene wi nd-blown sands ( Powers et al . ,  1978 , pp . 3-56 ff ) . 

Structure and tec ton ics 

The major str uctural framewor k of the region is provided by the large
scale basins and platforms of late Paleozoic age and by Cenozoic features 
pr imar ily assoc iated with Basin and Range tectonics (Figure 7-12 ) . The 
pr i nc ipal late Paleozoic features of the area were the Tobosa ba sin , later the 
Permian basin and its bor der land s .  These elements include the Delaware 
ba sin ,  the Central Ba sin platform,  the Midland bas i n ,  the Nor thwestern shelf , 
the Pedernal upli f t ,  the Matador arch , the Val Verde bas in,  the Ouach ita 
tec tonic bel t ,  and the Diablo platform . 

The Delaware basin is a broad , ova l ,  asymmetr ical trough with a nor ther ly 
tr end and southward plunge and a str uctural relief of more than 20 , 000  feet on 
top of the Precambr ian . Deformation of the basin  rocks is minor , with forma
tions older than La te Permian ma inly gently downwarped . Deep-seated faults , 
some re flecting Precambr ian faults , occur--as do folds , jo int sets , and a num
ber of smaller , probably solu tion-related , str uctures or ig inating in the Upper 
Permian evapor ite s .  The basin wa s defined by Ear ly Pennsylvan ian time ,  with 
maj or str uctural adj u stments dur ing Late Pennsylvanian to Ear ly Permian time . 
S ince the Late Permian , tec tonic ac tivity has lessened and is expressed in re
gi onal ea stwa rd til ting , relat ive uplift resulting in some erosion, and maj or 
faulting along the we st face of the Guadalupe Mounta ins ( Powers et al . , 1978 , 
pp .  3-6 0 ff ) . 

The Central Basin platfor m ,  a nor thward-tr end ing subsur face feature sepa
rated f rom the Delaware basin to its west by a zone of maj or normal faulting , 
is  a broad upl ift of Precambr ian to Pennsylvan ian rocks , within wh ich movement 
took place per i odically , probably f rom the Precambr ian unt il the late Paleo
zoic , when the basin became str ucturally stable . (Present seismic activity , 
probably rela ted to the use of wa ter inj ection for oil r ecovery,  is d iscussed 
in Section 7 . 3 . 6 . )  

Nor th and nor thwest of the De laware basin lies the Northwestern shelf , 
whi ch was we ll developed before Permian time and wh i ch may have or iginated in 
the ear ly Paleozoic as the mar gin of the Tobosa bas in.  There are  var ious flex
u re s ,  ar che s ,  and faul ts on the shelf , but tec ton ic activity probably ceased 
in Tertiary time . 

The Diablo platfor m ,  wh ich forms the southwestern border of the Delawa re 
basin,  exper i enced uplift,  fold ing , and faulting in the late Paleozo i c .  
Deformation also occurred i n  late Ter tiary time through block fault i ng and 
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buckling .  Holcx:ene upl ift along the eastern side suggests continuing tectonic 
activity in the area . The other late Paleozoic str uctural elements of the 
area are only remotely related to the site . 

La te Tertiary Ba sin and Range tec tonics produced the Sacramento , the 
Guadalupe, and the Delaware Mounta ins to the we st . They are generally 
eastward-til ted f ault blcx:ks bordered on the west by complex normal faul t 
systems forming shor t ,  steep, westward slopes and backslopes dipping gently 
ea stward . Small fault scarps in recent alluviwn at the western edge of these 
ranges , some se ismic activity , and changes in level lines suggest that 
str uctural develo?Uent is continuing ( Powers et al . ,  1978 , pp. 3-7 3 ff ) . 

Igneous activity 

The igneous activity that cx:curred in the region since Precambr ian time is 
represented by Tertiary intrusives and Tertiary to Quaternary volcanic terranes 
lcx:ated north , west , and south of the site area outside the Delaware bas in .  
Only mi nor igneous ac tivity , now represented by d ikes and poss ibly sills , is 
known to have cx:curred with in the Delaware basin.  

The igneous feature of th is type that is closest to the WIPP site is a 
near ly vertical trachyte or lamprophyre dike or set of en-echelon dikes . It 
trends about N 50° E. It extends for perhaps 75 mi les into New Mexico from 
near the Texa s-New Mexico border and passes about 9 miles northwest of the 
center of the site (Figure 7-13 ) . The dike is exposed in two mines . It is 
al so shown by cuttings or logs f rom dr ill holes and by aeromagnetic indica
tions , and at the surface in the Yeso Hills 42 mi les southwest of the site .  
Pa ted as mi ddle Tertiary (about 3 5  million years old ) , it intr udes only into 
the Late Permian Salado and under lying formations . 

The pr inc ipal Tertiary igneous features outside the Delaware ba sin are 
possible intrusive bod ies with in the Delaware Mountains , widespread intrusives 
farther south and west in the Trans-Pecos region of Texas ,  and several features 
well to the north of the basin : the eastward-trend ing El Camino del Diablo and 
the Ra ilroad Mounta in d ikes and the stcx:ks of the Capitan and the Sierra 
Blanca Mounta ins . Quaternary volcanic and related extr usive terra ins are 
present far we st of the site region in the Ba sin and Range province and the 
Rio Grande r if t .  

7 . 3 . 3  Site Physiography and Geomorphology 

The land sur face in the area of the WIPP site is a semiar id , wind-blown 
plain sloping gently to the we st and southwest , hummcx:ky with sand r idges and 
dunes . A hard ca liche layer (Mescalero ca liche) is typically present beneath 
the sand bl�nket and on the sur face of the under lying Pleistocene Gatuna For
mation . Figure 7-8 is a topog raphic map of the area . Elevations at the site 
range from 3570 feet in the ea st to 3250 feet in the west . The average 
ea st-to-west slope is 50 f eet per mile (Gr iswold , 1977 ) . 

Livingston Ridge is the most prominent physiograph ic feature near the site .  
I t  is a west-facing escar?Uent that is about 7 5  feet high and marks the eastern 
edge of Nash Draw , the dra inage course nearest to the site . Nash Draw is a 
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shallow 5-mile-wide basin ,  200 to 300  feet deep and open to the southwest.  I t  
i s  a t  least partly caused by subsurface dissolution and the accompanying sub
si dence of overlying sed iments ( see Section 7 . 4 . 4 ) . Livingston Ridge is  the 
approximate boundary be tween te rrain that has undergone erosion and/or solu
tion collapse and ter rain that has been affected very li ttle ( Powers et al . ,  
1978 , pp. 4-5ff ) . 

About 15  mi les east of the site is the southeast- trending San Simon Swale,  
a depression due at least in part to subsurface di ssolution.  Between San S imon 
Swale and the si te is a broad , low mesa named " the Divide . "  Lying about 6 
miles east of the s i te and about 100 feet above the sur rounding terrain,  it  is 
a boundary between southwest drainage toward Nash Draw and southeast drainage 
toward S an S imon Swale . The Divide is capped by the Ogallala Formation and the 
over lying caliche , upon which have formed smal l ,  elongated depress ions s imilar 
to those in the adj acent High Plains section to the east .  
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Figure 7-13. Igneous dike in the vicinity of the WIPP site. 
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Surface dra inage is intermi ttent ; the nearest perenn ial stream is the 
Pecos River , about 15 miles southwest of the center of the s i te .  Sur face 
runoff from heavy ra ins at the site may enter the Pecos River via Nash Dr aw;  
the d ischarge of  shallow groundwa ter seems al so. to be controlled by the Pecos 
River ( see Sec tion 7 . 4 ) . The site ' s  location near a natural divide protec ts 
it f rom flood ing and ser ious erosion by heavy runoff . Should the climate 
become more humid ,  any perenn ial streams should follow the present basins , and 
Nash Draw and San S imon Swale would be the most eroded , leaving the area of 
the Divide relatively intac t ( Bachman , 197 4 ) . 

D i ssolution-caused s ubsidence in Nash Draw and elsewhere in the Delaware 
basi n  has cau sed a search for geomor ph ic ind icat ions of subsidence near the 
s i te .  One featu re that has attrac ted some attention (Gr iswold , 1977 ) is a 
very shallow sink abou t 2 miles nor th of the center of the site in the south
ea st part of Section 9 ,  T 22 S ,  R 31 E .  It is very subdued , about 1000 feet 
in diameter and abou t 30 feet deep.  Resistivity studies ( Elliot , 1976b) in
dica te a very shallow sur ficial fi ll within th is sink and no d isturbance of 
under lying bed s ,  implying a sur face , ra ther than subsurface , or ig in.  Recent 
re sistivity surveys in the s i te area (Elliot , 1977 ) showed an anomaly in Sec
tion 17 , T 22 s ,  R 31 E ,  with in control zone II . It re sembles the pattern 
over a known sink , a so-called br eccia pipe , but dr illing showed a normal sub
surface struc ture without brecc ia,  and the geophys ical anomaly has been ac
counted for by low- res istivity rock in the Dewey Lake Red Bed s .  The process 
of salt dissolution is discussed in Section 7 . 4 . 4 .  

7 . 3 . 4 S i te S trat ig raphy and Lithology 

Th is sec tion provides stratigraph ic (chronologic sequence , age , depth , 
thickne ss ,  and ex tent) and litholog ic ( rock type) descr iptions of the total 
rock column at the site . More detail is g iven in the Geological Characte r i
zation Report ( Powers et al . ,  1978 , pp .  4-9 ff ) . The s i te geolog ic column , 
Figure 7-14 , ind icate s the ma jor rock un its beneath the site . Table 7-1 
provides s imilar information in tabular form . The systems not d iscu ssed in 
the text are not pre sent at the site because they were not depos ited or have 
been eroded away . 

The rock co lumn at the site consists of a Precambr ian crysta lline basement 
1400 to 1000 million years old , mostly metased irnents and igneous rock s ;  carbo
nate s of Ordov ic ian to Mississ ippian age depos ited in shallow-water or shelf 
cond itions; ba sinal sed iments of Late Mississippian to mid-Permian age , mostly 
sandstone depos ited after  the De laware basin had formed ; Permian evapor ite s ;  
and La te and post-Permian elastic rock s .  The sur face is covered by a thin 
per sistent veneer of Holocene sand . 

The total th ickne ss of the rock column above the Precambr ian basement at 
the s i te is about 18 , 0 00 feet . Of th is , pre-Permi an rocks make up about 5000 
fee t ,  Permian rock s  over 12 , 000 feet , and post-Permian rocks less than 10 0 
feet . The Permian sys tem constitu tes over two-thi rds of the sed imentary pile , 
but the por tion of interest for the WIPP is the upper 4000 feet of evapor ite 
and evapor i te- related rocks of the Ochoan Ser ies of La te Permian age .  
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Table 7-1.  Sununary of WIPP-Site Stratigraphy 

Million Approximate 
years depth to lower Approx ima te 

before contact at s i te thickness 
Era System Ser ies Format ion present center ( ft) ( ft) 

Cenozoic Holocene Surficial sand 10 0-100 
Qua ternary Ple istocene Mescalero ca liche 0 . 0 1 

Ga tuna 40 0-35 

Ter t iarya 
Mesozoic Cretaceousa 

Jura ss ica 

Tr iassic Upper Tr iass ic Santa Rosa Sandstone 181 50 0-250 
Paleozoic Permi an Ochoan Dewey Lake Red Beds 2 30 540 100-550 

Rustler 850 275-425 
Salado 2 , 8 2 5  1750-2000 
Cast ile 4 , 07 5  1250 

-..J Guadalupian Bell Canyon 5 , 100  1000 I w Cherry Canyon 6 , 200  1100 I-' 
Brushy Canyon 8 , 00 0  1800  

Leonard ian Bone Spr ings 11 , 400 3400 
Wolf campian "Wolf camp" 12 , 800 1400 

Pennsylvan ian Desmoine s ian? 280 
Derryan ? Strawn 13 , 100  300  
Mor rowan? Atoka 13 , 800  650  

Morrow 15 , 00 0  1250 
M i s s i ssippian Upper M i ss issippian Barnett Shale 310 

Lower Miss issippian -- 15 , 600  650  
Devon i an Upper Devonian Woodf oro Shale 345  15 , 800  175 
Silur ian -- -- 405  16 , 900 1150 
Ordovician -- Montoya Group 425  

Simpson Group 
Ellenburger Group 18 , 200 1300 

Cambr iana 500 
Precambr ian 600  

asystem not pre sent at  the site . 



Precambr ian 

Crystalline basement rocks near the site ar e believed to be grani tic 
igneous rock or metamorphosed gran ites and rhyolites . The surface of the 
basement is about 17 , 90 0  to 18 , 200 feet deep . Radianetric ages ar e 1140 to 
1350 million years ( Powers et al . ,  1978 , p. 4-12) . 

Pre-Permian rocks 

Ordovician system . In the area of the site ,  the Paleozoic section begins 
with an estimated 12 90 f eet of Ordovician rocks beneath the center of the si te 
(Fos ter , 1974 ) .  These rocks cons ist mostly of car bonates al ternating with 

mi nor amounts of shale , s andstone , and conglanerate . 

S ilur ian system. Lying above the Ordovician dolanites is car bonate rock 
of Silur i an  or S iluro-Devonian age . Near the site it is enti rely light
colored dolanite with appreciable cher t ,  except for two prominent intervals of 
limestone ( Foster , 1 9 74 ) . The bas al contact is apparently d isconformable in  
this ar ea .  The total thickness of S ilur i an  or S iluro-Devonian car bonates is  
about 1140 f eet ( Foster , 1 9 74 ) . They thin westward relatively un iformly . The 
top of the S ilur i an  is about 15 , 850 feet beneath the sur face (Nether land , 
Sewell , 1974 ) . 

Devonian system. The Devon ian system is represented by a distinctive un it 
of or ganic , pyr itic black shale that unconformably over lies the S ilur ian 
car bonates .  Beneath the center of the site ,  it is  about 175 feet thick and 
thickens gradually southeastward ( Foster , 1974 ) . 

Mississippian system. Rocks of the Mississippian system at �he site 
include a ser ies of limestones and overlying shale . The top of the M iss is
sippian is  about 15 , 150 feet below the sur face (Nether land , Sewell , 197 4 ) . 
The carbonates are about 480 f eet thick at the site ,  gradually thickening 
northward .  The over lying black shale is about 175 feet thick . 

Pennsylvanian system. The Pennsylvanian strata at the s i te are approxi
mately 2200 feet thick (Foster , 1974 ) . The section consi sts of alter nating 
members of sandstone , shale , and limestone and rests unconformably on the 
under lying Mississippian shale.  The Morrow ,  the Atoka , and the Strawn 
Formati ons , at the base of the Pennsylvanian sequence , are the maj or prospect 
hori zons for gas production at and near the WIPP site .  

Unlike most of the ear li er Paleozoic strata , the Pennsylvani an strata and 
some of the Lower Permian strata in the Delaware basin show many changes in 
vertical lithology and many lateral facies changes along time-equivalent 
hor i zons . 

Permian system 

The Permian strata in  the Delawar e  basin ,  as much as 13 , 000  feet thick , 
are the most complete Permi an s uccession in North Amer ica . The Permian sec
tion at the site is about 12 , 800 feet th ick � it compr ises over two-thi rds of 
the entire sedimentary column and is more than twice as thick as all ear lier 
Paleozoic formations combined (about 5200 feet) . Of th is total , about 3500 
feet of thick , relatively pure evapor i tes (mainly halite and anhydr i te)  are in 
the upper par t of the sequence , wher e the repos i tory is to be constr ucted 
( Powers et al . ,  1 9 78 , �· 4-1 9 ff ) . 
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The Lower Permian rock s are interbedded limestone , shale , dolomi te , and 
sand stones . Dur ing the Late Permian , the Capitan reef and the overlying 
mass ive evapor ites  were deposited . These evapor ites consist of , in ascending 
order , the Ca st ile ,  the Salado, and the Rustler Formations , wh ich are over lain 
by the elast ics of the Dewey Lake Red Beds . The four formations at the site 
have a total thickne ss of about 4000  feet,  of which about 3500 feet are 
evapor ite s--largely anhydr ite and halite , with some fine-grained elastics and 
evapor itic sal ts , including carbona tes and potassium and magnesilD'D minerals . 
The Castile and the Rust ler are r icher in anhydr ite and carbonate rock than is 
the Salado, and they form barr iers that over geolog ic t ime have retarded the 
movement of groundwater into the Salado Format ion . 

Ca stile Formation .  The Ca stile rests in apparent conformity on under lying 
sandstones and limestones .  At the site its top is about 2800 feet deep, and 
it is about 1300 feet th ick . It consists ma inly of massive beds of laminated 
calc ite-anhydr ite and halite . In the basin , the Castile has several  mass ive 
anhydr ite members separated by moderately thick salt beds merging to the north 
into a wedge of anhydr ite that thins toward the Capitan reef .  

Salado Formation.  The pr incipal salt formation of the area, the Salado 
lies with probable unconformity on the Castile . At the center of the site , 
i ts top is 860 feet deep, and i ts thickne ss is 1975 feet . I t  is divided 
informally into three ma in member s .  The ind ividual beds are very persistent 
and are the basis of a number ing system used by min ing compan ies . The three 
member s are an unnamed lower , the McNutt Potash Zone , and an unnamed upper . 
The th ree members are s imilar except that the McNutt Potash zone is locally 
r ich in potassi um- and magnesium-bear ing minerals and suppor ts extensive 
potash mining to the we st and north of the site .  The upper member contains 
relatively larger amounts of clay minerals and sulfate minerals � including 
anhydr i te and polyha li te ( Powers et a l . , 1978 , pp . 4-29ff) . 

The lower member of the Salado Formation is the proposed location of the 
WIPP reposi tory .  Rock core f rom a dr ill hole at the center of the site shows 
the purest and thickest halite beds to be in th is lower member . The lower 
member consists pr imar ily of ha lite ,  though interbeds of anhydr i te and poly
halite are fa i r ly common . Th in zones with a clay mineral content of up to a 
few per cent are present in the lower member as well as in the rest of the 
Salado . Many of these zones are associated with anhydr ite or polyhalite 
beds . A s ign ificant marker bed in the lower member is a 22-foot seam of an
hydr ite called the Cowden anhydr ite .  Within the lower member , the halite 
below the Cowden is the pure st and most un iform, as infer red from dr i lling 
logs and the core ta ken from a dr ill hole at the center of the site (ERDA-9) .  
Next in quality is a ha lite zone above the Cowden. The proposed mine level 
for the WIPP is about 2 150 feet below the surface . 

Dur ing the dr illing of two holes near the site (AEX::-7 and AEX::-8) and occa
sionally in potash mines , pockets of nitrogen-r ich gas have been encountered 
in the evapor i te sequence . Lambert ( 1978 ) suggests that th is gas was or igi
na lly dissolved in seawa ter trapped as fluid inclusions.  The evapor ites 
underwent some postdepositional recrystallization about 204 million years agoJ 
dur ing this process some fluid inclusions coalesced , forming pockets of br ine 
and air . The f ree oxygen is read ily scavenged by reducing chemical species ,  
leav ing accumulations o f  nitrogen-enr iched gas . 

Ru stler Formation .  Outcrops o f  the Rustler i n  Nash Draw are often dis
r upted near the sur face by the solut ion of salt and gypsum to form a j umbled 
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mass of gypsum with some dolomite , sand stone , and clay s .  Eastward , at grea te r  
depths , the gypsum i n  the Ru stler g ives way to the or i g i nal anhydr i te a nd mi
nor polyhal i te , and the sand stone and claystone g i ve way to sandy and clayey 
sal t .  At the center of the s i te ,  whe re i ts top is 5 50 f eet deep and the f or
mat ion is 310 feet th ick , the Rustler con s i s t s  pr imar ily of th ick seams of an
hydr i te ( up to 50 f eet thick)  and s i l ts tones conta i n i ng ha l i te near the bas e .  
I t  conta ins two do lomi te bed s ,  the Culebra and the Magenta , 7 2 0  and 6 10 feet 
deep , re sp ec t i ve ly . Each is about 25 f eet thick . The Culebra conta i ns wa ter 
of var ying qua l i ty and quantity ( see Sec tion 7 . 4 )  ( Powe r s  et al . ,  197 8 ,  pp . 
4-3 9 ff ) . ( The Ru st ler Format i on might possibly conta in ver teb ra te foss i l s  i n  
this area . I f  signif icant ver tebra te fos s i l s  a r e  found in the Rustler or in 
other f orma t i ons dur ing con s tr uc t i on ,  paleontolog i sts f rom State or reg iona l 
institutions wil l  be prompt ly i nv i ted for salvage operat ions . )  

Dewey Lake Red Bed s .  Re sting u ncon f ormably on the Ru stler Format ion , the 
Dewey Lake Red Bed s are the uppermost of the Late Permian and Paleozoic r oc k s  
i n  the De lawa re ba s i n .  They a r e  r edd ish-or ange to redd ish-brown s i l ts tones 
and f i ne-gra ined sand stones .  Some bed s are structureles s , other s are hor i zon
ta lly lami na ted or c ross- lam i na ted . Accord i ng to Vine ( 19 6 3 ) , they rep resent 
the beg inn ing of a con t i nuous depos i t ion of detr ital sed iment after the long 
per i od  of evapor i te depo s i tion in the Delaware . ba sin and in the adj acent she l f  
areas o f  sou theastern New Mex ico . A t  the site , they a r e  6 3  feet deep and 4 9 0  
feet thick . 

Pos t-Permi an roc k s  

Tr iassic system . The Santa Ros a  Sandstone of Late Tr iassic age rests 
u nconformably w ith sharp l itholog ic contact on the Dewey Lake Red Beds . Th i s  
uncon formity ind icates a break in depos i t ion between Permian and Late Tr iass ic 
t ime , perhaps l onger than any previou s  in the reg ion s i nce M is s i s s i pp i an t ime 
or even ear l i er . At the s i te the Santa Rosa Sandstone is a 9-foot- thick 
erosional wedge that pi nches out j u st to the west of the center of the s i te .  
I t  is mos t ly cross- str a t i f i ed ,  med i um- to coar se-gra ined , gray to yellow-brown 
s a nd s tone , but i t  i nc ludes conglome r a te a nd redd ish-brown mud stone ( Power s  et 
a l . ,  197 8 , pp . 4-44 ff ) . 

Qua te r nary system . The Gatuna Format ion of Ple i s tocene age forms a th in 
blank et , loca l ly absen t ,  up to 30 f eet thick . I n  spi te of i ts near ne ss to the 
sur face , however , the Gatuna crops ou t only rarely , be ing mos t ly obscured by a 
th i n  but per s i s tent veneer of ca l i che a nd sur f ic ial s a nd .  The nearest mapped 
outcrops occur a long the we st-fac ing s lope of Living ston Ridge at the edge of 
Nash D raw , abou t 4 miles nor thwe st of the center of the s i te ( Fi gu r e  7 - 15 ) . 
Though the Gatuna is ma i n ly a f i ne-gra i ned , redd i sh or brown ish fr i able 
sand stone , conglome r a te l enses and blankets are common reg iona lly . Gatuna 
t ime , wh ich occurred abou t 60 0 , 0 0 0  yea r s  ago ,  was the mos t  humid P l e i s tocene 
stage in southea s tern New Mex i co ( Bachman , 1 9 7 4  a nd in p repa r a t i on ;  Powers e t  
a l . ,  1978 , pp . 4-47 ff ) . 

Beneath an obscur ing cover of wind-blown sand , mos t  of the s i te is covered 
by a hard ca l i che (a near-su r f  ace layer of calcium carbonate) ca lled the 
Me scalero ca l i che . I t  is 3 to 5 feet th ick , l i ght gray to wh i te , and sandy 
a nd is sa id to be the remnant of an extens ive so i l  p ro f i l e .  It began forming 
about 6 0 0 , 00 0  yea r s  ago through success ive cycles of solut ion and reprec ipi ta
t i on of so i l  car bona tes dur ing the dry per i od  af ter the mo ist c l ima te of Gatuna 
t ime . 
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Holocene depos i t s  nea r  the site inc lude wind-blown sand , a l l uv i um, and 
playa depo s i ts ( F i gu re 7 - 15 ) . The ma i n  depos i t  is the 1·1i nd-blown s and , 
locally known as the Me sca lero sand (Vine , 1 9 6 3 ) , that cover s  near ly a l l  of 
the s i te ,  occu rr ing e i ther as a sheet depos it resting on ca l i che or a s  con
sp icuou s dune f i e ld s .  The sheets are probably no mor e than 10 to 15 feet 
th ick on the average ; the sand dunes may be a s  h igh a s  100 f eet . At many 
places the sand cons ists of a compac ted , s l i gh t ly c layey moderate-brown sand 
that is up to 1 . 5 f eet thick and is over la in by l oose ,  l i gh t-b r own to l i gh t
yellowi sh-g ray sand . The dune s appea r  to be r e lat ively inactive at presen t ,  
part ly stab i li z ed by a spa r se plant cover . The w i de spread depo s i ts of w i nd
blown sand are ind icat i ve of a large sou rce of f i ne sand as we l l  as of the 
extreme f l uc t ua t i ons of c l L�a te dur ing Ple i s tocene t ime . Dur ing humid i nter 
va ls in Ple istocene time , the sand wa s eroded from nea r by ou tcr ops of the 
Oga llala Forma t i on ,  and dur ing ar id i n tervals the wind has moved th is sand 
across the Mesca lero plain ( P  ichnan , 197 4 ) . 

Descr iption of the emplacement hor i z on 

The Geolog ica l Cha racte r izat ion Repor t ( Powe r s  et a l . , 1 9 7 8 ) , par t icula r ly 
Chapters 7 and 9 ,  deta ils stud ies of hor i z ons at depths of abou t 2 1 0 0  and 2 7 0 0  
f ee t  and re lated roc k s  in the Sa lado Formation .  At the time two levels we re 
planned f or the WI PP ,  the l ower one f or the demons t r a t i on of spent- f ue l  d is
posa l ,  wh ich ha s sinc e  been de leted from the WIPP mi s s ion . A hor i zon at a 
depth of abou t 2 1 50 f eet has been selec ted f or the WI PP TRU-wa s te repos i tory . 
Thu s  the stud ies at 2 1 0 0  feet rema in app l i cable . They inc l ude stud i e s  of the 
mineral composi t i on ,  chemical and thermophy s ical prope r t i e s ,  def ormat i on ,  
vola t i l e-matter content , and flu id inc lu s ions o f  the bed s .  

I n  i ts phy s i ca l  p rope r ties and mechan ica l behav i or , rock salt d i ff e r s  f rom 
other geolog i c  mate r ia l s .  I t  shows non l i near ine la st i c  respon se under practi
ca lly a ll l oad ing cond i t i ons . It b ehaves in a duc t i le fash i on even at tempera
ture s and pre ssures often encounte red in min ing . It can undergo large stra ins 
before fa i l u r e ,  and open i ngs even at very sha l low depths have complete ly clos ed 
over long per iod s ( Baar , 197 7 ) . I t  is the r e for e impor tant to d i s t ing u i sh sa lt 
f rom other r ock s ,  pa r t i cular ly in analyz ing de f ormat i on s .  

The rock sa l t  of sou thea ste rn New Mex i co has been stud ied through petrog
raphy , wh i ch g ives i nd i r ec t  information on phy s ical and mechan ica l prope r t ie s ,  
through d i r e c t  mea suremen ts o f  phy s i ca l  proper t i e s , and through direct mea sure
men ts of thermal-mechan ical prope r t i e s .  

The bas i c  mi nera l of the empl acemen t hor izon is ha l i te . Also pre sent are 
anhydr i te ,  po lyha l i te ,  q ua r t z , and a s u i te o f  c lay m i ne r a l s  ( i l l i te ,  chl or i t� , 
ta lc , ser pen t i ne ,  and expandable c lay s) . Ha l i te bed s with i n  the emplacement 
hor i z on are abou t 97% ha l i te . Most of the rema i nder is anhydr i te ( Bod i ne and 
MacMi l l an ,  197 8 ) . 

The gra in s i z e  of a l l  sa lt stud ied var ie s ,  in order of dec r e a s ing abun
danc e ,  f rom coa r se ( larger than 0 . 45 i nch ) to med ium ( 0 . 0 5 to 0 . 45 i nch) and 
f i ne-gra ined ( smaller than 0 . 0 5  inch ) . The gra in geometry of many coa r se 
samples s ugge s ts some s econdary r ecrysta l l i z at i on ( Bod i ne and MacM i l l an ,  1 9 78 ) . 

Gra in bounda r ies ar e moderate ly tight ; hal i te gra i n s  touch loca l ly , with 
f ew mineral const ituents in the i nter stice s . I nd iv i dual g ra i ns show no e l onga
t ion or pre ferred or ienta t i on .  
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Figure 7-1 5. Surficial geology map. 
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Powdered samples we re hea ted in nitrogen and the i r  we ight loss measured . 
The loss i nc l udes water loss , gas loss , and loss f rom decomposi tion . The 
med ian we ight los s wa s 0 . 36 % ,  bu t one sample of polyha l i te ( theor etically 
6 we ight per cent wa ter )  f rom below the p roposed emplacement levels had a 5 . 4 %  
we ight loss ( Power s  et a l . , 197 8 , pp .  7- 3 2 ff and Table 7 . 12 ) . Roedder and 
Be lkin ' s  ( 1 9 7 8 )  samples s howed an ave rage of 0 . 36 we ight percent fluid 
throughou t the evapor ite s .  The range of fluid content wa s f r om abou t 0 . 1  to 
1 . 7 we ight percent, con s i s tent with resu l ts obta i ned by sta t ic heating and 
thermog rav imetr ic ana ly s i s . Roedder and Belk in ( 19 7 8 )  also ind icate that the 
f luids a re not s imply sod i um and pota ss i um  chlor ide so lu t i ons , but i nc lude 
other ions , such as mag ne s i um .  The amount of gas in the fluid inc l u s ions is 
g enera lly very l ow ,  implying t hat the i nc lu s i on would p robably move up a ther
ma l g rad ient toward a heat source . The inc lus ions seem not to have migrated 
s ign i f icantly s i nce they were f ormed dur ing Permian t ime . 

The phy sical proper t i e s  mea sured inc lude dens ity , moi s ture content , po
ros ity , a i r  permeab i l ity ,  e l ec tr ical res i st i v i ty ,  u l t r a son ic veloc i ty ,  and 
therma l conduc tiv ity . Mechan ical proper t i es mea sured inc lude u n iaxial com
p re ssive streng t h ,  u ncon f i ned ten s i le streng th ,  stress- stra in behav i or and 
ult imate stress in qua s i s ta t i c  tr iaxial compress ion , e lastic moduli , pr inc ipal 
stra in ratios ,  y i e ld stress ( e la s t ic l im i t ) , and c r eep r a tes . Other te s ts 
add r e ssed the e ff ec ts of spec imen prepara t ion on the r e su lts obta ined in the 
labora tor y .  Repre sentat ive mechan ical prope rties a re l i s ted in Table 7-2 . 

S a lt from the s i te can undergo tr ans ient and steady-sta te cr eep . Both are 
be i ng cons ide r ed in de s ign calculations , w i th steady- sta te c r eep be ing par
ticu lar ly impor tant at h igh temperature s .  Pre limina ry steady-state creep 
r a te s  ar e in the range of lo- 1 0  to lo- 7  per second . Tra n s i ent creep 
depends on p re ss u r e ,  pr i nc ipal stress d i f f e r ence , and temperatu r e .  The test 
results ind icate tha t  these three are interdependen t .  Of these thr ee , 
temperature appears to have the most drama tic e ff ec t  on the c r eep r a te .  

7 . 3 . 5  S ite Str uc ture and Tecton ics 

Rock str uc tures record pa st rock de formations . Th is record allows the 
r ec on s tr uc t i on of the tec ton ic h i story ( lar ge-scale events involv ing the 
ear th ' s  c r u st )  of the s ite and the reg ion and the evaluation of the general 
stab i l ity . Th is s ec t i on summar izes inf ormation on tec ton ic and non tec ton ic 
mec han isms , deep str uc tures , salt de format ion , sha llow str uc ture s ,  and man
i nduced s ub s i dence str uc t u re s .  More deta i led descr ipt ions a re g iven elsewhere 
( Powe r s  et a l . , 1978 , Sec tion 4 . 4 ) . 

Tec ton ic a nd nontec ton ic mechan i sms at the s i te 

I n  the deve lopment of the De lawa re ba s i n  preex i s t i ng roc k s  were de formed 
by the we ight of rapidly depos i ted s ed iments and by tec ton ic s tress f rom w i th i n  
the cr u st . The pre sence o f  th ick sa lt bed s str ong ly a ffec ts the de forma t ions . 
The de f orma t i on of th ick salt is pla st i c ,  very d i fferent f rom the def orma t i on 
of most other geolog ic mate r ials under s imilar cond it ions . Ther e for e ,  when 
tec ton ic f or ces act on a s tr ucture w ith a th ick salt bed sandw iched between 
two layer s of b r ittle rock , there need be no s imi lar ity between the deforma
t i ons of the upper and the lower rock layers . D i ff e r ences in def orma t i on above 
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Table 7-2 . Proper t ies of Sa lt at the WI PP Si te� 

Property 

Den s i ty ( g/cm3 ) 
Porosity (% ) 

PHYS ICAL PROPERTI ES 

Mo ist ure loss ( %  by we ight to 300°C) 
Re s i st iv i ty (ohm-m) 
A i r  permeabi l i ty ( da r cy s )  
P-wave veloc i ty ( km/sec) 
Thermal conduc tivity (W/m-K) 

Average value ( r ange )  

2 . 18 
o . s  ( 0 . 1-0 . 8 )  
0 . 4  (0-1 . 0 )  
58 , 100 ( 49 00-230 , 00 0 )  
lo-7 

4 . 5 (4 . 4 2-4 . 6 2 )  
5 . 75 

MECHANICAL PROPERT I ES  

Qua s i s ta t ic proper t ies at 23°c 

Uncon fi ned strength ( ps i )  
Secant modu lus (ps i )  
Pr i nc ipal s tra in ( Po i sson ' s ) rat io 
Str a in at fa ilure ( % )  for a 

con f i n ing pre ssure u3 of 
0 p s i  
500 psi 
3000 psi 

Ten sile strength ( psi ) 
I n i t i al y ield stress ( ul - u3 ) ( ps i )  

2450-3 300  
2 x 10 6 

0 . 25-0 . 3 5 

2 . 5-6 . 0  
17-20 
20 
220 
100 

P re l im i nary c r eep propert ies 

S teady-sta te creep rate E ( sec-1 ) : 
At 23°c and u1 - u3 = 100 0  ps i 
At 13 0oc and u1 - u3 = 2000  ps i 

aData from Powe r s  et a l .  ( 1978 , pp . l-3 4 ff ) . 

and below a salt layer can also result f rom the collapse and deformat ion of 
roc k un its over ly ing zones of salt dissolut ion . 

C l ear ly , then , s tr uc tu ral f ea tu res in the rocks tha t  occur in the a r ea are 
related to the pos i t ion of the se roc k s  in the geolog ic column . Accord ingly , 
the following desc r ipt ion of g eolog ic s t r uc tu re a t  the s i te is organ i zed into 
separ ate d iscuss ions of str uc tures below the salt , the salt beds ,  and str uc
t u res above the sal t � al so d iscussed is sub s i dence in the Potash Min i ng D is
tr ict close to the s i te to the nor th and we st ( Powe r s  et al . , 1978 , pp .  
4-54 f f ) . 

Deep str uc tures 

The Middle and Ea r ly Permian rocks beneath the salt beds slope east
southea st at about 50 feet per mile . The Paleozoic roc k s  benea th the Permian 
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slope in the same direction but more steeply , at about 100 to 150 feet per 
mile . The neare st sub stantial fault is a north-trending fault about 15 to 20 
miles east and southeast of the site , descr ibed by Foster ( 1974 )  and referred 
to as the "Bell Lake fault . "  It has a length of about 15 miles and a d is
placement of about 50 0 fee t .  Foster ' s  analysis of borehole data ind icates 
that Upper Permian strata a re not offset by the fault,  but the deeper Permian 
strata are distor ted near the fault ( Powers  et al . , 1978 , pp .  4-56ff ) . 

Contour maps based on seismic-reflection data from the Paleozoic strata 
below the salt show small faults running generally nor th-nor theast and small , 
sha llow domes and saddles several miles apart and several hundred feet  from 
cre st to trough (Gr iswold ,  1977 : Power s  et al . , 1978 ) . 

Figu res 7-16 and 7-17 (Gr i swold , 1977 ) show g eneral southwest-nor theast 
and northwe st-southeast sections , respectively , across the site . Faults 
ar ising in the basement rocks cut through the Pennsylvanian strata and fade 
out in the Permian . Faults indicated in the lower por tion of the Cast ile are 
believed to be depositional-growth faults or due to massive salt flow . They 
are not found in the Delaware Mounta in Group . There is much less warping in 
the Delaware Mounta in Group,  and i t  is apparently unrelated to the deeper 
trend s .  The Delaware Mounta in Group locally forms a northwe st-trend ing 
saddle , with about 100 feet of str uctural relie f ,  near the center of the site .  

Str uc tura l  d ifferences between Delaware and pre-Permian str ata suggest 
d ifferent or igins and two per iods of faulting . Below the Pennsylvanian all 
strata are deformed together , the intensity increasing with depth . Tectonic 
deformation apparently occurred in Late Pennsylvani an or Ear ly Permian t ime 
and established the local str ucture of all pre-Permian rock s .  _ Faults ar ising 
in the basement rocks cut into,  but not through , the Pennsylvani an strata 
( Powers  et al . , 1978 , p. 4-59 ) . 

Salt deformation in the Ca st ile and Salado Format ions 

In the nor thern Delaware basin ,  a str uctural feature common to all levels 
of the evapor i te section is the un iformity in the direct ion and the slope of 
the gentle , southeastward d ip (Figure 7-17 ) ( Jones ,  1973 ) . Super imposed on 
the reg ional d ip pa ttern are localized salt- flow structure s :  some may be Per
mian in age ,  others  appear re lated to Delaware basin tilting of mid-Ter tiary 
age ( Powers et al . ,  1978 , pp. 4-60 ff) . 

The greatest deformation in the evapor ite sequence at or near the site 
seems to be related to a deformation belt inside the Capitan r eef  front . This 
belt is irregular in geometry but is generally about 5 miles in width , and it 
is re flected in the folding , particular ly in the Castile Format ion, of the 
interbedded halite and anhydr ite . The belt of deformation somet imes includes 
salt- flow str uc tu res from the Cast ile ( Anderson, 1978 : Anderson and Power s ,  
1978 ) .  Some of this str ucture seems to have been formed when reg ional tilting 
caused pla stic flow of salt aga inst the Capitan reef . Data f rom the s ite area 
ind icate only that tilting occurred after Late Tr iassic time and before late 
Miocene t ime . Other salt str uctures do not appear to involve overly ing 
Permian and post-Permian rocks,  implying that in those instances deformation 
may have occurred at about the same t ime as deposit ion ( Powers et a l . , 1978 , 
pp . 4-6lff) . About 5 miles nor theast of the center of the WIPP s ite is an 
anticlinal or dome like str uctu re with a core of mobilized Casti le salt with in 
the belt of salt deformation flanking the Capitan ree f .  An anticlina l  
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str ucture o f  less ver t ica l s i z e  is 3 to 4 miles sou thwe st of the center of the 
WI PP s i te .  

A r idge-and-sadd le con f i g urat ion tr end i ng nor thwest , wi th a crest-to
trough sepa r a t i on o f  2 to 3 m i les and a total struc tural re l ie f  of up to 4 0 0  
fee t ,  is  ind icated by the contours o f  the top sur face o f  the Cast i l e  Formation 
as determi ned f rom se i smic- r e f l ec t i on da ta . 

The str uc ture contou rs pre sented in the Geolog ica l Char acter i zat i on Repor t 
( Powers et a l . ,  1 9 7 8 , Figure 4 . 4- 6 )  a l so ind i ca ted an infer r ed f ault w i th a 

d isplacement of abou t 3 0 0  fee t at the edge of control zone I I . S i nce tha t  
t ime abou t 77 l i ne-m i l e s  of add i t i onal se i smic data (Be l l  and Murphy , 197 9 )  
have been obta ined , and WIPP-12 ( see Figure 7-23 ) ha s been dr i l led . The bor e
hole data con firm an eleva t i on change of about 130 feet between ERDA-9 and 
WIPP- 12 on the top of the Castile Forma t ion .  The inferenc e  is tha t ther e  is 
an antic l i nal str uc tu re on the top of the Cast i le .  In the i r  analysis of 
se ismic- re f l ec t ion da ta f rom ERDA-9 and WI PP- 12 , Bell and Murphy ( 19 7 9 ) po i nt 
out that the apparent ly cont inuous re flect ing laye r s  f r om the top of the 
Cast i l e  are not cons i s tent with the depth of the top of the Cast i l e  and the 
se i smic veloc i t ies mea su r ed in ERDA-9 and WI PP- 1 2 . Th is may be expla ined by a 
re lat ively tight fold ing or a d iscont inu i ty i n  the upper Cas t i le . Bor eholes 
i nd i ca te no evi dence of th is s tr uc tu r e  at the top of the Sal ado . Four bore
hol e s  (WI PP 1 8 , 1 9 , 2 1 ,  22 ) we re prev iously dr i lled between ERDA- 9 and W I PP- 12 
to determi ne whether the prev iou s ly infer r ed f ault ing extended upward th r ough 
the Salado and into or through the Ru stle r . No ev idence of a fau l t  wa s ob
tai ned f rom these hole s ,  and the sma ll d i ffe r ences in stratigraph ic th ick
ne sse s ar e we ll within the norma l  range for the area . The de ta i led nor th
south and northwe st- sou thea st c ross sect ions through the s i te shown in Figures 
7 - 1 8  and 7 - 1 9  are based on the late st ava i lable (November 197 9 )  bor ehole and 
se ismic re f l ec t i on da ta . 

The se ismic r e f l ec t ion data ava ilable ( Powe r s  et al . , 1 9 7 8 ; Bel l  and Mur
phy , 1 9 7 9 )  a ll con fi r m  the e x i s tence of an area in the nor thern part of the 
s i te with s i g n i f icant d i fferenc e s  in the se ismi c charac ter of the Cast i l e  and 
the Sal ado . Th is a r ea has been ca l l ed the " d i sturbed z one . " The sa l i ent 
fea tures of this ar ea ( F igure 7-18 ) are an ant i c l i na l  str uc ture at its 
southern mar g i n ,  i nte r r upt i ons and d iscont inuit ies in the se ismic returns from 
the lower evapor i te s ,  th inn ing and thicken ing of evapor i te bed s ,  and se ismic 
re f l ec t i ons f rom the upper Salado that are extreme ly d i f f i cult to i nterpr e t .  
Pre limi nar y examina t ion o f  cor e s  from bor eholes WI PP 11 , 12 , and 1 3  con f i rms 
t h i nn ing and th i c k en i ng of evapor i te beds in the Cast i l e  and the lower Sal ado. 
The pr inc ipal hypotheses o f  the or ig in of the disturbed zone ar e d isso l ut ion , 
mechan ica l  ha l i te f l ow ,  and depo s i t ion . None of these i s  prefer r ed at th is 
t ime , and a comb ina t i on o f  proce sses may have occur r ed .  The cor e doe s  not con
tain r e s i dues f rom regiona l deep d i ssolut ion , and i t  does not i nd i cate a mas
sive mechan ical f low of ha l i te . The de format ion of sed iment befor e l i th i f i 
cat ion accounts f or some , but not a l l , f ea ture s . Sha llow-bo r ehole data do not 
ind icate anomalou s  geolog i c  cond i t ions in the upper Sa lado except tha t mar ker 
bed 124 appear s low in an i ndu stry potash hole 2 m i le s  nor th o f  ERDA- 9 . Exami
na t ion of core and othe r da ta is cont inuing to prov ide add i t ional assessment 
of the d i sturbed z one . 

Add it iona l se ismic-re f lec t ion data ( Be l l  and Murphy , 19 7 9 )  have made i t  
apparent tha t  the f au l t  trend o n  t h e  Ca st i l e  infe r r ed ear lier ( Powe r s  et a l . ,  
1978 , F igure 4 . 4 - 6 )  is not cor r ec t .  The fau lt or fold near WI PP- 12 and to the 
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nor thwe st is arcuate and bounds the disturbed zone . The ev idence near the 
southea st edge of the site is part of an old fault or discontinuity ,  trending 
northeast , not northwest , in and below the lower evapor ites.  The inference of 
a northwest- trending fault through the center of the site ,  though reasonable 
from the data ava ilable in 1978 , is not suppor ted by the add itional data . 

Anderson (1978)  has attr ibuted some localized depressions within the 
evapor ite un its to "deep dissolution . "  In the central par t of the basin,  to 
the south of the site ,  these " deep-seated sinks" may not show at the surface 
and are not clear ly related to the shallower dissolution features descr ibed 
below. These midba sin " deep sinks" may not be of recent or igin . If they are , 
they may well be re lated to other collapse features in the Delaware basin 
region as d ifferent stages of a general process of erosion (Anderson, 1978 , 
pp .  58- 59 ) . Bachman ( in preparation) , however , attr ibutes these latter 
exposed features in the Delaware ba sin to processes other than deep 
dissolution (Sect ion 7 . 4 . 4 ) . 

Two depress ions in the Salado occur near the site . One , identified by 
Anderson (1978 , Figure 7 )  as a possible " deep s ink , "  is nearly 5 miles east
southeast of the center of the site and is based on one borehole . The isopach 
of the infra-Cowden salt exh ibits severe thinning or absence at th is borehole.  
Ne ither Ca stile nor Salado isopachs ind icate any s imilar features .  The top of 
marker bed 124 is a low at th is borehole (Anderson , 1978) . A second depress ion 
is centered about 2 miles nor th of the center of the site and is also based on 
a single borehole . Th is feature appears not to be a sink or breccia pipe , as 
hor izons other than mar ker bed 124 are not affected and there is no resistivity 
anomaly. There is no ba sis for postulating a northwest-trending fault or d is
solution zone on the basis of these features .  For site str uctures see the 
Geological Charac ter izat ion Report (Powers et al . ,  1978 ) . 

The interception of a br ine reservoir in ERDA-6 at a now-abandoned site 
(Section 2 . 2 . 3 )  has caused concern over the possible existence of such reser
voirs at the present site and the consequences to a repository. The occur
rences of br ine reservoirs have previously been sununar ized (Gr iswold , 1977 � 
Powers et al . ,  197 8 ) . The nearest is immed iately southwest of the site at the 
Hudson-Belco well . The next closest is ERDA-6 , about 2 miles northeast of the 
outer site boundary. Five wells , present in two clusters about 10 to 12 miles 
ea st of the si te ,  are also known to have produced br ine . All of these occur
rence s ,  except for the Hudson-Belco well , are within a general deformation 
belt inside the Capitan reef.  The Hudson-Belco well is on an anticlinal struc
ture about 3 miles southwe st of the center of the site . All of the br ine ap
pears to come from the ca stile Formation,  and it is associated with the middle, 
or possibly upper , anhydr ite of the Castile. However , the Castile has been 
penetrated many t imes without produc ing br ine , and WIPP-11 in particular pene
trated through an anticlinal structure in the Castile without detecting any 
br i ne or fluids.  With th is backg round, the broad anticlinal str ucture in the 
Cast ile at the northern edge of control zone II is the closest area to the 
site that might be suspected of containing a br ine reservoir . ERDA-9 ( to the 
south) , WIPP-12 (on the crest of the structure) , and WIPP-13 ( immed iately 
northwest of the str ucture) have penetrated into the upper Cast ile anhydr ite 
(WIPP-13 to the base of the Cast ile) without revealing any br ine re servoir .  

The reposi tory level (about 2150 feet) at ERDA-9 is near ly 700 feet above 
the upper Ca stile anhydr ite and perhaps 1300 feet or more above the middle 
anhydr ite of the Ca st ile .  Since the min ing will follow strat igraph ic hor izons , 
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at least several hundred feet of evapor ites will be between the repository in 
the Salado Formation a�d the uppermost beds presumed to have produced br ine . 
Because of the 700-foot layer of evapor ites  between the repository level and 
the Ca st ile Formation , a deep Castile br ine pocket would pose no hazard to the 
repos itory even if one should be present in the Cast ile--an unli kely probabi l
ity for an area of gentle str ucture . 

In add ition ,  the very existence of br ine reservoirs , such as at ERDA-6 , 
and the t ime that has elapsed since fluid movement (at least 500 , 000  years ago, 
Powers et al . , 1978 , p.  7-99 ) g ive reasonable assurance that such reservoirs 
are r.ot connected e i ther to aqu ifers above the Salado or to the surface . 

In summary ,  the Salado Formation has a relatively uniform easter ly dip of 
about 80  to 100 feet per mile across the s i te ,  and there is li ttle evidence of 
any sign ificant str uctural anomalies ( Figures 7-18 and 7-19) . No plastic 
deformation or buc k ling assoc iated with salt flow seems to have occur red in 
the Salado as has been infer red for the lower levels of the Cast ile . Ar tesian 
br ine reservoirs are somet imes associated with much-th ickened salt sect ions 
and salt-flow str uctures in the Cast ile.  The apparently thickened section of 
Ca stile within the s i te is ma inly at the northern edge of control zone I I .  
The effec ts appear to be much less than at ERDA-6 , where the buckling was so 
severe as to make mining in a s ingle bed near ly impossible . 

Shallow str uc tures 

" Shallow" is here defined to include all depths down through the Rustler 
Formation ,  or to a depth of about 8 50 feet beneath the center of the s ite 
( Powers et al . ,  1978 , pp . 4-73ff ) . 

At the site ,  the surface sand makes it hard to observe the surface geologic 
str ucture . Rocks above the Salado Format ion have been weathered and somet imes 
have secondary str uc tures resulting from surficial d issolut ion and subsidence 
(see also Section 7 . 4 ) . Sha llow str uctures near the site therefore have great
er irregular ity and complexity than do deeper rocks . In nearby Nash Draw the 
or iginal str uctures are masked by widespread slumping from salt d i ssolution . 
This sur face j umbling is in Nash Draw , and not between Livingston Ridge and 
the site .  Living s ton Ridge , 4 miles northwest of the s i te ,  marks the edge of 
Nash Draw . The rocks exposed here are strongly j o inted , cavernous ,  and lo
cally brecciated ; strat ification is generally obli terated (Jones ,  197 3 ) . 

The Rustler Formation in the southwestern par t of the s ite has a d ip of 
about 80 feet per mile to the southea st.  F.astward thicken ing of the Rustler 
is related to the increasing amount of halite preserved . Subsurface data show 
that the d issolution of 100 to 200 feet of salt has mod ified the surface and 
shallow subsur face str ucture , but has not been accompanied by h ighly i rregular 
subsidence str uctures in the overlying strata at the s i te .  

The top of the Dewey Lake Red Beds does not slope eastward a s  do all lower 
Delaware ba sin hor izons ; it slopes generally nor theastward (Jones ,  1973) . 

No sur face faults have been mapped within 5 miles of the center of the 
s i te .  The faults that have been mapped in the area are more d istant and are 
pla inly related to collapse features rather than to tectonic or ig ins . On the 
ba s is of aer ial photographs and l imited field wor k ,  Gr i swold ( 1977)  suggested 
a fault on the we st edge of Livingston Ridge . Since then , reexamination in 
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the field has led him to change h is mind (per sonal conununication , February 20 , 
1978 ) . Recent mapping by Bachman ( in preparation) confirms the lack of sur
face faulting at th is locat ion or elsewhere with in 5 miles of the center of 
the s i te.  

Kelley (197 1 )  suggests two faults that he calls the Barrera and the Car ls
bad faults at the foot of the Guadalupe Mounta ins west of the Pecos River . 
Others ( e . g . , P .  T .  Hayes , 196 4 ,  personal conununication c ited by Kelley) do 
not believe a fault is present . Re investigation (Hayes and Bachman , 1979)  has 
revealed that stratigraph ic relationsh ips are normal and that these suggested 
faul ts do not ex ist.  

Man-induced subsidence features 

In the Car lsbad mining d istr ict (BLM ,  197 5 ) , there has been subsidence dur
ing and after underg round mining . Areas where s ubsidence effects have occurred 
(14  square mi les) or are expected ( 40  square miles) are shown in Figure 7-20 . 
These areas are north , northwest,  and west of the s i te at d istances from 3 . 5  
to 26 mi les . The maximum subsidence observed is about two-th irds of the height 
of the ore zone mined . Cu rrent ore zones are 4 to 8 feet th ick ; maximum subsi
dences are 2 feet 8 inches to 5 feet 4 inches . 

r-·· - · ·-· - 1 
' I I I 
: N1w Mexico t 
I ' . 

;.1 r;.·-P I  
' '"'Jmj ... ' ' 

---l _ _  _JI>' 
:_j"'"' M1p lfH 

Loe1tton map 

5 0 10 Miles 
N • Source: BLM (1975). �H�U�liiJ--��iiiiiiiiiiiiiiii�!!!!!�I 

- ArelS whut sublidence effects 
hive likely occurred 

Ar11s where subsidence can be 
expKted to occur in the future 

F igure 7-20. G eneral ized map of the Carlsbad m ining d istrict 
showing l ikely subsidence areas and expected 
futu re su bsidence areas. 

7-47 



7 . 3 . 6  Se ismology 

The purpose of the se ismic stud ies is to build a basis from · � ich to pre
d ict the g round motions that the WIPP reposi tory might be subj eG d to both in 
the near and in the d istant future . The concern about se ismic effects in the 
near future,  dur ing the operational per iod, per ta ins mainly to the des ign re
quirements for sur face and underground struc tures to withstand levels of ground 
motion much g reater than those expected dur ing thi s  per i od .  The concern about 
effec ts occurr ing over the long term, after the repository has been decommis
sioned and sealed , pertains more to relative mot ions ( fault ing)  with in the re
posi tory and poss i ble effects on the integr ity of the salt beds and/or shaft  
seals . 

In this d iscuss ion ,  all intensit ies are based on the mod ified Mercalli in
tensity scale (Wood and Neuman, 19 31) . Most of the magni tudes were determined 
by the New Mexico Inst itute of Mining and Technology or descr ibed in the 
Geological Charac ter ization Report ( Powers et a l . , 1978 , pp. 5-lO ff) . 

Se ismic h istory · 

Se ismic data are presented here in two time frames , before and after the 
t ime when se ismograph data for the region became ava i lable . 

The ear thquake record in southern New Mexico dates back only to 1923 , and 
se ismic instruments have been in place in the State only s ince 196 1 .  Sanford 
and Toppozada ( 197 4 )  have examined var ious records to determine the se ismic 
h istory of the area within  180 miles of the site .  The ir results for the pe
r iod before 196 1 are g iven in Table 7-3 . With the exception of- the weak  shock 
in 19 26 at Hope , New Mexico, and the shocks in 1936 and 1949 felt at Car lsbad , 
all known shocks before 196 1 occurred to the west and southwest of the site 
and more than 100 m iles away . 

S ince 196 1 ,  instr umental coverage has become comprehensive enough to locate 
most of the moderately strong earthquakes ( local magni tude >3 . 5 ) in the reg ion.  
Instr umentally determined shocks that occurred within 180 miles of the site 
since 1961 are listed in Table 7-4 and shown in Figure 7-21 . The ir d istr ibu
t ion may be biased by the fact that se ismic stations were more numerous and 
were in operation for longer per iods north and west of the site .  

Except for the ac tivity southeast o f  the site , the distr ibution o f  epicen
ters since 1961 d i ffers little from that  of shocks before that t ime . There are 
two cluster s ,  one assoc iated with the Rio Grande Rift on the Texas-Chihuahua 
border and another a ssoc iated with the Central Basin platform in Texas near the 
southeastern corner of New Mexico . This latter act ivity was not repor ted be
fore 196 4 .  I t  i s  not clear f rom the record whether earthquakes were occurr ing 
in  the Cen�ral  Basin platform before 196 4 ,  although local h istor ical soc ieties 
and newspapers tend to con firm their absence before that t ime .  

A station operated for 10 months at For t Stockton , Texas ,  ind icated many 
small shocks from the Central Ba sin platform.  Act ivity was observed at  the 
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Date 

19 23 Mar 7 

1926 July 7 

1 9 30 Oct 4 

1931 Aug 16 

1931 Aug 16 

1931 Aug 18 

1 9 3 1  Aug 19 

1931 Oct 2 

1931 Nov 3 

19 35 Dec 20 

1936 Jan 8 

1 9 36 Aug 8 

1936 Oct 15 

Table 7-3 . Repor ts of Felt F.ar thquakes Wi thin 180 Miles of the WIPP Site Before 1961 

Time 
(GMT) 

04 : 03 

22 : 00 

0 3 : 25 

1 1 : 4 0  

19 : 33 

19 : 36 

0 1 : 36 

? 

14 : 50 

05 : 10 

06 : 46 

0 1 : 40 

18 : 

Loca tion of 
maximum 
reported 
intensity 

El Paso, Tex .  

Hope and Lake 
Arthur ,  N . M .  

Du ran , N . M .  

D istance 
( km) and 

d i rection 
from s i te 

260 , S75W 

90 , N54W 

280 , N32W 

Val entine , Tex .  2 10 , S20W 

Val entine , Tex . 2 10 , S20W 

Valentine ,  Tex . 210 , S20W 

Val enti ne , Tex .  2 10 , S20W 

El Pa so ,  Tex .  260 ,  S75W 

Val enti ne , Tex .  2 10 , S20W 

Clov i s ,  N . M .  2 3 0 , N13E 

Car l sbad , N . M .  4 0 , N89W 

El Pa so, Tex. 260 , S7 5W 

El Paso , Tex . 260 , S75W 

Max imum 
reported 
intens i tya 

v 

I I I  

( IV) 

VI II 

(V) 

v 

(V) 

( I I I )  

( V)  

I II- IV 

( IV) 

( I I I )  

( I I I )  

Ref er
encesb 

1-3 

4 

5 

5-7 

5 

5 

5 

5 

5 

8 

3 ,  5 

3 ,  5 

5 

Remarks 

Fel t  in S i e r ra Blanca ( 166 km to SE) , 
Columbus ( 13 0  km to W) , Alamogordo 
( 135 km to N) . Newspaper accounts sug

gest epicenter in nor thern Ch ihuahua . 

Earth sounds heard in NE d irect ion at 
Hope : wi ndows ratt led at Lake Arthur . 

Moderate shock felt by many . Rol ling 
motion , rumbl i ng sound , rattled windows . 
No damage .  

Strong damaging ear thquake . Felt over 
1 , 2 50 , 00 0  km2 . See tex t .  

S trong afte r shock . 

Strong after shock . 

Strong aftershock . 

Feeble shock . 

Strong a f ter shock of Augus t  16 , 193 1 ,  
ear thquake. 

Two shocks .  Tile wall i n  creamery 
cracked . 

Newspaper account i nd icates this event 
wa s probably centered near Ruidoso , N . M .  

weak shock not felt e lsewhere. 

Sl ight shock . 



....., I 
U1 
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Table 7-3 .  Repor ts of Felt Ear thquakes Within 180 Miles of the WIPP Site Before 1961 (continued) 

Location o f  D i s tance 
maximum ( km) and Maximum 

Time reported d i r ec tion repor ted Ref er-
Date (GMT) intens i ty from s i te intens i tya encesb Remarks 

1 9 37 Mar 31 22 : 4 5  E l  Pa so ,  Tex .  260 , S75W ( IV) 3 , 5  Fel t  by many. 

1937 Sept 30 06 : 15 Ft . Stanton , 200 , N53W (V) 5 Awa kened many . 
N . M .  

1 9 4 3  Dec 27 0 4 : 00 Tularosa , N . M. 220 , N70W IV 9 Rattled windows. 

1949 Feb 2 23 : 00 Car l sbad , N . M .  40 , N89W ( IV) 5 , 9  Two d i stinct shocks felt by several , and 
a few fr ightened . Wi ndows , door s ,  di shes 
ratt led . 

1949 May 2 3  07 : 22 Ea st Vaughn , 280 , N28W VI 5 , 9  Felt a r ea 33-km str ip connec t ing East 
N.M. Vaughn and Pastura . At East Vaughn few 

things fell from shelve s ,  loose obj ec t s  
rattled . 

1952 May 22 04 : 20 Dog Canyon , N . M. 158 , N79W IV 5 , 9  Fel t  by two in ranch house . Wi ndows , 
door s ,  d i shes rattle d .  

1 9 55 Jan 27 00 : 37 Val enti ne ,  Tex . 210 , S20W IV 5 , 9 Fel t  by many. Houses shak en . 

aaased on the mod i f i ed  Merca l l i  intens i ty scale of 1 9 3 1 .  Inten s i t ies g iven in parentheses were assigned by 
the authors .  

bThe numbers in this column are for the references l i s ted below .  
1 .  Woollard ( 1 968 ) . 
2 .  Bullet i n  of the Se ismological Soc iety of Amer ica • ( 1 9 23 ) . 
3 .  Newspaper account .  
4 .  S . A. Nor throp , personal commun ication .  
5 .  U . S . Ear thquakes (�AA and USGS , publ ished annually ) . 
6 .  Sellards ( 19 33 ) . 
7 .  Byer ly (1934 ) .  
8 .  Nor throp and Sanford ( 1 97 2 ) . 
9 .  Abstrac ts of Ear thqua ke Repor ts for the Pac i f i c  Coas t  and Western Mounta in Region (NOAA) . 



Table 7-4 . Instr umentally Located Ear thquakes That Have Occurred Within 
180 Miles of the WIPP Site Since 196 la 

Date Location Magn itudeb Distance from 
( yr/mo/day) Or ig in time Lat.  N Long . W M (NMT) CI.NC (miles) 

6 2/3/3 18 : 16 : 47 33 . 8  106 . 4  1 . 2  
6 2/3/6 09 : 59 : 10 31 . 1  10 4 .  6 3 . 0  
64/2/11 09 : 24 : 10 34 . 4  103 . 7  2 . 5  
64/3/3 01 : 26 : 27 35 . 0  10 3 .  6 2 . 2  
6 4/6/18 20 : 20 : 18 33 . 1  106 . 1  1 . 2  
64/6/19 05 : 28 : 39 33 . 1  106 . 0  1 .  7 
64/11/8 09 : 26 : 00 31 . 9  103 . 0  2 . 7  
64/11/21 11 : 21 : 24 31 . 9  10 3 .  0 2 . 5  
6 5/2/3 19 : 59 : 32 31 . 9  103 . 0  3 . 0  
6 5/4/13 09 : 35 : 46 30 . 3  10 5 . 0  2 . 5  
6 5/8/30 05 : 17 : 30 31 . 9  103 . 0  2 . 6  
66/8/14 15 : 25 : 47 31 . 9  103 . 0  2 . 8  
66/8/16 18 : 47 : 21 30 . 7  105 . 5  2 . 9  
66/8/19 04 : 15 : 44 30 . 3  10 5 . 6  4 . 6  
66/8/19 08 : 38 : 21 30 . 3  105 . 6  3 . 6  
66/9/17 21 : 30 : 13 34 . 9  10 3 .  7 2 . 2  
66/11/26 20 : 0 5 : 41 30 . 9  105 . 4  2 . 6 
66/11/28 02 : 20 : 57 30 . 4  10 5 .  4 3 . 3  
66/12/5 10 : 10 : 37 30 . 4  105 . 4  3 . 3  
67/9/29 0 3 : 52 : 41 32 . 3  106 . 9  2 . 0  
68/3/9 21 : 54 : 26 32 . 7  106 . 0  2 . 9  
68/3/23 11 : 53 : 39 32 . 7  106 . 0  2 . 3  
68/5/2 02 : 56 : 44 33 . 0  105 . 3  2 . 6 
68/8/22 0 2 : 22 : 26 34 . 3  10 5 . 8  2 . 1  
69/5/12 08 : 26 : 18 32 . 0  106 . 4  3 . 0  
69/5/12 08 : 49 : 16 32 . 0  106 . 4  2 . 6  
69/6/l 17 : 18 : 24 34 . 2  105 . 2  2 . 0  
69/6/8 11 : 36 : 02 34 . 2  105 . 2  2 . 4  
69/10/19 11 : 51 : 34 30 . 8  105 . 7  2 . 8  
7 1/7/30 01 : 45 : 50 3 1 .  7 10 3 . 1  3 . 1  
7 1/7/31 14 : 53 : 48 31 . 6 103 . 1  3 . 2  
7 1/9/24 01 : 01 : 54 31 . 6  103 . 2  3 . 0  
7 2/2/27 15 : 50 : 04 32 . 9  106 . 0  2 . 3  
72/7/26 04 : 35 : 44 32 . 6  104 . 1  2 . 8  
7 2/12/9 0 5 : 58 : 39 3 1 .  7 106 . 4 2 . 2  
7 2/12/10 14 : 37 : 50 3 1 .  7 106 . 5  2 . 2  
7 2/12/10 14 : 58 : 02 3 1 .  7 106 . 5  1 . 8  
74/7/3 1 17 : 34 : 48 33 . 1  104 . 2  2 . 1  59 
74/8/17d 07 : 35 : 17 30 . 3  10 5 .  8 3 . 3  194 
74/8/26 07 : 33 : 22 34 . 4  105 . 8  2 . 6  191 
74/9/26 23 : 44 : 09 32 . 8  106 . 2  2 . 5  148 
74/10/2 0 2 : 40 : 24 32 . 1  10 1 . 0 2 . 7  16 3 
74/10/15 10 : 07 : 58 33 . 9  106 . 5  2 . 5 198 
74/10/27 16 : 18 : 53 30 . 5  104 . 8  2 . 8  149 
74/11/1 10 : 45 : 50 33 . 8  10 6 . 6  2 . 2  134 
74/11/1 15 : 06 : 08 3 1 .  7 106 . 9  2 . 8  197 
74/11/12 0 2 : 32 : 06 32 . 1  10 1 . 3  2 . 8  147 
74/11/12 0 2 : 35 : 34 32 . 1  102 . 7  1 . 6  6 6  
74/11/12 07 : 14 : 29  31 . 9  100 . 8  2 . 6  178 
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Table 7-4 .  Instrumenta lly Located F.ar thquakes That Have Occurred Wi th in 
180 Miles of the WIPP Site Since 196la ( continued) 

Date Location Magnitudeb Distance from 
( yr/mo/day) Or ig in time Lat .  N Long . w M (NMT) crnc (miles) 

74/11/21 16 : 22 : 59 32 . S  106 . 3  2 . 5  150 
74/11/21 18 : 59 : 06  32 . 1  10 2 .  7 2 . 4  66 
74/11/22 08 : 54 : 05 3 2 . 8 10 1. 5 2 . 2  134 
74/11/22 14 : 11 : 13 33 . 8  10 5 . 1  2 . 2  133 
74/11/28 0 3 : 35 : 21 32 . 6  104 . 1  3 . 8  27 
75/1/30 16 : 00 : 38 3 1 . 0  103 . 1  2 . 5  107 
75/2/2 0 1 :  59 : 44 3 1 . 6  106 . 8  2 . 6  196 
75/2/2 20 : 39 : 23 35 . 1  10 3 . 1  3 . 0  198 
75/4/8 15 : 29 : 42 32 . 2  10 1 .  7 2 . 1 123 
75/4/20 16 : 59 : 56 3 1 . 3  10 2 . 6  2 . 1  105 
75/7/25 08 : 11 : 40 29 . 9  10 2 . S  3 . 3 194  
75/8/1 07 : 27 : 47 30 . 4  104 . 6  4 . 1  149 
75/8/3 0 3 : 26 : 53  3 1 . 0  1 0 4 . 0  2 . 3  99  
75/10/10 11 : 16 : 56 33 . 3  10 5 . 0  2 . 3  10 0 
76/1/10 0 1 : 49 : 57 31 .  7 10 2 . 8  2 . 3  77 
76/1/15 20 : 43 : 57 3 1 . 0  102 . 2  2 . 2  134 
76/1/19 0 4 : 03 : 30 3 1 . 9 10 3 . 0  2 . 6  59 
76/1/21 23 : 11 : 17 30 . 9 102 . 3  2 . 1  138 
76/1/22 07 : 21 : 58 3 1 . 9 10 3 . 0  2 . 7  56 
76/1/25 04 : 48 : 28 32 . 0  10 3 . 1  3 . 3  so 
76/1/28 07 : 37 : 4 9  3 2 . 0  10 1 . 0  2 . 7  164 
76 /2/4 16 : 15 : 28 3 1 . 6  103 . 7  1 . 8  58 
76/2/14 0 5 : 35 : 21 3 1 . 6  10 2 . 5  1 . 9  9 4  
76/3/5 02 : 58 : 18 3 1 . 9 102 . 6 2 . 6  76 
76/3/9 06 : 49 : 42 29 . 6  104 . S  4 . 2  204  
76 /3/12 12 : 39 : 56 29 . 8  104 . 5  3 . 7  191 
76/3/15 12 : 30 : 48 32 . 2  103 . 0  1 . 9  49  
76/3/18 23 : 07 : 05  32 . 2  10 2 . 9  1 . 9  49 
76/3/20 12 : 42 : 20 3 1 . 2  105 . 0  2 . 1  115 
76/3/20 16 : 15 : 58 32 . 2  10 3 . 1  2 . 0  40  
76/3/27 2 2 :  25 : 22 32 . 2  103 . l  2 . 2 4 0  
76/4/1 14 : 40 : 28 33 . 8  10 5 . 9  2 . 7  16 6 
76/4/l 14 : 46 : 58 33 . 9  106 . 0  2 . 8  173  
76/4/l 14 : 51 : 17 33 . 9  10 5 .  9 1 . 6  16 8 
76/4/3 20 : 40 : 51 3 1 . 3  103 . 0  3 . 1  89  
76/4/6 18 : 09 : 00 33 . 9  10 5 . o  3 . 1  172 
76/4/12 08 : 02 : 34 32 . 3  103 . 0  1 . 8  43  
76/4/18 03 : 48 : 19 33 . 9  10 6 . o  2 . 3  169 
76/4/19 0 5 : 0 3 : 40 3 4 . 0  106 . 8 2 . 4  214  
76/4/21 08 : 40 : 06 32 . 3  10 2 . 9  2 . 4  51 
76/4/30 19 : 28 : 35 32 . 0  1 0 3 . 3  1 . 8  4 1  
76/4/30 19 : 51 : 12 32 . 0  103 . 2  1 . 8  44  
76/5/l 11 : 13 : 40 32 . 4  103 . 1  2 . 6  38 
76/5/3 06 : 52 : 59 32 . 4  10 5 .  6 2 . 6  114 
76/5/3 08 : 00 : 39 32 . 0  103 . 2  1 . 8  43  
76/5/3 11 : 27 : 40 32 . 0  103 . 1  1 . 6  47 
76/5/4 15 : 05 : 39 3 1 . 9  10 3 . 2  1 . 9 4 4  
76/5/6 17 : 18 : 24 32 . 0  10 3 . 2 2 . 2  45  
76/5/6 17 : 28 : 46 3 1 . 9  103 . 2  1 . 6  47 
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Table 7-4 . Instrumenta lly Lcx::ated F.arthquakes That Have Occurred With in 
180 Miles of the WIPP S ite Since 196la (continued) 

Date Lcx::ation Magn itudeb Distance from 
( yr/mo/day) Or igin time Lat.  N Long . W M (NMT) c�c (miles) 

76/5/8 11 : 46 : 41 32 . 0  103 . 2  1 . 4  4 1  
76/5/11 23 : 04 : 40 32 . 3  10 2 . 9  2 . 2  50 
76/5/21 13 : 17 : 35 32 . 3  105 . 3  2 . 5  9 3  
76/5/24 23 : 40 : 31 34 . 7  104 . 9  2 . 4  18 2 
76/5/26d 11 : 52 : 26 32 . 4  10 2 . 6  2 . 0  69 
76/6/13d 22 : 05 : 06 30 . 9  103 . 0  2 . 0  113 
76/6/14 23 : 29 : 59 3 1 . 6  102 . 6  1 . 9  89 
76/6/15 02 : 19 : 58 31 . 6  10 2 . 4  2 . 1  99 
76/6/15 08 : 50 : 20 3 1 . 5 102 . 4  2 . 5  103 
76/6/16d 14 : 05 : 14 31 . 6  10 2 . 1  2 . 0  113 
76/7/28 12 : 21 : 50 3 3 . 1  102 . 3  2 . 2  96  
76/8/5d 22 : 23 : 29 30 . 8  10 1 . 8  2 . 1  16 3 
76/8/10 09 : 03 : 12 3 1 . 8 102 . 2  1 . 9  99 
76/8/10 10 : 15 : 14 3 1 . 8  10 2 . 2  2 . 1  104 
76/8/15 19 : 12 : 04 30 . l  105 . 2  2 . 7  185  
76/8/25d 01 : 21 : 11 31 . 5  10 2 . 0  2 . 4  119 
76/8/25 0 1 : 27 : 49 3 1 . 5  10 2 . 5  2 . 5  98 
76/8/26 15 : 22 : 13 31 . 8  10 2 . 2  2 . 1  10 1 
76/8/29 19 : 49 : 27 30 . 2  105 . 0  2 . 6  173 
76/8/30 11 : 51 : 25 31 . 5  10 2 . 6  2 . 0  91  
76/8/30 13 : 07 : 48 33 . 9  106 . 3  2 . 5  186  
76/8/31 12 : 46 : 22 31 . 5  10 2 . 8  2 . 4  8 2  
76/9/5 10 : 39 : 46 32 . 2  10 2 . 8  1 . 6  59 
76/9/17 02 : 47 : 47 32 . 2  10 3 . 1  2 . 8  39  
76/9/17 0 3 : 56 : 30 31 . 5  102 . 6  2 . 5  98 
76/9/19 10 : 23 : 21 32 . 3  10 2 . 9  1 . 3  50 
76/9/19 10 : 40 : 46 30 . 6  104 . 5  3 . 4  139 
76/10/14 11 : 02 : 60  32 . 3  10 3 . 1  1 . 4  40  
76/10/22 0 5 :  06 : 12 31 . 5 102 . 2  2 . 4  110 
76/10/23 12 : 51 : 37 31 . 6  10 2 . 4  2 . 0  10 1 
76/10/25 00 : 27 : 03  3 1 . 8 10 2 . 5  2 . 5 88  
76/11/3 23 : 24 : 15 31 . 0  10 2 . 5  2 . 1  124 
76/ll/17d 23 : 16 : 07 30 . 8  10 1 . 8  2 . 4  163 
76/12/12e 23 : 00 : 14 3 1 . 5  102 . 5  98 
76/12/12e 2 3 : 25 : 57 3 1 . 6  10 2 . 6  93  
76/12/15e 08 : 51 : 43 3 1 . 6  102 . 7  87 
76/12/19e 2 1 :  26 : 14 3 1 . 8 10 2 . 5  89 
76/12/19e 23 : 54 : 22 32 . 2  103 . 0  43  
76/12/19e 23 : 56 : 47 32 . 2  103 . 1  42  
77/1/29 09 : 40 : 44 30 . 6  104 . 6  2 . 4 138 
77/2/4 07 : 48 : 18 30 . 7  104 . 6  2 . 2  131 
77/2/10 0 1 : 22 : 49 32 . 3  103 . 1  1 . 4  38  
77/2/18 14 : 10 : 36 32 . 2  103 . 1  1 .  7 41  
77/3/1 23 : 47 : 15 34 . 8  104 . 8  2 . 7  189 
77/3/5 22 : 56 : 09 3 1 . 2  102 . 6  1 . 9 111 
77/3/14 10 : 10 : 26 33 . 0  10 1 . l  2 . 9  163 
77/3/15d 23 : 21 : 08 30 . 9 101 . 9  2 . 5  156 
77/3/19d 21 : 27 : 47 31 . 3  10 2 . 6  2 . 2  106 
77/3/20 07 : 54 : 09 32 . 2  103 . l  2 . 3 4 1  
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Tabl e 7-4 . Ir.st r umenta lly Located Ear thqua kes Tha t Have Occur r ed Wi th i n  
180 M i l es of the W I PP S i te S i nce 196la { cont i nued ) 

Date Locat i on Mag n i tudeb D i stance f r om 
(yr/no/day) O r i g i n  time Lat . N Long . W M {NMT) CLNc (m iles ) 

77 /3/2 9 00 : 35 : 35 : 3 1 .  6 1 0 3 . 3  1 . 6 64  
77 /4/3 1 4 : 24 : 0 6 3 1 . 3  103 . 3  1 . 8  81 
77 /4/� 04 : 47 : 2 9  3 1 .  3 1 0 3 . 2  1 .  8 8 3  
77/4/7 0 5 : 45 : 40 3 2 . 2  1 0 3  . 1  2 . 2  43  
77 /4/7 18 : 56 : 51 3 1 .  6 1 0 2 . 9 1 . 9  7 6  
77 /4/7 22 : 3 2 : 2 5  3 1 . 6  1 0 2 . 9  2 . 2  74 
77 /4/12 23 : 18 : 27 3 1 . 2  1 0 2 . 6  2 . 5 1 0 9  
77/4/16 06 : 4 4 : 2 3 31 . 6  1 0 3 . 3  1 .  3 6 3  
7 7  /4/17 21 : 47 : 13 3 1 .  5 10 2 . 5 1 .  8 9 4  
77/4/18 18 : 0 8 : 24 3 1 . 6  1 0 2 . 2  2 . 0 1 0 6  
7 7  /4/22 22 : 56 : 37 3 2 . 2  1 0 3 . 1  1 .  5 4 2  
77/4/25 1 0 : 12 : 52 32 . 0  1 0 2 . 8  1 . 9  6 1  
77 /4/26 09 : 0 3 : 08 3 2 . 0  1 0 3 . 1  2 . 4  5 1  
7 7 /4/28 1 2 : 54 : 3 9  3 1 . 8  1 0 2 . 6  1 . 4  8 2  
7 7  /4./28 1 2 : 55 : 3 9  31 . 8 10 2 . 5 2 . 7 8 6  
77 / 4  '26 0 9 : 0 3 : 0 8  3 2 . 0  1 0 3 . 1  2 . 4  51 
77 /4/28 15 : 22 : 37 3 1 .  8 10 2 . 5 1 .  8 8 5  
7 7  /4/2 9 03 : 0 9 : 4 2 3 1 . 8  1 0 2 . 7  1 . 8  78 
77/6/7 23 : 01 : 24 3 2 . 9 10 1 . 2  3 . 7  154 
77 /6/8 0 0 : 51 : 2 9 3 2 . 8  1 0 0 . 9  3 . 0  171 
77 /6/8 13 : 2 9 : 09 3 2 . 8 1 0 0 . 8  3 . 6 1 7 5  
77 /6/8 1 3 : 3 9 : 37 32 . 8  1 01 . 6  3 . 1  1 3 2  
7 7  /6/17 03 : 37 : 04 3 2 . 8 10 1 . 0  3 . 1 1 6 7  
77 /?ill 1 2 : 3 1 : 5 5 3 1 . 8  1 0 2 . 6  2 . 0  80 
77 /7 / 11 13 : 29 : 49 3 1 .  8 1 0 2 . 7  1 . 6  7 9  
7 7  /7 /12 17 : 06 : 0 5  3 1 .  7 1 0 2 . 6  1 . 8  8 3  
7 7  /7/18 1 2 : 37 : 3 1 3 1 .  8 1 0 2 . 7 1 .  9 7 7  
7 7  /7/22 04 : 0 1 : 10 3 1 . 8  1 0 2 . 7  1 .  7 76  
77 /7/22 04 : 18 : 10 3 1 .  8 1 0 2 . 7  1 .  8 7 9  
7 7  /7 /22 04 : 3 6 : 51 3 1 . 7 1 0 2 . 7  1 . 4  77 
77 /7 /24 09 : 23 : 0 0  3 1 .  8 1 0 2 . 7 1 .  7 77  
77 /7 /26 02 : 0 1 : 08 3 1 . 8  102 . 7  1 . 2  7 9  
77/8 /21 0 3 : 0 1 : 11 . 3 0 . 5 10 4 . 9 3 . 1  1 5 1  
77 /11/14 0 7 : 2 6 : 26 3 1 . 6  1 04 . 9  2 . 4  9 3  
77/ 11/2 7 20 : 48 : 2 1  3 2 . 9 1 0 1 . 3  3 . 0  14 9 
77 /12/16 1 1 : 56 : 40 3 1 . 5  1 0 2 . 4  1 . 9  1 0 2  
77/12/21 0 1 : 36 : 22 3 1 . 5 1 0 2 . 4  1 . 9  1 0 1  
7 8 /1/12 14 : 5 5 : 0 6 3 1 . 5  1 02 . 4  2 . 4  1 0 2  
78/1/15 23 : 17 : 58 3 1 . 3  1 0 2 . 1  2 . 1  1 2 3  
78 /1/18 0 8 : 53 : 19 3 1 . 6  1 0 3 . 3  1 .  7 6 4  
78/1/19 03 : 42 : 36 3 2 . 5 1 0 3 . 7  2 . 3  1 0  
78 /2/5 1 0 : 4 6 : 23 3 1 . 6  1 0 3 . 1  1 . 6  6 7  
78/2/5 1 4 : 19 : 52 3 1 . 4  1 0 4 . 6  2 . 3  8 8  
7 8 /3/2e 0 8 : 57 : 50 3 2 . 3  103 . 1  3 9  
7 8 /3/19e 1 0 : 48 : 4 9  3 1 . 5  1 02 . 5  97 
78/4/7 00 : 57 : 3 9 3 2 . 0  1 0 6 . 0  2 . 3  1 3 8  
78 /7/5 02 : 4 5 : 0 5  3 1 . 8  1 02 . 5  1 . 4  8 8  
78/7/1 5  10 : 40 : 27  3 1 .  6 1 0 2 . 1  1 .  7 113 
7 8 /7/18 1 2 : 0 7 : 3 1 30 . 2 104 . 1  2 . 6  1 5 6  
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Tabl e 7-4 . I ns t r umentally Located Ear thqua kes That Have Occur r ed Within 
180 M i l es of the WIPP S ite S ince 1 9 6 la ( cont i nued )  

Date 
(yr/mo/day) Or i g i n  time 

78/7/21 
78/7/21 
78/9/29 
78/9/30 
78/10/2 
78/10/2 
78/10/2 
78/10/3 
78/10/6 

05 : 02 : 35 
20 : 35 : 43 
20 : 07 : 41 
23 : 31 : 48 
09 : 35 : 06 
09 : 58 : 32 
11 : 25 : 07 
06 : 12 : 16 
15 : 23 : 47 

Loca t i on 
Lat . N Long . W 

3 4 . 5 
31 . 2  
31 . 5  
31 . 6  
31 . 5  
31 . 6  
31 . 5 
31 . 9  
31 . 6  

105 . 1  
102 . 6  
102 . 4  
102 . 7  
10 2 . 5 
102 . 5  
102 . 3  
102 . 9  
102 . 4  

Magn i t udeb 

M (NMT) 

3 . 1  
1 . 7  
2 . 3  
2 . 4  
1 . 7  
2 . 0  
2 . 0  
1 . 8  
2 . 2  

D i s tance f r om 
CLNC (miles ) 

174 
108 
103 

82 
99  
93  

107  
61 
98  

aData be for e 197 4 f rom Sanford and Toppozada ( 1974 ) ; data s i nce 1974 
f rom A .  R .  S anf ord ( per sonal corranun i cation ,  1979 ) . Events with a magn i t ude 
of less than 1 . 0  not i nc l uded . Events not recorded at sta t i on CLN a l so not 
i ncl uded . 

!::Magn i t udes revi sed f rom those publ i s hed i n  the dr a f t  E I S . 
C s ta t i on CLN , 4 m i l e s  nor theast of the center of the WIPP s i te , ha s 

been operated f or the DOE by the N ew Mexico Inst itute of M i n i ng and Technol
ogy si nce 1972 . 

dTentat i ve epi center s .  
eEvent s  r ecorded whi l e  sta t i on CLN wa s not i n  oper a t i on by an ar ray 

on t he Central Ba sin pl atf orm oper a ted f or t he DOE by the us�s si nce l a te 
197 5 .  

t ime the stat i on opened on June 21 , 196 4 . Shur bet ( 1969 )  s ugge s ted that this 
ac t i v i ty is r e l a ted to t he i nj ec t i on of water under g round for oil r ecovery .  
The sugge s t i on ha s mer i t  i n  that the Cent r a l  Bas i n  pl atform i s  an old str uc
ture ( Ear ly Permi an ) , w i t h  no sur f ace i nd i ca t i on of having been r e j uvenated , 
and in that enormous quan t i t i es of water have been inj ected . I n  one of the 
o i l  f i e lds , t he Ward-Es te s  North opera ted by t he G uif O i l  Cor porat ion , the 
cumul a t i ve tota l  of water inj ected up to 1970 was over 1 b i l l ion bar r e l s .  
Accounting f or 42%  o f  t he wa ter i nj ec ted i n  Ward and Wi n kl er Counties , Texas , 
the qua nt i ty i s  thr ee times the total i nj ected in a l l  the o i l  f i e lds of south
ea stern N ew Mex i co in t he same per i od .  The k nown hydrocar bon r e sou r ces near
est the si te ar e two gas we l l s  approximately 3 m i l es to the southwest of the 
center of t he s i te .  Wa ter inj ec tion has not been used i n  t h is regi on to st im
ul ate ga s produc t i on .  The nearest o i l  f i elds i n  the Delawar e bas i n ,  whe r e  
s econdar y r ecovery mi ght b e  attemp ted , are 7 m i l e s  f rom t h e  s i te .  Water
inj ec t i on oper a t i ons would be proh i b i ted wi thin the s i te dur i ng the per iod of 
admi n i strative control . Af ter t he closing of the repos i tor y , s e i smicity i n
duced by water inj ec t i on would not produce enough ground di splacement to j eop
ard i z e  the repos i tor y .  

The stronges t  ear t hqua ke on record wi thin 180 mi l es o f  the s i te was the 
Valenti ne , Texas , earthquake o f  August 16 , 1931 ( event 4 i n  Ta ble 7-3 ) . Coff
man and von Hake ( 1973 ) estimate i t  to have been of mag n i t ude 6 . 4  (mod i f i ed 
Mer ca l li i nten s ity o f  V I I I ) . The Val ent i nit earthquake was 130 miles south-
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southwest of the site . Its mod if ied Mercalli intensity at the site is est i
mated to have been V; th is is be lieved to be the highe st intensity felt at the 
site in th is century . 

In 188'7 , a major earthquake occurred in northeast Sonora ,  Me ; ico .  Al
though about 335 miles west-southwe st of the site,  it is indicative of the size 
of ear thquakes possible in the ea stern port ion of the Basin and Range province,  
west of the provi nce conta in ing the site .  Sanford and Toppozada ( 1974 )  e sti
mate its magn itude to have been 7 . 8 ,  and Coffman and von Hake ( 197 3 )  list it 
as VI II-IX in mod ified Mercalli intensity .  It was felt over an area of 0 . 5  
mi ll ion square mi les ( as far as Santa Fe to the north and Mexico City to the 
south) ; fault d isplacements near the epicenter were as large as  26 feet (Agui
ler a ,  19 20 ) . 
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Local observations 

From Apr i l  197 4 to October 1978 , 420 events identif iable as local and 
regional earthquakes (with i n  about 210 miles) were r ecorded by a station (CLN) 
4 mi les from the center of the si te ( see Appendix J) . For 159 of the 420  
events , the epicente r s  we re i dent i f i ed  and magnitudes determined (Table 7-4 ) . 
Nine tentative locat i ons we re also determined . These seismic patterns are 
s imilar to those of the p re i nstr umental data . 

Local ear thqua kes . Any se ismic activity at or near the site is of great 
i ntere st . Thr ee events (July 26 , 1972 : November 28 , 1974 � and January 19 , 
1978 ) have been instr umen ta l ly r ecorded within 35  miles of the WIPP site . 
Se ismic events become more nume rous with d istance . 

The nearest even t to the WIPP site occurred on January 19 , 1978 , about 10 
miles northeast of station CLN. I ts magnitude was 2 . 3 ,  and the event does not 
appear to have been related to human activity . 

The other two near by events ( July 26 , 1 97 2 ,  and November 28 , 1974)  had 
magnitude s  of 2 . 8 and 3 . 6 ,  r e spectively , and both were about 25 miles to the 
northwe st .  At both t imes , rockfalls and ground cracking were repor ted at an 
active pota sh mi ne . To determine whethe r collapse at this mine was respon
s ible f or both events , an analy s is was made of whether the two epicenters  
coinc ided . They we r e  abou t 6 mi les apar t .  Thus the two events cannot both 
have been caused by the m i ne .  Moreover , the earthquake had too much energy to 
have been caused by the rockfal l . In the absence of additional seismic data 
on these events , se i smic r i sk at the site should be e st imated on the assump
tion that both wer e  na t u r a l  (Car ave l la and Sanford ,  1977 ) . 

Se ismic r isk 

Maps of the pos i t i on and inten s i ty of recorded earthquakes are useful in 
evaluating the proba b i l ity of an earthquake at a given site .  To increase 
the ir use fulne s s , the histor ical data have been supplemented with field geo
logic data . 

Several resear cher s  have d ivided the United States into zones of ear th
quake r isk . The standa rd e s t ima te is that of Algermiss en (1969 ) . According 
to this est imate , the s i t e  is located in seismic risk  zone 1 ,  where only minor 
damage to s tr uctures is to be expec ted , cor respond ing to a modified Mercalli 
i ntensity of v to VI . Ear l i e r , Richter (1959 )  had placed the reg ion within a 
se ismic zone where the probable maximum intensity would be VII I .  Sanford and 
Toppozada (197 4 )  con s i de r ed the site to be either on the boundary of zones 2 
and 3 or w i th i n  zone 2 ,  depend ing on whether earthquakes in the Central Basin 
platform are found to be na t ur a l  or induced by human activity . 

One de si res not on ly an e s t ima te of the largest se ismic motions possible 
at a s i te but also an est imate of the ir probability .  Such an estimate has 
been made for the WI PP s i te ,  starting with an analysis of the recurrence rate s  
of earthquakes i n  near by ac t i ve areas . 

Ear thqua kes in the Centr a l  Ba s i n  platform. The Central Basin platform is 
a str uctural feature l e ss than 30 miles ea st of the site ,  adj acent to the 
Delawar e  bas i n .  I n s t r umental studies have shown the Central Basin platform to 
be much more ac t ive than wou ld be expected f rom i ts stable tectonic setting . 
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Pr imar ily for this reason , a seismographic stat ion ar ray was established in 
Kermi t ,  Texas , in  late 19 75 . Dur ing the per iod f rom November 1975 to July 
197 7 ,  40 7 local events were detected and 13 5 located with ar ray data . 

The Central Ba sin  platform has been active si nce at least mid-196 4 .  I t  
has been the most active seismic area within 1 8 0  miles o f  the si te in the 
number of events , but not i n  magnit ude of events . The data imply that se ismic 
acti vity is  equally li kely to occur anywhere along the Central Basin platform , 
without any clear relationsh ip to small-scale str uctural deta ils such as pre
Permian bur i ed faul ts . Attempts have been made to relate this seismicity to 
t he i nj ection of water for t he r ecovery of oil . Such a r elationship has not 
been unequivocally established , but the lack of evidence for a tectonic origin 
suggests th is cor relation . 

Sanford et al . ( 197 8 )  calculated the apparent recurrence rates for earth
quakes on the Central Ba sin platform . The d istr ibu tion of mi nor shocks im
pli ed  a recurrence rate of every 10 , 00 0  years for earthquakes of the size of 
t he 1 887 Sonoran event . There is no evidence that such earthquakes have oc
curr ed (fault scar ps 25  miles long would be expected from shallow quakes such 
as these , with d isplacements of per haps 10 feet ; they are not found) . To 
explain this discrepancy , three possible explanations have been advanced :  

1 .  Cr ustal movement has only recently resumed on the Central Basin pla t
form . 

2 .  The str uc ture of the Central Basi n  platform imposes a limit on the 
possible magnitude of earthquakes . 

3 .  The minor shocks observed were  caused by human activi ty .  

The fi r st explanation may not be absolutely d iscarded . However ,  it  i s  
extremely unli kely that a str uc ture such a s  the Central Bas i n  platform, which 
has exhibited no tectonic movement for about 200  million years ,  should be 
tectonically reactivated so recently that no sur face manifestations are ob
ser ved .  The calculated recurrence rates previously d iscussed indicate a large 
event every 1 0 , 0 0 0  year s ;  no sur ficial evidence has been found to conf irm such 
events . The fir st explanation is not rea sonable given the information now 
ava ilabl e .  The third explanation ,  which seems best suppor ted by the evidence , 
means that t he se i smic ac tivity i n  t he Central Ba sin platform is not natural 
and should be not be used for assess i ng tectonic  stabi l i ty over the long term . 
The s econd e xplanation is used i n  t he  analysis presented her e .  I t  is more con
servati ve i n  that it  assumes nat ural causes (which is  probably not the case) , 
but with an upper limit to t he magn itude of an earthquake on the Central Basin 
platform . This assumption would be consi stent with natural earthquakes in a 
region where the geology does not i ndica te large r ecent events . 

The method of Cornell (196 8 )  was used to estimate sei smic r i s k  at the site 
( Powers et al . ,  1 9 78 , i;p .  5-32ff ) . Three source regions-�uggested by Alger

missen and Per kins (197 6 )  were  used : the Rio Grande r i f t ,  the Central Basin  
platform , and t he remainder of  the area within 1 80 miles of the WIPP site 
( s i te source zone ) . The analysi s  used Sanford ' s  recurr ence relationships 
( Sanford et al . ,  19 76 , 1 97 8 ) . On t he bas is of the earthquake of 1887 , an 
upper limit of 7 . 5  was set on the magnitude of earthquakes in the Rio Grande 
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Figu re 7-22. Seismic risk when the maximum magnitude event is assumed to be 6.0 ( left) and 5.0 ( right) .  
The fol lowing maximum magnitudes are assumed for  the site a nd the Centra l Bas in  p latform sou rce zones, 
respective l y :  cu rve A, 5 and 6; curve B, 4.5 and 6;  curve C, 5 and 5; curve D, 4.5 a nd 5 .  Comp lete 
descriptions of the assu mptions underlying these and the rema i n ing curves may be found in the G eologica l 
Characterization R eport (Powers, et a l . ,  1 978 ) .  

r if t . *  On the basis of the largest earthquake observed so far (magni tude 3 . 2 )  
and conside r i ng the uncer tainties in causative mechanisms , the upper magni tude 
l imit for the Central Ba sin platform was set at 5 and 6 in separate calcula
tions.  The largest ear thquake so far observed in the remaining region ( the 
site sour ce zone) was of magnitude 3 . 6 :  from this , and from the absence of any 
i ndication of Holocene local faulting , the upper magni tude limi t for the site 
region was set at 4 . 5  and 5 in separate calculations . The depth of ear th
quakes in the s ite source zone was assumed to be 3 mile s .  

The Cornell method expre sses sei smic r isk a s  the probability per year that 
a specific acceleration will be reached or exceeded . The probabili ties cal
cula ted for the WIPP site are shown in Figure 7- 2 2 .  

Figure 7-22 shows the separ ate contr ibutions to these totals of each of 
the three sour ce regions with each of the assumed upper magni tude limits . The 

*The fact that this magnitude is less than Sanford and Toppozada ' s  (197 4 )  
e stimate of 7 . 8  does not affect the conclusions of the analysis . 
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contr ibution of the Rio Grande r ift  source zone to the total se ismic r isk at 
the site is small at all accelerat ion levels . Curves A and B and curves 
C and D ind icate the total combined acceleration for the var ious combinations 
of upper magnitude l imits i ndica ted above.  

From Figure 7-22 the accelerat ions that would be exper ienced at the site 
f rom earthquakes in the three source zones separate ly are as follows for two 
levels of probabili ty :  

Source zone 

Rio Grande r ift  
Centra l  Basin platform 
Central Ba sin platform 
S ite source zone 
S i te source zone 

Upper limit 
magnitude 

7 . 5  
6 . 0  
5 . 0  
5 . 0  
4 . 5  

Acceleration g for 
probability ( per yea r )  
-yo- a  10-6 -

0 . 14 
0 . 17 
0 . 07 

> 0 . 3  
0 . 21 

0 . 09 
0 . 15 
0 . 07 
0 . 23 
0 . 17 

The total se ismic r isk is controlled by earthquake probabilities in one 
of these source zones , depend ing on the accelerat ion level considered . The 
relationships are shown below. 

Upper limit magnitude Controll i ng zone 
Rio Grande Central Basin Site source High Low 

r if t  platform (CBP) zone ( SS Z )  acceleration acceleration 

7 . 5  5 4 . 5  ssz ssz 
7 . 5  6 4 . 5  ssz CBP 
7 . 5  5 5 . 0  ssz ss z 
7 . 5  6 5 . 0  ss z CBP 

Thus a ssumptions about the se ismic propert ies of the area around and 
beneath the site ( site source zone) are important in est imating se ismic 
accelerations at the WIPP site and the potent ial for fault ing through the 
repositor y after  its closure . The possib ility of faulting at the site of a 
magni tude that could s ign ificantly affect i ts integr i ty is extremely low. 

7 . 3 . 7  Energy and Mineral Resources* 

The geologic stud ies of the WIPP site have included the invest igation of 
potential mineral resources . The obj ective was to evaluate the impact of 
denying ,access to these resources and other consequences of the ir occurrence . 
These consequences are d iscussed in detail in Sect ion 9 . 2 . 3 . Of the mineral 
resource s  expected to occur beneath the site , f ive are of practical concern : 

*A more comprehensive descr iption of the ener gy and mineral resources of 
the site is presented in the Geological Character izat ion Report ( Powers et 
a l . , 197 8 , Chapter 8 ) . 
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the potassium salts sylvite and langbeinite , wh ich occur in strata above the 
reposi tory salt hor izon ,  and the hydrocarbons crude oil , natural gas , and d is
tillate (liquids assoc iated with natural gas) , wh ich occur in strata below the 
reposi tory hor izon .  Other mineral re sources beneath the site are caliche , 
salt , and gypsum ( Table 7-5 ) ; enormou s deposits of these minerals near the 
s i te and elsewhere in the country are more than adequate (and more economic
ally attract ive )  to meet future requirements for these mater ials ( Power s  et 
al . ,  1978 , pp . 8-2ff ) . 

The shape , th ickness , depth , and grade of the potassium salts and hydro
carbons under the s i te were e stablished . These data formed the bas is for 
calculating the tota l a�ount of resource s .  The term " resources" means concen
trations of mater ials in a form that makes their  economic extraction cur rently 
or potenti ally feasible .  The next step was to determine to what extent these 
resources could be classified as reserve s ;  the latter term is restr icted to 
resources that can be extracted profitably by exi sting techniques and under 
present economic cond itions . It is appropr iate to compare the relative quan
tities of a mineral in terms of either resources or reserve s ;  it is not ap
propr iate to compare the resources at a s i te with reserves elsewhere , or vice 
versa (Power s  et al . , 1978 , pp . 8-5ff ) . 

Methods used to determi ne potash re sources at the WI PP site 

The site is  ad j acent to the Car lsbad Potash Min ing D istr ict , which pro
vides 80% of the U . S .  domestic supply of pota ssic chemical fertilizer s .  
Throughout the Car lsbad Potash Mining Distr ict , commercial quantities of po
ta ssium sal ts are restr icted to the mi ddle portion , called the McNutt Potash 
Member , of the Salado Formation . A total of 12 hor i zons , or ore •beds ,  have 
been recognized in the McNutt Potash Member .  Number 1 is at -the base , and 
Number 12 is at the top .  

Re source 

Calichea 

Gypsuma 

Salta 

Sylvite oreb 

Langbeinite 

Crude oilc 

Natural gasc 

DistillateC 

Table 7-5 . Total Mineral Resources at the WIPP Site 

Quantity 

185 mill ion tons 
1. 3 bill ion tons 
198 bill ion tons 
133.  2 mill ion tons 

oreb 351 . 0  mill ion tons 

37 . 50 mill ion bbl 
490 . 12 bill ion ft 3 

5 . 7 2 mill ion bbl 

Depth ( ft)  

At sur face 
300-1500 
500-4 0 0 0  
160 0  

1800 

4000-20 , 00 0  
4000-20 , 00 0  
400 0-20 , 0 00  

Richness  

21-69%  insoluble 
Pure to mixed 
Pure to mixed 
8% K20 ,  4-ft 

thickness 
3% K20 ,  4-ft 

thickness 
31-460 APid 

110 0 Btu/ft3 

53° APid 

aData from Siemer s  et al . (197 8 ) . 
bLow-grade resource and better . Data from John et al . (1978 ) . 
cData from Foster (1974 ) .  
dThe deg rees API un it has been adopted by the Amer ican Petroleum Insti

tute as a measure of the spec ific gravity of hydrocarbons . 
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Explor a tory dr i l l i ng for potash ha s been done near the s i te by pr iva te 
compan ie s .  The re sults of t hat dr i l l ing were s upplemented by 2 1  explora tory 
holes dr il led in the area of the s i te by the DOE to eval uate pota sh depos i t s . 
In a l l ,  data we re ava i lable f rom 6 1  holes dr i ll ed by i ndu stry, the 21 hol e s  
dr illed by the DO E ,  and 2 si te-char a c ter i zation explora to r y  hol e s--a tota l o f  
84 hole s .  The loca t i ons of these holes a r e  shown in Figure 7-23 . Wh i le the 
spac ing of the ho le s is var iabl e ,  in no case are they mor e than 1 mile apar t 
w i th i n  the bou ndar ies of the s i te .  

Three stud ies we re per formed to estab l i s h  and/or eval uate the pota sh re
sou r ces of the s i te .  The ba s ic de termi nat ion o f  potash resour ces a t  the s ite 
wa s the re spon s i b i l i ty of the U . S .  Geolog ical Survey (USG S ) . The other two 
stud ies were economic eva l ua t i ons whose purpose was to e stab l i sh wh ich por
t i ons of the ident i f i ed r e sources qua l i f i ed as reserve s ; the se are discussed 
in S ec t i on 9 . 2 . 3 .  Descr ipt ive da ta , inc lud i ng sample ana ly s i s , for the 21 
explor a to r y  ho les dr i ll ed by the DOE have been repor ted by Jone s ( 1978 ) . An 
e st ima te o f  the tota l pota sh r e sour ces has been reported by John e t  a l . 
( 1 978 ) . The USGS used establi s hed procedu res for dete rmin i ng the volume , 
thick ne s s ,  and g rade ( r i chne ss )  o f  bedded mineral depo s i t s .  The e ssent i a l  
steps we r e  to ( a )  dete rmine the th ickness and grade for each minera l i zed layer 
d iscove r ea in each hol e ,  ( b) a s s ign the minera l i z ed layer to the appropr iate 
ore bed , (c)  de te r mi ne the probable cont inu i ty of mine r a l i zed ore bed s  to 
adj acent hole s ,  and ( d )  then de termine the volume and ave rage g r ade for a bed 
enc losed by ad j acent mine ra l i z ed holes . Rea sonable extrapolat i on wa s permi t
ted ou tward f rom a mi ne r a l i z ed hole toward bar r en area s , but the d i stance 
never exceeded 0 . 5  mile . 

The USGS esta b l i s hed three standard grades-- low , l ease , and � igh-- to quan
t ify the pota sh r e sou r ce s  at the s i t e .  These are l i sted in Table 7-6 . The 
USGS assumes that the " lease " and " h igh" grades compr i s e  r e se r ve s  because some 
l ease-g r ade ore is mi ned in the Car l sbad d i str i c t . Most of the potash tha t i s  
mined , however , i s  better typ i f i ed by the h igh grade . Even the h igh-gr ade 
resour ces may not be reserve s , however ,  if  the i r  prope r t ies make proce s s i ng 
uneconomic .  Th is document restr icts the des igna t i on " re se r ve s "  only to those 
re sour ces that have the proper proce ss ing prope r t ie s  and g r ade of ore for an 
opera tor to rea l i ze a pro f i t  f rom the i r  exploita ti on .  

Table 7-6 . USGS Standard G r ades for Class i fy ing Potash 
Re sources and Reser ves 

K20 
Gradea Type of ore content 

Low Langbe i n i te 3 
Sylvite 8 

Lease Langbe i n i te 4 
Sylvite 10 

H i gh Langbe i n i te 8 
Sylvite 14 

( % )  

aAll three grades must have a min imum thickne ss of 4 fee t .  
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TD Total depth + Abandoned well O Geologic holes 

TA rfmporarily abandoned � Deep and abandoned • Hydrologic holes 

• Deep producing gas e Potash drill holes S ERDA potash drill holes 

F igure 7-23. Location of a l l  exploration dri l l  holes within a square, 1 0  m i les on a side, 
centered at the W I P P  site. The figure also shows severa l exploration 
holes d r i l led by the E R DA and the DOE outside this square. 
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Potash salts , whether sylvite (KC l ,  mar keted under the name mur iate of pot
ash) , langbe in ite (K2S04 • 2MgS04 ) ,  or potass i um  sulfate {K2S04 ) ,  ar e mar keted 
accord ing to the equivalent content of potassium oxide (K 20) determined by 
chemical analysis . The K 20 content is the industry-accepted measure of qual
ity , even though the potash sal ts do not in themselves contain pota ssium oxide . 
Pure sylvite conta ins the equivalent of 63 . 17% K20,  whereas pure  langbe inite 
conta ins 22 . 7% ,  and potass i um sulfate contains 50% K2o equ ivalent . Raw ores 
contain a mixture of mineral s--mostly ha lite (salt) , clays , and insoluble evap
or ites-- in addition to either sylvite or langbe inite . Potassium sulfate is a 
manufactured product , not occu rr ing as ore . Hence , raw ore always contains 
much less equivalent K20 than do the pure  miner als . All potash ores ar e up
graded into mar ketable products by re- fining . The accepted standard for re
fined products is 60% K20 for sylvite and 22% for langbe inite . 

At present , the average g rades of ores being mi ned in the Car lsbad dis
tr ict are 14% K 20 as sylvite and 8% K20 as langbe inite . Therefor e ,  the USGS 
high g rade is equivalent to cu rrent mining costs and mar ket pr ices . The median 
grade , termed " lease" grade in Table 7-6 , represents the lowest grades of syl
vite ( 10% K20)  and langbe inite (4% K20) ores treated by Car lsbad refiner ies . 
The low grade , 8% K20 as sylvite or 3% K20 as langbe inite , is  pr esently un
economic for mining at Carlsbad . 

All three grades must have a minimum thickness of 4 feet , the minimum seam 
thickne ss for effici ent mining . If an ore bed is thinner than 4 feet , it must 
have an offsetting increase in the K20 content of potassium salts such that 
if d iluted with barren mater ial it still meets the esta bl ished grade cr iter i a .  

Res ults of the potash-resource evaluat ion 

The res ul ts of the USGS evaluation have been releas ed and are summar ized 
in Table 7-7 ( see John et al . ,  197 8 ,  for full deta ils) . Figure 7-24 shows how 
the amounts of these resour ces depend on the g rade cr iter ia used . 

The estimates of total resources ar e cons i dered to be suff ic iently accurate 
because of the density of exploratory dr illing in and near the site .  The data 
base exceeds both in quality and in quant ity the data ava ilable to investiga
tors who have e stimated national or worldwide resources . 

Methods used to determine potash reserves at the WI PP site 

Two separate studies were conducted for the DOE by the U . S . Bureau of Mine s  
(USBM , 197 7 )  and Agr icultural and Industr ial Minerals , Inc . (AIM, 197 9 )  t o  de
termine what por tion of the potash resources at the WIPP s i te is economic and 
may be consi dered to be reserves . Both stud ies started with the basic grade 
and thickne ss data provided by the USGS , and the USBM study was ava ilable for 
use by AIM. However , the two stud ies used differ ent concepts for the develop
ment of the potash reserves and evaluated processing d i fficulties independent
ly . The AIM approach , which may more near ly resemble the perspective of a 
potash operator , res ul ts in l ower reserve estimates . However , because 
estimates of reserves and the associated economics ar e subj ect to uncerta inty 
and because the USBM report g ives a higher est imate of reserves , most tables 
presented here wil l  use USBM reserve estimates .  The AIM repor t also estimated 
potash re sour ces in the Car lsbad d istr ict and in the Un i ted States to allow 
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Figure 7-24. Sylvite and langbeinite resources and reserves at the site. 

compar ison with the WIPP-site resources, and their  values wi�l be used in these 
compar isons . It should also be noted that local potash operator s question the 
economic feasibil i ty of mining the WIPP reserves . *  

The USBM method of determining to what extent the deposi ts could be prof
i tably mined and thus considered reserves consisted of designing conceptual 
models for exploiting the deposi ts . Models ranged fran new mines and refin
er ies to mi nes that merely send the new ore to existing refiner ies . Shaft 
locatia\s were selected to minimize underground development and allow the 
r ichest ore beds to be mi ned first.  The latter is important to the quick 
recovery of invested capi tal . 

Costs were ei ther estimated or , when available , matched to known cost ex
per ience at nearby mi nes . All costs , including construction , were used in dis
counted cash-flow analysis to determine the market price for refined products 
guaranteeing a 15% rate of return on invested capital . Federal , State , and 
local taxes and royalties were taken into account . 

In al�, the USBM prepared 12 different conceptual plans (which it has 
termed mining units )  for exploiting the potash deposi ts in the WIPP site .  Of 
these, eight were fully evaluated and four discarded because of complex prob
lems related to the enr ichment of raw ore .  

*Public hear ing a\ the WIPP draft environmental impact statement ,  Carls
bad , New Mexico, June 9 ,  1979 , Voll.DDe VI ,  p. 974 .  
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O r e  bedb 

1 0  
9 
8 

Total 

10 
5 
4 
3 
2 

Total 

10 
9 
8 
5 
4 
3 
2 

Total 

Tabl e 7-7 . Pot� s h  Resources (M i l l i ons of Ton s ) a 

Low g r ace 

74 . 8  
10 . 3  
48 . 1  

133 . 2  

55 . 6  
26 . 2  

16 1 . 0  
34 . 5  
7 3 .  7 

351 . 0  

130 . 4  
10 . 3  
48 . 1  
26 . 2  

161 . 0 
3 4 . 5 
73 . 7 

484 . 2  

Lease gr ade 

S YLV I TE  OR.ES 

53 . 7  
6 . 0  

28 . 8  

88 . 5  

I.ANGBEIN ITE ORES 

ALL ORES 

49 . 4  
24 . 2  

1 15 . 4  
25 . 6  
50 . 2  

264 . 8  

103 . 1  
6 . 0  

28 . 8  
24 . 2  

115 . 4 
25 . 6 
50 . 2  

353 . 3  

aoata from John et al . ( 197 8 ) ,  Table 4 .  

H igh gr ace 

38 . 7  
0 . 7  

13 . 7  

53 . 1  

8 . 8  
1 .  6 

59 . 0  

9 . 8  

79 . 2  

47 . 5  
0 . 7  

1 3 .  7 
1 .  6 

59 . 0  

9 . 8  

132 . 3  

bThe ore-bed number s refer to the 12 hor i zons of the McNutt Potash Member ,  
the mi ddle por t i on of the Sal ado Formation .  O re bed 1 is at the bas e ,  and ore 
bed 12 is at the top . The miner al i z at i on in ore beds 1, 6 ,  7 ,  11 , and 12 is 
i nsuffici ent to be cla s s i f i ed as a re sour ce . 

Res ults of the potas h- reser ve de termina t i on 

The f ull fi nd ings of t he res er ve e va l uation have been repor ted ( USBM , 1977 : 
AIM, 197 9 ) , and the USBM estimates are s ummar i zed i n  Table 7-8 . The e ight 
mining un i ts t hat were conce i ved and then cos ted are l is ted i n  the a pprox imate 
order i n  wh i ch they would ran k as potentially m inable . Only the 4 8 . 46 m i l l ion 
tons in mi ning un i t  B-1 ( Fi gu re 7-25 ) within t he s i te were cla s s i f i ed as 
reser ves by the USBM study . Th is is much less than would be clas s i f ied as 
res er ves by t he USG S .  The USGS used t he potash g rade and thick ne ss parameters 
of the mos t eff i ci ent producer s  in the distr i ct .  These min imum ore standar d s , 
excl uding a ll other mina b i lity p arameters ,  i nclude all mater i al i n  the WIPP s i te 
with a m 1 n 1mum cutoff gr ade of 4% K20 as langbe i nite or 10% K20 as sylvite 
in a thickness of 4 f eet . 
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Mining 
unit 

B-1 
A- 1 
D-2 
A-2 
C-2 
D-3 
C-3 
A-3 

Table 7-8 . Review of USBM Potash Evaluation 

Recoverable ore (10 6 tons)  
Product 

Langbe in ite 
Mur i ate 
Langbe inite 
Mur i ate 
Mur iate 
Langbeini  te 
Mur iate 
Mur i ate 

' 

a l1ngbeinit1 minerolization 

' ' 

In mining un it 

79 . 78 
57 . 60 
87 . 93 
98 . 32 
57 . 19 

140 . 27 
70 . 64 

135 . 02 

II / 
/ 

/ Ill 

/ 

/ 
/ 

/ 

IV 

2 4 Milts 
l!!!!!!!!!!!!!!!!!5iiiiiiiiiiiiiiiil!!!!!!!!!!!!!!!!!!!liiiiiiiiiiiiiiiiii 

Figure 7-25. Economic langbeinite mineralization in min ing 
unit B-1 . (After USBM, 1 977) . 
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At site 

4 8 . 46 
27 . 41 
2 3 . 57 
51 .  80 
3 6 . 4 9 
42 . 45 
52 . 87 
7 3 .  77  



The USBM used cr iter ia consi stent with indu stry prac t ice in prepar ing 
economic-feasibility studies.  In calculat ing potash-ore re serve s ,  it  used a 
method based on eng ineer ing design and economic-analys i s  procedure s ,  includ
ing d iscounted cash flow, to determine the tonnage of minable potash ore that 
will yield a 15% ra te of return on the total cap ital investment . Only eco
nomically recoverable ore is included in the USBM reserve estimates . 

Under the USBM cr iter ia , only mining un it B-1 mee ts the 1977 mar ket pr ices 
cur rent at the t ime of the study : $42  per ton of mur iate , $84  per ton of " sul
fate " ( K2S04 ) ,  and $48 per ton of langbe inite . This  par ticular reserve con
si sts of langbe in i te ,  mostly in ore bed 4 in the northern port ion of the site.  
(Restr iction of mining within the WIPP s i te would not render uneconomic the re
mainder of mining un i t  B-1 outside the site . ) 

Unit A-1 does not meet the mar ket-pr ice requ irements ; however , the mar ket 
pr ice of mur iate has exceeded $52  per ton in the recent past , at which point 
the A-1 deposi t  would be considered a margina l ,  or "near ly economic , "  deposi t .  
(Average market pr ice s  for Oc tober 1979 were $58 . 37 per ton o f  mur iate , $42-44 
per ton of langbe in ite , and $56 . 14 per ton of all sulfate products : USGS Con
servation Division , Monthly Min ing Repor t ,  Roswell , New Mexico. ) The A-1 
deposit consists of sylvite conta ined in ore bed 10 and located on the we st 
side of the si te .  

Method s used to determine the hydrocar bon resources at the WI PP s i te 

The New Mexico Bureau of Mines and Mineral Resources (NMBM&MR) conducted a 
hydrocar bon-resource study in southeastern New Mexico under contrac t  to the 
Oak Ridge National Laboratory (Foster , 1974 ) . The study include� an area of 
1512 square miles ( Figure 7-26 ) . At the time of that st udy , the proposed 
reposi tory si te was about 5 mile s nor theast of the cu r r ent site.  The NMBM&MR 
evaluation included a more deta iled study of a four-township area centered on 
the old si te ;  the present si te is in the southwest quadrant of that area (Fig
ure 7-26 ) . 

The resource evaluation wa s based both on the known re serves of crude oil 
and natural gas in the reg ion and on the probab ility of discover ing new reser
voirs in areas where past unsuccess ful wildcat dr illing wa s either too widely 
spread or too sha llow to have allowed d iscovery . All potent ially product ive 
zones were considered in the evaluat ion ; therefore , the findings may be used 
for determining the total hydrocarbon resources at the site . A fu ndamental 
asswnption in this study is that the WIPP area ha s the same potent ial for con
tain ing hydrocarbons as the much larger reg ion in which the study was conducted 
and for which explora tion data are ava ilable . Whe ther such resources ac tually 
ex ist can be sat isfac tor ily e stablished only by dr illing at spac ings close 
enough to give a high probabili ty of discovery.  

Resul ts o f  tbe hydrocarbon-resource evaluat ion 

Table 7-9 swmnar izes the find ing s of the NMBM&MR hydrocarbon evaluation as 
the potential resource of hydrocarbons that  probably exist under a square mile 
( 64 0  acres)  with the typical geologic and stratigraph ic sec t ion of that 
region .  The New Mexico Bureau of Mines and Mineral Resources examined an area 
of 96 7 , 6 8 0  ac re s ( 1512 square mi les) . The hydrocar bon resources under the 
site are then e st ima ted as the propctt°tion of the total in the 29 . 6 25 square 
miles of the site ( Table 7-10 ) . 

7-68 



Table 7-9 . Potential Hydrocar bon Resources Expec ted in Var ious Format ions 
in the Delaware Basin8 

Adj usted product ion est imate per section ( 6 4 0  acre s)  
oil Gas Distillate 

Formation c10 6 bbl>  ( 109 ft3 ) ( 10 6 bbl) 

Ramsey 0 . 47 2 0 . 7 56 
Delaware Mounta in Group 0 . 026  0 . 010 
Bone Spr ings 0 . 145  0 . 28 5  
Wolf camp 0 . 016 0 . 647 0 . 024 
Pennsylvanian 0 . 265  10 . 438 0 . 132  
Mississippian 
Silur i an/Devonian 0 . 3 42 4 . 4 08 0 . 037  
Ordovician 

Total 1 . 266 16 . 544 0 . 19 3  

aData from Foster ( 1974 ) . I n  the or iginal,  Foster distinguished between 
"dry" and "a ssociated" gas . The two types have been summed for simplicity .  
The est imate s for each stratigraph ic unit we r e  der ived by dividing the total 
reserves for that unit by the number of acres that have been fully explored , 
both produc ing and found dry.  Foster also calculated expected re source s  by 
another method , based on the s uccess ratio of "wildcat" wells . The wildca t 
method resulted in lower expected re sources � hence , the resources repor ted 
here are the larger of the two e st imates . 

The hydrocar bon-resource quantities given in Table 7-10 are equivalent to 
potash- resource-q uanti ty e st ima tes in that both relate to the quanti ty of what 
is pre sent , and not to its economic value or recoverability.  Because the 

Table 7-10 . In-Place Hydrocarbon Resources at the Sitea 

O il Gas D i st i llate 

Formation c 10 6 bbl > ( 10 9 ft3 ) c 10 6 bbl >  

Ramsey 13 . 98 22 . 4 0  
Delaware Mountain Group o .  77 0 . 3 0  
Bone Spr ing 4 . 30 8 . 44 
Wolf camp 0 . 47 19 . 17 0 . 71  
Pennsylvan ian 7 . 85 309 . 2 2 3 . 91 
Miss issippian 
Silur ian/Devon ian 10 . 13 130 . 59 1 . 10 
Ordovician 

Total 37 . 50 490 . 12 5 .  7 2  

aProduct o f  the estimate s given in Table 7-9 and the number of sec tions 
in the WIPP site ( 29 . 6 25 )  • 
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F igu re 7-26. L ocation of hydrocarbon resource study areas. 

hydrocarbon-resour ce evaluation re lies on statistical probability ,  it  is not 
as accurate as the potash-resource evaluation . The potash resources were 
actually dr illed and a ssayed , wh ile the hydrocarbon resources were est imated 
by proj ecting histor ical dr ill i ng success into an untested area . S ite
selection requi rements d ictated that the inner zones be free of deep holes 
( i . e . , oil and gas test holes) . 

Methods used to determine hydrocarbon reserves 

The consulting petroleum eng ineer ing firm of Sipes , Wi lliamson , and 
Aycock , Inc . ( SW&A) per formed the study of economic hydrocarbon reserves under 
contract to Sand ia National Laborator ies (Keesey, 1976 ) . Because there has 
been no hydrocarbon-exploration dr illing in WIPP control zones I ,  I I ,  and I I I ,  
the study re lied on information gained from near by exploration . To this ex
tent the reserve evaluation followed that  for resources . SW&A eng ineer s 
stud ied a 400-square-mile area centered on the site ( F igure 7-26 ) . Unlike the 
re sour ce study, the reserve evaluation considered economic factor s .  Dr i lling 
and completion costs and r isk factors were balanced aga inst expected recover
able reservoir volumes and de livery rates to determine profitability .  Poten
tial exploratory dr ill sites were selected with the benefit  of se ismic surveys 
that had been completed at the site dur ing the course of site evaluat ion (G .  
J .  Long and Assoc iate s ,  197 6 ) . Pr ice forecasts for hydrocar bons were based on 
information ava i lable at the t ime of the study . A more recent update (Keesey , 
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197 9 )  has been based on the curr ent and anticipated pr icing str ucture and is 
incorporated into th is repor t .  

Results o f  the hydrocar bon-re serve est imate 

The study of resour ces by NMBM&MR i ndicates that there are as many as 15 
potent ial produc tive hor izons ( "pay zones" ) within the eight maj or strati
g raph ic divisions that under lie the evapor i te deposi ts .  F.conomic analys is 
revealed that only a single zone , the Morrow Formation of Pennsylvanian age , 
is worthy of explorat ion r isk . Th is is tr ue despite the large gas product ion 
from the Atoka Formation by a single well j ust outside the southwest corner of 
the site .  We lls offset slightly from the product ive well have not been pro
duc tive in the Atoka.  Gas production from the Atoka in the surround ing reg ion 
is not large enough to j ust ify exploration of the Atoka , although some pro
duction anc illary to Morrow product ion may be poss ible . The Morrow is a fa irly 
consistent natural-gas producer over much of th is area . Twenty hypothet ical 
dr ill i ng site s  were selec ted to develop the gas expected in the Morrow (Figure 
7-27 ) . Locati ons were selected on the basis of geolog ic str ucture as estab
lished by inter pretation of se ismic reflection surveys ava ilable from both 
service-company f iles and IX>E surveys . Est imated reserves that ranged from 
1 . 4 5  billion to 7 . 26 billion cub ic feet were allocated to each well in the 
a ssigned reserves based on reserves indicated in the surrounding SW&A study 
area . The 1976 evaluation (Keesey , 197 6 )  has been updated (Keesey , 197 9 )  to 
reflect the actual per formance of previously dr illed wells and wells added in 
the study area since the 1977 . Data ava ilable through May 1979 were used . 
From th is information and the indicated se ismic str ucture , 20 dr ill locations 
were ident ified within the WIPP site where a potential for hydrocarbons could 
be assigned to the following classes : proved but undeveloped , probable , and 
possible re serves.  In add ition ,  the 1979 study has considered a category of  
una ssigned reserves for which there is  no bas is other than a purely statisti
cal assumpt ion that every hole , dr illed in the remaining WIPP area at a dens
i ty of two per s ection , would produce gas in the quant it ies stat istically 
ind icated by other produc ing wells in the area . These quant ities might more 
properly be considered as possible resources rather than reserves�  they are 
therefore not ind icated in Table 7-11 but are ind icated in Table 7-12 . The 
summary resource tables i ndica te the values from the NMBM&MR repor t because 
that study ind icate s  greater re sources ,  having included all possible pay zone s .  
The following i s  a descr iption o f  the th ree reserve categor ies present at the 
WIPP site . 

Proved bu t undeveloped reserves 

These are proved reserves that can be expec ted to be recovered f rom new 
we lls on undr illed ac reage or f rom existing wells where a relatively maj or 
expend iture is requi red to establish production . Reserves on undr illed acre
age are l imi ted to dr i lling locations that offset productive wells and are 
there fore virtua lly cer ta in of prod uction when dr illed . Proved reserves for 
other undr illed locations are included only when it can be demonstrated with 
cer ta inty that there is a cont inuity of production from the ex isting produc
tive formations . 

Probable reserves 

Reserves ass igned under this category are those that are suppor ted by fav
orable eng ineer ing or geolog ic data , but since they are subj ect to certain 
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Table 7-11 . Expected Hydrocarbon Reserves at the WIPP Site 

Potential hydrocarbon reserves 
unde r lying the WIPP site area 

Proved but undeveloped 
Probable 
Poss ible 

Total reserves 
Unass igned reserves 

Total 

Percentage of re serves recoverable with 
straight dr illing or directional dr illing 

Gross wellhead value ( future revenue) of 
oil and gas reserves 

Und iscounted 
D iscounted 16 . 25% 

Cost of recovery, und iscounted 
Cost to dr ill and complete 54 we lls 

Case Aa 

Case ab 

Case cc 

Operating costs 

Loss of revenue to the State , und iscounted 
With no dr illing a llowed 
Wi th dr illi ng 

Source : Keesey ( 1979) . 

Gross reserves 
Condensate Gas 

( bbl) ( 10 6 ft3) 

8 1 , 758 
21 , 462 
15 , 30 4  

118 , 5 24 
272 ' 319 

390 , 843  

100 

$287 , 50 2 , 346 
$168 ' 774 ' 143  

$182 , 30 6 , 00 0 -
152 , 419 , 000  
117 , 63 1 , 00 0  

10 , 146 ' 324 

$ 19 , 107 , 546 
0 

11 , 6 10 
19 , 144 
13 , 868 

44 , 6 2 2  
39 , 352  

83 , 97 4  

100 

aAll locations dr illed from outside control zone IV. 
bEleven inter ior locations dr illed from inside control zone IV 

( a ll di rectional holes) . 
cAll locations dr illed from inside control zone IV ( 2 3  direc

tional holes) . 

unknowns and r isks , the ir  inc lusion in the proved-reserve classification 
cannot be j ust ified.  

Possible reserves 

Reserves assigned to this category are those for which limi ted eng ineer ing 
or geolog ic data are ava ilable but which , by analogy with offse tt ing or s imilar 
production-per formance and eng ineer ing and geologic data , are considered to 
have recoverable potentia l .  Such reserves would include second- or third-row 
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Figure 7-27. Hypothetical dril l ing sites to develop potential 
Morrow gas reservoirs. 

s 

stepouts to ex i sting production . Accordingly , possible reserves are subj ect 
to an exceptionally high r is k .  

The h ighest reserves were assigned to we l l s  that either we r e  direct off
sets to known Mor row gas producers or contained a combination of favorable 
geolog ic str ucture with chances of encounter ing shallower pay zones on dr ill
ing down to the Morrow. Reserves expected under the site are summar ized in 
Table 7-11 . The total natural-gas reserve is 44 . 6 2 billion cubic feet.  Some 
natural-gas liquids ( d i st illate) can be expected to be associated with the gas .  
The recent SW&A repor t  ( Keesey , 1979 ) states that 118 , 524 barrels of dist illate 
would be a ssoc iated with the production of these reserve s .  

Table 7-11 summar izes the data from the 1979 hydrocarbon-reserves study , 
and Table 7-12 breaks down the study by WIPP control zone . 
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Table 7-12 . Hydrocarbon Reserves and Resources at the WIPP Site 

Condensate {bbl) Ga s ( 10 6 ft3 ) 
Zones Category Zones 

Category I , I I , II I  Zone IV tota l I , I I , II I  Zone IV 

Proved bu t undevel- 0 8 1 ,  7 58 8 1 ,  7 58 0 11 , 6 10 
oped reserves 

Probable reserves 11 , 6 40 9 , 822 21 , 46 2 9 , 0 50 10 , 09 4  
Poss ible reser ves 14 I 169 1 , 135 15 I 304  12 , 00 2  1 , 8 66 

Total reserves 25 , 809 9 2 ,  7 15 118 I 524 21 , 0 52  23 , 57 0  

Una ssigned reserves 
and resources 27 2 , 3 19 

G rand total 390 , 843 

Source : Keesey ( 1979 ) .  

7 . 3 . 8  So ils 

Tota l 

11 , 6 10 

19 , 144  
13 , 868 

44 , 6 22 

39 , 3 52  

83 , 974 

Th is sec tion br ie fly d iscu sse s the character istics and distr ibution of 
soil types in the reg ion of the WI PP s i te .  The biolog ical aspec ts of soils , 
such as fer tilLty and produc tivity , are descr ibed in Append ix H .  Deta ils of 
the soil a ssociations and properties may be found in repor ts published by the 
U . S .  So il Conservation Serv ice ( 1971)  and Wolfe et al . ( 1977 ) . 

The soils of the reg ion have developed ma inly from Quaternary and Permian 
parent mater ia l .  Parent mater ial from the Quaternary system i s  represented by 
a lluvial deposits of maj or streams , dune sand , and other sur face deposi ts .  
These are mostly loamy and sandy sed iments conta ining some coarse fragments . 
Parent mater ial f rom the Permian system is represented by lime stone , dolomite ,  
and gypsum bedrock . 

So ils of the reg ion have deve loped in a semiar id , continenta l climate with 
abundant sunsh ine ,  low relative humid ity ,  er ratic and low ra infall , and a wide 
var iat ion in da ily and seasona l  temperatures .  The prevailing climate and 
vegetation have cau sed many soils of the region to develop a light-colored 
surface .  Sub so il color s normally are light brown to redd ish brown , but are 
of ten mixed ,with lime accumulations { caliche ) , wh ich result from limited , 
erratic ra infall and insufficient leach ing . 

' 
A soil a ssociation is a landscape that has a d istinct ive pattern of soil 

types { ser ies) . It normally cons ists of one or more major so ils and at least 
one mi nor soil .  There are three soil associations with in 5 miles of the s i te :  
the Kermit-Ber ino , the Simona-Pajar ito , and the Pyote-Malj amar-Kermi t 1  they 
are descr ibed on the next pag e.  Of these three a ssociations , only the Kermit
Ber ino cx::curs at the site {Figure 7-28 ) , in control zones I and II . It  con
s ists of two so il ser ies , the Ber ino and the Kermit . The ir properties are 
swmnar ized in Table 7-13 . 
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Association 

1 

2 

3 

Descr iption 

Kermit-Ber i no: sandy , deep soils 
f rom wind-wor ked mixed sand deposi ts 

S imona-Paj ar i to: sandy , deep soils 
and soil s tha t are shallow to caliche � 
f rom wi nd-wor ked deposi ts 

Pyote-Mal j amar-Kermi t: gently undulating 
and rolling deep , sandy soils 

AO BA 
BB BO CA 
. ... 
LA 

MO •A PO PS 
Au 

AO 

Act111e dune land 

B'11no loemy f•l'll Mind. 0 to 3 P••c•n1 i!opet 

9,,,,..0 comple•. 0 to J percer'lt tlooH. et oded SG 
8erino·Oune l1nd com DI•• 0 to J pert•nt •loD•• SJ.I 
Ck1Qu1 lo1m.., Mond, 0 to J perceru tlopu ••Odeu SA 
Ketr•·ut- 81111'\o fine Hrtdt 0 to 3 perc1r11 110p1, T F 

Lar90 /01m, 1 to � Dl•c1n1 1lop1s 

Mori.-1·• ,,� ... l'ldy 10 ....... 1 t o  s Pl'lt1n1 liODH LP 

P�1r110 loam.,, f,,.,, wnd, 0 10 J 01rc1ri1 1lop11 l•Odlfd �F 
P8J1n10-0un1 l1ne1 tomPI••. 0 to 3 petc1n1 tlOPH Pu 
Pon.,-S,moP'll compl••. 5 t o  25 P ... Cll'lt llOP•• P Y  

A .. vft-Gyp1um llP'ld compl1• 0 t o  3 oercent 1l0p" T F  

Rock l1P'ld 

Milts 
S1mon1 p1v1Hv fine ..,,d..,. lo.m, 0 to 3 percent 1100" S1mori1 - B•oou• CO""DI••. 0 10 5 Pltell'll ll0PI$ 

$10,., .,, l"CI Aol.igl'\ broken J1l'ld 

T on.,.co loamy ti�• UM:I. O to J p1rc:1n1 1!0p" 

Wink loam.,. line unO' 0 10 3 Pl'ftlnt tJoe>e•. lfOOld 

1,. ., 90  P-..,uo compl1• M1111m11 Ind P11omu 1tn1 und•. 0 to 3 perc1nt 1lop" 

Pyo11 1nd M1111m1• fine unct1 

Pyo" 10111 .,.,,., 01.1n1 llnd 

Tonuc:o lo.,....,. h�• wnO' 

Win" fltMUnd 

Source: SCS, 1 97 1 .  

Figure 7-28. Soil-series map. 
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Table 7-13 . Est imated Proper tie s ,  Character is tics , and Eng ineer ing Su itability 
of Soils at the Sitea 

Property 

Depth to bedrock or hard caliche 
( in . )  

Class i f ication 
USDA ( texture ) 

Un i f i ed  
AAS HO 

Percentage pass ing sieve : 
No. 4 ( 4 .  7 mm) 
No. 10 ( 2 . 0  mm) 
No. 200 ( 0 . 0 7 4  mm) 

Permeability ( in . /h r )  
Ava ilable water capac ity 

( i n . / i n .  soil) 
React ion (pH) 
Elec tr ical conduct ivity 

( 10 3 mmhos/cm at 25oci 
Corros ivity ( untreated steel pipe) 
Shr ink-swell potential 
Erod ibili ty 

Water erosion ( K  factor ) 
Wind erosion ( I  fac tor ) 

Soil sample depth (cm) 
Berino 

0-17 17-50 
ESTIMATED PROPERTIES AND CHARACTERISTICS 

More than 60 

Fine sand and f i ne 
sandy loam 

SM 
A-2 
100 
100 
10-20 
5 . 0-10 . 0  

0 . 06-0 . 0 8  
6 . 6-7 . 3  
0-1 . 0  

0 . 1 7  ( slight potential) 
134-220 (very high potent ial) 

SC 
A-6 
100 
100 
35-45 
0 . 2-0 . 8  

0 . 14-0 . 16 
6 . 6-7 . 3  
0-4 . 0  
Moderate 
Moderate 

Kermit 
0-60 

More than 60 

Fine sand 

SP-SM 
A-3 
100 
100 
5-10 
10 . 0  
0 . 06-0 . 0 8  
6 . 6-7 . 3  
0-1 . 0  

0 . 15 ( slight potential) 
2 20 ( very h igh potent ial) 

ESTIMATES OF THE SUITABILITY OF THE SOILS FOR SPECIFIED USES 

Suitab ility as a source of 
Topsoil 
Road f i ll 

Degree of limi tation for d isposal 
f ields for sept ic tanks and t i le 
systems 

Highway locat ion 

Dikes and levees 

Farm ponds and embankments 

Irr igation 

Leveling and bench ing 

Foundat ions for low build ings 

Pipelines 
Hydrologic group 

Poor 
Poor to fair 
Seve r e :  moderate ly slow 

permeabi l i ty ;  soft caliche 
at a depth of 50 in. 

Features favorable 

Sandiness of sur face ma ter ial 
necessitates mix ing with 
subsoil mater ial 

Susceptible to piping ; moderate 
seepage; sandy, porous sur face 

Rapid intake rate ; smoothing 
nece ssar y ;  susceptible to w i nd 
erosion 

Soft caliche at a depth of 50 i n . ; 
h ighly suscept ible to w i nd  eros ion 

Good bear ing capac ity 

Features favorable 
A 

aData from the Soil Conserva tion Service ( 1971) . 
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Poor :  dr i f ting sand 
Good if soil binder is added 
Slight:  d r i f t ing sand 

Loose sand h i nder s  hauling ; 
dr if t ing highly erod ible 

Not appl icable 

Not applicable 

Not applicable 

Not appl icable 

Good suitabi l i ty i f  
soil is confined 

Subject to blowouts 
A 



Generally , the Ber ino ser ies , wh ich covers about 50% of the site , consists 
of deep, noncalcareou s ,  yellow- red to red sandy soils that developed in wind
wor ked mater ial of mixed or 1g 1n .  These so ils occur as gently sloping ( 0 %  to 
3% slopes) undulating to hummocky areas and are the most extensive of the 
deep, sandy so il s in the Eddy County area . Ber ino so ils are subject to con
tinuing wind and water erosion .  If the vegetat ive cover is ser iously de
pleted , the water-eros ion potent ial is slight , but the wind-erosion potential 
is very high . These soils are particular ly sensitive to wind erosion in the 
months of Mar ch , Apr il , and May , when ra infall is minimal and winds are 
highe st .  

Generally , the Kermit ser ies , which covers about 5 0 %  o f  the site , consi sts 
of deep , light-colored , noncalcareous , exce ssively drained loose sands ,  typi
cally yellowish-red fine sand . The sur face is undulating to billowy ( 0 %  to 3% 
slopes) and cons ists mostly of stab ilized sand dune s .  Kermit soils are 
sligh tly to moderately eroded . Permeabili ty is very high , and if vegeta tive 
cover is removed , the wa ter-erosion potential is slight but the wind-erosion 
potential is very high . 

7 . 4  HYDROLOGY 

The WIPP s i te is in the southwe stern port ion of the Permian bas ir1 , within 
the sur face-water basin of the Rio Grande Water Resources Region and the Great 
Plains g roundwater region (Figure 7-29) . The site and surround ing land drain 
into the Pecos River . The WIPP site lies within the Delaware basin , a por tion 
of the Unglaciated Central reg ion that includes some of the least productive 
aquifers in the Un ited State s .  The low productivity and the general ar id ity 
of the area give even poor aqu ifers unusual s ign i ficance . 

There are no perenn ial streams or sur face-water impoundments on the site ,  
nor are there any we lls yielding more than a few gallons per minute . The 
climate is semiar id , with a mean annual prec ipitation of about 12 inche s ,  a 
mean annual r unoff of 0 . 1 to 0 . 2 inch, and a mean annual pan evaporat ion of 
more than 100 inches .  Brack ish water with total-dissolved-solids ( TDS)  con
centrations of more than 3000 parts per million ( ppm) is common in the shallow 
wells used for water ing livestoc k .  Surface water s  typically have high TDS 
concentrations , particular ly chlor ide , sulfate , sod ium,  magnesium ,  and calcium. 

At the site , hydrologic data have been and are being obta ined from conven
tional and special-purpose te st configurations in 38 dr illed hole s .  Geophysi
cal logg ing of the open boreholes has provided hydrolog ic information on the 
rock strata i nter cepted . Pressure measurements , fluid samples ,  and ranges of 
rock permeabili ty have been obtained for selected formations through the use 
of standard and mod ified dr ill-stem tests . Slug inj ection or withdrawal tests 
have provided add itional data to aid in the estimation of transmi ssivity and 
storage . Al so, potentiometr ic sur faces of maj or aqu ifer systems have been 
contoured from measured depths to water in boreholes .  
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F igure 7-29. Location of the W I PP site and principal  
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7 . 4 . 1  Surface-Water Hydrology 

The WIPP site is in the Pecos River basin,  which conta ins about 50 % of the 
dra i nage area of the Rio G rande Water Resources Reg ion . The Pecos River head
waters are northeast of Santa Fe , and the r iver flows to the south through 
ea stern New Mexico and western Texas to the Rio G rande . The Pecos River has 
an overall length of about 50 0 miles,  a maximum ba sin width of about 130 
mile s ,  and a total dra inage area of about 44 , 535  square miles ( about 20 , 500  
square miles are noncontr ibuting) . 

The Pecos River is genera lly perennial,  except in the reach below Anton 
Ch ico and between Fort Sumner and Roswe ll , where the low flows percolate into 
the stream bed . The main stem of the Pecos River and its major tr ibutar ies 
have low flows (Table 7-14 ) , and the streams are frequently dry. About 75% of 
the total annual prec ipitation and 60%  of the annual flow result from intense 
local thunder storms between Apr il and September .  The pr inc ipal tr ibutar ies of 
the Pecos River , in downstream order , are the Gall inas River , Salt Cree k ,  Rio 
Hondo , Rio Fe lix , Eagle Creek , Rio Penasco , the Black River , and the Delaware 
River . 

Table 7-14 . Dischar ge in the Pecos River Basin Within or Adj acent 
to the Permian Basina 

Dra inage Per iod 
area of Discharge ( cfs)  

River Location (miles2 ) record Average Minimum Maximum 

Pecos Santa Rosa , N .M.  2 , 6 50 1912-75 138 0 . 3  5 5 , 200 
Pecos Acme , N . M. 11 , 3 80 1937-75b 19 4 0 4 5 , 000  
Pecos Artesia,  N .M.  15 , 300  1936-75b 265 0 5 1 , 500 
Pecos Malaga , N . M .  19 , 190  1936-75b 196 5 120 , 00 0  
Pecos Or la , Texas 21 , 210 1937-75b 181 0 23 , 700  
Pecos Gi rvin , Texas 29 , 56 0  1939-75b 96 2 . 2  20 , 00 0  
Rio Hondo Roswell ,  N . M .  9 6 3  1963-75 9 0 659  
Rio Felix Hagerman , N.M.  932 1939-75 16 0 74 , 000  
Rio Penasco Dayton , N . M. 1 , 060  19 51-75 6 0 29 , 000  
Black Malaga , N . M. 343 1947-75 14 0 . 7  74 , 600 
Delaware Red Bluff , Texas 689 19 37-75 14 0 81 , 4 0 0  

aData from USGS (1976 ) . 
bFlow regulated . 

The mean annual prec ipitation in the reg ion is about 12 inche s ,  and the 
mean annual r unoff is 0 . 1 to 0 . 2 inch . The max imum recor ded 24-hour pr ec ipi
tation at Car lsbad wa s 5 . 12 inche s ,  in August 1916 . The 6-hour , 100-year pre
cipitation event for the site is 3 . 6  inches and is most likely to occur dur ing 
the summer . The maximum da ily snowfall at Car lsbad was 10 inche s ,  in December 
19 23 . 

The maximum recorded flood on the Pecos River near Malaga occurred on Au
gust 23 , 1966 , with a d ischarge of 120 , 000  cubic feet per second (cfs) and a 
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stage elevation of about 2938 feet above mean sea level (USGS Station No. 
08406500 ) . The min imum sur face elevat ion of the WIPP site is approximately 
300 fee t above the elevation of this maximum histor ical flood elevation .  

More than 9 0 %  o f  the mean annual prec ipitat ion a t  the site is lost by 
evapotransp iration .  Table 7-15 shows the mean monthly temperature at Ar tes i a ,  
the mean monthly pan evaporation at Lake Avalon , and the mean monthly ra infall 
at Car lsbad . On a mean monthly basi s ,  evapotranspiration at the site greatly 
exceeds the ava ilable ra infa ll 1 however , intense local thunderstorms may pro
duce runoff and percolation . Water-infiltration rate s  in the local sand dunes 
are probably s imilar to the 1 . 6- inch-per-hour intake rate of Har key sandy loam 
( 75% sand) near Car lsbad (Blaney and Hanson , 1965 ) . 

Four maj or reservoirs are located in the Pecos River basin:  the Alamogor
do Reservoir , Lake McMillan , Lake Avalon , and the Red Bluff Reservoir , the 
la st just over· the border in Texas (Figure 7-29 ) . The storage capac ities of 
the se reservoirs and other Pecos River reservoirs adj acent to the Pecos River 
basin are shown in Table 7-16 . 

Table 7-15 . Mean Monthly Temperature , Pan Evaporation , and Ra infalla 

Mean monthly Mean monthly Mean monthly 
temperature , pan evaporation ,  prec ipitation , 

Month Ar te sia (°F) Lake Avalon ( inches )  Car lsbad ( inches)  

January 40 . 9  4 . 20  0 . 42 
February 44 . 9  5 . 76 0 . 37 
Mar ch 5 1 . 8  9 . 23 0 . 46 
Apr il 60 . 9  11 . 8  0 . 54 
May 69 . 4  14 . 0  1 . 8 2  
June 78 . 4  14 . 6  1. 33  
July 8 0 . 0  13 . 1  1 . 54 
August 79 . 4  12 . 4  1 . 67 
September 7 2 . 7  9 . 72 2 . 00 
October 62 . 1  7 . 00 1 . 69 
November 48 . 8  4 . 51 0 . 3 5  
December 41 . 8  5 . 44 0 . 47 

aoata from Blaney and Hanson ( 196 5 ) . 

Regi onal water quality 

Wate r �uality in the Pecos River basin is affected by mineral pollution 
from natural sour ces and from i rr igation return flows . At Santa Rosa , New 
Mexico , the average suspended-sed iment discharge of the r iver is about 16 50 
tons per day . Large amounts of chlor ides from Salt Creek and Bi tter Creek 
enter the r iver near Roswe ll .  River inflow in the Hagerman area contr ibutes 
increased amounts of calcium, magnesium, and sulfate 1 and waters enter ing the 
r iver near Lake Ar thur are h igh in chlor ide . Below Lake McMillan , spr ings 
flowing into the r iver are usua lly submerged and d ifficult to sample 1 spr ings 
that could be sampled had TDS concentrations of 3 3 5 0  to 4000 ppm . Concentra ted 
br ine enter ing at Malaga Bend adds an e st imated 70  tons per day of chlor ide to 
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Table 7-16 . Major Reservoirs in the Pecos River Basina 

Total storage 
capac ityb 

Reservoir River (acre-feet) 

Los Esteros Lake Pecos 282 , 0 00 
Alamogordo Reservoir Pecos 122 , 10 0  
Lake McMillan Pecos 33 , 6 00  
Lake Avalon Pecos 5 , 000  
Red Bluff Reservoir Pecos 310 , 000 
Two River Reservoir Rio Hondo 167 , 900  

aData from New Mexico State Engineer ' s  Office ( 196 7 )  and the 
Corps of Engineers ( 1977) . 

U . S .  

Usec 

FC 
IR , R 
IR, R 
IR 
IR, p 
FC 

Army 

bcapac ity below the lowe st uncontrolled outlet or spillway . 
C1ey: FC ,  flood control 7 IR , irr igat ion � R, recreation � P ,  hydroe lec tr ic . 

the Pecos River (PWPCA ,  1967) . Time-weighted averages of water-quality par am
eters for three sampling stations on the Pecos River between Car lsbad and 
Malaga Bend are shown in Table 7-17 . 

'l'he potash industry uses 19 , 800 acre-feet of • fresh water " annually , which 
is pumped from groundwater wells dr illed into the Capitan aqu ifer . The indus
try discharges about 19 , 100 acre-feet of br ine effluent annually into the sur
face sediments , contaminating shallow brackish aqu ifers and recharg ing ex i st
ing brackish ponds and lakes ( BLM, 1978 ) . The potash industry also discard s  
aore than 3 par ts of solid sodium chlor ide for each part of pota ssium chlor ide 
produc t. This has resulted in about 200 mill ion tons of sod ium chlor ide in 
wa ste pile s,  which contr ibute to br ine contaminat ion through runoff from thun
derstorms . Most of this brine also discharges into pond s and ln kes in Nash 
Draw. The land-sur face slope and shallow-aqu ifer gradient around Nash D r aw 
are toward the Pecos River . 

Table 7-17 . Water-Quality Parameter s  (Time-We ighted Averages)  for Sampling 
Stations on the Pecos River , October 1975 to September 1 9 7 6 a 

Station 
No. 

D ischarge 
(cfs) 

08405000 
(Car lsbad) 

08406500 
( near Malaga) 

08407000 
(Pierce Canyon 
Crossing)  

12 

26 

pH 

7 . 7  

7 . 7  

7 . 5  

D issolved-solids concentrat ion (ppm) 
Tota l Chlor ide Sulfate Sod ium Calc ium 

2 , 290 531  1100 3 22 334 

5 , 060 169 0  1820 10 3 0  524 

13 ,350 6500 2280 40 20 5 5 1  

•Data from the U . S .  Geological Survey ( 197 7 ) , Water Year October 1 9 7 5  to 
September 1 976 . 
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Regional wa ter use 

The tota l water-wi thdrawa l rate for the Permian basin in 1975 was about 
30 , 0 00 mi llion gallons per day (mgd ) , with about 19 , 0 00 mgd coming from 
groundwate r . The total . withdrawal for the Upper Pecos and the Rio Grande-Pecos 
Water Re source Subregions in 1975 wa s 1771 mgd , of wh ich 1079 mgd , or 6 1% ,  
came from groundwater . Agr iculture , with a withdrawal of 1546 mgd ,  or 87% of 
the total , is the most s ign ificant user (Table 7-18 ) . Agr icultural acreage 
between Car lsbad and the Red Bluff Reservoir used less than 7% of the total 
i rr igation requi rements of the Pecos River ba sin and le ss than 1% of the total 
sur face-water and groundwa ter withdrawa ls for the Permian bas in.  

The Pecos River , as it flows into Texas south of Car lsbad , is a maj or 
source of dissolved salt in the west Texas por tion of the Rio Grande basin.  
Natural d ischarge of h ighly saline groundwater into the Pecos River in New 
Mexico keeps TDS levels in the water in and above the Red Bluff Reservoir very 
high .  Total-d issolved- solids levels in this interval exceed 7500  mi lligrams 
per liter 50%  of the time and dur ing low flows can exceed 15 , 0 0 0  mill igrams 
per li ter . Add itional inflow f rom saline-water-bear ing aqu ifers below the Red 
Bluff Reservoir , irr igat ion return flows , and runoff from oil fields continue 
to deg rade water qua lity between the reservoir and northern Pecos County in 
Texa s .  Annual dischar ge-we ighted average TDS concentrations exceed 15 , 00 0  
milligrams per liter . Water use is var ied i n  the southwest Texas portion of 
the Pecos River dr a inage basin . For the most par t ,  water use is restr icted 
to i rr igation , mineral production and refining , and livestock . In many in
stances ,  surface-water supplies are supplemented by groundwate r s  that are 
being depleted and are i nc reasing in salin ity.  

Local sur face-water  hydrology 

There are no per enn ial streams or sur face-wa ter impoundments at the WIPP 
site .  At its nearest point ,  the Pecos River is about 14 miles southwest of 
the center of the site . 

Table 7-18 . Water Use in the Upper Pecos and Rio Grande-Pecos Subreg ionsa 

Sur f ace-water and groundwa ter withdrawals !mgd} 
Use category 197 5° 198 5  2000  

Agr icul tu re 1546 1239 1689 
Steam-elec tr icity 12 3 2 
Manuf actur ing 0 0 0 
Domestic 47 47 47  
Corranercial 8 8 8 
Min ing 15 1 15 5 16 1 
Public lands 4 4 4 
Fish hatcher ies 3 5 7 

Total 1771 1461 1918 

aoata from the U . S . Water Resources Counc il (1979 ) . 
bThe tota l groundwater withdrawal for 1975  was 1079  mgd .  
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The dra inag e area of the Pecos River at th is locat ion is 19 , 0 0 0  square 
miles (Figure 7-29 ) . A few sma ll creeks and draws are the only we stward
flowing tr ibutar ies of the Pecos River within 20 miles north or south of the 
site .  (A low- flow i nvest igation has been in itiated by the USGS within  the 
Hill Tank Draw dr a inage area , the most p�ominent dra inage feature near the 
WI PP s i te .  The dra i nage area is abou t 4 square mile s ,  w ith an average channel 
s lope of 1 to 100 , and the dra inage is westwa rd into Nash Draw. Two years of 
observations showed only four flow events . The USGS est imates that the flow 
rate for these events wa s  under 2 cubic feet per second . )  The Black River 
( dra i nage area 4 00 square miles) joins the Pecos f rom the we st about 16 miles  
sou thwest of  the site . The De laware River ( dra inage area 7 0 0  square miles) 
and a number of small creeks and draws also join the Pecos along th is reach . 
The flow in the Pecos River below For t Sumner is regulated by storage in Lake 
Sumner , Lake McM illan , Lake Avalon , and several other smaller i rr igat ion dams . 

There are no major lakes or ponds with in 10 mi les of the center of the 
s i te .  Laguna Gatuna , Laguna Tonto, Laguna Plata , and Laguna Toston are more 
than 10 mi les nor th of the s ite and are at elevat ions of 3450 feet or higher . 
Thus sur face r urP ff f rom the s i te would not flow toward any of them. To the 
west and nor thwest ,  Red Lake ,  Lindsey Lake , Laguna Grande de la Sal ,  and a few 
unnamed ponds are more than 10 miles  f rom the s i te ,  at elevat ions of 3000  to 
3300  feet .  

7 . 4 . 2 Regional Groundwa ter Hydrology 

The WIPP site lies in the De lawa re bas i n ,  wh ich conta ins some of the least 
productive aqu ifers in the Un i ted State s .  The only large quant ities of po
table groundwater are in locali zed sha llow aquifer s .  The Delaware basin is 
bounded by a lime stone reef of Permian age k nown as the Capi tan Formation 
(Figure 7-30 ) , wh ich is one of the e ight rock un its impor tant to the hydrology 
of the l�I PP s i te in the Delaware ba sin ; the other s  are the Delaware Mounta in 
Group , the Castile Formation , the Salado Format ion , the Rustler Formation , the 
De��y Lake Red Beds , the Santa Rosa Sandstone , and the Chinle Formation .  Of 
these e ight rock un its the Castile and Salado Formations are defined as aqui
cludes ( non-wa ter-transmi tting layers of rock that bound an aqu ifer ) ;  the rest 
conta in aqu ifers of low yield and nonpotable wa ter . 

Caoi tan L imestone 

�he Capitan Limestone crops out in the southern end of the Guada lupe Moun
ta i ns and is a ma ssive limestone un it that grades ba s inward into recemented , 
par tly dolomi t i z ed reef brecc ia and shelfwa rd into bedded carbonates and evap
or i te s .  In Eddy and Lea Counties , it has an average th ickness of about 1600 
feet .  Its hydrauli c conductiv ity ranges from 1 to 25 feet per day and in 
southern Lea County and east of the Pecos River at Car lsbad is 5 feet per 
day . Average transmi ss ivities around the nor thern and easte rn marg ins of the 
Delaware ba sin are 10 , 000 square feet per day in th ick sections and 500 square 
feet per day in inc ised submar ine canyons (Figure 7-31;  Hi s s ,  1976 ) . In the 
aqu ifer , water- table cond itions are found southwe st of the Pecos River at 
Car lsbad ; however , arte s ian cond it ions exist to the nor th and east . A deeply 
i nc ised s ubmar i ne canyon near the Eddy-Lea County line has been identified ,  
and the hydraulic grad ien t to the southeast of th is restr iction has been af
fec ted by large o il- field withdrawals .  The Capi tan Limestone is recharged by 
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percolation through the Nor thern shelf aquifer s ,  by f low from under lying bas in 
aqu ifers to the south and we st ,  and by d i rect infil tration at i ts outcrop in 
the Guada lupe Mounta ins . 

De laware Mounta in Group 

Formations of the Delaware Mounta in Group under lie  the Capitan reef and 
form the floor of the Delaware basin evapor i te sequence . Three separate for
mations , each abou t 1000  feet th ick , are  ass umed to form a s ingle aqui fer sys
tem with an average hydrau lic conductivity of 0 . 0 2 foot per day , an average 
poros ity of 16 % ,  and a calculated transmissivity of abou t 50 square feet per 
day ( Powers et al . ,  1978 , p .  6- 14 ) . A potentiometr ic map (Figure 7- 32 ) repre
senting a compos ite sur face for the Delawa re Mounta in Group and the Capitan 
aqu ifer has been constr uc ted by Hiss ( 1976 ) . The data were adjusted for the 

New Mexico 
Texas Soure1: W. L. Hia ( 1 171). 

0 1 0  20 Miles 

Figure 7-32. Potentiometric surface map (composite) of the 
Delaware Mountain Group . 
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sa line density and expre ssed as freshwater equivalent. The br ines in the Del
aware Mounta in Group flow northea ster ly under a hydraulic grad ient of 25 to 40  
fee t per mi le and discharge into the Cap itan aquifer . Veloc ities range from 
0 . 2 to 0 . 3 feet per year , and g roundwater yields from we lls in the Delaware 
Mounta in Group are 0 . 6  to 1 . 5  gallons per minute . 

ca stile Formation 

The Cast ile Formation separ ates the De laware Mounta in Group from the Sala
do Formation .  The Castile anhydr ite un it is 1300 to 2000 feet th ick 1 it is a 
confin ing bed ( Lohman et al . ,  197 2 )  withou t circulating groundwate r .  Ground
water flov.• from the Capi tan aquifer and the Delaware Mounta in Group into the 
Salado is proh ibited by the very low hydraulic conductiv ity of the Cast ile .  
On the we ste rn side o f  the Delaware ba sin,  local cavernous zones near the out
crop of the Ca stile hold groundwater for stock and domestic use 1 the water is 
h igh in d issolved so lids (Bj orklund and Motts , 1959 ) . Dr i lling has encoun
tered pockets of br ine in the middle to lowe r Castile anhydr ites ( see Section 
7 . 3 . 5 ) . These br ines may have h igh concentrations of d i ssolved ga ses such as  
carbon dioxide , methane , hydrogen sulfide , and nitrogen . Br ine pock ets have 
been found to occur throughout the Delaware ba sin,  but " a r tesian" pockets of 
br ine have been found only in conj unc tion with anticline struc tures .  

Salado Formation 

The Salado Format ion laps extens ively over the back reef of the Capitan 
Lime stone and includes three d ivisions : the lower salt member , the McNutt 
Potash zone , and the upper salt member . It is 1400  to 2100  feet th ick and 
yields no quantities of water to we lls . The Salado ac ts hydrolog ically as a 
con fin ing bed and does not conta in c irculating groundwater . - Small pockets of 
satu rated br i ne and n i trogen gas have been observed in the Salado (Jones et 
a l . , 1973 ) • 

Ru stler Format ion 

The Rustler Formation ranges from 20 0 to 6 0 0  feet in th ickness and con
ta ins the pr i nc ipa l wa ter-bear ing un its of the area . These are,  in de scend
ing order , the Mag enta Dolomite member , the Culebra Dolomite member , and the 
Ru stler-Salado inter face . For all practical purposes the Magenta and the 
Culebra member s ,  each about 25 feet th ick , are confined aquifers separated by 
1 00 to 1 50 feet of interbedded ha lite ,  po lyhalite ,  and anhydr i te .  The Rustler
Salado inte r face (br ine )  aquifer var ies in th ickness and is the least produc
tive of these wa ter-bear ing rock members at the WI PP s i te .  To the west in Na sh 
Draw, it provides h igh flows of brine .  At the WI PP site , the Culebra aquifer 
is the most productive , with groundwater yields varying from tenths of a ga llon 
to a few ga llons per minute . To the west in Na sh Draw , the Magenta and the 
Culebra members are in contact because of the extensive d i ssolution of inter
ven ing rock member s .  It is in Nash Draw that groundwate r yields are the great
e st for all wa ter-bear ing un its . 

Hydrologic stud ies are be ing continued to get more and bette r data on ( a )  
the potentiome tr ic heads  for each aquifer to de termine the i r  potent ial gradi 
ents and d irec tions of groundwa te r flow and (b) hydraulic parameters such as 
transmiss ivity , hydraulic conductivity ,  yield, and e ffective porosity to 
quant ify groundwater migration .  Hydraulic te st ing to date near the site 
i nd ica tes that the average groundwater grad ient of the Mag enta Dolomite and 
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F igure 7-33. Potentiometric surface map of the Rustler Formation. 

the Rust ler-Sa lado contac t is to the southwest and that of the Culebra Dolo
mite is to the sou thea st and then to the southwest .  The potentiometr ic head 
data from wh ich these grad ien ts were determined are from within the site area 
itse lf . Data f rom testing be ing conduc ted in 38 holes with in and ou tside the 
WI PP site �ill soon be ava ilable.  At each of nine site s ,  three holes we re 
dr i lled spec ifically to determine the hydraulic charac ter of the Mag enta and 
Culebra Dolomites and the Rustler-Sa lado inte r face .  Other ho les penetrate to 
spec ific hor izons and are completed in one or more wa ter-bear ing zone s .  As 
these data are obta ined , they will be included in the hydrologic model to im
prove i ts predictive accu racy . 

Figure 7-33 is a compos ite potentiometr ic-sur face map of the Rustler For
mation .  The average poros ity is abou t 10 % ,  and the calcula ted transmiss iv ity 
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ranges from 10-4 to 14 0 square feet per day , the former at the east edge of 
the si te ( Powers et al . ,  1978 , p. 6-36 ) . Groundwater grad ients range from 7 
to 120 feet per mi le.  Total dissolved solids in  we ll water sampled from the 
Rust ler Formation are at levels of 3000 to 60 , 0 00 ppm (Lambert,  1978 ) . 
Groundwater movement in the Rustler near the site is we stward toward Nash Draw 
and then southward toward the Pecos River . 

Dewey Lake Formation 

The Dewey Lake Formation is a siltstone depos it that is 200  to 6 0 0  feet 
th ick (Jone s ,  1954 ) . Because of its low hydraulic conductivity ,  the Dewey 
Lake Formation func tions as a confin ing bed . Groundwater  probably occurs only 
in sandstone lenses of sma ll capac ity . 

Santa Rosa Sandstone 

The Santa Rosa Sandstone is about 14 0 to 300  feet th ick and is present 
over the ea s tern half of the WI PP site .  I t  d ips gently westward, except in 
local areas of collapse , and crops out nor theast of Nash Draw. As a water
bear ing un i t,  the Santa Rosa near the WI PP s i te has a saturated thickne ss of 
only 1 to 2 feet and occurs in lense s that are very limited in extent.  It  has 
a porosity of about 13% and a spec ific capac ity of 0 . 14 to 0 . 2 ga llon per 
minute per foot of drawdown (Ni cholson and Clebsch , 1961) . Figure 7-34 is a 
map i nd icating where g roundwater occurs in the Santa Ros a .  Lows i n  the poten
tiometr ic sur face near the Eddy-Lea County line and in San Simon Swale suggest 
recharge into under lying rock s ,  possibly through collapse zones , and a poss i
bility of a groundwater divide (at a surface r idge )  between the si te and San 
S imai Swale . In g eneral ,  g roundwater flows south and is of better qua lity 
than that found in the Rustler Formation . 

I t  is not k nown at th is t ime what quantities of water from the Santa Rosa 
recharge the shallow aquifers along the Pecos River , if  any . The groundwa te r 
gradi ent in adj acent Texas along the Pecos River is influenced by a large-scale 
withdrawal of groundwa te r re sulting in a net los s of groundwater storage . The 
wa ter-level dec lines have created sizable cones of dep re ssion along the r iver 
and gradients toward the r iver . The Santa Rosa aquifer in southwe st Texas 
adj acent to the New Mexico border is not downg radi ent from the WI PP site .  
There are severa l reasons for believing that Santa Rosa wate rs at the WIPP site 
w i ll flow into the Pecos River rather than to the south into Texa s :  the con
figuration of the potentiometr ic head map , the influence of extensive pumping , 
and a topog raph ic g roundwater d ivide ea st of the WIPP site .  Groundwaters  
pumped from the Santa Rosa and alluvium depos its are  used extensively for 
i rr igatiai and livestock . 

Ch inle Formation 

The Ch inle Formation is a mudstone depos it above the Santa Rosa Sandstone 
to the ea st of the s i te .  I t  ranges i n  th ickness from about zero near the Eddy
Lea County line to as much as 800  feet nor th of San Simon Swa le (Mercer and 
Orr ,  1977 ) . Because of the low hydraulic conduc tivity of mudstone , the Ch inle 
Formation is hydrolog ically a confining bed . 

Groundwater flow 

Groundwater in porous format ions west of the Pecos River flows eastward 
f rom the Guadalupe Mountains . The alluvium and shallow aqu ifers contr ibute 
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groundwater to the base flow of the Pecos and provide a potable-water source 
for Car lsbad (Hendr ick son and Jones,  1952 ) . Br ine solutions under a hydraulic 
head established presumably by fre sher groundwaters  of outcrop zones in the 
Guadalupe Mounta ins flow northea ster ly in the Delaware Mounta in Group under 
the Delaware basin to discharge slowly into the base of the Capitan aquifer . 

Groundwa ter in the Cap itan aqu ifer east of the Pecos River but west of a 
hydrolog ic barr ier (Figure 7-31)  near the F.ddy-Lea County line either moves 
very slowly or is static . The hydrologic barr ier is formed by a brok en or 
eroded section in the ree f 1 it isolates the groundwater users in the west from 
the larger oil-company withdrawals ( for oil recovery through wa ter inj ection) 
in the east . There is little or no coupling between we lls on oppos ite s ides 
of the barr ier (Hiss , 1975 ) . A water sample coll ec ted from a bor ehole into 
the Capitan reef (Hackberry) and we st of the hydrologic barr ier yielded the 
olde st wa ter tak en f rom the reef and was e st imated to be 1 , 000 , 000 + 300 , 000 
years old (Barr , Lamber t ,  and Car te r ,  197 8 ) . 

Groundwater in the Capitan aqu ifer to the east of the Eddy-Lea County line 
has been heav ily pumped for oil-field flood ing . These withdrawa ls have low
e red the potentiometr ic sur face and s ign if icant ly reduced the ar tesian head in 
the eastern por tions of the reef , produc ing a groundwate r gradient clockwise 
to the ea st and southeast . The sources of Capitan r echarge are the br ine s  in 
the Delaware Mounta in Group and var iou s back-reef formations . 

Groundwater in the Rustler Formation east of the Pecos River generally 
flows to the south and sou thwe st along formational gradients inte r secting 
shallow and alluvium aquifers before d ischarging into the Pecos River . Those 
aquifers with a h igh TDS and salt content contr ibute much to the saline con
tamination of the Pecos River and adjoin ing shallow aqu ifers in and around 
l\1alaga Bend . The por tions of the Magenta and the Culebra members of the Rus
t ler that lie beneath the Dewey Lake Red Beds are more isolated from percolat
i1'lg ra infall and less produc tive than comparable por tions near Nash Draw with 
ncl siltstone cover . The Santa Rosa Sandstone and the Rustler Formation pro
v i de a limi ted supply of groundwater for livestock and for mi ne ral refining . 

To re fine the data that are the present ba s is for estimating the d i rection 
of groundwater flow and groundwate r migration in the aquifers of pr inc ipal 
concern to the WI PP , four add itional hydrologic complexes have been dr il led 
around the sou thern area between the WIPP s ite and the Pecos River ( Figure 
7- 35 )' . The da ta obta ined at these locations will be used to de termine the 
locat ion of dissolution fronts , the potentiometr ic sur face near Nash Draw and 
the Pecos River , the e ffect of the sur face r idge between the WI PP s i te and San 
S imon Swale as a groundwater divide , and the hydraulic parameters necessary 
for the e stabl ishment of g roundwater mig ration . 

Groundwater  quality 

Ana1lyses of groundwate r from the Delaware basin are shown in Table 7-19 . 
Stable- i sotope measurements ind icate that the groundwater in the Santa Rosa ,  
the Rustler , and the Cap itan Formations comes from ra inwater .  None of the 
saline �J roundwaters were found to be or ig inal evapor i te mother liquors or pro
ducts of par tial evaporation (Lambert,  1978 ) . 

The1:e is a sha llow-d issolution area in the residuum of the Salado-Ru stler 
contact under lying Nash Draw. Extending from nor thwe st of Nash Draw south-
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Table 7-19 . Chemical Analysis of Groundwate r in the Delaware Basina 

Formation D i ssolved- so lids concentration �!!!SL1 l 
Sample name sampled pH Tota l Chlor ide Sulfate SOd ium Calc ium 

Car lsbad We ll 7 Capitan 7 . 2 474 10 7 2  8 7 4  
Hackberry Capitan 6 . 0 192 , 000  110 , 800 5 , 150 68 , 7 00 2200 
Middleton Capitan 7 . 4 33 , 800  17 , 0 50 3 ,  7 20 10 , 6 00 1100 
Shell No . 28 cap itan 7 . 1  ll , 300 3 , 900  2 , 400  2 , 28 0  940 
James Ranch Rustler 7 . 6  3 , 240 400 1 , 570 68  590 
Duval mine/ 

collector ring Rustler 7 . 4  14 , 38 0  6 , 400  2 , 50 0  3 , 6 0 0  1100 
H-3 ,  Magenta Rustler 7 . 4 14 , 800 5 , 8 00 2 , 6 0 0  4 , 200 760 
H-3 , Culebra Rustler 7 . 4 60 , 00 0  33 , 0 00 5 , 200  19 ,000  . 1500 
Duval mine/ 

seep-BT58 Salado s . s  39 5 , 000  250 , 0 00  3 , 100  46 , 300  5 20 
ERDA-6 Castile 7 . 3 321 , 000 186 , 100 16 ' 0 00 112 , 000 130 

aData from Lamber t ( 1978 ) .  

westward beyond the Pecos River , it is about 30 mi les long and 2 to 10 miles 
wide (Figu re 7-36 ) . Water presumably escapes f rom the strata above the Salado 
through frac ture s and solution zones and moves southward along the upper salt 
sur face to d ischarge as br i ne into the Pecos River at Malaga Bend . Recharge 
is augmented by potash-refinery effluents discharged into Nash Draw. 

Hydraulic testing in boreholes between Malaga Bend and Laguna Grande de la 
Sal shows that the br ine aquifer at the Salado-Rustler contact has a transmi s
s ivity of 8 0 00 square f eet per day . Assuming ( f rom dr i ll-hole information) an 
average th ickness of 50 fee t ,  a hydraulic grad ient of 1 . 4  feet per mi le , and 
an e ffective porosity of 20% ,  the rate of br ine movement is estimated to be 
abou t  0 . 2  foot per day . Est imates  of brine discharge into the Pecos River are 
200 gallons per minu te ( The is and Sayre,  1942)  and 300 ga llons per minute (Hale 
et al . , 19 54 ) . 

7 . 4 . 3  Local Groundwater Hydrology 

As of June 1980 , hydrologic tests had been made at 16 locations near the 
WIPP site .  Of these,  ten locations were specifically dr illed for hydrologic 
testing : H-1 through H-10 (Figure 7-35 ) . The hydrolog ic complexes cons ist of 
th ree holes dr illed in a tr iangular array .  Each hole is  dr illed and completed 
to a spec ific depth to penetrate a spec ific aquifer : the upper Magenta Dolo
mite , the lower Culebra Dolomite , or the Rustler-Salado interface . The depth s 
to these water-bear ing zones with in the WIPP site are about 5 25 , 6 30 , and 7 50 
f ee t ,  respectively . Hydraulic tests to date at these 16 locations indicate 
that the hydraulic conduc tivity ranges from 0 . 0 00 1 to 0 . 0 08 foot per day , with 
0 . 7  foot per day only at hole H-3 in the Culeb ra (Mercer and Orr , 1979 ) . Ob
servations of potentiometr ic head are being made at least monthly at all loca
tions . In some instances heads have not yet reached equi libr ium ; they are 
continu ing to change.  Tracer te sts are be ing conducted at the H-2 complex 
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with the pr imary obj ective of de termin ing e ffective poros ity and d isper siv
ity. S imilar tests are slated for three , and poss ibly five , other locations 
with in and near the WI PP s i te .  

I n  genera l ,  the hydrolog ic testing program has been directed at dete rmining 
the potential head and hydraulic cha r ac ter of the wa ter-bear ing rock strata 
and the chemistry of format ion wa te r beneath the site . Data analysis has been 
a imed at evaluating geologic stabil ity and groundwater-transport charac ter is
tic s .  A site geologic column is shown in Figure 7-1 1 .  

Hydraulic te sting i n  dr ill holes at the s i te (Figu re 7-35)  shows little 
groundwater above the Salado. To date , te sting by the U . S .  Geolog ical Survey 
ha s concentrated on the fluid-bear ing zones of the Rustler Formation and the 
Rust ler-Salado contact (Mercer and Orr , 1978 ) . These zones , if the repos itory 
should be breached , are the most probable route for rad ionuc lide transport 
through the geosphere to people , and data on their hydraulic charac te r istics 
are needed for e stimating potential health haz ard s .  Groundwater i n  the Rus
tler Format ion and in the Rustler-Salado con tac t is considered a valuable re
source when it can be used for livestock (Rustler) or potash refin ing (Rustler-

7-94 



Salado contac t ) ; however , the se wa te r s  u sually conta in TDS concen t r a t ions of 
more than 3000 ppm . 

The Bell Canyon For mat ion of the De lawa r e  Mounta in Group y ields unsaturated 
br i nes that have a s u f f i c i ent " f reshwa te r "  head to reach the Rustler Format i on 
but are block ed by the Cast i l e  Format ion . The hydr a u l i c  conduc t i v i t i e s  of the 
Ca st ile a nd the Salado have been measu r ed  at the ERDA-9 explora tory hole . 
Test results ( 'I'able 7-20 ) show the hydra u l i c  conduc t i v i t i e s  mea sured in ERDA-9 . 
The f armations e ff ec t ive ly sepa r a te the aqu ifer s above the evapor i te s  f rom 
those belo� ,  thu s forming a hydrolog ic barr ier between these aqu i f er s . 

Table 7-20 . Ca lcula ted Hydraulic Conduc t i v i ty f rom Dr i ll - S tem Te sts i n  
ERDA-9a 

F ormat i on 

Sa lado 
Sa lado 
Sa lado 
Sa lado/Ca st i l e  

Test 
depth ( f t)  

144 0-14 9 6  
20 26-210 6 
2524-26 30 
26 35-2886  

a0er ived from Lamber t and Mercer (1 977 ) . 

Hydraul i c  
conduc t i v i ty ( f t/day ) 

15 . 8  x lo-6 

5 . 25  x lo-6 

15 . 8  x lo-6 

Conc lu s i ons on the occu r r ence of f lu id s  in the r oc k  un i ts u nder the s i te 
can be sumrnar i z ed a s  follows (Mercer and Or r ,  1978 , 1979 ) : 

1 .  Wa ter l eve l s  of f lu i d-bear i ng z ones i n  the Rustler Format i on show 
that the hydrau l i c  poten t i a l  dec r e a se s  with depth , ind icat i ng down
ward f lu id movement in rocks above the salt should the re be any open
i ng s .  However , the poten t i a l-head d if f er ences between flu id-bea r i ng 
un i ts i nd ica te no ve r t i cal hydrau l i c  conn ec t i on .  

2 .  The d is t r ibution of head in the Culebra Dolomi te i nd icate s groundwa te r 
flow sou thea st across the s i te and then sou th-southwe st , w i th the g ra
d ien t vary ing from 7 to 120 feet per mi l e .  Transmi s s iv i tl var ies from 
140 squar e  fee t per day on the flan k s  of Nash Draw to 10- square 
foot per day nea r  the cente r of the s i te and lo-4  square foot per 
day on the ea st s i de .  Th i s  var i a t i on is a t tr i bu ted to the d i sso lu t i on 
of sa lt i n  the Rust ler , wh ich dec rease s  f rom the comp lete remova l of 
sa l t  i n  the we st to l i ttle or no removal i n  the ea st . 

3 .  Pote n t i a l  head i n  the Mag enta Dolomi te has been measured i n  three 
holes at the s i te and i nd icate s  f lu id movement to the southwe s t .  The 
hydr a u l i c  grad ient is 50 feet per mi l e ,  and transm i s s i v i t i e s  range 
f rom 0 . 0 1 to 2 . 0  sq uare f eet per day . 

4 .  Flu i d s  in the Cu lebra and Ma� en ta Do lomi tes apparen t ly move pr imar i ly 
a l ong f r ac t u re sy stems and through low-y i elding f r ac t u r ed r oc k s . 
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5 .  Very low yields of br ines were found along the Rustler-Salado contac t,  
with transmiss ivities ranging from lo-1 to lo-5 square foot per 
day .  

6 .  Pre liminary evaluation of te sts on Bell Canyon sands at AEC-8 shows 
that the potentiome tr ic surface , corrected to f reshwater density ,  is 
higher than similar ly correc ted levels of fluid zones in the Rustler . 

7 .  Pre l iminary data from dr ill holes outside the WIPP site ind icate a 
groundwater boundar y at a surface r idge between the site and San Simon 
Swale . 

8 .  The groundwa ter grad ient for the Santa Rose Sandstone appears to be 
determined by a hydrolog ic divide west of San Simon Swale and by local 
pumping prac tices near the Pecos . Flow is to the south into Texas . 

Further hydrologic studies are planned : 

1 .  The location of rechar ge areas for WIPP-re lated aquifer s  will be at
tempted by age dating and by geochemical analysis of groundwa ters and 
head configurations beyond and within the Delaware basin.  

2 .  Continued reg ional-hydrology stud ies will include port ions of south
we st Texas that might be affected and/or influenced by WIPP-related 
hydrolog ic systems . 

3 .  Groundwater-migration stud ies will use tracers injected into aquifer 
systems to determine e ffect ive porosity and dispersivity .  

7 . 4 . 4  Dissolution of Salts i n  the Permian Evapor ites 

D issolution of salt in the evapor ite beds of southea stern New Mexico is  
recognized to have produced dissolut ion res idues and so-called brecc ia pipe s .  
Other features possibly related to salt d i ssolut ion are sinks or depress ions 
of var ying size . Blowouts and sur face depress ions caused by the dissolut ion 
of ca liche may be confused with salt-d issolution features .  Di ssolution resi
due s ar e of two ma in types :  the insoluble residue or leached zone (Vine , 196 3 )  
a t  the top of the Salado and layers of d i ssolut ion brecc ia zones (Anderson, 
1978 ) within the deeper evapor ite bed s .  

Anderson ( 1978 ) est imated that up to 5 0 %  o f  the or ig inal salt o f  the Dela
ware basin has been removed by erosion or groundwater . These processes have 
intermi ttently removed salt for more than 100 million years (Bachman , 1974 and 
in preparatiop) dur ing wetter climate s ( Ple istocene) and probable mar ine 
inundation (Cretaceous) . The effects are pronounced in the por t ion of the 
Delaware ba sin we st of the Pecos River , where maj or areas have had all their 
salt removed 1 this accounts for a large por tion of the or iginal salt removed . 
The following d iscussion therefore focuse s on the processes that are believed 
to be ac tive at present and the ir  poss ible effects on the WIPP . 
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Shallow dis solution 

The shallow-d issolution features either involve the upper evapor ites or 
are very near-surf ace features (e . g . ,  sinks) that do not involve evapor ite s .  
The shallow-d is solution feature most re levant to the WIPP is  the dissolution 
within the Ru stler Formation and at the top of the Salado that produces a 
d issolution residue or leached zone (Vine , 1963 ) . The depth of shallow dis
solution in the evapor ites (base of leached zone) is very i r regular but usu
ally less than 300  feet in Nash Draw near the site . It is well developed in 
the western part of the Delaware basin,  where the evapor i tes are exposed or 
near the sur fa�e . In Nash Draw, where the Rustler Formation is exposed , dis
solution exterids into the upper Salado and produces an insoluble residue . 
East of Nash/ Draw, down-d ip into the Delaware basin,  the evapor ite formations 
become _y�o9 re ssively deeper , and the present-day top of the salt is found 
prog.i:ess ively h igher in the stratigraph ic section ( Figure 7-19 ) . The top of 

-th� salt is at the top of the Salado Formation about 2 miles west of the 
center of the site and occurs progress ively higher in the Rustler Format ion 
across the s ite .  Where ha lite rema ins on the eastern side of the s i te ,  the 
Rustler is th icker . The pre sence of halite in the Rustler is par tial ev i
dence that the upper Salado has not yet been attacked by d issolution in that 
area . 

The "d issolution front" with in any formation is the lead ing edge of disso
lution .  The d issolution front o f  the Salado Formation i s  whe re d issolution is 
beg inn ing to affect the top of the Salado. 

Jones (1 9 73 ) reported the solution front at the top of the Sa lado Forma
tion to be between 2 and 3 mi les west of the site cente r .  Dr illing at the 
WI PP site ind icates that the front ,  at its closest point,  i� in control zone 
III  due we st of the site center . It is very unlikely that the Salado solution 
front has reached control zone II , as boreholes P-3 and H-2c (Figure 7- 35 ) 
show halite in the lower Rust ler Format ion . West of the front in Nash Draw , 
there is an almost four fold reduction in the th ickne ss of the Rustler , to as 
litt le as 150 to 170 feet in some places . This is the residue of a 500-foot 
section a f ter leaching by c irculating groundwater . 

As dissolution prog re sses ,  voids may develop, and the residue may be weak
ened until it is IX> longer able to support the overbu rden . The s lumping of 
the residue and the collapse of the over lying rock can extend to the ground 
sur face,  resul ting in a topog raph ic sink . The resulting d istinctive pi tted 
terra in ,  called "k arst , "  has poor ly developed sur face dra inage and is exten
sive in southea stern New Mexico, although it is not present in the area of the 
site . 

Bachman ( in preparation) cons iders Nash Draw to have formed as a re sult of 
d issolution and erosion that began before or dur ing Gatuna t ime and is cont in
uing today . Bachman ascr ibes the or ig in of Nash Draw to the following proc
e s s :  (a) in itial d i ssolution occurs along sur ficial j oints and fractu res in 
gypsum to form tunnels and caves in dendr it ic patte rns , (b) sed iments are then 
carr i ed  into these d issolu tion cavities by erosion , then (c )  continued d isso
lution with in the central dra inage system increases the stream gradient and 
resul ts in headward cu tting by erosion , and , finally (d )  Nash Draw widens fur
ther as a result of the dissolution of gypsum.  These processes have comb ined 
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to produce a topograph ic feature that has a greater width-to-length ratio than 
the more usual erosional va lleys . The processe s tha t form Nash Draw are ac
tive mostly in the Rustler For mation . 

Another lar ge depre ssion cited by Bachman ( 1974 ) is San Simon Swale , 22 
miles ea st of the site .  Sha llow d i ssolut ion is a factor in i ts development , 
wh ich apparently still continue s .  The last recorded collapse occurred about 
40 years ago (Nichol son and Clebsch , 196 1) . Many sinks along the Pecos River 
Valley have collapsed in histor ica l times (Bachman , 197 4 ) . As recently as 
1973 , a sma ll collapse sink formed at Lake Ar thur , about 50 miles nor th of 
Car lsbad . 

To evaluate the potential hazard to the site of continued dissolution in 
nearby places such as Nash Draw,  the rates of d issolution have been e stima
ted . S ince Mescalero time , Nash Draw appear s  to have subsided between the 
Living ston and Quahada Ridges as much as  180 fee t .  At one place i ts sur face 
is 180 feet below the projected elevation of the Mesca lero caliche . However , 
the i nter val between the top of the Salado Formation and the top of mar ker 
bed 124 in the middle of the Salado at the same location is 420 fee t ,  or 330  
feet le ss than at Living ston Ridge , whe re relatively li ttle of the Salado salt 
ha s been removed . It is conc luded that about 150 feet of the Salado salt wa s 
removed be fore Me scalero t ime and about 180 feet since . With th is in mind , 
Bachman ( 1 97 4 )  analyzed the dissolut ion in Nash Draw as having occurred since 
the development of the Mescalero ca liche , 600 , 000  years ago , and found that 
the average ver tical-dissolution rate wa s about 0 . 3 3 foot per 1000 year s .  

Clear ly , th is rate i s  ne ither constant nor the same throughout the re
gion . At least two other factors must be cons idered , but no geoiogic in
formation is ava ilable for their evaluation :  

1 .  Dissolution and subsidence rate s have probably not been con stant in 
Nash Draw dur ing the pa st 600 , 000  year s .  Much of the subsidence may 
have occurred dur ing per iod s of higher ra infall in the late Ple isto
cene (Wisconsin t ime) . Bachman ( in preparation ) limi ts the annual 
ra infall to 25 to 30 inche s dur ing th is time , the cond itions nece ssary 
for the forma tion of the Me scalero ca liche . 

2 .  The subsidence in Nash Draw , whenever it occurred in the Ple istocene , 
is not an average rate applicable to the whole region .  From the we st
ern par t of the WI PP site to the area of " the Divide , "  the Mescalero 
ca liche is relatively 1J.Od istur bed , sugge st ing no d i ssolut ion there 
since Mesca lero time . 

An alternative approach to the est imation of dissolut ion rates wa s used 
by F. A. Swenson (Bachman and Johnson , 1973 ) , who estimated that the �ax irnum 
amount of salt be ing dissolved and discharged by spr ings and streams along the 
ea st flank of the ba sin is 955  tons per square mile each year . This gives a 
pre sent ver tical-dissolution rate of about 0 . 5  foot of salt in 1000 yea r s .  

The e st imated rate o f  hor izontal shallow d issolution i n  the we stern part 
of the De laware basin is  about 6 to 8 miles per mill ion years (Bachman and 
Johnson, 1973 ) , based on the ass��ption that at the end of Oga llala t ime the 
Salado Formation extended to the Capitan reef escarpment on the we stern edge 
of the ba sin.  Bachman ( in preparat ion) , recogniz ing that salt d i ssolut ion 
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also occurred ear lier than Ogallala time , concludes that th is est imated aver
age rate of salt removal by shallow d issolut ion is a conservat ive overest i
mate . 

Bachman ( in preparat ion) has determined that semiar id climates must have 
preva iled in southea stern New Mex ico for the la st 500 , 0 00 year s .  Th is conclu
sion is based on the climatic cond itions under wh ich the Mescalero caliche , 
which began to be deposited about 600 , 0 00 years ago , could be formed and pre
served as it is over the WIPP site .  This ind icates a re latively stable envi
r onment over that per iod . Thu s ,  although there were sign i ficant climate-caused 
geologic changes elsewhere in the United States dur ing that t ime , there were 
no s ign ificant g eolog ic e ffec ts at the WI PP site .  The normal pluvial cycle 
has a 10 , 00 0 - to 20 , 00 0-year per iod ; thus several of these would be included 
in any determination of past d issolution rates and would therefore be factored 
into future expectations as we ll . 

These est imate s of hor izontal- and ver tical-d issolution rates suggest that 
the wa ste in the reposi tory could be expected to rema in isolated from d issolu
t ion for 2 to 3 million year s .  

Deep d issolution 

Deep-d issolution phenomena are those that occur within the evapor ite sec
tion or that may be initiated from below the evapor i te s .  The maj or features 
of concern for the WIPP are layers  of d issolution brecc ia and so-called brec
c ia p ipes .  Deep-d i ssolution phenomena i n  the evapor ites may also have devel
oped larger collapse features within the basin (Maley and Huff ing ton , 1953 ; 
Anderson ,  1978 ) . 

The most prominent small-scale ( less than 1 mile across) d issolution fea
tu res near the Delaware basin have been descr ibed by Vine ( 19 6 0 )  as " domal 
karst feature s . " One such dome ( dome C ,  14 miles nor thwest of the WIPP site ;  
see Figure 7-31)  has a collapsed center a t  the sur face . I ts subsurface pro
j ec tion , intercepted at the level of the McNutt Potash Zone in the Mississippi 
Chemical Corporation mine , is a cylindr ical ch imney f illed with clay and 
hal ite-cemented brecc iated rock belong ing to h igher strata . A similar dome 
( dome A) , northwe st of dome C ,  was dr illed in borehole WIPP-31 to a depth of 
about 8 10 fee t .  Th is exploratory borehole encountered rubble or brecc ia simi
lar to that in the mine below dome C. Anderson ( 1978 ) showed several other 
domal karst features similar in sur face character istics to brecc ia pipes.  The 
close st of these is in Section 33 , T 22 5 ,  R 29 E,  11 miles we st of the center 
of the site . It  wa s te sted in borehole WIPP-32 , which reveals a normal upper 
Salado sequence for that location , with no s ign of brecc ia or r ubble with in 
the borehole . A ch imney conta ining cemented-rubble was encountered in explor
a tory dr illing near the Weaver Mine 20 miles northwe st,  but it was not assoc i
ated with a breached dome at the surface . The subsur face express ion of other 
domes in the vicinity of Nash Draw and Malaga Bend ( Reddy , 196 1 ;  Anderson ,  
197 8 )  i s  poor ly known . A recent study (Bachman , i n  preparation) o f  many of 
these domes d i stingu ishes those formed by deep d issolution (cemented-r ubble 
ch imneys , or "brecc ia pipes" )  from those caused by nond issolution processes .  
It appears that domes known to have brecc ia or r ubble a t  depth , infer red to 
have a dissolution or ig in,  are restr j cted to the Capitan reef or back-reef 
area , at lea st in the vic inity of the WIPP s i te .  
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Geophysical surveys reveal a dist inc t  resistivity low over the features 
(domes A and C and "Weaver pipe " )  k noWQ to be under la in by breccia or r ubble . 

The elec tr ical-resistivity techn ique has been used as a screen ing dev ice over 
the WI PP s i te .  Two localized _  res istivity lows , with s ignatures somewhat simi
lar to those of the domes ,  occurred within the WIPP site ( Section 20-21 , Sec
tia'l 17 ) .  Both locations have subsequent ly been dr illed into the UR>er Salado 
or deeper and have normal stratigraphy . Thu s ,  present screen ing technique s ,  
dr illing , a nd  mapping at the WIPP site are consistent with the conclusion that 
domes or "brecc ia pipes" are re str icted to the Capitan reef or back-reef areas 
and are not present w ith in the WI PP site .  Observation of similar feature s 
elsewhere in th is and other salt basins has ind icated that these brecc ia pipes 
occur only where deep-d issolution e ffects are k nown to be present (Bachman , in 
preparation) . 

Exploration by dr ill holes and se ismic reflec tions ind icate var iat ions 
in the th ick ness of Ca stile salt in the area, part icular ly in the "d isturbed 
zone" in the nor thern part of the WIPP site . WIPP-13 has recently been deep
ened to the basal anhydr ite of the Ca stile : preliminary examination of the 
core and logs reveals no layer s of dissolution res idues or brecc ias , as would 
be expected f rom reg ional d issolution . Deta i led examination of core and com
par ison with other deep core s  in the area of the WIPP site will continue in 
order to better unde r stand the nature of the var iations in the th ick ness of 
the Cast ile . 

Bachman ( in preparation ) has dete�mined that domes A and C,  known brecc ia 
pipe s ,  were formed more than 500 , 000  years ago dur ing Gatuna time and before 
Mescalero time. Bachman repor ts only minor near-surface readjustment of these 
features during and after the formation of the Mescalero caliche and conclude s 
that no known brecc ia pipe has formed since Gatuna time . Bachman also repor ts 
that domes near Malaga Bend we re formed before Mescalero time . 

The known brecc ia pipes ( domes A and C) in New Mexico overlie the bur ied 
Capitan reef aqu ifer : some may be present north of the reef ( e . g . , "Weaver 
pipe" ) .  Bachman ( in preparation )  attr ibutes these pipes to the dissolution of 
salt by unsaturated water f rom the aquifer in a process like that descr ibed by 
Ander son ( 1978 ) . The flow of water in the Capitan aqu ifer was to the ea st at 
Gatuna time : retardation of the flow by fine-g ra ined sed iments in the Laguna 
submar ine canyon complex (see Hiss , 197 5 )  near domes A and C produced hydrau
lic heads h igh enough to cau se the upward percolation of wa ter and d issolution 
( Figure 7-31) . The Pecos River has dissec ted the Capitan aquifer system since 
Gatuna time, and the aqu ifer system is now near ly hor izontal . Bachman con
cludes that , as long as  the pre sent hydrologic system is ma inta ined , it is  
improbable that other brecc ia pipes will form over the reef aqu ifer s .  

Most aythor ities beli eve that there are no ac tive deep dissolution proc
e sses that would a ffect the WIPP repository .  Ander son ( 1978 ) , who has stud i ed 
deep dissolution in the De laware basin, believes that deep dissolution is a 
continuing process . In reporting the results of h is studies,  he states that 
est imates of deep-d issolution ra te s were difficult to make from the evidence 
ava i lable to h im,  but sugge sted that deep d issolution would not a ffect the 
WIPP site for the next million years . Bachman ( in preparation) has indicated 
that Cretaceous rocks lap across Ca stile to Tr iass ic rocks regionally . The 
implication is that these rocks were exposed dur ing Tr iass ic and Jurass ic 
t ime : from th is Bachman assumes that much of the "deep d issolu tion" occurred 
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dur ing these times when the evapor ites were not deeply bur ied . Est imated 
rates may therefore be conservatively h igh, because Of the assumption of 
d is solution due only to more geolo9ically recent processes .  It  i s  also be
lieved by some observers that missing evapor ite member s  may be ascr ibed to 
depos it ional fac ies changes , and not to dissolution .  The ERDA-10 hole , 
dr i lled south of the WI PP s ite to check an area of potential deep d issolution , 
found no ev idence of blanket dissolution , leading to the conc lusion that the 
missing Castile ha lite member was never deposited. 
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8 The WIPP and Its Operation 

Th is chapter descr ibes the plans for the WIPP fac i li ty ,  in which alterna
tive 2 ,  the author ized alternative , would be carr ied out.  It beg ins by de
scr ibing the particular site in Los Medanos* where ,  accord ing to these plans , 
the WIPP will be bu ilt ( Section 8 . 1 ) . After a general descr iption of the 
plant in Section 8 . 2 ,  the d iscussion treats in more detail  the design of the 
buildings and equipment and the plans for operations 1 Section 8 . 3  g ives this 
information for the aboveground par ts of the WIPP, and Section 8 . 4  g ives it 
for the underground par ts . Because small amounts of rad ioactive waste will be 
produced dur ing the operations,  the design includes systems for hand ling th is 
wa ste : they are descr ibed in Section 8 . 5 .  Small amounts of rad ioactive ma
ter ial w i ll be released dur ing the operations:  S ection 8 . 6  descr ibes the r e
lease s .  Sec tion 8 . 7  discusses the nonrad ioact ive wa ste produced at the plant 
and the methods planned for i ts d i sposa l .  Section 8 . 8  discusses water and 
power systems , roads ,  ra ilroads ,  and communications . The research and devel
opment that is part of the author i z ed WIPP m ission is descr ibed in Section 
8 . 9 ,  which outlines the plans for the exper iments to be per formed . Because 
the methods used for disposal make i t  possible for the waste to be removed 
from its bur ial in the future , Section 8 . 10 reviews the plans for waste re
tr ieval . Section 8 . 11 reviews the plans for decomm issioning the WIPP at the 
end of the proj ec t .  Section 8 . 12 descr ibes the plans for dealing with emer
g encies at the plant and for guard ing i t .  

8 . 1  DESCRIPTION AND USE OF THE SITE 

8 . 1 . 1  Location and Descr iption 

The Los Medanos site is in Eddy County in southea stern New Mexico, about 
25 miles ea st of Carlsbad ( Fi gure 8-1 ) . The land area committed to the 
project will be approximately 6 miles in diameter . It  will contain 18 , 96 0  
acres ( 29 . 6  square miles)  i n  four townships : T 22  s ,  R 31 E1  T 23 S ,  R 3 1  E :  
T 22 s ,  R 30 E :  and T 2 3  S ,  R 30 E .  The actual area under the control of the 
U . S .  Department of Ener gy ( DOE) w ill not be a tr ue circle because the bound
ar ies conform to existing land parcels ( Figure 8-2 ) . 

Sections 7 . 1 and 7 . 2 descr ibe the prominent natural and man-made features 
in the reg ion around the site .  The site itself is a hummocky , near ly flat 
pla in that suppor ts the desert vegetation described in Section 7 . 1  and Ap
pend ix H .  There are no industr ial , commercial , institutiona l ,  recreational , 
or residential str uctures with in the boundar ies of the site 1  no highways,  
ra ilways ,  or  waterways cross it .  Three natural-gas pipelines traverse the 
si te :  an El Paso Natural Gas Company pipeline or iented nor theast-southwest is  
about 1 mile nor th of  the center of  the site at its  closest point . 

* In this chapter , the terms " Los Medanos site "  and "WIPP site "  are 
synonymous .  
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8 . 1 . 2  Control zones 

The four control zones at the site , shown in Figure 8- 2 ,  w i ll be under the 
full control of the DOE. The DOE ' s  intent is to exerc ise success ively fewer 
restra ints on sur face and underground use at increasing distances from the 
center of the site .  

Control zone I ,  cover ing about 10 0 acres in Sec tions 20 , 21 , 28 , and 2 9  of 
T 22 S ,  R 31  E, will conta in most of the sur face fac i lities . It  will be sur
rounded by a secu r ity fence , with provis ions for add it ional secur ity measure s .  

Control zone II , an area of about 1800 ac res , will over lie the maximum 
potent ial extent of underground development .  For the author ized miss ion , all 
rad ioact ive waste will be emplaced w ithin an underg round area of about 100 
acres beneath control zone I I . This zone will not be fenced except for the 
areas set aside as long-term biolog ical study plots . L ivestock g raz ing will 
be permitted in this zone under controls like those of the Bureau of Land Man
agement ( BU�) and S ta te agencies on the surrounding land . Only dr i lling and 
mining carr ied out by the DOE will be permitted with in th is control zone . 

Control zone III , surround ing control zone II , will have an outside d iame
ter of 4 miles and an area of about 6200 acr e s .  I t  will not be fenced , and 
g raz ing w i ll be permitted. With permission from the DOE, shallow we lls may be 
dr illed for stock wate r , but no other dr illing or mining will be permitted 
unle ss evaluations now in  progress show that such act iv ities will not inc rease 
the r is k  of breach ing the repos itory or provid ing a route for the potential 
movement of radioac t ive mater ials into the biosphere.  

Control zone IV, surround ing control zone I I I , will have an outs ide d iame
ter of 6 miles and an area of about 11 , 000 ac res . Graz ing and shallow wells 
for wate r  will be permitted . Continuous or dr ill-and-blast mining for potash 
may be permitted under DOE restr ictions , but no solution min ing will be per
mitted . Existing produc ing oil or gas holes in th is zone will be permitted to 
continue through the i r  use ful l ives 1 to protect the reposi tory ,  they will be 
sealed as pre scr ibed by the DOE when they are abandoned . New we lls for oil 
and gas production may be dr illed in conformance w ith DOE standards to fac ili
tate eventual plugg ing 1 recovery methods such as flood ing or hydrofractur-
ing w i ll not be permitted. 

The DOE will not exerc ise any control over the land outside control zone 
IV and will not impose any restr ictions on i ts u se .  

8 . 1 . 3  Righis-of-Way 

Rights-of-way will be acquired for access to the site . The proposed 
r ights-of-way for the completed fac i lity are shown in Figure  8-3 and listed 
in Table 8-1.  

Present access to the site from New Mex ico Highway 128 is provided by 
caliche-sur faced roads bui lt dur ing exploration for o i l  and gas or for potash , 
some ranch roads ,  and extensions of these roads to site-explorat ion dr ill 
holes . Eventually , access to the s i te w i ll be f rom the nor th and south by new 
paved h ighways.  Rail  access will be provided by extend ing a r a i lspur that now 
reaches the Duval Corporation ' s  Nash Draw mine west- southwest of the site .  
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Table 8-1 . Rights-of-Way for the WI PP 

Leng th {miles)  Width Area { ac res)  
Right-of-way Tota l Off-sitea { feet) Total Off-s itea 

North acce ss road 13 10 200 3 15 245 
South access road 4 1 200' 10 0 25 
Access ra il road 6 3 100 75 35  
Electr ic ity 14 11 10 0 170 135 
Water line { extension) 18 18 100 220 220 
Telephone {b) {b)  {b) {b)  ill 
Total 880 660  

aouts ide control zo�e IV. 
bTelephone line s  will be in the r ight-of-way of the nor th access road . 

Elec tr ical power will be b rought to the site f rom the northwe st over a 
separate r ight-of-way . A telephone line will be brought from the nor th on the 
r ight-of-way for the new acce ss road . Water will  be pu rchased f rom the Double 
Eagle Water System owned by the City of Car lsbad . It will be carr ied over an 
18-mile r ight-of-way that reaches f rom a tie- in po int on the ex isting sys tem : 
it then will move to the site on the r ight-of-way of the nor th road . 

8 . 1 . 4  Land Ownersh ip and Leaseholfs 

All of the land required for the WIPP is Federal or State land {Figure 
8-2 ) : 17 , 200 ac res ( 26 . 9  square miles) of  Federal land and 1760 acres ( 2 . 75 
square mi les) of State land . 

There is no pr ivate land with in the boundar ies of the proposed withdrawal 
area : there are,  however ,  two parcels o f  pr ivate land immed iately outside the 
site :  80 acres in the northwe st corner of Section 24 {T 22 S ,  R 30 E) and 
about 300 acres in the southern half of Section 6 {T 23 S ,  R 31 E) . The head
quarter s  of the James Ranch is on the latter parcel .  

The proposed w ithdrawal a rea i s  currently encumbered by the long-term 
lease s  summar i z ed  in Table 8-2 and d iscussed in the paragraphs that follow. 

Grazing r igh ts 

All of the land with in the WIPP w ithdrawal area has been leased for graz
ing . Kenneth Smith of Car lsbad ,  New Mex ico , owns the Crawford Ranch , wh ich 
has lease r ights to 6 6 8 0  acres in the nor thern por tion of the proposed with
drawal area . J .  C .  M ills of Abernathy , Texas ,  owner of the James Ranch, has 
lease r ights to 12 , 2 8 0  acres in the sou thern por tion of the proposed with
drawal area {Figure 8-4 ) .  

There are no wate r  we lls at the WIPP s ite , although there are a number 
near by ,  especially near the headquarters of the James Ranch ou tsi de the south
west border of the site . The nearest well ,  the only one within the s ite 
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bounda17} ' ,  is abou t 2 miles nor theast of the center of the site near the border 
between control zones III  and IV in Section 15 (T 22 S ,  R 31 E) . 

Acco rd ing to BLM records , a gra z ing dens ity of n ine cattle per section 
( i . e . , 71 0 ac res per head of ca ttle) is permi tted on th is leased land , and a 
decrease to six cattle per sec tion has been proposed . 

Potash lt*lses 

About:  one-quar ter  of the land with in the WIPP withdrawal area is leased or 
ha� appli cations pend ing for potash exploration . As shown in Figure 8-5 and 
Tab1.e 8-2 , 48 00  acres are now leased by four companies , three of wh ich are 
alrec.'dy o) ?erating mines in the Car lsbad Potash Area .  These leases are not 

Table 8-2 . Summary of Leases at the Site in March 1979 

Whole area Exclud ing zone IV 
Land stattrs Acres Percent Acres Percent 

'roTAL AR&&. INVOLVED 

Federal land 17 , 2 0 0  7 , 0 6 3  
Sta te land 1 , 760 1 , 076 

Total 18 , 960  8 , i39 

SUBJ:OCT 'ro GRAZ ING  LFASES 

Federal land 17 , 2 0 0  100 7 ,0 6 3  100 
State land 1 , 760 100 1, 076 100 

Total 18 , 9 60 100 8 , 139 10 0 

SUBJ:OCT 'ro POTASH LFASES 

Federal land 3 , 04 0  17 . 7  1 , 459 20 . 7  
Sta te land 1 , 760 100 1 , 076 100 

Tota l 4 , 800  25 . 3  2 , 535  31 . 1  

SUB ,T:OCT 'ro OIL AND GAS LFASES 

Federal land 6 . .  400  37 . 2 3 , 186 45 . 1  
Sta te ,1and ��00  11 . 4  4 0  3 . 7  

- - -

Total 6 , 6 L  ' .O 34 . 8  3 ,2 2 6  39 . 6  

SUBJ:OCT 'ro BOTH . l'lOTASH AND OIL AND GAS LFASES 

Federal land 1 , 2 80  7 . 4  6 4 0  9 . 1  
S ta te land 200 11 . 4  40  3 . 7  

Total 1 , 480  7 . 8  680  8 . 3  
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be ing developed currently . If a lessee files an ap plication to develop a 
lease within the three inner zones , the DOE 'fill t1 .tke action to obta in the 
r ights to the lease .  All the potash leases will b ,e purchased by the DOE be
fore the beg inn ing of any construction except for wor k involving site and 
pre liminary-design va lidation .  No potash !tining will be permitted within the 
three inner zones for a number of years and perr ,aps forever . The amount of 
potash mineralization in the w ithdrawal area is ,  d iscussed in Section 7 . 3 . 7 .  

Oil and gas leases 

In March 1979 ten companies held leases for oil and gas exploration on 
about 6 6 00 acres of the withdrawal a� (Fi gure 8-6 and Table 8-2 ) . Since 
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4 Miles • 
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[:lllliill.I (M 14957 1 )  

r071 lnternat�onal Minerals 
Ld & Chemical Corp. 

(M 3571 and NM 038457 1 )  

Figure 8-5. Potash leases within the W I PP s ite. 

the beg i nning of exploratory studies at the s i te ,  the DOE has acqui red oil  ar.d 
gas leases  on an add it ional 7100 acres inside the area . These acquis it ions 
have been necessary to k eep the salt beds intact : exploratory dr ill holes 
might have penetrated the volume of salt that the WIPP will occupy . Section 
7 . 3 . 7  d iscu sses the amounts of oil and gas that may lie beneath the s i te .  

Figure 8-6 shows the four abandoned oil and gas explorat ion holes \o:ithin 
the withdrawal area :  all are in control zone IV. 
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Figure 8-6. Oil and gas leases within the WIPP site. 
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8 • 2 GENERA!, DESCRI PTION OF THE WI PP 

The author ized WI PP fac i lity ( Figure 8-7 )  is des igned to rece ive ,  i n spec t , 
overpack when necessary ,  and dispose of rad ioact ive wa �tcs i n  bedded s a J t .  I t  
i s  desig ned to be a reposi tory for demonstrat ing the disposal o f  defense TRU 
wa ste and a fac ility for re search and development with in-situ tests of tech
niques proposed for the d isposal of defense wastes .  

Figure 8-8 shows the layout o f  the sur face structures a t  the plant .  They 
include a wa ste-hand ling bu ilding for receiv ing and prepar ing rad ioact ive 
waste for transfer underground , an underground-per sonnel build ing to suppor t 
underg round operations , a d isposal-exhaust- filtrat ion bu ilding , an adminis
tration bu ild ing , and var ious suppor t str uctures : a warehouse and workshop 
bu i lding , an emerg ency-power plant , a veh icle-maintenance bu i ld ing ,  a sewage
treatment plant , and a water-supply system. In add ition ,  there will be a mi ned
rock ( salt) pile , an evaporation pond for r unoff from the mined-rock pile , and 
a sewage-treatment plant .  A constr uction-spoils disposal area and a san itary 
landfill are also included in the design.  

The underground fac ilit ies consist of  four shafts to the underground area , 
a mined underg round hor izon containing an area for the d isposal of contact
handled (CH) and remotely hand led (RH) TRU wastes and two areas for research 
and development with defense wa stes . 

The plans for the WIPP call for its development to occur in two dist inct 
phases :  (1)  s ite and pre l iminary-design va lidation ( SPDV) , in wh ich two deep 
shafts and an underground exper imental area are constr ucted (Brausch et al . , 
1980 ) : and ( 2 )  full constr uction ,  in whi ch the requi r ed sur face and under
g round fac ilities and the rema ining shafts are bu ilt .  The operation of the 
WIPP w ill beg in after the surface and underg round facilities  have been com
pleted , although min ing of the salt will continue throughout much of the 
operational per iod . 

8 . 2 . 1  SPDV Phase 

Two shafts will be constr ucted at the WIPP site for the SPDV program; the 
shafts will be dr i lled with "blind-bor ing" methods using large- scale dr illing 
equipment similar to oil-field equipment ,  but larger . A dr illing fluid com
posed of br ine ,  benton i te ,  and caustic soda will be used to keep the dr ill ing 
head cooled , lubr icate the hole , minimiz e  inflow from the water -bear ing strata 
encountered ,  and remove cu ttings from the hole . Blind bor ing was selected 
ra ther than conventional shaft si nking ( i . e . , blast and rock removal)  becau se 
of cost and t ime savings ( see Sect ions 9 . 6 . l  and 9 . 6 . 2 ) . 

To provide pr imary access to the underground exper imental area a 12-foot
diameter shaft will be bored near the center of control zone I to a depth of 
2300  feet . The shaft will be lined with 10-foot-diameter steel casing to a 
depth of about 8 50 feet . The rema ining 14 50 feet , the port ion of the shaft in 
the Salado salt ,  will be unlined . A sand-and-concrete grout,  inj ected along 
the ou tside of the liner over i ts ent i re length ,  will seal off inflow from 
water-bear ing strata . 

The 12-foot-d iameter shaft will be equipped with a temporary hoist and 
headf rame . Th is ho isting system will tr ansport excavated salt to the sur face 
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Figure 8-7. The Wa ste Isolation Pilot Plant. 
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and per sonnel ,  mater ials , and equipment to and from the underground 
exper imental area.  

A 6-foot-d iameter vent ilation shaft ,  bored about 600 feet south of the 
larger sha f t ,  w ill be equ ipped w ith a temporary emergency ho isting sys tem for 
removing personnel from the underground fac ility .  Th is shaft will be unlined 
throughout i ts depth ,  al though some rock support in the form of wire mesh and 
rock bolts may be prov ided . The water-bear ing strata penetrated by the shaft 
will be sealed if any s ign i f icant inflows are noted . 

After  the area around the bottom of the shaft has been developed by dr i ll
ing and bla sting methods , an electr ically powered continuous-min ing machine 
w ill excavate the underground area for the SPDV program. Starting at the 
bottom of the 12-foot-diameter shaft ,  hor izontal excavation in the Salado salt 
will produce a network of underground cav ities about 10 acres in are a .  The 
excavation w i ll advance northward f rom the shafts by the cu tt ing of two ma in 
dr ifts about 1500 feet long and 12 feet h igh through the shaft pillar ( the 
volume around the sha f ts that is d isturbed as little as practicable to min
imi ze sur face subsidence and to prov ide adequate str uc tural suppor t to the 
shaft) . Ou tside the shaft pi llar , exper imental r ooms will be constr ucted on 
each side of the main dr ifts . Abou t 8 acres of underground exper imental rooms 
w i ll be provided dur ing the SPDV phase.  

Salt will be removed from the advanc ing wor k ing face on underground 
diesel-powered transpor ters  and an electr ically powe r ed  conveyor , whi ch w i ll 
carry the salt to the 12-foot-diameter shaft .  There the salt will be loaded 
onto a salt-handling sk ip ( a  ho isting car ) for transpor t to the sur face , where  
a front-end loader will put it  into a large dump tr uck for tra�spor t to the 
salt-storage pile . Dur ing the underg round development,  340 , 000  tons of salt 
will be removed . 

The exper iments to be conducted are discussed in Sec tion 8 . 9 . 1 .  No radio
act ive wastes  will be used in the exper imental stud ies  dur ing the SPDV phase . 

The SPDV program is str ictly for data collec tion and exper iments � there
fore,  the s uppor ting sur face f ac i l ities at the s i te a re des igned , to the ex
tent practical , for only temporary du ty at a mi nimum cos t .  To acconunodate the 
constr uc tion ,  techn ical , and min ing per sonnel at the s ite , tra ilers park ed at 
the site near the shaft will provide temporary off ices , laborator ies , and 
other f ac i lities for underground worker s .  

Two types o f  waste rock will b e  brought to the sur face dur ing the con
str uction :  ( a) a mixture of dr i lling fluid and overburden rock (pr imar i ly 
claystone , anhydr ite , and salt) developed dur ing shaft sink ing and (b) salt 
excavated dur ing the constr uc ti on of the underground exper imental area . 

Dur ing shaft sink ing , a br ine dr illing fluid will be continuously c ircu
lated to f ac i lita te the dr i lling . Th is fluid will carry the was te rock to the 
sur face , where it will be pumped to one of two hold ing ponds at the site . In 
these pond s  (one for each sha ft) the larger pieces of waste rock will settle 
to the bottom, and the clar i f i ed  dr illing fluid will be sk inuned from the sur
face and recirculated to the advancing shaft . It is expected that about 2 . 4  
mi llion gallons of dr illing flu id will be continuously c irculated in dr illing 
the 12-foot-d iameter sha f t �  about 6 00 , 000  gallons of dr i lling fluid will be 
used in dr ill ing the 6-foot-d iameter shaft . After  dr illing has been completed , 
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the fluid will be pumped to the spoils-d isposal area south of the site and the 
wa ste rock will be reta ined in the holding ponds . 

Salt from the underground exper imental area will be transpor ted from the 
larger shaft to the salt- s torage pile located immediately east of the central 
area . The 340 , 00 0  tons of salt removed from the underground area dur ing the 
SPDV prog ram will form a pile 540 feet wide , 540 feet long , and 4 0  feet high.  
A ditch will be constr ucted around the per iphery of the salt pile to collect 
ra i nwa ter r unoff from the pile . A dike along the north side of the pile will 
diver t upland runoff away from the pile . 

Solid wa ste (general constr uction tra sh) generated dur ing constr uct ion 
will be collected in bins and hauled to the Car lsbad or Hobbs sanitary land
fill for d isposal .  

The utilit ies required for the SPDV program will be supplied as follows : 

1 .  Elec tr ical power will be supplied at the site by a power line follow
ing the r ight-of-way shown in Figure 8-3 .  

2 .  Water for constr uction ,  du st control , and fire protect ion will be 
supplied by water-tank trucks located at the site . Bottled water will 
be used for dr ink ing . 

3 .  Por table to ilets will be supplied by a cormnercial san itation service . 

Access to the site will be provided by an ex i sting caliche-surfaced road 
or igina lly constr ucted as par t of the development of the ERDA�9 borehole . No 
additional acce ss roads need to be constr ucted for the SPDV program.  An addi
tional r ight-of-way will be obta ined for the electr ical-powe r line .  

8 . 2 . 2  Full-Constr uction Phase 

The plant will be constr ucted in accordance with the general design cr i
ter ia of ERDA Manual Append ix 6 3 0 1 , Part 1 ,  with mod ificat ions approved by the 
IX>E, and the WIPP design cr ite r i a .  To protect public health and safety and 
the environment , the sur face bu ildings that will conta in rad ioactive mate
r ials , the central monitor-and-control room, the system for vent ilat ing the 
underg round d isposal area , the waste-ho ist sy stem, and the d iesel genera tor s 
are designed to withstand the effects of cred ible ear thquakes , tornadoes ,  and 
accidents . Other measures to avoid , minimiz e ,  or mitigate adverse 
environmental e ffects are discussed in Section 9 . 6 .  

The sur fface str uctures cons ist of eight major bu ild ing s .  The underground 
str ucture s consist of four sha fts and a waste-d isposal area about 2150 feet 
below the sur face . Approx imately 100 ac res will be used for the underground 
disposal area . 

8 . 2 . 2 . 1  Sur face Str uctures 

The pr inc ipal surface str ucture is the wa ste-handling bu ild ing (Figure 
8-8 ) . It is about 2 30 feet wide ,  575 feet long , and 50 feet high ( except for 
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a 125-foot-h igh bay area ) . The bu ild ing has separate areas for the receipt,  
inventory , inspection ,  and transfer of CH and RH TRU wa stes through sepa rate 
airlocks to a common waste shaft.  It also conta ins off ice s ,  change rooms , a 
health-physic s  laboratory , and equipment for ventilation and fi ltration .  
Safety equipment and measures for controlling rad iat ion exposures are included 
in the des ign of the waste-handling building . 

The underground-per sonnel build ing conta ins suppor t facilities for person
nel working underg round in constr uc tion and wa ste-hand ling operat ions (Figure 
8-8 ) . Th is bu ild ing is about 10 0 feet wide , 150 feet long , and 14 feet high.  

Other sur face str uctures ( Figure 8-8)  include the administration building 
( about 36 , 00 0  square feet) , the disposal-exhau st-filtration build ing ( about 
10 , 000 square f eet) , the veh icle-ma intenance building (about 2 300  square 
feet) , a bu ilding conta ining a warehouse and shops ( about 18 , 00 0  square feet) , 
the emergency-power plant ( about 10 , 000 square f eet) , the water pumphous e ,  and 
the sewage-treatment plant . 

A 30-acre area east of the plant ( Figure 8-8)  conta ins the mined-rock 
pile , which will store the rock , pr incipally salt , excavated from the re
pos itory .  The maximum he ight of the pile is approximately 60 feet.  

8 .  2 .  2 . 2  Underground Str uc tures 

The four shafts to the underground area will be developed as follows : 

1 .  The SPDV exploratory shaft will be used for the d i sposal-area exhaust 
shaft.  

2 .  The SPDV ventilat ion and salt-handling shaft will be enlarged to form 
the wa ste-handling shaft.  

3 .  The construction-exhaust and salt-handling shaft and the ven ti lation
s upply and service shaft will be sunk conventionally by blasting and 
removing the loose rock with a crane . 

With the exception of the d isposal-exhaust shaft (which will be lined with 
steel) each of these shafts will be li ned with concrete down to the top of the 
Salado sal t .  

The underground structures are on one mi ned level about 2 1 5 0  feet below 
the sur face,  la id out in a conventional " room-and-pi llar " arrangement ( Figure 
8-9) . They include three separate mined areas : approximately 100  acres for 
the d isposal of CH and RH TRU waste s ,  approximately 7 . 5  acres dedicated to 
re search and development with h igh-level wa ste s ,  and approximately 12 acres 
for research and development in rock mechan ics and mine des ig n .  The tunnels 
that connec t these three areas to one another and to the shafts will occupy 
about 30  acres . The underg round areas will be developed using continuous 
min ing mach ine s ,  ra ther than by blast ing . The mi ned salt will then be 
transpor ted via underground hauling machines and conveyors to the salt
handling shaft for removal from the mine . 
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Both CH and RH TRU wastes will be moved underground through the waste 
shaft in the waste-handl ing building . The other accessways to the underground 
disposal areas are the venti lation- supply �nd service shaft for vent ilation 
and the movement of per sonnel and equipment , a constr uc tion-exhaust and salt 
handling shaft to remove mined salt and to exhaust air from mi ning operations , 
and a d isposal-exhaust shaft to exhaust air  from the waste-d i sposal area. 

Underground wor kshops , warehouses , and equipment-storage areas are pro
vi ded for the var ious pi eces of mining and salt-tr ansport equipment used in  
underground constr uc tion .  An underground vent ilation system suppl ies air  to 
both the constr uction and the wa ste-d isposal areas�  separate exhausts are 
insta lled for each area . Safety equipment and measures for the control of 
radi ation exposures are i ncluded in the design of the underground fac i lities . 

8 . 3  SURFACE FACILITIF.S AND OPERATIONS 

8 . 3 . 1  Wa ste-Handling Bu ilding and Operations 

The wa ste-handling bu ilding (Figure 8-10 ) is equ ipped to deal with both 
CH- and RH TRU waste from the time the waste is unloaded unt il it is lowered 
through the waste shaft for placement underground . Separate ar eas are pro
vi ded for handling CH and RH TRU wastes . The areas for CH waste include a 
shipping-and- rece iving ar ea for railroad car s  and tr ucks , a rece iving-and 
inspection area , an inventory-and-preparat ion area , and an ove�pack-and- repa i r  
room for damaged conta iners . The areas for RH waste include a separ ate 
sh ipping-and- rece iving area , an area for shipping-cask preparation and decon
tami nation , an ar ea for loading and unload ing casks , and a hot cell above the 
loading ar ea for waste-can ister storage , overpacking , or decontamination . Two 
independent airlocks at the shaft entrance allow wastes to enter from the CH
waste and RH-waste areas . Filtration equipment for the waste-handling area , a 
laboratory,  change rooms , and off i ces ar e also in the waste-handling bu ild
ing . 

Liqu id rad ioactive waste generated at the site from decontamination op
erations will be collec ted f rom holding tanks for solid i f i cation .  The solid
ified waste will be packaged and taken underground for disposal as CH waste if  
it  meets the waste-acceptance cr iter i a .  

Handling of CH TRU waste 

Contact-handled waste will be shipped to the plant by rail or tr uck in  
shipping containers approved by the U . S .  Depar tment of Transpor tation . The 
sh ipping conta iners will be unloaded in the waste-handling bu ilding , after 
enter ing through airlocks that control the movement of air  dur ing the waste
handling operations . The air  in the waste-handling bu ilding will be main
tained below atmospher ic pressure to prevent contaminants from leaking to the 
outsi de air , even though no contaminants are expected to become airborne in  
sign ificant amounts . 

The CH TRU waste will be rece ived in 55-gallon dr ums , special boxes , or 
bins that have been transpor ted i nside Type B packag ings ( Section 6 . 3 . 1 ) . 
Once the packag ings have been surveyed for contamination ,  they will be 
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unloaded in the rece iv ing-and-inspec tion area if found to be acceptable . If 
found to be contaminated , a pack ag ing will be moved into the overpack-and
repair room for the unload ing of the waste conta iners . If inspec tion shows 
that the was te con ta i ners a re not contaminated or damaged and if the ac
companying documentation shows that they meet the wa ste-acceptance cr ite r ia 
(Chapter 5 ) , they will be moved to the CH-waste inventory-and-prepa ration 
area , stack ed on pallets for un iform handling , and transpor ted underground . 
If  a waste container is found to be externally contaminated or damaged ,  it  
will be sent to the overpack-and-repair  room ( Figure 8-10 ) , where it will 
be decontaminated , overpack ed or repai red, and returned to the CH-wa ste 
inventory-and-preparation area for transfer underground . The empty sh ipping 
conta i ners will be decontami nated , if nece ssary, and reloaded onto transport 
veh icles leaving the plant . 

Handling of RH TRU waste 

Remotely hand led TRU wa ste will arr ive by ra il or truck in spec ial shield
ed sh ipping casks approved by the Depar tment of Transportation . On arr iva l ,  
each sh ipping cask , wh ich may conta in one or more canisters o f  wa ste , will be 
inspected and unloaded f rom the ra ilcar or tr uck in the cask-unloading-and
rece iving area of the wa ste-handling bu ilding .  If the ra ilcar or truck is 
found to be contamina ted , it will be decontaminated . From the r ece iving a rea 
the cask will be moved to the cask-preparat ion-and-decontamination area , where 
ope rations s uch as the attachment of handling equipment can be per formed : the 
RH-waste will be handled from beh ind sh ield ing with remote-handling equip
ment . The cask will then be moved into the cask-unload ing room .  There the 
RH-waste can iste r s  will be unloaded from the shipping casks into the hot cell , 
whe re they will be i nspec ted , surveyed for contamination, and identified . Any 
contaminated or damaged can is te r s  will be inserted into an overpack . The 
can isters  will be removed f rom the hot ce ll into a transfer cell and loaded 
into the fac ility cask , a cask spec ially designed to transfer RH waste to the 
WI PP underg round d isposal area.  Af ter appropr iate treatment , the sh ipping 
cask will be check ed  for external contamination , decontaminated if necessary , 
and retu rned to the sh ipper for r euse.  

8 . 3 . 2 Fac ilities Suppor ting Underground 0perations 

The underg round-per sonnel bui lding provides change rooms , showe r s ,  a reas 
for equipment-storage ,  and off ices for personnel work ing underground . About 
100 f eet f rom the bu ild ing is the venti lation-supply and service shaft con
ta ining the ho is t  by wh ich per sonnel and equipment will be moved underground . 

The d isposal-exhaust- f iltration bui ld ing adj acent to the disposal-exhaust  
shaft conta ins equ ipment for exhausting and filter ing the air  from the 
underg round-d isposal a reas .  

Mined rock (mostly sa lt) will b e  brought to the surface through the 
constr uction-exhaust and salt-handling shaft . Once at the sur face , the mi ned 
rock will be moved by conveyor to the mined-rock pile outs ide the secur ity 
fence . It is e st imated that the pile wi ll reach a maximum he ight of about 
6 0  feet and cover abou t 3 0  acres .  
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8 . 3 . 3  Fac ilities Supporting Surface Qperations 

The admin istration build ing provides space for contractor per sonne l ,  visi
torE ; ,  and services � the center of secur ity operations,  it also conta ins a 
con'trol room for moo itor ing all activities at the site.  

The emergency-pC7t11er building conta ins standby diesel generators and the 
ne cessary power switchgear . 

The warehouse and shops, the water pumphouses ,  the vehicle-maintenance 
t1uilding , and the sewage-treatment faci lity are bui ldings of standard design . 

8 . 3 . 4  Environmental Control System 

The environmental control system mainta ins a controlled environment for 
plant per sonnel and limits the d ischarge of radioactivity to the atmosphere.  
It includes heating ,  ventilating , and air-conditioning systems � air-cleaning 
and final d ischarge systems � and all related subsystems . 

Access to areas with higher potential for contamination will be re
str icted . Pressure d ifferences , ma inta i ned between separated areas in the 
plant and between these areas and the outs ide air , will insure air flow in the 
proper d i rection . To calfine radioactive mater ial , the air-clean ing system 
will pass the a ir through banks of high-eff ic iency particulate air (HEPA) 
filters.  Mal itors will warn of the presence of radioactivity in the a ir 
stream by tr igger ing alarm systems . 

8 . 4  UNDERGROOND FAC ILITIES AND OPERATIONS 

8 . 4 . 1  Waste Fac ilities 

The W'lderground waste fac ilities descr ibed in this sec tion consist of the 
waste-shaft, the waste-shaft ho ist-cage system, and all faci lities in the 
wa ste-disposal area . 

Waste shaft 

The waste shaft will be construc ted by enlarging the SPDV ventilation 
shaft . Th is waste shaft , wh i ch will be about 19 feet in diameter and 2 3 0 0  
feet deep, will b e  used to transfer CH and RH TRU waste from the waste
handling building to the underground disposal areas . The waste-shaft ho ist 
cage acconmodates the RH-waste fac ility casks and the CH-waste conta iners to 
be handled at the plant . The ho ist cage will be des igned to handle a payload 
of 35 tons . 

Disposal of CH TRU wa ste 

The top of the waste shaft is in the waste-handling building (Figure 
8-10 ) . After a pallet has been loaded with containers of CH TRU waste , it  
will be transferred to the hoist cage, wh ich will be  lowered through the waste 
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F igure 8-1 1 .  The waste shaft, connecting rooms i n  the waste-handl ing bui lding, 
and the underground disposal horizon. The two pieces of equipment 
shown underground carry and stack contact-handled waste. A 
special ly designed forklift, not shown, carries remotely handled waste 
through the underground facil ity. 

-

shaft to the underground waste-rece iving station (Figure 8-11 ) . The ho ist 
cage will be a stee l cage gu ided by wire ropes in its de scent and ascent . The 
streng th of these ropes is about five times the maximum load to be carr ied in  
the cage . 

In the wa ste-rece iv ing stat ion , an open ing about 13 feet high by 33  feet 
wide allows access to the shaft . The pallet and the waste conta i ners will be 
unloaded from the hoist cage and transpor ted by a diese l-powered transpor ter 
to the waste-d isposal area s .  A decontami nation and rad iation-safety-check 
station is near the waste shaft on the disposal hor izon.  

Parallel entr ies will provide acce ss to each wa ste-d isposal room (Figure 
8-9 ) . The rooms are planned to be approximate ly 33  feet wide , 13 feet high , 
and 300 feet long . These rooms are separated by 100-foot-wide pi llars and 
blocked into areas between 200-foot-wide barr ier pilla r s .  Irmnediate ly after 
the emplacement of CH TRU waste ,  the d isposal rooms will be backf illed with 
salt to reduce any potential fire haz ard . 

D isposal of RH TRU waste 

The fac ility cask , hold ing one RH-waste can ister , will be lowered in the 
ho ist cage to the waste- rece iving station at the lower end of the waste shaft 
(Figure 8-11 ) . Here it will be removed from the hoist cage and picked up and 
transported to the waste-d isposal area by a for k lift . Decontamination and 
radiation-safety-chec k stations will be close to the waste shaft.  The RH-waste 
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can isters  will be hor izonta lly emplaced in  steel-li ned holes in walls of the 
barr i er pi llars along ma j or tunne l s .  Each lined hole will  then be capped with 
a shielded stee l plug . In order to make retr ieval easy , should it become 
nece ssary or desi rable , these ma j or tunnel s  will not be bac k f i ll ed unti l  def
inite dec is ions on retr ieval have been made . 

8 . 4 . 2  S ug>ort Fac i l ities Underground 

The venti lation-supply and service shaft is used to move per sonnel ,  mate-· 
r ials , and equ ipment between the sur face and underground area s .  In add ition ,  
the sha ft supplies fre sh a ir for the underground ventilation system. Under
g round wor kshops and warehouses w i l l  be located near th is sha f t .  Underg round 
off ice s ,  decontamination showers , and sanitary fac ilities  (packaged chemical 
to ilets) w i ll also be near th is shaft .  

The constr uc tion-exhaust and salt-handling shaft will  be  used to bring 
mi ned rock to the sur face and to exhau st air  from the mining-operations area . 
The disposal-exhaust shaft carr ies air  from the underground disposal areas to 
the d isposal-exhaust- fil tration bui ld ing . 

8 . 4 . 3 Underground Env ironmenta l Control System 

The envi ronmental control system inc ludes the venti lation and final  d is
char ge systems and all the assoc iated subsystems . The general requirements 
f or the underg round sys tem are s imilar to those d iscu ssed for the sur face 
system in Sec tion 8 . 3 . 4 .  

A schemat ic  outline of the underground venti lation system is shown in 
Figure 8-12 . The a i r  s upply for the underg round areas w i ll enter through the 
ventilation-supply-and-service shaft and then be divided into two separate air  
streams : one that suppor ts the constr uction (mining) activities , where there 
will be no possibility for the release of rad ioac tivity from waste , and one 
that s u�or ts the wa ste-d isposal operations , where there w i l l  be a potential 
for the re lease of rad ioac tivity . The air  that flows down the waste shaft 
immed iate ly flows back up through the d i sposal-exhaust sha f t .  

The separated air streams w i l l  allow waste-d isposa l and constr uc tion ac
t ivities to proceed s imul taneously . Double bulkheads will ma inta in the in
dependence of the two air  streams . Pre ssure differences across the bulkheads 
w i ll insure that a ll l eakage through them flows to the areas that s uppor t 
wa ste disposal .  The bulkheads ,  made of fire-res istant mate r ials , will  be 
designed to accommodate d isplacements caused by salt  creep or se ismic motion .  

The construc tion a i r  stream venti late s  the construc tion areas a s  wel l  as 
the exper iments that do not u se radioac tive wa ste and the shops and warehouses 
at the disposal hor izon .  The air  is exhausted through the construction
exhaust and salt-hand ling shaft to the atmosphere . 

The disposal-area air  stream ventilate s  the waste-d isposal and exper imen
tal waste areas and is exhau sted through the d isposal-exhau st shaft to the 
d isposal-exhaust-fi ltration bu ild ing . 
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Af ter an acc ident activates s ignals from rad i ation mon i tor s ,  the air-flow 
volumes become roughly half of those for normal operations , but their  flow 
d i r ections do not change except that the d i sposal-exhau st a i r  is d iverted 
through HEPA filters . 

In the event of a fire emergency the direc tion of the air flow through the 
constr uction area can be rever sed. Dur ing reversal the total a i r  volume 
through both the construc tion and the disposal areas remains unchanged , but 
two maj or changes do occur : 

1 .  The construction-exhaust and salt-handling shaft becomes the intake 
shaft  f or constr uction operations ( at 150 , 000  cubic feet per 
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minu te ) , and the ventilation-supply and service shaft becomes the 
exhau st shaft .  

2 .  The wa ste sha ft becomes the intake shaft for disposal operat ions (at  
200 , 00 0  cub ic feet per minu te ) , and the d isposal-exhaust shaft rema ins 
the exhaust shaft .  

8 . 5  SYSTEMS FOR HANDLING RADIOACTIVE WASTE GENERATED AT THE SITE 

The rad ioac tive-wa ste systems are des igned to collect , transfer , and pack
age rad ioactive wa ste produced by the plant . These systems have suffic ient 
surge capac ity to handle wa ste produced dur ing postulated accidents ( Section 
9 . 5 . 1 )  as we ll as dur ing normal operat ions .  

The rad ioactive wastes generated at the s i te w ill be liquids , s uch a s  
decontamination solutions , wh ich will be solidified before packag ing for dis
posal ; solids, like gloves ,  clothing , and filter s ;  or gase s ,  i nclud ing a ir
borne particulate s .  Approp� iate systems are provided to handle each of these 
types of wa ste . 

8 . 5 . 1  Liquid Rad ioactive wa ste 

Sources  and quantities 

Small quanti t ies of liquid rad ioactive waste ( radwa ste ) will be produced 
both da ily and intermi ttent ly at several locations in the plant . These liq
uids will consist of both nondetergent radwaste and detergent radwa ste ; a 
maximum of 12 , 500 gallons per year of both will  be produced . 

In the waste-handling bu ild ing , liquid radwaste will be produced routinely 
dur ing the decontami nation of shipping or f ac i lity cask s .  Sma ll quant ities 
will be produced in the laborator y .  Add itional small quantities will be in
termi ttently produced by the decontamination of radwaste-proce ss ing equipment.  
If  decontamination of fac ilit ies handling radioactive waste is needed , it will 
produce liquid r adwa ste . In the event of a f i r e ,  large volumes of potentially 
contaminated water could result from fire-fighting effor ts ,  but they will be 
handled separately by a process descr ibed below .  In the underg round opera
tions , liquid radwa ste will be produced ma inly by equipment decontamination . 

L iquid-radwaste processing 

Small quantities of liquid radwaste will be produced in normal operations . 
These wastes w i ll be solid ified,  perhaps by mixing with cement , and emplaced 
in the repos itory as CH waste if they meet the waste-acceptance cr ite r ia .  

I n  the unlikely event o f  a f i r e ,  a large volume o f  possibly contaminated 
water will collect in floor trenches spec ifically des igned for the collection 
of water f rom the f i re spr ink ler system . Th is water , if it is contaminated , 
will then be processed by a por table liquid-radwaste-process ing system brought 
onto the site a f ter the f i r e .  
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8 . S . 2  Solid Rad ioac tive Waste 

Sources and quantities 

Solid rad ioactive wa ste will be produced in the waste-handling bu ilding , 
the d isposal-exhau st- fil tration bu ild ing , and the underg round d isposal and ex
per imental areas . Table 8-3 g ives est imates of the production of solid waste , 
wh ich consi sts of gene ral proce ss trash and used vent ilation (HEPA) filters .  

Normal operations and plant ma intenance will generate general process 
wa ste ,  the largest volume of solid waste s ,  includ ing d iscarded protect ive 
clothing , cleaning rag s ,  plast ic bag s ,  swipes used to check conta iners , and 
contami nated equipment par ts . Dry solid waste will be seg regated at its 
source into compress ible and noncompre ss ible waste . The compre ss ible mate r ial 
will be transferred to a compaction station and compac ted into steel con
ta i ners , wh ich will then be sealed . All noncompress ible waste will also be 
sealed into steel conta iner s .  

The largest source of solid rad ioactive waste resulting from normal op
e ration wi ll be contaminated ventilation (HEPA) filters . Filters  f rom low
contamination areas will be handled by d irect contact :  protective clothing and 
respi rators w ill k eep per sonnel exposure as low as reasonably ach ievable .  
Remote-handling equipment will be used in the replacement of hot-cell fil
ters .  For d isposal , filters will be compac ted and packaged in steel boxes .  

Table 8-3 . Est imated Annual Produc tion of Solid waste 

Volume a 

Type of waste (cub ic feet) 

Compressible wa s te 8 00 
Ventilation fi lte r s  620 

Total 1420 

acompac ted volume . 
bA steel box 6 by S by 4 feet . 

D isposal of solid radioac tive wa ste 

Number of 
SS-gallon 

drums 

133 

133 

Number of 
IX>T-7A 
boxesb 

8 

8 

Boxes and dr ums of the solid waste generated at the site may be disposed 
of in the reJ>OSitory.  However , the form of th is waste may not meet the chemi
cal and phy sical crite r ia for acceptance at the repos itory,  and the installa
ti on of a p rocessing fac i l ity to handle the small quantities of si te-generated 
wa ste may not be practical .  If  th is waste cannot meet the cr iter ia for d is
posal , it  may be sh ipped to another facility for processing and then returned 
to the WIPP for d isposal in a form that meets the acceptance cr ite r ia .  
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8 . 5 . 3 Gaseous Rad ioactive Mate r ial 

Gaseous and airborne rad ioactive mate r ial may appear in the ventilation 
system and the exper imental-area gaseous-radioactive-waste system . 

Ventilat ion air from the wa ste-handling building that might conta in radio
active particula tes will pass through the filtration system be fore it is ex
hau sted to the atmosphere . Consisting of prefilters and two stages of HEPA 
filters in ser ies , the fil tration system has an estimated combined decon
tamination factor of 106 (Amer ican Assoc iation for Contamination Control , 
1968 ) . The exhau st will be mon itored continuously for radioactivity .  

A separate filtration system will remove par t iculate s from gaseous wa ste 
produced in the underg round exper imental area .  Gaseous wa s te f rom th is system 
will pass through appropr iate air-cleaning devices before be ing exhausted to 
the d isposal-exhaust system. Th is gaseous-waste stream will be mon i tored 
continuou sly for rad ioactivity / The compos it ion of the gaseous effluent 
re leased to the general ventilation system will depend on the exper iments 
be ing conducted.  

Mining operat ions will re lease radon isotopes that exist naturally in the 
mi ned rock . These gases will enter the underg round-ventilation system and 
will be re leased to the atmosphere as in normal mining practice . 

8 . 6  SOURCES OF THE FOTENTIAL RELFASE OF RADIOACTIVE MATERIALS 

Dur ing normal hand ling and storage operations at the plant , small amounts 
of radioactivity may be released . Th is section d iscu sses the sources of these 
re leases and pred icts the amounts of rad ioac tivity that may reach the bio
sphere . The pred ictions are the source terms for the analyses in Sections 
9 . 3 . 2  and 9 . 5 ,  wh ich eva luate the rad iolog ical impac ts of WIPP operation .  

The d iscu ssion i n  th is section character izes the pathways for release 
accord ing to five parameter s : 

1 .  Type o f  waste i n  a pack age.  
2 .  Lcx:at ion inside the plant where the re lease cx::cur s .  
3 .  Or igin o f  the released mater ial : inside the package or on its sur face . 
4 .  Process by wh ich the re lease cx::curs . 
5 .  Filtration of the release .  

Estimating the amount of released mater ial require s ,  i n  add ition to path
way descr iptions , s uch deta ils as conta iner des ign,  quality control,  handling 
and transfer procedure s ,  and storage methods .  This analysis attempts to make 
realistic a ssumptions about these deta ils . When data necessary for prec ise 
est imates are lack ing ,  the analysis makes conservative eng ineer ing judgments : 
that is , it attempts to ove rest imate the potential re leases . The re lease 
sources and pathways are pre sented in Table 8-4 . The potential consequences 
of these re leases are d iscu ssed in Section 9 . 3 . 2 .  
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Table 8-4 . Pathways for the Release of Rad ioactivity Dur ing Normal Operat iona 

Area 

Unload ing and load ing � 
inventory and prepara
tion 

Overpack-and-repair  
room 

Relea se source Release mechan ism 

CONTACT-HANDLED WASTE (AT SURFACE) 

Sur face contamination of 
undamaged drums and 
boxes 

Sur face contamination and 
contents leaking f rom 
damaged dr ums and boxes 

Part iculates become 
airborne dur ing un
load ing or load ing 

Par ticulates  become 
a irborne dur ing un
load ing , loading , and 
temporary storage 

CONTACT-HANDLED WASTE (UNDERGROUND) 

Disposal-exhaust-
f il tration bu ilding 

Cask rece iving and 
unloading 

Cask preparation and 
decontamina tion 

Hot cell 

Disposa l-exhaust-
fil  tration bu i ld i ng 

Sur face contamination of 
CH-wa ste dr ums and 
boxes 

Sur face contaminants are 
released to exhaust a i r  
dur ing d isposal operations 

REMOTELY HANDLED WASTE (AT SURFACE) 

Surface contamination 
of casks 

Sur face contamination 
of casks 

Sur f ace contamination 
of undamaged can isters  

Sur f ace contamination 
and contents leak ing 
f rom damaged can isters 

Par ticulates  become 
a irborne dur ing un
loading ,  loading , and 
transfer 

Particulates become 
a irborne dur ing handling 

Particulates are released 
through leaks in the 
gaseous-waste-handling 
system 

Par ticulates become 
airborne dur ing un
loading ,  transfer , and 
temporary s torage 

Par ticulates b ecome 
a irborne dur ing un
load ing ,  transfer , 
repair , and temporary 
storage 

REMOTELY HANDLED WASTE (UNDERGROOND) 

Sur face contamination 
of RH-waste conta iners 

Sur face contaminants are 
released to exhaust a i r  
dur ing d isposal operations 

aExcept for underground operations , e ff luent treatment is provided by 
f il ters in the ventilation system ( decontamination factor = 10 6 ) .  
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8 . 6 . l  Release from the Aboveground Handling of CH TRU Waste 

Calculat ions of radioactivity- release rates from the norma l handling of CH 
TRU waste were based on operation at three shifts per day and 5 days per 
week .  At th is rate the WIPP could handle approximately 1 . 2  million cubic feet 
of CH waste per year . The numbers  of waste packages would be 160 , 00 0  dr ums 
( 55-ga llon) and 2400 boxes per year . 

The level of sur face contamination on each conta iner (drum or box) may 
vary s ign i ficantly : some conta iners will be clean while others may be at the 
maximum allowable level of contamination . In order to obta in an upper 
(conservat ive) e st imate of the radioactivity release s ,  it is assumed that all 
conta iners holding radioactive mater ials will have the maximum sur face
contamination level permi tted by the Depar tment of Transportat ion under Title 
49  of the Code of Federa l Regulations (CFR) , Section 17 3 . 3 97 (a ) . Th is 
contaminat ion level is 20 t imes that allowed by the WIPP waste-acceptance 
cr iter ia .  The handling o f  conta iners inside the waste-handling building will 
cause some of the removable ( nonf ixed) sur face rad ioact ive contaminants to 
become a irborne . It is conservat ively assumed that 10% of the sur face con
tami nants ( i . e . , a ll of the radioactivity that could be removed by a w ipe te st 
as descr ibed in 49 CFR 17 3 . 3 97 )  on all conta iners will be released into the 
building a tmosphere as a result of handling .  

Normally , dr ums and boxes will be inspec ted for damage before shipment to 
the site .  Only undamaged conta iners w i ll be shipped to the site for d isposal .  
Operat ing exper ience a t  the Idaho National Eng ineer ing Laboratory suggests 
that the number of conta iners that suffer some sort of damage or have some 
undetec ted defects will be very small ; of the damaged conta fner s ,  many will be 
dented , but not pier ced. To der ive a conservat ive e stimate of release s  from 
damaged conta iners , 30  dr ums and 5 boxes each year are assumed to be damaged 
( or defective) and to release rad ioactivity .  

Rad ioactivity conta ined inside a damaged conta iner may be released through 
c r acks caused by rough handling .  The cracks g enerated by dropping a 55-gallon 
dr um dur ing handling are assumed to be less than 1% of the total drum sur face 
area .  Because the wa ste is in solid form with less than 10% in small par
t icles ( Sec tion 5 . 1 ) , the amount of mater ial released through cracks is as
sumed to be proport ional to the ratio of the area of the cracks to the total 
area of the dr um. Releases from damaged boxes are treated the same way .  

Only a f r action o f  the mater ial released from the damaged drum or box w i ll 
become airborne . Accord ing to exper iments with var ious wa ste forms (Mishima 
and Schwend iman , 197 3 ) , the f r action of the released waste ( includ ing 
par t icles of respirable and nonrespirable size) that becomes airborne is 
0 . 0 0 0 23 per hour . Under the assumption that 4 hours pass before the damaged 
wa ste package is brought to the repa ir area and the spilled waste is cleaned 
up, 0 . 1% ( 0 . 0 0 0 23 x 4 x 100) of the released act ivity may become airborne . 

Par ticulate s  airborne in the bu ild ing will be vented through the filtration 
system in the wa ste-hand ling bu i lding , which has a decontaminat ion factor of 
106 (Amer ican Assoc iat ion for Contamination Control , 1968 ) . The rad ioactiv
i ty released to the envi r onment w i ll therefore be 1 million t imes lower than 
the amount assumed to be a irborne in the waste area . 

The calculated annual release from the CH waste v ia the vent ilat ion ex
haust is g iven in Table 8-5 . 
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Two types of defense wa s te w i ll be handled remo tely in  the waste-hand ling 
bu ild ing : de fense RH TRU wa ste for disposal and h igh-level wa ste for ex
per imen ts . 

Accord ing to the WIPP design , 10 , 0 0 0  cub ic feet of RH TRU waste (about 37 0 
can i sters )  per year could be handled in the bu i lding ; abou t 75% by vo lume of 
the RH wa ste wi ll be delivered to the plant by ra il and 25% by tr uck . The RH 
wa s te will  cons ist of contaminated trash ( 7 0 % )  and proce ss wa ste ( 30 % ) , wh ich 
includes spent res ins and solid i f i ed products of liquid-wa ste treatment .  
Because o f  its fixed form, process wa ste w i ll make a neg l ig ible contr ibution 
to normal e ff luents in compar ison with contaminated tra sh . 

Loose particulates on the sur face of the shipping casks used for RH TRU 
wa ste could , in theory ,  become airbor ne dur ing the hand ling of contami nated 
ca sks in the cask- unload ing-and- rece iving area and the cask-prepa ration-and-

Table 8- 5 .  Relea se s of Rad ioactive Isotopes to the Env ironmenta 

Isotope 

Cobalt-60 
Strontium-90 
Yttr ium-90 
Ruthen ium-106 
Rhod ium-10 6 
Cesium-137 
Bar ium-137m 
Europium-152 
Europium-15 4 
Pluton ium-238 
Pluton ium-239 
Pluton ium-240 
Plutonium-24 1 
Pluton ium-242 
Amer ic ium-24 1 
Radon- 22o c 

Radon-222c 

Tota l 

Release (C i/yr )  
Sur face operations 

CH wa ste RH wa steb 

2 . 5  x 10-10 

2 . 0 x lo-9 

6 . 8 x 10 -10 

3 . 6  x lo-8 

5 . 8  x 10 -14 

3 . 2  x 10-11 

4 . o  x lo-8 

3 . 0  x 10-11 

4 . 9  x lo-9 

4 . 9  x lo-9 
4 . 3  x 10-11 

4 . 3  x 10-11 

2 . 5  x 10-11 

2 . 5  x 10 -11 
6 . 2  x 10 -12 
2 . 5  x 10 -11 
1 . 4  x 10 -12 
1 . 6 x 10-ll 

3 . 7  x 10-12 

9 . 1  x 10-11 

2 . 6  x lo-13 

i . o  x lo-8 

Underground 
d isposal area 

1 . 7  x lo-7 

2 . 6  x lo- 5 -

2 . 6  x lo-5 

2 . 4  x lo-7 

2 . 4  x lo-7 

1 . 4  x lo-7 

1 . 4  x lo-7 

3 . 4 x 10-0 

1 . 4  x lo-7 

2 . 5  x lo-5 

2 . 6  x lo-4  

6 . 3  x lo-5 

3 . 5  x lo-3  

5 . 4  x lo-9 

3 . o  x lo-6 

4 . o x 10- 2 

9 . o  x 10-1 

3 . 9  x lo-3  

Tota l 

1 . 7  x lo-7 

2 . 6 x lo- 5  

2 . 6 x lo-5 

2 . 4  x lo-7 

2 . 4  x lo-7 

1 . 4  x lo-7 

1 . 4  x lo-7 

3 . 4 x lo-8 

1 . 4  x lo-7 

2 . 5  x lo-5 

2 . 6  x lo-4 

6 . 3  x lo-5 

3 . 5  x lo- 3 

5 . 4  x lo-9 

3 . o  x lo-6 

4 . 2  x 10-2 

9 . o  x 10-1 

3 . 9  x lo-3 

aour ing a year of release s  at the upper limits expla ined in the text .  
binc ludes RH TRU wa ste only . Exper imenta l wa ste does not contr ibute 

to o ff-site doses dur ing normal ope ration.  (Because of spec ial handling 
procedures  and method s ,  no sur face contamina tion will be expec ted . )  

cThese gases must be treated separate ly in the impac t and analysis  
since they are not radwa ste . These releases are therefore not inc luded in  
the tota l for th is table . 
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decontamination area . Because the surface of each cask will be decontaminated 
before sh ipment to the plant , it w ill norma lly be near ly f ree of radioact ive 
sur face con taminants .  It is conservatively assumed that 20% of the shipp ing 
casks w ill be contaminated and that 1% of the sur face radioactivity of the 
contaminated casks will be re leased to the bui lding atmosphere in the cask
preparation-and-decontamination area .  (The surface contaminat ion per uni t  
area o f  a con taminated cask i s  conservatively assumed to b e  the same a s  the 
sur face-conta1nination level of a wa ste can i ster . )  However ,  the contr ibut ion 
of a irborne s�trface contaminants to the bui ld ing release is insignificant when 
compared with that of the internal leakage of damaged cani ster s ,  d iscussed 
below . 

Shipp ing ca s k s  will be vented in the cask-preparation-and-decontamination 
area . S lightly pre ssur i z ed air  inside the cask may carry a small fract ion of 
the sur face cont aminants of the canisters  conta ined in a cask . Dur ing de
ga ssing , radioac tive particulates w i ll be released to the hot-cell f i lter 
system connected to the ventilation system, where almost all of the par t icu
lates w i ll be tra•.pped by HEPA f ilte r s .  Although the can i sters  will be decon
taminated at the i r  point of or ig in,  it  is conservatively assumed that 10% of 
the can ister sur face rad ioact iv i ty will be released to the spec ial system. 

The loose sur fa1ce contaminants released to the hot-cell atmosphere dur ing 
ho i sting are e st irr"ated to be 2% of the can i ster sur face rad ioactivi ty 1 th is 
est imate is conservative because the can isters are thoroughly cleaned before 
shipping . 

Potentially , the most significant source of a irborne ac t ivity in the hot 
ce ll w i ll be internal leakage of damaged can ister s .  A can ister is much le ss 
likely to be damaged than a dr um or a box : the damage would have to occur 
inside a cask dur ing shipping or in the hot cell dur ing hand l ing .  It  is a 
conservative assumption that one canister per year will have a crack cover ing 
1% of the sur face area of the can ister . Assuming that the release is pro
por t ional to the ar ea of the crack , 1% of the can ister inventory will be re
leased . I f  4 hour s  pa ss before the can ister is brought to the repa ir area and 
the spilled wa ste cleaned up ,  the amount of radioact iv ity that will become 
a irborne is 0 . 1% ( 0 . 0 0 0 23 x 4 x 100 )  of the release (Mish ima and Schwend iman , 
1973 ) .  

It  is assumed that 4 0  canisters of h igh-level waste spec ially prepared for 
exper iments w ill arr ive at the plant over a per iod of 5 year s .  Because of the 
h ighly stable nature of this vitr i fi ed h igh-level waste , leakage from damaged 
or defective can i sters w i ll be negl ig ible . Only the nonfixed surface con
taminants of the contaminated canisters  are ava ilable for release . 

Airborne radioact ive mater ial from the handling of RH waste w i ll be f il
tered by the HEPA f il ters in the ventilation system. The annual contr ibution 
of RH wa ste to the plant releases is g iven in Table 8-5 .  

8 . 6 .3 Release f rom the Underground Disposal Area 

In g enera l ,  the conta iners moved underground w i ll be f ree from sur face 
defec ts since damaged or defec tive conta iners will be repa ired or overpacked 
in the wa ste-handling bu ild ing at the surface . The only rad ioact ivity ava il
able for re lease will be the surface contamination of the conta iners . 
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Although the sur face contaminants will be fixed to the sur face of 1:he 
conta iner s ,  hypothetical chemical changes are a ssumed to release them to the 
surround ing air dur ing underground disposal .  The rates at which th is chem
ically al tered ,  non fixed sur f ace contamination is assumed to be released are 
1% per year for CH waste and 0 .  5% per year for RH wa ste . Airborne E;ur face 
ac tivity in the underg round d isposal area will be released to the a tmosphere 
without fi ltration . Annual release contr ibutions from the under9rc1und dis
posal area are g iven in Table 8-5 . 

Radon-220 and radon-222 are re leased in all mi ning operations .. They ar ise 
in the decay of two natu rally occu rr ing rock constituents , thor iwn-232 and 
uran ium-238 . They are rad ioactive gases with such shor t half-lives ( 54 sec
onds and 3 .  8 days ,  respec tively) that they normally decay into ne>ngaseous 
isotopes befor e they can escape from the rock structure . Mining , however , 
c r eates free sur faces that let these radon isotopes escape into the mine tun
ne ls and thence to the atmosphere by way of the ventilation system. The re
leases from a repos itory in salt have been estimated to be 0 . 04 cur ie per year 
for radon-220 and 0 . 90 cur ie per year for radon-222 (NRC ,  1976 ) . 

8 . 6 . 4 Re lease from Solid Wa ste Gene rated at the S i te 

Contaminated ventilat ion filte r s  will be the largest single source of 
solid rad i oactive waste resulting f rom normal ma intenance at the s i te .  When 
removed from use , the filte r s  will be compacted and packed in steel boxes . 
Al though a portion of the a i rborne-particulate rad ioac tiv ity will be precipi
tated onto the pre filte r s , mos t will be deposited on the HEPA �ilte r s .  To 
e stima te the amount of radioactivity on the filters ,  it  is a sswned that all of 
the airborne rad ioac tiv ity will be loaded onto the first stage of the HEPA 
filter s .  The f i r st stage of the fil tration system in the was te-handling 
bu ild ing will consist of 20 0 HEPA fi lte r s  in paralle l .  

The total rad ioactiv ity per box o f  the so lid waste generated a t  the s i te 
is shown in Table 8-6 , wh ich presents upper est imates of the rad ioactivity 
levels in each box . The actual levels in d ifferent boxes will vary f rom neg
lig ible values to the values g iven in the table . 

8 . 7  NONRAD IOACTIVE WASTE 

Nonrad ioactive waste will be produced in mining operations by the use and 
ma intenance of equipment and f ac i lities and by the people wor k ing in the 
plant . Th fs waste will be in the form of trash and refuse , mined salt , sew
age ,  salt du st, emissions f rom fuel  combustion, and some nonrad ioactive gases 
produced du r ing exper iments with high-level waste . 

8 . 7 . 1  San i tary Was te 

Dur ing site preparation and the ear ly stages of constr uction , por table 
to ilets , ma inta ined by an approved san itation service , will be used . After 
the sewage-treatment plant is completed , tra ilers equipped with restrooms and 
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Table 8-6 . Radioactivity of Solid Waste Generated at the Sitea 

Radioactivi t� (Ci)  Radioactivit� 
Isotope per box Isotope per box 

Cobalt-60 3 . 8 x lo-6 Europium-154 3 . 1  x 10-6 
Strontium-90 6 . 1 x lo-4 Plutonium-238 3 . 1  x 10-5 
Yttr ium-90 6 . 1 x lo-4 Plutonium-239 3 . 5  x lo-4 
Ruthen ium-106 5 . 4 x 10-6 Plutonium-240 8 . 5  x lo-5  
Rhod ium-106 5 .4  x lo-6 Plutonium-241 4 . 5  x 10-3 
Cesium-137 3 . 1  x lo-6 Plutonium-242 7 . 3  x lo-9 
Bar ium-137m 3 . 1  x 10-6 Amer icium-241 4 . 0  x lo-6 
Europium-152 7 . 8  x lo-7 

Total 6 . 2  x lo-3 

(Ci)  

aour ing a year of releases at the upper limits explained in the text. 
bApproximately 475 HEPA filters per year will be disposed of by com

pacting and packaging in eight steel boxes .  The radioactivity per box is 
calculated as follows : 

Ci/box • R ( l06 ) ( 1/8 ) 

where R is the total particulate activity released from surface operations 
dur ing 1 year ( see Table 8-5 ) . 

day tanks for waste storage will be used until the sanitary-sewage system is 
completed. The day tanks will be emptied at the sewage-treatment plant . The 
peak rate of sewage generation dur ing construction is est imated to be 30 , 000  
gallons per day (gpd) . 

Dur ing normal plant operation , the sources of san itary waste will be toi
lets, showers,  sinks,  and the cafeter ia . It is estimated that the rate of 
sewage generation will be 45 , 000  gpd .  Sanitary waste will flow to a sewage 
l ift station ,  from which it will be pumped to the sewage-treatment plant. 

The sewage-treatment plant consists of two parallel aerobic lagoons con
nected to a cormnon effluent-holding pond . The effluent may be used for site 
landscape water ing and dust control at the mined-rock pile . Provisions for 
hypochlor inating the effluent,  as required , are made . Sludge dredged from the 
lagoons will be disposed of in the sanitary landfill or trucked away from the 
site for d isposal.  The plant effluent will meet all applicable New Mexico 
water-quality-control regulations . A cha in-link fence 8 feet high will en
close the plant area to prevent the intrusion of any graz ing animals or un
author ized per sons.  

Chemica l toilets will be provided in the underground workings.  The waste 
w ill be brought to the sur face in tanks and either discharged to the sewage
treatment plant or hauled off the site for disposal. If electr ical toilets 
are used,  the final waste product will be in the form of ashes , which will be 
bur ied in the sanitary landfill. 
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8 . 7 . 2  Solid Waste 

Trash 

Most of the solid waste produced by the plant will be paper , rags,  plastic 
mater ials , garbage from the cafeter ia,  wood sc raps , sheet-metal scraps , ti res , 
used batter ies , and oily refuse . Metals and discarded equipment will be re
cycled through a cormnercial salvage company . All other mater ials will be 
collected and disposed of at the sanitary landfill . Three work ing shifts per 
day would produce an estimated 2500  cubic yards of solid uncompac ted waste 
annually . Dur ing the operating li fe of the plant , 6 3 , 000  cubic yards of solid 
waste would be produced. 

At the san itary landfill , solid wa ste will be bur ied in levels separated 
by layers of soil . Landfill will be performed by conventional means , such as 
the cut-and-cover method , using a crawler tractor with a dozer blade. To 
min imize water seepage into the bur ied mater ial , drainage f rom the area around 
the landfill will be diverted by an interceptor ditch . To make the landfill 
unobtrusive , a low-lying area has been selected for its location , and natural 
revegetation of filled areas will be encouraged . 

Excavated salt 

The excess salt removed dur ing excavation and not used to backfill dis
posal rooms will be stored in the mined-rock pile . A�roximately 2 million 
tons will be produced dur ing the operational life of the fac ility ,  forming a 
storage pile 30 acres in area and 60 feet high . A d itch constr ucted around 
the pile will collect the runoff from the pile and carry it to an evaporation 
pond 1 no r unoff laden with h igh levels of d issolved solids will be d ischarged 
from the plant area . 

8 . 7 . 3 Liquid Waste 

Most of the liquid waste produced at the plant will be sanitary waste 
( Section 8 . 7 .1 ) . Other liquid effluents processed with the san itary waste 
will be water used for wash ing miners ' boots . 

Stormwater r unoff f rom paved areas will be collected by storm sewers , 
which may also collect a very small amount of r unoff from landscape ir-
r igati on 1  the remai nder of the i rr igation water will seep into the soil . 

Rainfall-intensity data (Table 8-7 ) allow an estimate of the maximum vol
ume of r unoff water from the developed areas at the site :  466 , 000 cubic feet 
dur ing a 30-minute storm.  This est imate assumes a water-infiltration rate of 
50% and a sur face area of 150 acres . Runoff will be collected in d itches,  
carr ied away from the developed area , and discharged into dra inage swales .  

8 . 7 . 4 Chemical and Biocidal Waste 

Since no chemical process ing will be per formed at the plant , there will be 
no aR>reciable chemical e ffluents . Residual chlor ine levels f rom the treated 
sewage-plant effluent will be insignificant . The small quantities of waste 
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Table 8-7 .  Maximum Recorded Point Ra infall 
at Roswe ll , New Mexicoa 

Du ration Depth ( in . ) Intens ity ( in . /h r )  

24 hours 5 . 65 0 . 24 
12 hours 5 . 19 0 . 4 3 
6 hours 4 . 82 0 . 80 
3 hours 3 .  38 1 . 13 
2 hours 2 . 88 1 . 4 4 
1 hour 2 . 22 2 . 22 

30 minu tes 1 .  71  3 . 4 2 
15 mi nu tes 1 . 34 5 .  36 
10 mi nu te s  1 . 0 1  6 . 0 6  

5 mi nu tes 0 . 55 6 . 6  

aoata from Jenn ing s  ( 1963 ) . These da ta cover 
the t i me f rom 1905 to 196 1 .  

hydraulic flu ids,  lubr icants , and the like that will be produced dur ing plant 
operation w i ll be bur i ed  in the san itary landfill or sent away for sa lvage.  
No bioc idal wa ste will be discharged since none will be used . 

8 . 7 . 5  Airborne Effluents 

Air borne eff luents will cons ist of salt dust from min ing and the sur face 
salt-hand ling sy stem , sma ll gas releases from exper iments w ith waste ,  gases 
and par ticulates emitted by fue l-burn ing equipment and motor veh icles ,  and 
du st f rom erosion by the wind .  

Salt du st 

Salt dust produced in mi n ing operations has been class if ied as " nu isance 
du st" by the Amer ican Conference of Governmental Industr ial Hyg i en ists 
(ACG IH) , with the allowable concentrat ion ( threshold limit va lue ) set at 10 
millig rams per cubic meter (Aa; IH ,  1977 ; 30 CFR 57 ) . Air samples from potash 
mi nes  in the Car lsbad area show that the ac tual concentrat ion of par t iculates  
in mine a ir is  aR>roximately 0 . 265 millig ram per cubic meter . I f  150 , 000  
cub ic feet per mi nu te of such air  is discharged through the constr uc tion
exhau st shaft ,  the d ischarged a ir will conta in salt par ticle s ,  and the amount 
re leased will be abou t 1300 pounds per year . 

' 
The sur f ace salt-hand ling system includes systems for min imi z ing salt dust 

from sa lt mov ing and storag e .  These measures include covered conveyor s ,  dry
du st-collection cyclones at conveyor transfer po ints , and the spraying of wa ter 
onto the salt as it is discharged to the pile . Some salt will , however , become 
a i rborne dur ing transfer from the mine to the pile.  Salt will be blown from 
the mi ned-rock pile ; data from potash mi nes  ( J .  H .  Metcalf , Sand ia Nat ional 
Laborator ie s ,  pr ivate corranun ication, 1978)  and from salt-crushing mills 
(G .  E .  Barr , Sand ia National Laborator ies , pr ivate communication , 197 8 )  suggest 
that for each ton of salt de livered to the pile about 10 g rams of du st will be 
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ava ilable to be swept completely off the pile . This propor tion of dust would 
contr ibute about 4000  pounds per year of salt that would be reJ ased to the 
atmosphere . Emiss ion fac tor s determined for coal handling in l. Western 
Un ited States ( PEDCo, 1976 ) produce an est imate that an addit ional 17 tons per 
year of sal t will be relea sed from the pile when equipment like bulldozer s is 
used to shape the pile .  

Ga ses from underground wa ste exper iments 

Gases from waste exper iments w ill consist of small amounts of hydrogen 
f rom the cor rosion of conta iners and the hydrolysis of br ine , hel i um from 
radioact ive decay, and hydrogen chlor ide from br ine decomposit ion . The total 
volume of these exper imental wa stes will be about 150 cubic fee t .  I t  has been 
e st ima ted (NRC ,  1976 , Table IV H-16 : B ishop and Miraglia,  1976 , Table 4 . 15 )  
that a hypothet ical h igh-level-waste and TRU-wa ste reposi tory conta ining about 
2 million cubic feet of h igh-level waste would generate annually 4 standard 
cub ic feet per minute ( scfm) of hydrogen , 0 . 00 1  scfm of helium,  and 0 . 07 scfm 
of hydrogen chlor ide .  These quant ities should be divided by 13 , 300 ( 2 , 0 00 , 0 00/ 
150 ) to produce an est imate for the WIPP . The results are shown in Table 8-8 . 

Table 8-8 . Est imated Release Rates of Nonradioact ive 
Gases from Exper iments with High-Level Waste 

Gas 

Hydrogen 
Hel i um 
Hydrogen chlor ide 

Gas-re lease ratea 

3 . o  x lo-4 

7 . 5  x lo-8 

5 . 3  x lo-6 

lb/yr 

0 . 9 1  
0 . 00 0 4  
0 . 28  

aBased on est imates  by the NRC ( 1976 , Table IV H-16 ) .  

Em issions from fuel combust ion 

There will be three pr inc ipal sources of emiss ions from the combust ion of 
d iesel fuel : the emergency-power system, the surface handling equipment ,  and 
the underground hand ling equipment . In add i t ion , an oil-fired dr ier may be 
requi r ed to dry the salt stored on the sur face for backf i ll ing the reposi
tory.  Table 8-9  shows the calculated annual emiss ions . The calculat ions were 
based on em ission fac tors published by the U . S .  Env ironmental Protection 
Agency ( EPA, 1977 ) and on the following assumptions : The emergency-power 
d iesel-genera tor plant , with an installed capac i ty of about 10 , 0 00  hor sepower , 
will be used 1% of the time (88  hours per year ) . The d iesel-powered sur face 
hand ling equ ipment ( about 3 400 horsepower ) w i ll be used about 10% of the t ime 
dur ing one wor k shift  each day . The underground salt-handling equipment 
(about 560 horsepower } will  be used about 40% of the t ime dur ing one work 
shift each day . The salt dr ier ( approximate ly 3 0  mill ion Btu per hour , using 
about 800 , 000  gallons of f uel per year ) will  be used dur ing one work sh ift 
each day after min ing has ceased . 
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Table 8-9 . Est imated Annual Emiss ions from the Combustion 
of Diesel Fuela 

Pollutant 

Car boo monoxide 
Hydrocarbons 
Nitrogen oxides 
Sulfur dioxide 
Par ticulates 

Carbon monoxide 
Hydrocarbons 
Nitrogen oxides 
Sulfur dioxide 
Particulates 

Carbon monoxide 
Hydrocarbons 
Nitrogen oxides 
Sulfur dioxide 
Particulates 

Car bon monoxide 
Hydrocarbons 
Nitrogen oxides 
Sulfur dioxide 
Sulfur tr ioxide 
Particulates 

EPA emission factor 
(g/hp-hr)  

EMERGENCY POWER PLANT 

3 . 03 
1 . 12 

14 . 00 
0 . 93 
1 . 00 

SURFACE HANDLING E1,;lUIPMENTb 

2 . 62 
0 . 85 

14. 9 
0 . 89 
0 . 78 

UNDERGROUND HANDLING E1,;lUIPMENTb 

2 . 62 
0 . 85 

14 . 9  
0 . 89 
0 . 78 

MINED-SALT DRIERc 

5 . od 
i . od 

22 . od 
7 1 . 0 d 

i . o d 
2 . od 

Total 
(lb/yr ) 

5 , 870 
2 , 170 

27 , 100 
1 , 800 
1 , 940 

5 , 730 
1 , 860 

32 , 600 
1 , 950 
1,  7 10 

3 , 780 
1 , 220 

21 , 500 
1 , 280 
1 , 1 20 

4 , 000  
800 

17 , 600 
56 , 800 

800 
1 , 600 

asased on factors published by the EPA (1977 ) . 
bEmiss ion rates based on one 8-hour wor k shift per day .  
CEmiss ion rate s based on one 8-hour work shift per day 

after mining has ceased or deconunissioning dec ision has been 
made . 

dun its of pounds per 1 thousand gallons of fuel consumed . 

Wind erosion 

Fug itive so il dust will be dispersed to the atmosphere because of con
str uction activities and natu rally occu rr ing so il erosion . Since all the 
areas of the WIPP used by veh icles are paved , the amount of dust caused by the 
movement of cars or tr ucks will be min imal once the plant is completed. 

Some mater ial will be blown off the mined-rock pile i a review of wind
erosion data ( EPA ,  1977 ) suggests that 1 to 3 pounds of mater ial per ton of 
salt delivered might be blown off if the pile were to remain in place for 
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25 years withou t forming a crust that would resist erosion . Such an eros ion
re s i stant crust will form on the pile under the influence of rainfall,  at
mospher ic mois ture , and mois ture in the salt itself . The water sprayed for 
du st control will ha sten the cement ing of the sur face , and wa ter pene trat ion 
will produce recrysta llization of the salt . After stabili zation by cement ing 
and recrysta llization ,  the pile w i ll have few part iculates ava ilable for wind 
transpor t .  Most of the par ticulates that become ava ilable will be produced by 
drying af ter prec ipitation has d i ssolved part of the pile sur face ; in large 
par t ,  they will be insoluble residues of the mined rock , not salt . In wind 
erosion stud ies of so ils , it  has been found that crusting of a ma ter ial will 
reduce wind eros ion by about a factor of 6 (Woodr uff and Siddoway , 196 2 ) ; 
accordingly , wind erosion of the pi le could be expected to be less than 0 . 5  
pound per ton of salt in storage . 

Field examination of the mi ned-rock pile that used to be at the Gnome site 
( Intera , 1978 ) suppor ts these expectations .  In the Gnome proj ect ,  carr ied out 
in 196 1 at a site 9 miles from the WIPP site , an underground nuclear explos ion 
took place in cavi ties that had been mined in the Salado Formation .  The pile 
of mined mater ials remained at the site for 17 year s .  An upper limit to the 
deposition on the surrounding land is 0 . 1  pound of salt per ton of mined rock 
in the pile ; because the d istr ibution of this  salt around the pile is un iform 
and shows no cor relation with preva iling wind direction s ,  the salt probably 
did not come from the pile but from other sources in the region ,  such as 
Laguna Grande de la Sal or potash ta ilings piles . Furthermore ,  measurements 
of the shape of the Gnome pile showed that less than 1% or 2% of it had moved 
in the 17 years that it had been in place ; most of the mater ial that had moved 
had rema ined within the berm surround ing the pile . Inspection of the sur face 
and of cores tak en f rom the sur f ace showed that the pile was cemented and that 
most of the sur face par ticulates  freed dur ing cycles of drying and wetting 
were not salt . 

The mi ned-rock pile will conta in no more than the approximately 2 million 
tons of mater ial brought up from underground at the end of mining . A con
servative est imate , therefore ,  is that the maximum rate of wind erosion from 
the mi ned-rock p ile would be about 40 tons per year . 

Dur ing the mi ne-backfilling per iod , total salt-dust emi ssions are expected 
to be about 26 tons per year , according to the emission factor s g iven by PEDCo 
( 1976 ) . These emiss ions will result from loading the salt onto a salt crusher , 
f rom conveying the salt underground ,  and from the vent ilat ing the mine .  

8 . 8  AUXILIARY SYSTEMS 

Besides the water and power systems , the plant ' s  aux i liary systems include 
roads ,  a ra il road , and cormnunications systems . 

8 . 8 . 1 Water 

The est imated average da ily demand for water at the WIPP is 90 , 000  gallons 
with a peak flow of 500 gallons per minute ( gpm) . Two aboveground storage 
tanks wil l be located at the WIPP site . Each tank will store 90 , 000  gallons 
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of water for normal use and 9 0 , 00 0  gallons of f ire-protection water . The 
water stored for normal use will  be used for processes car r ied out in the 
plant and for the heating , ventilation , and air-cond ition ing systems . 

The water for the plant will  be pur chased from ,  and de l ivered by , the 
Double Eag le Water System, wh ich consists of a ser ies of wells about 35 miles 
north-northea st of the s i te .  The system has a 542-gpm reserve pumping ca
pac ity and a storage capac ity of 336 , 00 0  gallons .  It is expec ted that th is 
system will be expanded by dr illing new wells to meet future requ irements.  

A proposed new 24-inch line will run due south from the tie- in point for 
about 18 m iles to the Car lsbad-Hobbs Highway (U. S . 18 0 )  and cont inue along the 
site-access road for another 9 miles .  At th is point , a tee in the line will 
provide a branch to another Double Eagle Water System customer , and a 10- inch 
line will continue along the site-access road another 4 miles , terminating at 
the two on-s i te storage tank s .  

8 . 8 . 2 Power 

Most of the energy used at the plant will be electr ical power purchased 
from a cormnerc ial u t i lity company . Except for the fuel used by d iesels , other 
au tomotive eng ines , and potentially the salt dr ier , fossil  fuel will not be 
used .  

Elec tr ical power w i l l  be provided by the Southwestern Public Service Com
pany from i ts 115-k i lovolt Potash Junct ion substation through a 115-k ilovolt 
transmission line about 14 miles long (Figure 8-3 ) • 

8 . 8 . 3  Roads 

Present access to the site is by an un improved caliche-sur faced road , 
extend ing f rom New Mex ico Highway 128 to the s i te .  The pr inc ipal access to 
the si te will be on a new road bu ilt from U. S .  H ighway 6 2/180 , about 13 miles 
north of the s i te .  Th is road w i ll be bu i lt to State h ighway standards .  A 
second road will reach New Mexico Highway 128 , about 4 miles south of the 
s i te .  Both roads w i ll requi re a 200-foot r ight-of-way (Figure 8-3 ) . 

The routing of on-site roads (Figure 8-8 ) suppor ts the waste-handling 
operations . These roads are designed for the movement of cask-conta ining 
wa ste transpor ter s  and the routine flow of maintenance veh icles . Veh icles 
w i ll enter only through entrance ga te s .  On-site park ing is  provided for em
ployee veh icle s ,  site-ma intenance and staff veh icles , and waste-transpor tation 
veh icle s .  

8 . 8 . 4 Ra il roads 

Ra ilroad access to the site is required for rece 1v1ng waste sh ipments by 
ra i lcar . The proposed rail  line to the plant or ig inates from a spur at the 
Duval Corporat ion mine , about 6 miles west-southwest of the site ( Figure 
8-3 ) . It w ill requ i re a r ight-of-way of 100 feet .  
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On-site tracks are requi red for the effic ient movement of ra ilcar s  brought 
to the site .  The on-s i te ra ilroad layout ,  shown in Figure 8-8 , provides a 
sid ing for ra ilcar transfer from locomotives to plant ra ilcar mover s ,  in
d ividual CH- and RH-waste ra ilspurs  for access to the waste-handl ing bu ilding , 
and par king space for about 30 railcar s . 

8 . 8 . 5  Commun ications 

The commun icat ion systems for the site are interconnected to insure that 
no operat ion will become isolated from the central control point and to pro
vide for communication with off-site emergency services , such as ambulances ,  
fi re fighters ,  and local law-enforcement agenc ies . These communicat ion 
systems may include telephones ,  radios , public-address apparatus , intercoms , 
and closed-c ircuit televi sion .  

Telephone service will be provided from Car lsbad by the General Telephone 
Company of the Southwest .  The r ight-of-way for the telephone cable will be 
included in the r ight-of-way for the nor th access road (Figure 8-3 and Table 
8-1) . 

8 . 9  RESEARCH AND DEVELOPMENT PROGRAM 

To carry out the resear ch and development that is part of the author ized 
mi ssion ,  the WIPP will include a test area for in-situ exper iments on the 
interactions of defense wa ste with bedded salt .  A spec ially designed par t  of 
the underground work ings will be used for this purpose.  The small amount of 
wa ste used in the exper iments will be removed at the end of the program :  i t  
will not produce any long-term res idual effects on the WIPP .  I n  add ition , the 
proj ect w i ll include several other underground act ivities that can be char
ac ter ized as development effor ts . The further development of disposal and 
handling methods will be s uppor ted by demonstrat ions and by moni tor ing the 
str ucture of the mine 7 the TRU waste will be monitored to confirm the safety 
of the methods used in d i sposing of i t .  Th is sect ion descr ibes the cur rent 
plans for the in-situ exper iments dur ing the SPDV program and dur ing full 
operations at the reposi tory .  

The in-situ research stud ies i n  the WIPP are only a par t of a larger pro
g ram that includes laboratory investigation s ,  bench-scale stud ies in large 
blocks  of sal t ,  a ser ies of preliminary measurements in existing mines , and 
the development of analytical models for pred ict ing the behavior of a re
posi tory .  Much of this extensive "pre-WIPP" program is under way ,  and most of 
it w i ll �ave been completed before the reposi tory opens .  More deta ils and 
references to publi shed data are g iven in Sec tion 9 . 7 . 3 .  

The inve stigations in the WIPP mine will therefore be extensions of ear
lier stud ies.  The in-situ stud ies will establish whether the results of the 
ear lier exper iments are fully va lid in an actual reposi tory and will check the 
analytical models :  they will also serve as a demonstrat ion of waste-disposal 
operations in bedded salt .  
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8 . 9 . 1 Development Activities Before Waste Dnplacement 

Although the techn iques u sed to constr uct the underg round wor k ings will be 
conventiona l ,  the opera tions subsequently carr ied out there will produce some 
unconventional stre sses in the mined str ucture .  In add ition to the stresses 
normally present in mi ned cav ities ,  heat- induced stresses will appear in the 
exper imental areas where heat-producing wa ste is emplaced � extensive bor ing of 
test holes and emplacement holes in the s ides and the floor s of some cav it ies 
may produce other unusual stre sses and stress concentrations . To insu re the 
developmen t of e ff ic ient techn iques and safe operation s ,  exper iments will 
mon i tor the response of the rock dur ing the development of the s i te-va l i dation 
shafts , dur ing the development of the first  underground rooms , and dur ing 
continued operation of the repos i tory. 

Proposed ac tivities to be conducted dur ing the underground exploratory 
phases are d iscu ssed by Wowak ( 1979)  and by Wowak and Sattler ( 1979 ) . These 
activities include the following : 

1 .  Mon itor ing of the shaft re sponse and determination of rock properties 
at var ious locations in  the shaft .  

2 .  Explorat ion of the undeveloped por tion of the repository hor izon by 
hor izontal core holes .  The samples obta ined will be compared w ith 
those prev iously obta ined from sur face dr illing .  

3 .  Mon i tor ing of str uctural changes i n  rooms under cond itions that s im
ulate the effects of exper iments with heat-producing waste . 

4 .  Measu rements of room def ormation in a ser ies of alternative des ign 
con figurations and isolated te st dr ifts . 

Once the shafts are in  place and the underg round rooms are developed , a 
spec ific  area will be devoted to a ser ies  of exper iments conducted without 
radioac tive wa ste . These exper iments will  be precur sor s  to s ubsequent exper i
ments with ac tua l wa ste � the ir re sults will determine the f inal condit ions and 
con f igu rations for the h igh-level-wa s te exper iments descr ibed in Sect ion 
8 . 9 . 3 .  The nonwaste exper iments include the following : 

1 .  S torage of s imulated TRU wa stes under actual repos i tory cond itions and 
under intent ional inundat ion with br ine . 

2 .  Stud ies of the cor rosion of a lloys that might be u sed in wa ste con
ta iner s and of the leach ing of nonradioac tive waste s imulants . Back
f i ll mater ials that have h igh capac ities for sorbing rad ionuclides  
will  also be  investigated . 

3 .  Stud ies of salt response to heating , including hole closure . Elec
tr ical heaters will produce the heating � studies in heated rooms and 
pillar s will measure room deformation and establish the cond itions to 
be expec ted dur ing retr ieval . 

4 .  Studies of isotope migration with stable isotopes . 

5 .  In-s itu measu rements of the permeability of rock salt . 
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6 .  

7 .  

8 .  

9 .  

Stud ies of the collec tion of moisture or br ine around sources of 
heat . Elec tr ical hea ters will be used to examine mechan isms for br ine 
migration by simulating cond itions in an ac tual repos itor y .  

Stud ies of the sealing o f  shafts and holes . I n  developing methods for 
sealing a decommiss ioned repos itory , exper iments will study var ious 
mater ials and techn iques  for plugging the mine shaf ts and min imiz ing 
future crack ing or leak ing in the seals (Chr istensen and Hunter , 
1979 ) . These stud ies  will also examine the tendency of the shaft 
walls to develop stress-relief crack s .  Most of th is wor k will have 
been carr ied out by the t ime the WI PP opens . 

S imulated operations with TRU waste . This  work will include full
scale eng ineer ing demonstrations of the methods u sed to move waste 
conta iners  through the plant and to bury them underground ( Sand ia ,  
1977 ) . The continued development of safe and effic i ent techn iques is  
the goa l of th is wor k ,  wh ich in its  f inal phase will include the 
retr ieval of conta i ners .  

Retr ievability studies for remotely handled TRU waste . Techniques and 
machi nery for emplacing exper imental wastes and remotely handled waste 
in retr ievable configurations are already being developed ( Stinebaugh , 
1979 ) . Demonstrations of retr ievabi lity in the repository will in
clude the recovery of previously bur ied caniste r s  of remotely handled 
wa s � .  

10 . Development of miscellaneous techniques for more eff icient repos itory 
operation ,  i ncluding mo istu re-exchange measurements , development of 
mine-face-scanning equipment to identi fy inclusions or structural 
d iscontinu ities in intact sal t ,  measurements of  background-radiation 
levels , and microse ismic measurements . 

8 . 9 . 2 Mon i tor ing of Contact-Handled TRU Waste 

Purpose and status 

Studies carr ied out before the WIPP beg ins full operation will furnish 
deta iled information on the properties of contact-handled TRU waste and on the 
interactions the waste will undergo in a bedded-salt repos itory (Molecke ,  
1978 , 1979 ) . Th is work will evaluate the cr i ter ia that will govern the accep
tance of such waste at a repos itory .  Although the Germans have been stor ing 
1°'11.'-level and intermediate-level radioactive was tes at the Asse exper imental 
repos i tory for over a dozen years and have demonstrated the eng ineer ing prac
ticality of th is k i nd of waste isolation ,  no in-situ chemical and mater ials
in�ction tests similar to those descr ibed for the WIPP have yet been 
pe� med. 

st of the required studies can be per formed adequately in laborator ies . 
Most of them are al ready in prog ress and will be complete by the t ime the WI PP 
opens ( Sand ia,  1979 ) .  The purpose of the planned in-situ TRU-waste tests i s  
to ver i fy the pred icted behavior of TRU waste under normal operating pro
cedures and under cred ible acc ident conditions . All TRU-waste tests in the 
WIPP w i ll be based on previou s  labora tory results descr ibing the deg radation 
of wa ste and its interac tions with its surround ing s .  
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The studies planned for contact-handled waste are discussed below. De
ta iled descr iptions and results of all the work will appear in repor ts to be 
issued as the program develops ( Sandia ,  1979 ) . All TRU waste emplaced for 
in-situ te sting , and compromised thereby , will be removed and repackaged : th is 
waste may be sent away for further processing or emplaced in the disposal area 
for contact-handled wa ste . The TRU-waste test area will be decontaminated as 
necessary :  it will thus pose no long-term safety risk .  

Studies of gas generation with actual TRU waste 

As the waste ages and deg rades,  it can produce gases through four proc
e sses : radiolysis,  bac ter ial action ,  thermal deg radation,  and chemical inter
actions . Studies of gas generation by these four mechanisms are be ing carr ied 
out mainly in laborator ies and through measurements on temporar ily stored 
waste (Molecke ,  1979 ) .  Activities proposed for the underground wor k ings in
clude 

1.  Determination of the quantity and the nature of gase s ,  including water 
vapor , generated by emplaced waste . The pr imary sampling tool will be 
the monitor ing of toxic , explos ive , combustible , and radioactive gases 
( tr itium,  radon) that might conce ivably be present . Such gases , as 

we ll as par ticulate matter and humidity , will be continuously mon
i tored in the TRU-waste d isposal rooms , TRU-waste test rooms , and ad
j acent dr ifts . 

2 .  Determination of the effects that water vapor produced by heat and 
vapor ization may exert on the minerals and equipment in the mine . One 
such concern is the behav ior of the crushed salt that may be used to 
cover the containers of contact-handled TRU-waste . If the salt ab
sor bs suff ic ient moisture , it may form a hard crust that would hinder 
the retr i eval of the wa ste . On the other hand , the crust of salt may 
protec t the bur ied waste conta iners by preventing moisture from reach
ing the inter faces between the salt and the containers.  

3 .  Study of synergistic effects due to the simultaneous generation of gas 
by more than one of the four processe s .  Th is study is be ing per formed 
in the laboratory to determine the effects produced when waste is 
stored under cond itions that simulate the adverse effects of over 
burden pre ssure and water intrusion . It will be repeated i n  the mined 
exper imental area in order to va lidate the laboratory results . 

Other stud ies of wa ste integr ity 

In order to pred ict processes re lated to the long-term safety of the re
pository,  a consequence analysis is be ing prepared.  Th is analys is includes 
models of poss ible fa ilure modes for a repos itory (Section 9 . 7 . 1 ) . Some of 
the data needed for the deta iled fa ilure models are not ava ilable in thorough , 
quantitative form : the studies of contact-handled waste will help to supply 
these data through the following investigations : 

, _  . 
- �  

1.  Study of  the physical integ r ity of  waste packag ing (Sandia , 1979 ) . 

2 .  Study of the leach ing of the waste .  These studies will determine the 
extent to wh ich wate r can mobilize radionuclides from combustible and 
noncombu stible wa stes and from waste matr ices now under development . 
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In the mine , a controlled amount of water will be intentionally in
troduced as a leachant into a small back filled storage chamber con
ta ining contac t-handled waste in deliberately damaged conta iners . 
Initia lly planned tests in the exper imental area (Wowak , 1979)  will be 
designed to check the extens ive laboratory work now in progress 
( Sand ia ,  1979 ) . For testing cred ible acc ident cond itions , small 
groups of deliberately damaged TRU-wa ste drums ( about n ine per group) 
will be emplaced in test rooms along w ith small electr ical heaters , to 
y ield a 4 0  to 7 0°c over test environment ;  because these temperatures 
exceed the temperatu res expec ted in a repository ,  these cond itions 
will over test the drums , The wastes will be covered with crushed salt 
or mixtu res of crushed salt and getter mater ial . (Getter mater ials 
se lec tively sorb par ticular nuclides , thus retard ing the ir movement in 
g roundwater , and also act as partial barr iers to the intrus ion of 
br ine . ) Some of the groups of drums will be wetted with br ine . The 
corrosion of can isters and the mig ration of rad ionuclides into the 
getter backfill will be monitored by per iod ically removing and in
spec ting the drums . 

8 . 9 . 3 Exper imen ts with Defense High-Level Waste : General Cons idera tions 

Exper iments w ith defense h igh-level waste constitute a bas ic m ission of 
the WIPP . These exper iments are not so much concerned with the WIPP itself , 
wh i ch is not a repos itory for h igh-level wa ste ,  as they are with plann ing 
future h igh-level-waste repos itor ies . They are to answer technical quest ions 
about the d isposal of h igh-level waste in bedded salt and to provide a valid 
demonstration of the concepts involved . High-level waste generates  more in
tense heat and rad iation than do other types of waste ,  espec ially in its first  
several hundred years ,  before fission-product nuclides have decayed to in
s ign ificance . Thus it can a ffect its bur ial environment more severely than 
other wastes do . As many as poss ible of the h igh-level-waste exper iments are 
be ing per formed in laborator ies fir st , but a thorough investigation cannot be 
carr ied out by laboratory study alone (OSTP , 1978 ) ; a demonstration is re
qui red .  The obj ective of many of the in-situ high-level-waste tests is to 
validate the ear lier laboratory results and the analytical pred ictive models 
based on them . 

Stud ies of the interactions of waste with bedded salt were per formed be
tween 1 9 65 and 19 67 dur ing Proj ect Salt Vault , a proj ec t  in bedded salt near 
Lyons , Kansas (Bradshaw and McCla in ,  197 1 ) . The WIPP h igh-level-waste ex
per iments in p rog ress s ince 1977 bui ld on the knowledge ga ined f rom Sale Vault 
and from later laboratory stud ies . Us ing advanced instr uments and techniques ,  
the WI PP exper iments will s ign i ficantly extend the ear lier data and also in
clude several stud ies that were not par t of Salt vault--espec iall •r stud ies of 
rad ionuclide release and mig ration and measurements of chemical , ter ial , and 
geologic interactions . 

The basic goals of the WIPP exper iments and the accompanying laboratory 
exper iments are to study (1) the chemical and physical eff ect of the h igh
level waste on the surround ing salt , ( 2 )  the changes that will occur in the 
bur i ed wa ste as it interac ts w ith the salt ,  ( 3 )  the e ff ec tiveness of engi
neered bar r ier s  ( caniste r s ,  overpack s ,  getter backfills ) ,  and ( 4 )  the subse
quent transport of these rad ionuclides , especially by any fluids that are 
present . 
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WIPP exper iments with solidified high-level waste will use mater ial from 
the defense-waste rep rocessing carr i ed out at Hanford or at Savannah River . 
The exper iments may c 1lso use spec ially prepared defense waste for tified with 
extra fission produc. !:s to g ive a greater-than-average radiation and thermal 
output7  the ir object ive is to overtest the ability of the rock salt near the 
conta iners to conta:in the waste . 

A fundamental c:1:mcern in both laboratory and in-situ studies will be the 
g reat difference bf� tween the duration of the exper iments and the duration of 
the processes the 1e xper iments are to study . The exper iments may continue for 
several decades , b l 1t the processes in an actual repository may continue for 
thousands of years after it has been filled . To identify the mechanisms that 
will produce long-· term effects and their consequences , the in-situ exper i
mental program wiJ .l include some effor ts to accelerate these processes .  Such 
exper iments will ,  for example, use amounts of water or heat that are much 
greater than thOF;.e expec ted in a repository7 the effects on the waste and the 
salt will then bi� hastened or at least intensified .  Th is kind of over test 
exper iment is no t  a direct simulation of the ag ing of a repository, but a 
careful analysiE i of its results should help in · validating or testing the lim
its of the anal:1tical models based on previous laboratory data descr ibing 
inpor tant long- term processes . The exper imental program will also i nclude 
some exper iment:.s with high-level-waste mater ials that have been broken or 
g round into sm;:1ll particles . Such mater ial represents severely degraded waste 
as it may appe;ar thousands of years after bur ial , when the disintegration of 
containers has exposed waste mater ial directly to the salt . Th is is another 
type of over tE !St to determine what might happen under extremely severe , but 
conce ivable , 1 ::::ond i tions . 

8 . 9 . 4 �i .ments with Defense High-Level Waste : Specific Plans 

Plans fc•J : in-situ exper iments with h igh-level waste are in a pre liminary 
stage . Deta. ils of the designs have evolved since early planning began in 
1976 7 they w ill be elaborated and re fined dur ing the years before the re
pository is ready for underground exper iments with radioactive mater ial--no 
ear lier tha1 1 1 986 . Results from laboratory and bench-scale studies performed 
dur ing that time will gu ide the changes . Because the preliminary plans , 
though incc1mplete, nevertheless reveal the scope of the exper iments , th is 
section ou t  :lines them. 

All of the exper iments listed here will be in addit ion to the pre-WIPP 
laboratory work , much of which is already in progress . The studies per formed 
in the WIF1 >  will include repeating earlier laboratory studies for validation : 
a few othE!I : types of exper iment can be carr ied out realistically only in ac
tual under:� rround wor kings.  Molecke (198 0 )  has g iven further deta ils . 

Studies of chemical effects, i ncluding radionuclide transport and migration 

The in- situ exper iments now planned include the following : 

1 .  Det ermination of the composition and quantity of fluid i nclusions in 
the host sa lt ,  measurement of the ir rates of migration under var ious 
the rmal g radients , analys is of the effect of radiation on mig ration,  
arid deta iled study of the consequences of migration (Section 9 . 7 . 3 . 2 ) .  
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2 .  Stud ies of rad ionuclide transport through bedded .salt and surround ing 
rock by means of br i ne mig ration, both naturally occurr ing and arti
ficially enhanced .  

3 .  Stud ies o f  the ability o f  br ine to leach radionucli des from waste . To 
accelerate th is slow process , the exper iments w i ll include the leach
ing of "bare " waste ( not protec ted by packag ing mat:t! r ial or other 
engi neered barr iers )  that has been brok en into smal .11• pieces . 

4 .  Stud ies to determine how leach rate s  are affected by the heat,  radi
ation ,  pressure , and chemical species present in a 1:1?pository and by 
the rad ioactive-decay process . 

5 .  Stud ies o f  getter-backfi ll mate r ials ( now being deve1'. oped) and o f  clay 
and other impur ities in the surrounding rock salt to determine thei r  
e ff ectiveness in preventing or min imi z ing nuclide migration (Nowak , 
1979 ) . 

6 .  Proof tests of emplaced caniste r s .  These studies will measure the 
ability of waste can i sters to retard the interactions b.etween the 
wa ste and the salt,  leach ing , and subsequent nuclide tr nnspor t .  The 
te sts will i nclude measurements with normal undamaged c.�·n ister s  and 
with deliberate ly damaged can iste r s .  They will also tes� t the effec
t ivene ss of meta llic overpacks or coatings on the can ist.t! rs  for 
greatly extended cor rosion resistance � the purpose of th :ls testing is  
further d is cu ssed in Section 9 . 7 . 3 . 3 .  

7 .  Mon itor ing of gases  produced through radioly s is and corr_c 1B ion .  

8 .  Measurements o f  thermally dr iven solid-state d iffusion, a :mechan ism 
for nuclide transpor t along gra in boundar ies in the salt.  

Studies of  physical e ff ec ts due to heat , rad iation ,  and pressure 

Planned exper iments inc lude the follow ing : 

1. Measurement of energy stored in the salt through the "metarin ict" or 
Wigner eff ec t ,  wh ich occurs when the irrad iation of the sal ·t sur
rounding a waste conta iner c reates rad iation-damage s i tes  i n  salt 
crysta ls . The thermal fields  that accompany th is radiation tend to 
anneal the salt and p revent a buildup of stored energy . Tht ! annealing 
effec ts ,  however , var y  strongly with temperature . The unde1 :13round 
exper iments w i ll be a small e ffort intended to establish wht !l:her the 
ear lier results , wh ich pred icted little r isk or consequence from 
stored ener gy , are fully valid in s itu ( Section 9 . 7 . 3 . 5 ) . 

2 .  Measurement of the var iations induced by hea t ,  rad iation , a: nd pre ss ure 
in bulk physical properties s uch as thermal conduc t iv ity , s tr ength,  
and viscos ity.  

3.  Invest igation of the eff ec ts of these var iations on the mob i l i ty and 
buoyancy of salt and wa s te canisters .  
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8 . 9 . 5  Exper iments with De fense High-Level Waste : Methods 

Accord ing to the prel iminary techn ical and operational plans (Molecke , 
198 0 ) ,  two classes of exper iments will u se solidified defense high-level waste 
in the WI PP underg round work ings : stud ies  using " bare " radioact ive waste un
protec ted by a conta iner and stud ies using full-scale can isters  of radioactive 
wa ste . The wa ste will i nclude f ission products and actinide mater ials fixed 
in a vitr ified ,  low-leachability matr ix : it may also be in other forms , such 
as metal matr ices or ceramic s ,  that are suffici ently developed and appear 
promis ing .  

In both classes of exper iments the underground emplacement of h igh-level 
wa ste and the s ubsequent sampling will follow str ictly prescr ibed procedu re s .  
The exper iments will not be routine operations.  Deta iled analysis will pre
cede each exper iment to insure i ts operational safety : th is analy s is will 
include plann ing for acc idents that might occur dur ing the exper iment . Wr it
ten operating procedures will spec i fy each step in each exper iment,  the ap
paratus to be used , method s for dealing with events that might threaten to 
relea se radioactivity to the mine dr ift dur ing the operation , and methods for 
retr iev ing rad ioactive mater ial ( Stinebaugh , 1979 ) after the conclusion of the 
exper iments . 

All the h igh-level wa ste used in exper iments will be removed at the end of 
the te sting . The emplacement-test area will be decontaminated as necessary to 
acceptable levels . There will there fore be no long-term hazard from the high
level wa ste . The only potential shor t- term r isks posed by the emplaced h igh
level waste will be to the wor kers responsible for the exper iments . All 
exper iments w ill be closely mon i tored for safety purposes as cwell as for 
obta ining use ful data . 

Exper iments w ith bare wa ste 

Th is wor k will study the processes that may occur in the long term after 
the corrosion and the d isinteg ration of conta iners have exposed rad ioactive
waste mater ial to salt and br ine .  I t  will extend results obta ined ear lier in 
the laboratory and determine the ir applicability to an ac tual reposi tory . 
Des igned pr imar ily to study chemical , rather than structural or thermal , 
e ff ec ts ,  the bare-wa ste exper iments will inve stiga te the deg radation of the 
matr ix that encapsulates the waste , the leach ing of waste mate r ials , and the 
mig ration of rad ionuclides . The i r  des ign will represent adverse but c red ible 
cond it ions that may appear in a bedded-salt repos itory long after the wa ste is 
emplaced : they will be over tests , mon i tor ing waste-reposi tory interactions 
dur ing a realistic time frame--months to tens of years .  These over te st con
d itions w i ll represent the following cha in of hypothetical long-term events : 
the meta lli c waste canister has complete ly dis integrated , yield ing cor ros ion 
products and bare waste :  the wa ste matr ix has partially d i s integ rated into 
chunks or into small par ticles the size  of sand gra ins : br ine or water vapor 
ha s intr uded into the wa ste-emplacement hole : and br ine or water is leaching 
the waste . 

The exper iments will be per formed in " reaction chambers , "  unli ned holes 
dr illed into the sal t floor of the WI PP mine in specially i solated a reas .  
Bare-waste chunks or par ticles will be put into these chamber s :  other mate
r ials ,  includ ing br ine and cor rosion products , may be added to s imulate var
ious stages of advanced inte rac tions between the wa ste and the roc k . In some 
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chamber s ,  getter-back f i ll mate r ial will surround the waste to minimize  
migration .  To isolate the chamber s f rom the mine dr ift , the hole from 
reaction chamber up to the mine dr ift will be plugged or grouted shut .  
str umentation leads  and tubes for sampling gases and liquids w i ll pass 
th is plug . 

nuclide 
each 

In
through 

F.ach of the bare-waste reac tion chambers will hold about a quarte r  of the 
contents of a full-s ize h igh-level-wa ste can ister . Each will be sampled per i
od ically . Gaseous and liquid samples can be remotely withdrawn through the 
tubes in the plug ; solid samples of rock sal t ,  getter mater ial , and waste 
fragments can be obta ined by cor ing through the adj acent rock salt .  All sam
ples w i ll be packaged and sh ipped to laborator ies for analyses .  

The exper imenta l parameter s  will be var ied in these bare-waste overte st s .  
The waste forms will i nclude def ense h igh-level wa ste , some o f  wh i ch will be 
for ti fied with fiss ion produc ts . The size of the waste par ticles will vary 
f rom chunks to sand-s ize  part icies . The heat loading w ill vary ; it may , for 
example , be 30  or 7 5  k ilowatts per acre , with electr ical heater s  supplementing 
the heat f rom the wa ste .  Var ious br ine leachants and reac tants w i ll be arti
ficially introduced . The backfill getters and corros ion products will be 
var i ed .  The pr imary interactions to be mon i tored in s itu are wa ste leaching 
and deg radation , rad ionuclide migration near the waste , the e ffects of heat 
and rad iation ,  and the e ffectiveness of the back fill  getter s .  

Bare-waste tests that inc lude all realistically poss ible var iations of 
cond itions plus replicates needed for stat i st ical accur acy would requ i re a 
large array of reaction chamber s . Pre liminary plann ing has tentatively es
tab lished the number of chambers and the geometr ical des ign of - the ir em
placement ;  the number of reaction chambers is currently est imated to be ap
prox i.ma tely twenty per waste form . Efforts have been made to l imit the extent 
of the in-situ tests to as small a number as poss ible . The results of lab
oratory studies will heavily influence the plans for in-situ exper iments , for 
they will point out wh ich interactions are the most impor tant for further 
study underg round and whi ch interactions may be eliminated. 

Exper iments with full-size  can isters  

Testing full-size  canisters  of  h igh-level waste under the actual con
d itions of a repos i tory , and under some over te st cond itions ,  w i ll e l iminate 
uncerta inties introduced by extrapolating data from small-scale laboratory 
tests . It  w i ll permit the developnent and demonstration of  procedu res and 
equipment for handling and retr iev ing waste in future repositor ies . Full-size 
can isters are not intended to be as severely over te s ted as  the bare waste w i ll 
be ; the exper iments will u se more conservative and realistic emplacement 
cond itions . 

In spec ially iso lated underground exper imental areas , the full-s ize h igh
level-waste can i s ters w i ll be placed as they would be emplaced in an actual 
repos itory-- in holes dr illed into the floor s .  The holes will then be plugged 
and g rou ted. Instr umentation for sampling w i ll be installed l ike the instr u
mentation for the bare-waste tests . After emplacement ,  the caniste r s  will be 
per iod ically sampled by cor ing through adj acent salt to obta in spec imens for 
laboratory analysis . 
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In order to force interactions to ta ke place , some of the emplaced can
isters will be compromised by cor ing into the canister to simulate a corrosion 
breach and introduc ing br ine to simulate groundwater  intrusion . Such te sts 
wi ll be somewhat s imilar to the bare-wa ste tests . Most of the can i ster s ,  
however , will not be breached intentionally for many year s ,  in order to follow 
the i r  expec ted behavior or interactions in a reposi tory . All waste emplace
ments will be closely mon itored to avoid the r isk of contaminating a mine 
dr ift .  

Preliminary des igns for the exper iments with full-size canisters  are not 
complete . The number of c ani sters of waste required for these studies will 
also be approximately twenty per waste form.  The exper imental paramete rs for 
both types of h igh-level-waste exper iment are similar . 

Some entire can isters  of high-level waste will be retr ieved after  several 
years f or thorough laboratory examination .  All can isters will be retr ieved at 
the end of the exper imenta l per iod . 

8 . 10 PLANS FOR RETRIEVAL 

An impor tant aspec t of the WIPP proj ec t will be the ability to remove 
emplaced waste f rom the reposi tory if such retr ieval becomes nece ssary or 
desirable in the future . Th is section descr ibes plans for retr ieval . Actual 
demonstrations of retr i eval will be regular ly performed to tra in workers and 
to refine and improve the retr ieval method s .  

The retr i eval o f  the TRU waste would tak e  5 to 10 years after a decision 
on retr ieval is made . This dec ision will be made within 5 years afte r the 
fi r st waste of each k i nd ( contact handled or remotely handled) is emplaced . 
To permit access for retr ievability the pr incipal tunnels will not be used for 
d isposal dur ing the retr ievab ility per i od .  Spec ial equipment , des igned for 
both retr ieval and subsequent repackaging , will be shielded to protect the 
worker s .  

waste retr ieval i s  more d ifficult , but still possible , afte r  the planned 
retr ieval per i od .  Add itional e ffort would be needed to locate and access the 
waste after back filling . Once an excavation we re made to the waste packages , 
the retr i eval steps would be s imilar to those employed dur ing the planned 
retr ieval per iod . 

8 . 10 . 1 Retr ieval of Contact-Handled Waste 

Dur ing the planned retr i eval per iod any particular batch of contact-handled 
waste can be easily retr ieved . Even after this planned per iod ,  retr ieval can 
be safely accomplished . The retr i eval proce ss is begun by removing bulkheads 
from pr inc ipal tunnels and re stor ing ventilation air flow. Next,  electr ical 
power and lighting are restored to the r eopened tunnels , and radiation mon
itor ing is per formed to dete rmine whether rad iation levels are safe for per
sonnel to proceed into these entr ies . Af ter these procedures the roof of the 
tunnel is inspected for stability � scaling and rock bolt ing are then carr ied 
out as needed . 
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When these procedures have been completed , remov ing salt backfill from 
d isposal rooms can commence . Once the stacked wa ste packages are uncovered , 
a for klift  removes them from the stack and transpor ts them to the pallet
reload ing area , where all the sur f aces of each package are checked for con
tamination and str uc tural integr ity.  Overpack ing and other repairs  are then 
made as needed before the packages are stacked on pallets for transport to the 
waste shaft for return to the surface.  Once returned to the waste-handling 
bu i lding , these wa stes can be readied for transport away f rom the s i te .  

The floor of the repos itory where wastes  have been retr ieved will be de
contami na ted by mechan ically removing the contaminated salt , which will then 
be placed in sealable conta iners and handled in the same way as other contact
handled wa ste .  The volume of salt removed in th is operation is expected to 
equal the volume of waste removed . The fraction of th is salt that is con
taminated w i ll depend on mechan ical damage to the containers , the corrosion of 
the conta iners ,  the migration of the contaminants , and the care used in I 
retr ieval . 

8 . 10 . 2  Retr ieval o f  Remote ly Handled Waste 

The steps used for retr i eving remotely handled waste w i ll be the reverse 
of emplacement ,  with the add it ion of more extens ive radiation-mon itor ing 
equ iEltlent and equipment for handling any conta iner breach . The p reparatory 
steps for the retr ieval of remotely handled waste are identical with those 
d iscu ssed previously for the retr i eval of contact-handled waste : 

1 .  Pr inc ipal entry bulkheads are removed , and ventilation air  flow is  
r eestabl ished . 

2 .  Elec tr ical power is restored , and rad iation mon itor ing is per formed 
before the workers enter the area . 

3 .  The entry roof is inspec ted ,  and scali ng and roof bolting are per
formed as needed . 

The retr ieval process from th is point becomes essentially the reverse of 
the emplacement process except for a spec ial tool that checks the can ister for 
contamination before pulli ng it back into the fac ility cask . The process is 
shown schematically in F igure 8-13 . Af ter the removal of the can ister f rom 
the salt,  the package is transpor ted to the waste shaft and returned to the 
wa ste-hand ling bu i lding at the sur f ace for preparation for transport away f rom 
the s ite . 

The princ ipal tunnels in wh ich canisters of remotely handled waste are to 
be emplaced will not be back f illed until near the end of the l ife of the 
WIPP . I f  a dec is ion is made to decommiss ion the repos itory without retr ieving 
wa stes , add itional contact-handled waste will be stored in the pr inc ipal tun
nels prev iously used exclusively for canisters of remotely handled waste . 
These tunnels w i ll then be back f i lled w ith salt .  If  af ter th is ope ration the 
dec is ion is reversed , it will st ill be poss ible to retr ieve the remotely han
dled wa ste af ter the contac t-handled waste had been retr ieved as descr ibed in 
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Retrieval tool for RH waste 

Push/pull 
mechanism 

moves canister from 
sleeve into cask; 

forklift later removes 
cask 

Alignment of tool 
with shield plug 

I 
Push/pull mechanism 

moves sleeve plug into housing 

F igure 8- 1 3. Schematic for waste retrieval . 

F orklift places housing 
for sleeve plug onto tool 

Forklift places 
facility cask onto 
tool after removal 
of sleeve plug and 

its housing 

Section 6 . 1 0 . 1 .  However ,  it is expected that contact-handled waste will not 
be placed in the tunnels conta ining can isters of remotely handl ed wa ste before 
a f i rm dec is ion on retr ieval ha s been made . 

8 . 10 . 3  Retr i eval of High-Level Exper imental Wa ste 

All wa stes used in exper iments ( Sec tion 8 . 9 )  will be removed dur ing the 
operational pha se of the WI PP prog ram. Becau se these wa stes will  be in d if
ferent forms , no sing le method will govern their retr ieva l .  The plan for each 
exper iment w i ll i nclude a procedu re for removing the wa ste : th is procedure 
will  have to be approvec by the DOE and the operator before the exper iment can 
beg i n . The retr i eval of can istered wa ste will  be similar to that descr ibed 
for remote ly handled wa ste in the preced ing sec tion , except that the ex-
per ir.?ental wa ste will have been e�placed vert ically rather than hor izontally . 
Any exper imenta l wa ste ernplaced in bare ( unpac kaged)  form will be retr ieved by 
overcor ing the hole in wh ich the wa ste was or igina lly placed and packaging the 
mixture of salt and wa ste . The package will then be treated in the same man
ner as the other exper imental wa ste . 
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8 . 1 1 PLANS FOR D:OCOMMISS IONING 

At the end of the WI PP operation,  a decommissioning prog ra!!l will be car
r ied out for the sa fe permanent dispos ition of both sur face and underground 
fac i lities . Th is section d iscu sses the alternatives for decommission ing ,  the 
current plan for decommiss ion ing and the ways in wh ich the plant design ant ic
ipates th is plan , the cu rrent stud ies of techniques for plugg ing shafts and 
boreholes , and the controls to be exerted afte r  decommiss ion ing . 

8 . 11 . l  Decommi ssioning Al ternatives 

The alternatives  for decommiss ion ing include mothballing ,  in-place en
tombment , decontami nation and d i smant ling , and conversion to a new system . 
Although there are now no guidelines for decommiss ion ing a radioactive-waste 
repository , the purpose of decommission ing is to protect the health and safety 
of the public . 

These alte rnatives  allow for decommiss ion ing the plant under the following 
c red ible s ituations : 

1 .  Decommission ing afte r  the repos itory has been fi lled . The prefe rred 
methods would be in-place entombment of unusable underg round str uc
ture s ,  decontamination ( as required) , and dismantling of the sur face 
str uctu re s .  

2 .  Decommiss ion ing after retr iev ing the waste . The sur face and under
g round would be returned to near ly the ir or iginal cond i t ions ; decon
tamination ( as requi red) and dismantling would be the preferred 
methods .  

3 .  Decommission ing before the repos itory i s  filled , leaving open the 
possibi l ity of later returning to f i ll it .  Mothba lling of the sur face 
and underground struc tures would be the preferred methods .  

The present plan calls for decontaminating (as requi red) and d ismant ling 
sur face fac ilities ,  entombing in the waste-disposal area all wastes generated 
in d ismantling the sur face fac i lities if they meet the wa ste-acceptance cr i
ter ia (Chapter 5 ) , backfill ing the mine , and plugg ing the shafts and bore
hole s .  Any wa stes that did not meet the cr i ter ia would be transpor ted to 
another location . The ac tual plan to be used will,  however , be chosen at the 
t ime of decommissioning ; it will insure that the environment and the public 
are protec ted . 

Mothballing 
' 

Mothballing would consist of putt ing the plant into a state of protec tive 
storage for a few decade s .  Th is alternative would be selec ted i f  later re
pository operation or exper iments were desired.  It would require the eventual 
u se of another al ternative for the permanent decommissioning of the plant . 
The plant would be left generally intact except that all areas with hazardous 
levels of rad iation would be isolated f rom the public by suitable barr iers and 
other means . Use ful equipment could be decontaminated , if  necessary,  and 
removed f rom the s i te .  Adequate rad iation mon itor ing , env i ronmental surve il-
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lance , anc secur ity procedures would be established to protect the health and 
safety of the publi c .  The shafts and underground fac i lities would be left 
intact .  

Entombment 

Entombment applies  ma inly to the shafts and mine s .  Entombment of the 
sur f ace f ac i lities would be s imilar to mothba lling except that radioactive 
mater ials would be removed and placed in the mine or removed from the site . 
After the removal of usable equ ipment (and decontamination , if  necessary ) ,  the 
mine would be backfilled with salt ,  and the shafts and boreholes would be 
plugged . In th is al ternative the mines and shafts would be permanently seal
ed 1 the sur face fac il i t ies , however , would be ava ilable for some other use in 
the futu re . 

Decontamination and dismantling 

Along with the decontamination and d ismantling of the sur face fac ilities , 
the s haft and mine would be entombed as descr ibed above. Usable equipment 
would be decontaminated and removed 1 contaminated equ ipment and wa ste would be 
packaged and e ither placed in the mine or removed from the s i te if mine d is
posa l  were not feasible.  Sur face fac il i t ies would be demolished and debris  
removed or bur i ed in  the land f ill . As near ly as possible , the sur face would 
be returned to its or igina l  cond ition .  The present plan for decormniss ion ing , 
d is cu ssed in Section 8 . 11 . 2 , u ses these methods .  

Conver s ion to a new system 

It is poss ible that the plant could be put to another use after repos itory 
operations a re completed . It  cannot now be pred icted whether the plant will 
be conver ted to another use , but since a ra ilroad spur , roads ,  and uti l i t ies 
w i ll be ava i lable , the s i te could be used for i ndu str ial purposes . 

8 . 11 . 2  Present Plans for Decommission ing 

Present plans call for decontaminating and d ismant ling the sur f ace f ac il
it ies and entombing the mines  and shafts . All u sable equipment and mate r ials 
w i ll be decontaminated as  necessary and removed f rom the s i te .  Contami nated 
structural debr is and equ ipment that cannot be decontaminated will be packaged 
and placed in the mine . S tr uctures will be d isa ssembled after decontamina
t ion . Uncontami nated deb r is and unusable equipment will e ither be shipped 
away from the s i te for d i sposal or d isposed of in the land f i ll .  The evapora
t ion ponds will be fi lled .  In the underground area s ,  all equipment will be 
moved to the sur face , decontaminated if necessary , and e ither sh ipped away 
from the site if usable or handled like unu sable debr is from the sur face 
f ac i litie s .  The mine will then be back fi lled w ith salt from the mined-rock 
pile . The sa lt will be dr ied and compacted as closely as poss ible to its 
or iginal density . Shaf ts w i ll be plugged in accordance w ith acceptable bore
hole-plugg ing techn iques ( Sec tion 8 . 11 . 3 ) . 

After these operations , the sur face will be reg raded to approximately its 
or ig ina l  contours . Mar kers will be provided for shaft locations and the land
f i ll .  If any of the mined-rock pile rema ins , it will be removed . Electr ical-

8-53 



powe r and te lephone line s ,  ra il road spurs , and road s may be removed , depend ing 
on the future use of the site .  I f  they are removed , the r ights-of-way will be 
regraded to approximately the ir or iginal contours . Water will be shut off at  
the or iginal connection point � however , water lines will be removed only where 
they are not needed for other reasons and where the ir removal is necessary to 
re store the natural ter rain .  

Many aspects of  the plant design are  intended to fac ilitate deconuniss ion
ing . These include the following : 

1 .  Prov id ing easy access to mater ial and equipment that may eventually be 
recovered or d i smantled .  

2 .  Smooth ing the sur faces of equipment to make decontamination easier . 

3 .  Min imiz ing small d i rt-catch ing spaces and corners to prevent the 
accumulation of rad ioactivity .  

4 .  Using modular constr uction for ease of d ismantling . 

5 .  Using equipment that can be disassembled without cutting . 

6 .  Min imiz ing the weight of blocks of mater ial that will be moved. 

7 .  To the extent poss ible , using standard equipment that can be used 
other applications . 

8 . 1 1 . 3  Bor ehole and Shaf t  Plugging 

in 

An essential task dur ing the decommiss ioning of any waste repository will 
be plugg ing the remain ing holes and shaf ts . Ideally the integ r i ty of the 
plugs would be equ ivalent to that of the surround ing rock formations before 
human intr usion .  I t  should be noted , however , that the long-term consequence 
analysis ( Sec tion 9 . 7 . 1 )  shows that an unplugged hole has only small envi ron
mental or safety consequences .  

The DO E  and its predecessor s have conducted borehole-plugg ing research 
since 1963 . The results obta ined so far ( and those expected in the near fu
ture , inc lud ing demonstrations of techn iques)  g ive the DOE confidence that 
newly developed plugg ing methods w ill be ava ilable well before they are needed 
in decommissioning the repos i tory . 

The pur pose of the borehole-plugg ing studies for the WIPP proj ect has been 
to develop and te st mater ials and methods for plugg ing holes and shafts in 
rocks  and salt at the site .  The plug s are to have long-term durability ,  low 
water permeabi li ty ,  res i stance to groundwater a ttack , and physical and chem
ical compatibility with the surround ing rock . The plug mater ials are also 
requi red to bond to the surround ing rock , to expand to f i ll inter st ices , to be 
able to be handled in the field , and to be subjec t  to quality controls that 
insure conformance w i th per formance spec ifications .  Prel iminary des ign cr i
ter ia for borehole and repos itory seals have recently been prepared 
(D ' Appolonia Consulting Eng ineers ,  Inc . , 1979 ) . In add ition to these DOE 
stud ie s ,  Sand ia National Laborator ies has carr ied out f ield tests near the 
s i te and te sts in the laboratory . 
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8 . 11 . 4  Controls Afte r r�ecorraniss ioning 

The extent of post-de !corranissioning controls will depend on whether the 
wastes are permanently e:mplaced or have been retr ieved . If wastes are per
manently emplaced and th1e WI PP is decormnissioned as presently planned , ad
min istrative controls wi:U'. be established to prevent deep dr illing , mining , or 
other act ivities that mig•h t allow water intrusion into the storage area . If 
sur face fac ilit ies are no t  dismantled , fences and other secur ity measures 
( like sealed doors and per .lodic inspection) will be needed to prevent public 
access . I f  wastes are sh iI'Ped away from the site , the mine backfilled , and 
sur f ace f ac ilities d isman tl .ed, the need for post-decommissioning controls will 
be essentially elimi nated . 

Record ma intenance and s i te· markers 

Systems that will ma inta in ev idence of the WIPP s ite (wr itten record s and 
site markers , f or example ) are important a spects of the decommission ing of the 
WIPP . The pr imary obj ec tive ! of these systems is to insure continued environ
mental safety by preventing accidental intrusion into the repository for a few 
hundred years . A secondary obj ec tive is to prov ide long-term records of the 
natu re of the plant dur ing t he per iod when waste hazards will be decreasing 
s ign if icantly ( i . e . , up to 11 0 0 0  years ) . To meet the first obj ective , these 
systems mu st be designed to last for several hundr ed years . To meet the 

· second obj ec tive , the system s must have add it ional stability and durability. 

The final design of  r eco rd-ma intenance and si te-marker systems will be 
completed before decorranissie>.n ing ; it will use state-of-the-ar t  mate r ials and 
methods .  The plan presentea in th is section is conceptual and may be mod
ified . Three pr inc ipal components of the systems are wr itten record s ,  loca
tion markers f or a ll shafts , and visible warning monuments . 

Wr itten records  

Wr itten documentation of i:he WIPP will  be  ma inta ined in  both Federal and 
local pub lic-document depos i tor ies . Although pr inted records will be ma in
ta ined , other records will use the most stable and durable med ia available . 
The information i ncluded in th ese records (waste charac ter ist ics and re
pos itory layout ,  for example) will be selected on the basis of its relevance 
to environmental safety and in accordance w ith Fede ra l ,  State , and local reg
ulations . Information like pl ant-building designs , methods of construction , 
and equi?T1ent spec ifications i. s not cr itical to envi ronmental safety ;  these 
recor d s  will be ma inta ined sep arate ly . 

Shaft-location mar kers 

Mar ker s showing the locaticms of shafts will consist of permanent surveyor 
mar kings eng r aved with the ele• •ation and coordinates and firmly anchored to 
the shaft plug . A un iform syst :em of coord inates will be adopted , and the 
de fin ition of these coord inater: ;  will be i ncluded in the permanent r ecords .  

S ite monuments 

A vis ible site monument wil.l serve to min imiz e  the poss ibility of intru
sion into the reposi tory dur ing the short term; it may be the most durable 
record of the repos itory in the long term . The monument (or monuments) will 
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be designed to be clear ly visible from all locations in. zones I and I I ,  which 
are directly underlain by the waste repos itory and are most cr itical with 
respect to intr usion . The monument and its foundation will be designed to 
resist erosion and deposition .  The mater ials composin,3 the monument will be 
selected for durability under the local climatic condi t: ions and possible cli
matic changes . A plaque will display the most er iticE1l information in a con
cise format . The information on the plaque will .  be r•�·corded in modern lan
guage and in symbolic-logic notation designed to conv•ey cr itical information . 
Inclusion of universally understood "danger" symbols will increase the likeli
hood of comprehension by virtually all people. 

8 . 12 EMERGENCY PIANNING , SEx:tJRITY , AIID SAFEGUARDS 

Th is section discusses the measures to be taken in emergencies at the WIPP 
and the procedures and equipment that will protect i .t against intr usion and 
deliberate destructive acts . 

8 . 12 . 1  Emergency Planning 

A comprehensive program consistent with the poli lcy and obj ectives of the 
DOE ( ERDA Manual Chapter 0601)  will be established i.:o respond to emergencies 
at the WIPP . Formal emergency plans and procedures to cope with radiation 
emergencies will be promulgated . 

-

Plann ing for emergencies at the site will be cciordinated with local organ
izations such as law-enforcement agencies , fire con 1panies , and hospitals . 
Before activities begin at the WIPP , firm ar rangemf:!nts will be made with these 
organizations and others to insure that additional support can be obtained if 
emergenc ies require assi stance . The WIPP operator s will work with these or
ganizations to make appropriate equipnent ava ilabl e and to accomplish the 
required training and or ientation before an emerge ncy occurs . This training 
will include proper response to a radiation emerge !ncy . The emergency plan 
will cover the requirements for the notif ication C >f the public and for pos
sible , but unlikely , evacuation . Suitable contact :s with emergency prepared
ness organizations in New Mexico will also be par t :  of this plan . 

Emergency fac ilities at the site 

A central monitor-and-control system is provi ded in the WIPP design to 
serve as a coordinating center for monitor ing and controlling site emer
gencies . All emergency alarms such as fire alarm s ,  cr iticality alarms , se
cur ity alarms , and radi ation-monitor alarms are s ounded and recorded by th is 
system. The central monitor-and-control room in the administration building 
will be used as an emergency control center dur in1 ;  site emergencies and will 
be manned by appropr iate emergency-response perso nnel as spec if ied by the 
emergency plan .  

· 

At the WIPP site there will be vehicles for f :ighting fires in both surface 
and underground fac ilities . A medical fac ility ' �ill provide emergency medical 
care and first aid � it will be capable of provid·ing treatment for contami
nated , inj ured personnel before their transfer t•o a hospital . 

8-56 



Dnergency procedures 

The WIPP operating contrac tor will develop procedures spec ifying the re
sponse to s i te emergencies s uch as an unplanned release of radioactivity ,  
fires  ( underground or on the sur face) , underground cave-ins , explos ions , 
radiation emergencies , national emergenc ies , and other emergencies . These 
procedures will have to rece ive complete review and approval by the approp
r iate government agencies before the WIPP begins operation .  Provis ion w ill be 
made for per iod ic rev iew and rev is ion of these procedures as necessary . They 
w i ll spec i fy the notif ication of respons ible WIPP operat ing management , who 
will determine what fur ther notif ications are necessary.  

Dnergency-response force 

An emergency-response force will be established by the emergency plan,  
wh i ch w i ll spec i fy when and how these per sonnel respond to an emergency . They 
will take appropr iate irraned iate ac tion for the control of the emergency , pro
vide f or continuing control of it , and establish the means of r ecover ing from 
i t .  The for ce will consist of immed iate-ac tion per sonnel , such as f ire
f ighting , med ical ,  secur ity , mine-rescue , and rad iation-control per sonnel ; i t  
will include spec ially tra ined management and profess ional per sonnel who will 
man the control room to e stabl ish central control of the emerg ency . Adequa te 
replacements for each pos it ion on the force will be spec i fied .  A call- in 
procedure for these per sonnel w i ll be included in the plan to provide for 
emergenc ies occurr ing on backsh ifts , weekends ,  or holiday s .  

Per sonnel tra ining 

All per sonnel on the emergency-response force will rece ive spec ial tra in
ing and formal qualif ication to fulfill a ss igned duties . Selected per sonnel 
will be tra ined in fire fighting and emergency techniques to form an effective 
f i re br igade , mi ne-rescue teams , and other immed iate-action teams deemed nec
essar y .  The tra in ing of these per sonnel will include response to underground 
and rad iation emergencies . 

Tra in ing will be provided to local and State per sonnel who might be ex
pected to respond when requested . The extent of th is tra ining will be estab
lished by the WIPP opera t ing contractor in cooperation with outs ide agenc ies . 
Dr i lls w i ll be conducted on at lea st a quar ter ly bas is in accordance with 
established procedures to assess the adequacy of the emergency plan and the 
emerg ency-response force . In add ition, dr i ll scenar ios w i ll be developed in 
wh ich par ts of the emergency-response force or the entire force will be 
te sted . The dr i lls will i nclude occas ional testing of response capabi lities 
ou ts i de the plant and the evacuation of the underground fac ilities . Provis ion 
w ill be made f or the involved per sonnel to cr i t ic i ze all dr i lls and actual 
emergenc ies . 

8 . 12 . 2  Physical Secur ity and Safeguard s 

The secur ity prog ram to be developed w i ll comply with the requi rements of 
the DOE ( ERDA Manual Chapter 2406 ) to protec t the WIPP aga inst deliberate acts 
of vandalism ,  ar son , and sabotage and the unauthor i z ed removal of rad ioact ive 
mater ials or plant equ ipment .  
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Program 

A physical-secur ity manual will be prepared 1 it will conta in deta i led 
instr uctions to the secur ity f orce,  descr ibing actions taken for emergenc ies , 
patrol requirements , visitor-control requirements , and the like . 

Physical secur ity at the WI PP is provided by the following : 

1 .  Des ign and arrangement of plant features to prov ide phy s ical barr iers 
that control or impede the access of per sonnel and veh icles to the 
plant and site . 

2 .  Preemployment investigations of all employees .  

In general , a ll bu ild ings and equipment w ill be des igned w ith safety and 
secur ity as pr imary concerns .  Protection from acts of violence , theft , and 
de str uction w i ll be enhanced by min imizing and controlling access to protected 
and restr icted areas of the site . 

Control of access 

The WI PP is located on a site large enough to provide a controlled-access 
area between it and the general public (Figure 8-8 ) . The f ac i l ity i tself will 
be fenced , and access to the fenced area by personnel and veh icles will be 
controlled by secur ity per sonnel mann ing acce ss po ints . Access to areas con
ta ining rad ioac tive mate r ials will be limited to author ized employees and 
escor ted, author ized visitors only. Control over areas adj acent to the fence 
will be provided by per iod ic secur ity patrols near the per imete� fence.  

Employees w i ll be controlled by per sonal r ecogn ition and ident i fication 
badges . A system such as a card-key system will be used to control access to 
spec ified restr icted area s .  Visitors to the protec ted area w i ll be a ss igned 
identi fication badges , signed in , and escor ted . All per sonnel ente r ing the 
protec ted area will pa ss secur ity per sonnel for badge inspection and may be 
required to submit all packages for inspection both when enter ing and leav ing 
the fac i lity .  

All entrances to the protected area will be locked and alarmed or con
trolled by the secur ity force .  The fence surrounding the protec ted area w i ll 
be patrolled in accordance with the established secur ity plan.  

Only waste transpor ter s  and plant vehicles w i ll normally be a llowed in the 
restr icted area surround ing the waste-handling bu ilding . waste transpor ter s  
w ill be a llowed only i n  de fined waste-hand ling areas . All veh icles , including 
delivery veh icles , will be inspec ted when enter ing and leav ing the protected 
area . Employee veh icles will be park ed  in the par k ing lot outside the pro
tected area . 

S i te and equ ipment mon itor ing 

Protection aga inst deliberate acts of damage or destruction and theft of 
radioact ive mater ial or plant equipment will be provided by mon i tor ing the 
entrances to the protected area and the fence that encloses the protected 
area . These mon i tor ing functions at the WI PP w i ll be provided by secur ity
guard patrols and by burglar alarms with tamper-ind icating devices .  
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Employees and secur ity per sonnel will be instructed to query per sons en
ter ing protec ted areas who are not recogni z ed ,  who are improper ly badged , or 
who are unescor ted . They will notify their  immed i ate supervisor if there is 
rea son to be suspiciou s .  

Fac ilit ies and equipment 

The fence enclos ing the protected area will be l ighted and regularly pa
trolled : all ga tes will be fi tted with locks and alarms . Secur ity per sonnel 
making routine patrols will follow secur ity-manual procedures to check locks ,  
alarms , and the per imeter fence . 

The cente rs for secur ity and emergency cormnun ication will be the central 
mon i tor-and-control room and the ma in guard station, both of wh i ch are in the 
administration bu ild ing . These area s ,  manned 2 4  hour s  a day , will conta in the 
equ ipnent for sounding alarms . All alarms will be tested regularly , and rec
ord s  will be kept of te st results and any required action • 
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9 Analysis of the Environmental Impacts of the WIPP 

Th is chapter descr ibes and evaluates the impacts of the WIPP on the bio
physical and soc iocultural environment around the Los Medanos site . *  These 
impac ts may result f rom the withdrawal of public lands for the proj ect ,  the 
constr uction of two deep shafts and an underground exper imental fac ility in 
the site and preliminary-design va lidation (SPDV) program ,  the constr uct ion of 
the complete fac ility ,  the preparat ion of the waste for transpor tation and 
disposal , the operation of the fac i lity,  and the emplacement of radioactive 
wa ste . The impacts of transpor tation to the WIPP are discussed in Chapter 6 .  

In evaluating impacts on the quality of the human env ironment, as requ ired 
by the National Env ironmental Policy Act of 1969 , a clear under stand ing of the 
terms " action" and " impact" must be established . " Impacts" are not the same 
as " actions , "  which ar e the activities or operat ions that generate impacts . 
Actions are causes , impac ts are re sults . For the purposes of th is analysis , 
" impacts , "  "effects , "  and "consequences" are all synonymous .  Accord ingly , the 
activities at the site are all ac tions that may result in environmental im
pac ts .  For example , the removal of topsoil for the construction of a temporary 
bu ilding is not in i tself an impact ,  it  is an action , the impacts of which 
might be loss of vegetation and wildlife habitats , eros ion , stream sedimenta
tion with reper cussions on aquatic organisms ,  and a loss of scenic quality.  

To per form an env ironmental- impac t analysis of  the WIPP r�quires that the 
actions at Los Medanos be analyz ed and interpreted in terms of their e ffects 
on the environment . Section 9 . 1  sununar izes the ac tions of the WIPP proj ect 
that may result in environmental impac ts . Th is information is drawn from 
Chapter 8 ,  which descr ibes the construct ion and operation of the WIPP . 

The human environment compr ises a biophysical environment and a soc io
cultural env ironment . The biophysical environment includes such components as 
air  quality , water resource s ,  land surface , wildl ife , vegetation , and aquatic 
organisms . The soc iocultural environment includes such components as human 
populations , land-use patterns , recreat ion ,  community organizat ions , ae sthetic 
resource s ,  and economic ac tivity.  In this chapter the terms "biophysical 
environment " and " soc iocultural environment" are used to dist ingu ish between 
impacts on the natural env ironment and impac ts on the environment formed or 
str uctured by people . Sect ions 9 . 2  and 9 . 3  descr ibe the impac ts exerted by 
the constr uc tion and operation of the WIPP on the biophys ical environment , and 
Section 9 . 4  descr ibes impac ts on the soc iocultural environment.  

Sec tion 9 . 5  deals with the effects on the human environment of possible 
accidents at the WI PP dur ing operation.  

A complete environmental impact analysis does more than identify the bene
fic ial and the adverse consequences of a particular action . It also identi
fies the measures that can or should be taken to avoid or mi nimi ze undesirable 

*In th is chapter the terms " Los Medanos site"  and "WIPP site"  are synony
mou s.  
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environmental consequences .  Accord ingly , Section 9 . 6  of this  chapter identi
fies the techn ique s ,  practice s ,  ' and des ign standards that can serve to mitigate 
negative impacts . It  discusses the mit igation measures included in the WIPP 
design as well as other mitigation measures that after evaluation were omi tted 
from the design.  

Section 9 . 7  descr ibes effec ts that may occur after the plant ceases opera
tion ;  it conside r s ,  among other effects,  the consequences of hypothetical re
leases of rad ioactive mater ial from the sealed repositor y .  Section 9 . B  d is
cusses the impacts of removing the TRU waste from its  present storage at the 
Idaho Nat ional Eng ineer ing Laboratory and of prepar ing it for shipment to a 
geolog ic reposi tory .  

9 . 1  ACTIONS AFFEX:TING TH E  ENVIRONMENT 

9 . 1 . 1  Constr uction Phase 

Dur ing the construction phase , environmental impacts result from the 
clear ing of land ; f rom the use of constr uct ion equipment , wh ich generates 
no ise and air  pollutants ;  from the influx of worker s and money into the local 
area ;  and f rom the consumption of natural resour ces .  

Disturbed areas 

Table 9-1 lists the areas that  will be disturbed dur ing the site and 
prel imi nary-des ign va lidation ( SPDV) program and dur ing the constr uction of 
the complete fac ility .  Dur ing the SPDV program (Brausch et al . , 198 0 )  169 
ac res of land currently under the control of the U. S .  Bureau of Land Man
agement (BLM) will be used , but much of this  land wi ll not be cleared of 
vegetation or g raded . For the complete fac i li ty ,  a total of near ly 1100 acres 
will be used in constr ucting site fac ilit ies and r ights-of-way , of which about 
9 00 ac res w i ll be cleared of vegetation and graded . The land that is not 
cleared or graded will be largely unaffected , and any impacts that do occur , 
s uch as the d i sturbances suffered by wildl ife , will be rever s ible in a short 
time . The land that is cleared and graded will be exposed to winds  and rain , 
and the impac ts it  is subj ected to w i ll last much longer , perhaps for several 
decades . 

Water discharges  

No waterborne discharges are expected dur ing the SPDV program or dur ing 
the constr uction of the total fac i li ty .  

Dur ing the SPDV program, dr illing mud and other slurry ma�r ial will be 
d ischarged to the spo ils-d isposal area , where the l iqu id fraction will evapo
rate or infiltrate into the top severa l inches of soi l .  Runoff from the salt
storage pile w i ll be collected in a diked area around the pile and allowed to 
evaporate . San itary fac ilities prov ided dur ing the SPDV program and the ear ly 
stages of reposi tory constr uction w i ll be portable toilets ma inta ined by a 
certified san itation serv ice . Washwater from temporary shower s  will be treat
ed at the s i te .  Af ter the sewage-treatment plant is completed , treated waste
water will be used for du st control dur ing subsequent construc tion . 
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Airborne emissions 

Airborne emissions produced during construction at the site include the 
following : 

1 .  Fug it ive dust from topsoil-handling operations , construction 
activities,  vehicle traffic on access roads, and wind erosion . 

2 .  Salt du st from sur face and underground handling .  

3 .  Emissions resulting from the combustion of diesel fuel or gasoline by 
surface and underground construction equipment and light-duty veh icles . 

The emissions expected dur ing the SPDV program and the construction of the to
tal fac ility are given in Section 9 . 2 . 1 . 

Table 9-1 .  Summary of Disturbed Areas 

Area (acres) 
Fac ility 

Type of di sturbance SPDV program constr uction 

Cleared of vegetation , graded , and 
used for sur face construction 

Cleared of vegetation,  graded , and used 
for the mined-rock ( salt) pile , the 
evaporation pond , and br ine dr illing
fluid spoils storage 

Cleared of vegetation and used for spoils 
(earth removed dur ing site grading) , as 
bor row p i ts ,  and for sanitary landfill 

Biological study plots 

Rights-of-way 
Rights-of-way not cleared or graded 
Rights-of-way cleared, graded , and 

covered with roads and ra ilroads 
Rights-of-way cleared and graded 

but not covered , including areas 
along roads , railroads , and main
tenance trails 

Subtotals 
Areas cleared , graded , and covered 

with str uctures 
Areas cleared and graded but not 

covered with str uctures 
Areas used but not cleared or graded 

Tota l 
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31 

15 

3 

50 

52 

0 

18 

48 

19 
102 

169 

100 

37 

5 5  

50 

120 

112 

598 

224 

678 
17 0 
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No i se 

The construc tion of the SPDV fac il i t ies and the complete fac ility will  
generate no ise in  the vicin ity of the site .  The no ise will  be produced by 
heavy construc tion equ ipment ,  blast ing dur ing the s ink ing of shafts , the erec
tion of bu i lding s ,  and the veh icles used by conunuting workers . The no ise 
levels generated by these sources are est imated in Sec tion 9 . 2 . 1 .  

Influx of workers and money 

Like any large constr uc tion proj ec t ,  the WIPP proj ec t will attract large 
numbers of in-mig rating workers and add large quantities of money to the econ
omi es of loca l  conunun ities . Dur ing the construc tion of the repos itory,  the 
wor k force will  reach a max imum of just  under 1300 per sons . The total con
str uction cost , inc lud ing the cost of the SPDV prog ram,  is $ 29 2  mi ll ion .  The 
influx of workers and money is descr ibed in Section 9 . 4 ,  which also d iscus
ses other attendant eff ec ts on the area . 

Resources 

The resources conuni tted dur ing construc tion consist of ( l ) land temporar
ily d isturbed as well as land occupied by the WI PP , ( 2 )  natu ral re sources like 
fue ls or bu ild ing mate r ials that cannot be recycled , and ( 3 )  terrestr ial biota 
de stroyed or d isplaced f rom the site .  In add ition ,  the constr uction may fore
close alternative use s  of the land or resources for the life of the proj ec t .  
The natu ral re sources consumed in th is per i od  a re d iscu ssed i n  Section 9 . 2 . 2 .  

9 . 1 . 2  Operational Phase 

Dur ing operat ions no add it iona l land areas will be cleared , although the 
land cleared in constr uc tion w i ll continue to be u sed . The use of equipment 
and the occupat ion of the s ite will result in some noise and air  pollution . 
No s ign i f icant waterborne d ischarges are expected . The impacts resulting from 
the operation of the WIPP are d iscussed in Sec tion 9 . 3 . 1 .  Throughout the 25-
year operational per i od ,  a stable work force w i ll be requi red for the WI PP . 
Once th is populat ion has been established , any adverse impacts caused by the 
large transient work force employed dur ing constr uction should d imin ish ( Sec
tion 9 . 4 ) . 

For the WIPP operat ions the most sign ificant action is the rece ipt and 
d isposal of 6 mi l li on  cub ic f eet of contact-handled TRU wa ste , up to 250 , 000 
cub ic feet of remote ly handled TRU waste , and 150 cub ic feet of h igh-level 
wa ste for exper iments . Th is ac tion will cause small routine releases of radio
ac tivity � it  may cau se some low-probability acc idental release s  of radioactiv
ity . The impacts of the normal operations and of the acc idents are d iscussed 
in Sec tions 9 . 3 and 9 . 5 ,  respec tive ly .  

At the Idaho National Eng ineer ing Laboratory the action resulting in env i
ronmental impac ts is the retr ieval and processing of stored TRU waste . Assoc i
ated with th is action are routine and poss ible acc identa l re leases of rad io
act ivity . The analysis  of the resulting impac ts is reported in Section 9 . 8 .  
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9 . 2  EFFEX:TS DURING SITE PREPARATION AND CONSTRUCTION 

The preparation of the site and the constr uction of sur face and under
ground fac ilit ies will affec t the environment .  This section examines the im
pacts of those activ ities . Dur ing the 4 . 5  years of constr uc tion , the level of 
activity will vary with time and from place to place. It is expected that many 
of the adverse impac ts of construction will begin dur ing the SPDV program.  

9 . 2 . 1  Biophysical Environment 

Terrain 

Impac ts on the terrain will be minimal since the WIPP site is level to 
gently sloping ( 2% slope ) . The greatest change in the existing terrain will 
result from the disposal of mined mater ial in a 30-acre , 60-foot-high pile 
just east of the main plant area in control zone I I .  

The topograph ic impact of this pile i s  no t  expected to be significant. 
Because of i ts small size in relation to watershed areas and because of the 
construc tion of drainageways around it , the pile will not disr upt dra inage 
patterns in the region .  The pile will be v isible , on the clearest of days , 
for a distance of about 10 miles:  some observer s might consider it an unat
trac tive add ition to the landscape . 

Soils 

The construction of the SPDV fac ilities and the sur face fac ilities of the 
complete repository will have an adverse impact on the soils in the disturbed 
areas.  These impacts can be classified as follows : 

1 .  Soil inadver tently dispersed over the area dur i ng s i te grading . 

2 .  Increased wind and water erosion at the site.  

3 .  Soil made ster ile or less productive by being covered with salt ( i . e . , 
the so il beneath the salt-storage pile , the holding and evaporation 
ponds,  and some of the spoils-disposal area dur ing the SPDV program) . 

At present it is estimated that 78 , 000  and 1 million cubic yards of soil 
will be scraped and dumped dur ing s i te-grading operations for the SPDV program 
and for repository construc tion , respectively . For each cubic yard of soil 
str ipped and dumped, about 0 . 10 pound is expected to be dispersed ( PEDCo, 
1976 ) .  Accordingly , dur ing the SPDV program and the construction of the re
pository , about 2 . 5  and 34 cubic yards of soil , respectively , will be lost to 
the immediate area . 

The so il at the site (Section 7 . 3 . 8 ) is mainly a deep fine sand that is 
h ighly susceptible to wind erosion and dust· produc tion . The .mean wind speed 
var ies from about 8 mph in autumn to about · ll mph in spr ing . Since the spr ing 
is relatively dry and is al so the windiest season , the potential for natural 
dust storms is greatest dur ing this time , although the potential for airborne 
dust exists throughout the year . Vegetation tends to mod ify the dust-producing 
tendenc ies of sandy so ils , high wind speeds ,  and low precipitation : it reduces 
wind speeds near the sur face , i ts roots act as a soil binder , and it tends to 
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reta in the water that might otherwise run off . In general , the vegetation at 
the site is sparse, cons isting pr imar ily of woody plants , with small patches 
of perenn ial and annual grasses (Appendix H ,  Section H . 5) . 

Because of str i pping and grading operations , wind and water erosion can 
also be expected to increase . Increased erosion may lead to the loss of an 
additional 370 tons of soil dur ing the 30 months of the SPDV program and 5000  
tons of so il dur ing the 2 years of  construction of the complete repos itory. 

In the course of constr uction ,  the underground areas of the WIPP will be 
excavated . As a result of this mining activity , approximately 2 million tons 
of bulk mined salt and other minerals will be stored in an aboveground mined
rock pile.  The 30 acres of so il covered by the mined-rock pile will be ren
dered ster ile by the stored salt . Th is impact on the soil beneath the pile 
will be essentially permanent . Small areas within the ditch around the pile 
and the evaporation pond (about 7 acres) will be affected by the accumulation 
of high salt levels in the so il--accumulations that result from water runoff . 

The impacts on so il for about 900 acres will last for the life of the fa
c ility (Table 9-1) . Impacts in other areas will , however ,  be br ief because , 
once constr uction is complete ,  the vegetation will recover and the soil will 
return to its natural cond ition . 

Unusual geologic resour ces 

The mineral langbeinite , a form of potash , is the only uncommon geologic 
re sour ce at the site .  Should mining of langbeini te in control zones I, II ,  
and III  be  prevented , these deposits will remain in  their natu�al state . Sec
tion 9 . 2 . 3  d iscusses the denial of th is resource and the economic significance 
of the den ial . No adverse impacts on other unusual geologic resources are 
expected because no other existing or potential unusual geologic resources 
have been identified within the area of the site . 

Any fossils found in the rocks at the site would be rare but of great in
terest . For example , in Texas , fossils have been repor ted in the lower par t  
o f  the Rustler Formation .  The fauna, consisting o f  35 species o f  mollusks 
that lived in abnormally saline water , is thought to be the youngest of Per
mi an age so far found in North Amer ica (Walter , 1953 ) . Exploration and con
struction activities that might discover or expose fossils would therefore 
have a beneficial impact .  S imilarly , exploratory dr illing and the construc
tion of mine shafts and waste-storage chambers might provide unique exposures 
of rock in areas on which subsurface information is sparse . Therefore , the 
stratigraph ic ,  lithologic , mineralogic , and structural information gained from 
exploration and construction at the WIPP site might be of scientific research 
value and of considerable benefit to the scientific and industr ial communi
ties . If fossils are found, a paleontolog ist will be consulted and signifi
cant spec imens will be collected . However , blind-bor ing of the two shafts 
dur ing the SPDV program will not allow the collection of fossils from these 
areas , and there is a possibility that some worthwhile fossils may be de
stroyed in the process . 

Water resources 

No waterborne discharges are planned during the construction of the SPDV 
facilities or the complete WIPP fac i lity . All dr illing fluid,  salt-pile 
runoff , and washwater will be held within diked areas . The lack of shallow 
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groundwater at the site and the brackishness of the deeper groundwater  indi
cate that seepage from any of the diked areas will not result in groundwater 
pollution . 

The large hor izontal and vertical separation of the site from the Pecos 
River (the nearest perennial stream) and Nash Draw (the nearest sign ificant 
ephemeral drainageway) indicates that the WIPP site is safe from major flood
ing . In addition ,  i nterceptor ditches at the site will divert upland flow 
caused by locally intense precipitation . Accordingly , it is not expected that 
flooding in the area of the si te will result in any environmental impac ts due 
to the presence of the WIPP . 

Air quality 

The SPDV program and the construction of the complete WIPP will have an 
adverse effect on local air quality , but constr uction-related emissions of air  
pollutants and dust will be  short-lived . It is expected that most of the in
c reases in a i r  pollutants will occur dur ing the ear ly stages of constr uction . 

Heavy-duty diesel-powered construction equipment emits carbon monoxide , 
hydrocarbons , n itrogen oxides , aldehydes , sulfur oxides , and particulates from 
the combustion of diesel fue l .  Fug itive dust ( i . e . , uncontaminated soil dust 
from nonpoint sour ces)  will al so be produced dur ing constr uction . To estimate 
the annual quantities of these pollutants , it is necessary to know ( 1 )  the 
type and quantity of equipnent that will be used,  ( 2 )  the annual number of 
hours of operation , and ( 3 )  the rate at which the pollutants are emitted . 

Although exact descr iptions of the constr uction equipnent for the SPDV 
program are not ava ilable , estimates of the amount of diesel fuel to be con
sumed are ava ilable . The U . S .  Environmental Protection Agency ( EPA) has es
tablished emi ssion factors based on the gallons of fuel burnt ( EPA, 197 3 )  � the 
emissions estimated f rom these data are given in Table 9-2 for diesel-fuel 
combustion dur i ng the SPDV program. 

Table 9-2 . Emissions from Constr uction E:Iuipment 
Dur ing the SPDV Program 

Emission factora 
( lb/1000 gal of 

Pollutant diesel fuel) 

Sulfur dioxide 27 
Carbon monoxide 225 
Hydrocar bons 37 
Ni trogen oxides 370 
Par ticulates 13 

Total 
emissionsb , c  

( lb) 

19 , 000 
158 , 600 

26 , 100  
260 , 900 

9 , 200 

aEmission factors from the U . S .  Environmen
tal Protection Agency (EPA, 1975) . 

b.rotal emissions over the 30-month 
constr uction per iod. 

Cirotal diesel-fuel consumption dur ing the 
SPDV program is 705 , 000 gallons . 
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A reasonable est imate of the type and the quantity of equipment used dur
ing the constr uc tion of the complete repos itory can be made by using previous 
large excavation and min ing proj ects as guide s .  Emission factors for heavy
duty constr uction equipment have been compiled and published by the EPA ( 19 7 7 ) . 
Est imates of the equipment inventory and the annual number of hours of opera
tion for the constr uction of the repository are given in Table 9-3 . 

From these figures it is possible to calculate the total annual emissions 
of air  po llutants by applying the EPA emission factors for heavy-duty diesel
powered constr uction equ ipment . The emission fac tors are listed in Table 9-4 1 
the calculated annual emissions are presented in Table 9-5 .  

Table 9-3 .  Est imated Equipment Inventory for the 
Constr uction of the Complete Repository 

Qeeration times 
Category Quantity Hours per un it Hours per year 

Track-lay ing trac tors 6 1050 6 , 300 
Track- laying loaders 6 1100 6 , 600 
Motor graders 4 830 3 , 320 
Off-highway tr ucks 16 2000 3 2 , 000 
Miscellaneous 10 10 00 10 , 000 

Table 9-4 .  Emission Factors for the Constr uc tion Equipment Listed 
in Table 9-2 

Emission fac tor ( lb£'.'.hr ) 
Po llutant Tractors Loaders Graders Trucks Misc . 

Car b::>n monoxide 0 . 386 0 . 160 0 . 2 15 1 . 3 4 0 . 4 14 
Exhau st hydrocarbons 0 . 110 0 . 0 32 0 . 054 0 . 437 0 . 157 
Nitrogen oxides 1 . 4 7 0 . 584  1 . 0 5  7 . 6 3 2 . 27 
Aldehydes 0 . 0 27 0 . 009 0 . 0 12 0 . 112 0 . 031 
Sulfur oxides 0 . 137 0 . 0 76 0 . 086 0 . 454  0 . 14 3  
Par ticulates 0 . 112 0 . 058 0 . 0 61 0 . 257 0 . 139 

Table 9- 5 .  Annual Emi ssions from Construction Equipment 
Dur ing the Constr uction of the Repos itory 

Source stren2th (lb) 
Po llu tant Tractor s Loaders Graders Tr ucks Misc . Total 

Car bon monoxide 2432 10 56 714 42 , 880 4 , 140 51 , 222 
Exhaust hydro-

carbon s 69 3 211 179 13 , 984  1 ,  57 0 16 , 637 
Nitrogen oxides 9 261 3854 3486 244 , 160 2 2 , 7 00 ��8 3 ,  461 
Aldehydes 17 0 59 40 3 , 584 310 4 , 163 
Sulfur oxi des 863 502 286 14 , 528 1 , 430 17 , 6 09 
Par ticulates 706 383 203 8 , 224 1 , 390 10 , 906 
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Fug it ive dust will be the most conunon air  pollutant dur ing the construc
tion of the WI PP . It will be produced by the pulver i zation and abrasion of 
sur face mater ials and the entrainment of dust par ticles in turbulent air cur
rents or in h i gh winds ( EPA,  1975 ) . The frequency and the intensity of these 
two phenomena can be descr ibed in terms of six parameters : soil type , wind 
speed , surface mo isture , prec ipitation,  vegetative cover , and traff ic . Emis
sion fac tors for activities at a construc tion site have been developed ( PEDCo, 
1 9 76 , 1978 ; EPA, 1975 ) . The emissions of particulates produced dur ing the 
SPDV program were estimated from the expec ted levels of var ious activities.  
The results are shown in Table 9-6 . 

Table 9-6 . Par ticulate Emis sions Dur ing the SPDV Program 

Source 

S i te development 
Equipment for topso il 

remova l 
Ca liche removal and 

dumping 
Wind erosionC 
S i te haulage 

Salt and other heavy
duty haulage 

Conunuting by wor kers ;  
use of other light
duty veh icles 

Total 

Em i ssion 
factor a 

16  lb/hr 

0 . 177 lb/ton 

2 . 52 lb/VMrrd 

2 . 0 2 lb/VMT 

Amount 

800  hr 

29 , 400  tons 

20 , 400  miles 

445 , 900  miles 

Fug i tive
dust 

emis sionsb 

6 . 4 

2 . 6  
111 . 0  

25 . 7  

450 . 4  

aEmission factor s  from PEDCo ( 1976 , 1978 ) , EPA (1975 ) , and a site
spec ific wind-erosion analysis .  

bTotal emis sions in  tons over the 30-month SPDV program . 
CGreater wind eros ion than tha t currently observed in a s ite-spec if ic 

anal�sis  (SCS , 1975 ) . 
Pounds per veh icle-mi le traveled . 

e rf  constr uction is conducted 2 4  hour s  per day , 7 days per week ,  th is 
emi ssion rate corresponds to 6 . 9  g rams per second dur ing an average year . 

The levels of ac tivities produc ing fug it ive dust dur ing the constr uc tion 
of the complete reposi tory are not as  well known . However ,  preliminary esti
mates of fug itive-dust emi s sions have been made by taking into account the EPA 
emi ssion factor for heavy-constr uction operations--1 . 2  tons per acre per month 
of construction--and the dust-control methods to be used dur i ng constr uction.  
A reduction of  about 50%  below the values e stabl ished u sing the EPA gener ic 
emi ssion fac tor can be expec ted because dur ing repos itory constr uction all 
haul roads will be sprayed with water as  needed or otherwise treated and all 
disturbed area s will be sprayed with water as  needed . Accordingly , for the 
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central si te area the emiss ion ra te wa s est imated to be 60  tons per month for 
a 100-acre ( complete- repos itory) constr uction area . The average em ission rate 
over a 24-hour per iod is 21 grams per second . 

Some salt wi ll become airborne in the mine exhaust a i r , some dur ing the 
transfer of salt from the mine to the storage pile , and some from the eros ion 
of the salt pile by the wind .  Dur ing the SPDV phase , salt will be transported 
to the storage pile by tr uck : emiss ions are expected dur ing tr uck loading and 
dumpi ng . It is est imated that salt-dust emissions will be a maximum of 55 
tons per year ( 1 . 6 grams per second) dur ing the SPDV program . 

The constr uc tion of the complete repository will generate salt-dust emis
sions at a rate of about 19 tons per year ( 0 . 6  gram per second) dur ing convey
ance and dumping and f rom the equipment wor king the mined-rock pile . Because 
the mined-rock pile will be in its ear ly year s  of development , a maximum of 
about 5 tons of salt per year can be expec ted to be lost f rom the pile by wind 
eros ion ( Sec tion 8 . 7 . 5 ) . 

The effects of all of these emissions on local a ir quality were evaluated 
by u sing long- term d ispersion fac tors der ived from meteorological data collec
ted at the site (Append ix H, Table H-4 9 )  and by establishing the meteorologi
cal cond itions that would produce the maximum 24-hour concentrations of pollu
tants ( Smith and Taylor , 197 8 ) . These meteorolog ical factors and the emiss ion 
sour ce strengths were used to calculate the expec ted ground-level concentra
tions of pollutants at selected receptor sites ( Table 9-7 ) . The concentra
tions shown in Table 9-7 indicate that the increases in air  pollution over 
current background levels ( Append ix H ,  Table H-51)  are not expected to cause 
violations of a i r-quality standards (Appendix H, Table H-50 ) outside the WIPP
si te boundar ies . Therefore , no significant environmental effects ar e expected.  

No ise 

Constr uction will occur in four phases : the SPDV program , site clear ing 
and excavation ,  bu ilding erection ,  and shaft sinking . Although these phases 
will at times over lap , th is distinction is convenient for assess ing the impact 
of constr uction no ise because each phase is d ifferent acoustically . Site 
clear ing and excavat ion normally produce the highest noise levels . 

Dur ing the SPDV prog ram , i ncreased sound levels will be produced in the 
vicinity of the site . These increased sound levels will pr imar ily result from 
the use of constr uction equipment at the site ;  maximum sound levels will occur 
after the complet ion of shaft sink ing and the star t of underground mining in 
the exper imental area . Table 9-8 lists the equipment to be used and the 
attendant sound-pre ssure levels ( SPL) measured at 50 feet from each unit . 
Analys is of these data ind icates that 1 mile from the site the no ise level 
will be reduced by hemispher ical divergence to about 73 dBA . At the nearest 
residence , the James Ranch , 3 miles to the south-southwe st of the site ,  the 
sound level dur ing the SPDV program will be about 62  dBA . These sound levels 
will be clear ly d iscern ible above the ambient no ise level in the area , wh ich 
has been measured as 26 to 28 dBA . 

In analyz ing the noise produced in site clear ing and excavation ,  it was 
a ssumed that the s i te will be leveled to a base elevation of 3 4 14 feet , using 
the construction equipment li sted in Table 9-9 . Th is table also lists the 
resulting probable sound-pressure levels per unit measured at 50 feet for 
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\D I I-' I-' 

Po llu tant 

Suspended pa r t icu lates 
Combust ion products 
F ug i t i ve du st 
Sa l t  du st 

Total 

Car bon monox ide 

N i trogen ox i des 

Sulf u r  diox i de 

Table 9-7 . Summary of Air-Quality Impacts Dur ing Construction 

Emi s s ion 
sou rce 

s t rengthb 

( lb/y r )  

1 , 5 6 0  
3 0 3 , 4 0 0  

60 , 0 0 0  

364 , 960 

27 , 0 0 0  

44 , 4 00 

3 , 2 3 0  

SPDV development 
Max imum conce n t r a t ion° 
at s i te bounda ry ( µg/m3 ) 

Ann u a l  24- hou r 
ave r age 

0 . 1  
8 . 1 
1 . 6  

9 . 7 

0 . 7  

1 . 2  

0 . 1  

aver age 

0 . 1  
10 . 7 

2 . 1  

1 2 . '::I 

1 . 0  

1 . 6  

0 . 1  

Complete- repos i tory con s t r uc t i on 
Emi s s ion Maximum concen t r a t iona 

sou r ce a t  s i te boundary ( µg/m3 ) 
str eng th Annual 24- hou r 

( lb/y r )  ave rage ave rage 

10 , 9 0 6  
1 , 4 4 0 , 0 0 0  

4fl , o o ::;  

1 , 4 98 , 9 06 

5 1 , 2 2 2  

2 8 3 , 4 6 1  

17 , 6 0 9  

0 . 3  
38 . 4  

1 .  3 

3 9 . 9  

1 . 4  

7 . 5  

0 . 5  

IJ .  4 
50 . 5  

1 .  7 

5 2 . 6  

1 . 8  

9 . 9  

0 . 6  

aMax imum inc rease i n  ground- l eve l conce n t r a t ion of pol l u ta n t  a t  the s i te bounda ry . Analy s i s  as sumes a 
s i ngle g round- level sou r ce at t he cen ter of the WI PP s i te .  

br.1ax i�um emi s s i on s  gen e r a ted i n  any one � ea r  o f  SPDV developmen t . 



Table 9-8 . Inventory of Noise Sources Dur ing SPDV Development 

t.iumber of units Average SPL of 
Underground unit at SO feet 

Dr illing excavation from the source 
F.quipment phase phase (dBAa) 

Air compre ssor 2 2 81  
Bulldozer 1 1 80 
Crane (mobile) 1 1 83  
Dr illing r ig 1 0 98 
Front-end loader 1 1 79 
Generators 1 0 78 
Tr ucks 

Light-duty 8 10 80 
Heavy-duty 2 3 9 1  

Vent ilation fans 0 4 9S  

aData from Bolt , Beranek and Newman ( 197 1) . 

equipment idling and running at max imum ioad . It is assumed that no blasting 
will be required . Excess mater ial excavated in construction will be placed in 
a spo ils area immediately to the southwest of the plant . Table - 9-10 lists the 
equipment assumed to be deployed at the spoils area . 

It is also assumed that ( 1 )  all the equipment at the plant site and at the 
spoils area is to be operated at the maximum sound-pressure level 80%  of the 
time and ( 2 )  the equipment is to be evenly deployed over both sites . These 
data and assumptions were used to pred ict probable sound-energy averages 
( Leq) for site clear ing and excavation . At a point 400 feet nor th of the 
waste-handling building , the Leq will typically range from 80 to 90  dBA. 

Table 9-9 . Constr uction F.quipment and Sound-Pressure Levels 

F.quipment 

Front-et loader 
Bull doz with 

a r ipper 
Bulldozer 
Scraper 
Grader 
Compactor 
Flatbed tr uck 
Cherry picker 

Number of 

1 

2 
4 

10 
1 
4 
2 
1 

Single-unit SPL at SO 
units Idle 

7S 

7S 
70 
70 
74 
7S 
70 
6S  

9-12 

feet ( dBA) 
Maxunum 

90 

90  
88  
86  
89  
90  
86  
81 



Table 9-10 . Assumed Equipment and Sound-Pressure Levels at the Spoils Area 

Single-un it SPL at 50 feet (dBA) 
Equipnent Number Of un its 1aie Maximum 

Grader 2 74 89 
Compac tor 2 75 90  
Bulldozer 2 70 88 

Farther f rom the site ,  the no ise level will be r educed by hemispher ical diver
gence . One mile from the site , the probable Leq will be 6 3  dBA. At the 
nearest residence , the James Ranch , the expected no ise level will be 53  dBA. 
One mile from the site , the constr uction noise will be clearly discernible 
above the ambient level of 26 to 28 dBA. 

Building-erection no ise tends to be broad-band and continuous . It results 
f rom working with steel for building f rames , concrete placement ,  crane opera
tion , and diese l tr ucks.  The noise will be similar to that for site clear ing 
and excavation , with occasional sporadic impulsive no ise , such as that made by 
impact wrenches .  overall , the noise level for building erection will be about 
5 to 7 dBA lower than that for site clear ing . 

Excavation of the var ious underground areas will take pl�ce throughout the 
constr uction per iod. The noisiest part of the dr illing operation will be dur
ing the first 50 to 90 feet of dr illing .  Below this depth , the sound of the 
dr ill biting through the earth and rock becomes softer than the sound of the 
power source for the dr ill . The no ise contr ibution of the dr ill power source 
will mingle with that of the other constr uction equipment and will not be d is
cernible at the wor k-site boundary.  

Some blasting is expec ted in shaft excavation . The off-site noise from 
the blasting will be most intense within the first 50 to 90  feet of excavation .  
Wh ile this intermittent noise will occur throughout the shaft-construction 
per i od ,  the off-site intensity will decrease as the shaft goes deeper . 

When site clear ing and excavation are started , work  will beg in on access 
roads , the ra il road spur , and utility r ights-of-way, contr ibuting to the no ise 
along constr uction routes . The typical Leq for these types of construction 
activity will range from 84 to 88 dBA at 50 feet. One mile fran the site ,  the 
Leq will be 45 dBA. 

The commuting traffic along roads to the site may increase by roughly 400 
cars per hour dur ing peak commuting per iods . The no ise level may then reach 
an Leq of about 54 dBA at 100 feet from the road . As construction mater ials 
are brought to the site ,  regular traffic along U . S .  6 2fi80 will also increase . 
Each passing diese l  tr uck will produce a momentary sound peak of about 84 dBA 
measured 50 feet f rom the road . The increased traffic is not expec ted to 
cause any major noise impact at the ranches along the roads . Most of the 
residences are set well back from the road , away from road-no ise sources . 
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At present , there are no Federal or New Mexico State standards for conunu
nity exposure to no ise . The EPA, however , has issued some source-related 
gu idelines  for no ise emiss ions from construct ion equipment . The ir obj ect ive 
is to protect workers as we ll as to reduce undue noise.  Most vendors of con
struction equipment offer mach ines that meet the EPA gu ideline s .  

I n  summary, no ise levels w i ll be increased i n  the near-s i te area through
out the 4 . 5-year construc tion per iod . The maximum area of impact ( i . e . , that 
area in wh i ch no ise levels could be expected to d isturb residents and wi ld
li fe) can be roughly defined as a c i rcle of 3-mile rad i us around the center of 
the site and str ips about 2000 feet wide along off-site r ights-of-way . Off
s i te no ise levels wil l not be of sufficient duration or magnitude to cause any 
s ignificant health e ffec ts ( e . g . ,  shifts in the threshold of hear ing) on local 
residents exposed to the no ise . Local wildlife will be disturbed , with larger 
spec ies migrating to areas away f rom the noise.  These impacts on biolog ical 
resources are further discussed in the following section . 

Biolog ical re sources 

Adverse impac ts on biolog ical resources are expec ted to be slight for the 
following reasons (Append ix H ,  Section H . 5 ) : 

1 .  No proposed natura l areas are present on or near the site . 

2 .  No endang ered spec ies of plants or animals are known to inhabit  the 
site or the vicinity of the site : nor are any cr itical habitats known 
to ex ist on or near the s i te .  

3 .  Water requirements for the s i te are low. 

4 .  The land conta ins so il types and vegetation assoc iat ions that are com
mon throughout the reg ion . 

5 .  Access in the form of dirt  roads is already ava ilable throughout the 
area : therefore ,  recreational use of the area is  not likely to in
crease signif icantly . 

Planned mit igation measures ( Sec tion 9 . 6 )  will prevent unnecessary damage 
to plants and an imals in areas that might be a ffected by fugitive dust and 
disper sed salt . The removal of land from rangeland habitats dur ing constr uc
tion w i ll produce other e ff ec ts on biological resources :  the acreages to be 
removed are listed in Table 9-1.  

Dur ing the SPDV program and reposi tory construction , a total of 49  and 192 
ac res ,  respectively , will be cleared of vegetation from the sh innery oak ,  
senec io, sage-brush ,  yucca , mesquite , and broom snakeweed vegetation types . 
All vegetation and wildlife in th is area will be removed for the duration of 
the proj ec t .  Envi ronmental stud ies conducted at nearby potash mines ind icate 
that vegetation adj acent to the mined-rock ( salt) pile will be reduced or 
eliminated (Append ix H ,  Sec tion H . 5 ) . It  is probable tha t ,  in small areas 
near the pile , enough mater ial will be deposi ted to cause adverse effects , and 
some vegetation may be los t .  However , a 1978 field examinat ion around a mined
rock pile at the s i te of Proj ect Gnome , an underground nuclear explosion car
r ied out in 1961 9 miles from the WIPP s ite , found no identifiable salt-related 
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stress on any of the vegetation in the area with the single exception of a 
mesqui te tree growing on one end of the pile itself ( Intera,  1978 ) . There is 
thus some ev idence that the local vegetation may be able to adapt to a more 
saline environment than it is now exper iencing . 

In addition to the areas that will be cleared of vegetation ,  18 and 710 
acres of existing vegetation will be disturbed, respectively , for r ights-of
way corr idor s dur ing the SPDV program and repository construction . For the 
complete repository ,  112 acres of r ights-of-way will be covered with roads and 
railroads (Table 9-1) . Creosote bush may invade the roadway and railroad and 
thr ive there , providing cover in these corridor s .  Much of the land cleared 
dur ing constr uction will revert to natural vegetation .  Although some of the 
removed plant species may rema in absent f rom the r ights-of-way for year s ,  the 
impact is considered minor because the removed spec ies are very common in the 
region.  

Impacts on wildlife from c6nstruction can be classified as  follows : 

1 .  Direct mortality of nonmobile species , such as small and burrowing 
mammals , ground-nesting birds,  reptile s ,  and insects . 

2 .  D isplacement of mobile species ( including game species and birds) by 
the loss of habitat and human intrusion (visibility of people and in
creased noise levels ) . 

3 .  Increased competit ion and stress among spec ies in adjacent areas . 

4 .  Direct loss of species f rom road k i lls and poaching . 

No unique spec ies or populations have been identified at the site , and the 
loss of ind ividuals of the species present is not sign ificant to the overall 
ecology of the site area . 

The environmenta l impac t of cor r idors  has been studied by ecologists for a 
relatively short t ime , and concepts are still in the formative stages . A num
ber of impac ts can be expected from the construction of r ights-of-way . Some 
raptor deaths may be caused by electrocution on utility line s ,  but the lines 
will be designed to minimi ze such occurrences (Bulletin 6 1-10 of the Rural 
Elec tr if ication Admin istration) . Although some negative effects ( increased 
animal mor tality ,  inh ibition of animal movements) should be expected when the 
roads are built , roadways of ten have a positive effect on local biota by in
creasing the diversity of habitats . Corr idors provide habitat that may favor 
the establishment of small-mammal commun ities d i ffer ing in composition from 
surrounding communities . Animals adapted to open areas may appear in the new 
commun itie s ,  and transi ent species may be able to outcompete residents . 

Right-of-way constr uction will fr ighten and displace the larger and more 
mobile wildlife inhabitants . Th is d isturbance is attr ibuted not only to habi
tat removal but also to an increase in the visibility of people and frequent 
sharp increases in ambi ent no ise levels .  The displaced species will migrate 
to adjacent und isturbed habitats and may temporar ily cause an ecological im
balance or stress cond ition in local adj acent habitats , resulting in a loss of 
most of the displaced organ isms . The highly mobile game spec ies pre sent at 
the site ,  the mule deer and the pronghorn ,  while displaced, are not expected 
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to suffer any signif icant losses in the ir loca l population because the area of 
d isturbance will be small when compar ed to the normally large ranges  of these 
spec ies.  Bird populations , on the other hand , may benefit  from r ight-of-way 
corr idors (Anderson et al . ,  1977 ) . The increased habitat diversity ( the " edge 
effec t " ) increases  the densit ies of some bird spec ies . Summer res idents have 
somet imes increased in density at the apparent expense of year-round residents.  

9 . 2 . 2  Resource s  Consumed Dur ing Constr uction 

According to current e st imate s ,  the constr uct ion of the WIPP w i ll require  
22  million gallons of  water dur ing the 4 . 5-year construction phase . This  
water w ill be  pur chased f rom, and del ivered by , the Double Eagle System, a 
par t of the Car lsbad mun icipal water system. The use of this . allotment of 
water by the plant w ill not preempt ex i st ing industr ial , agr icultural , or 
mun icipal uses of water . Although the City of Car lsbad has purchased the 
r igh ts to th is wa ter , it has ne ither piped it  in nor allocated it  for munic i
pal or ag r icultura l use s .  Moreover , the quantity of water required by the 
plant (about 17 acre-feet per year ) is  le ss than 0 . 3% of Car lsbad ' s  curr ent 
withdrawa l  from the Capitan reef (Append ix H ,  Section H . 3 ) . 

The types and estimated quant ities of bui ld ing mater ials to be used dur ing 
the construc tion of the WIPP ,  includ ing the SPDV program, are g iven in Table 
9-11 . The use of these constr uction mater ials for the WIPP will not s ign ifi
cantly affec t  the i r  ava ilability in the reg ion . Because the quanti ties of 
mater ials requi r ed are very 1 0\ti  in compar ison with the nat ional product ion of 
them, the i r  use for the constr uction of the WIPP should not forestall other 
constr uction .  

The elec tr ical power and the fuels to generate electr ical or mechanical 
power dur ing constr uc tion are g iven in Table 9-12 . 

The elec tr ical power for the constr uction as we ll a s  the operation of the 
WI PP w i ll be pur chased f rom the Southwestern Public Service Company ( SPSC) . 

Table 9-11 . Constr uction Mater ials for the WIPPa 

Mater ial Est imated quantity 1976 U . S .  productionb 

Conc rete 125 , 000 bbl portland 387  million bbl 
cement portland cement 

Steel 15 , 0 00 tons 127 . 9  million tons 
Cop-er 150 tons 1 . 6  million tons 
Lumber 0 . 5  million board feet 9 6 , 9 0 5  million board 

feet 
Other mater ials No est imate 

arnc luding SPDV development .  
bData from the U . S .  Depar tment o f  Corranerce ( 197 7 ) . 
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The fuel required to produce th is 4 million k ilowatt-hours will be an insignif
icant add ition to the fuel currently used to produce the 750 million k ilowatt
hours that SPSC supplies each year to its Car lsbad service area . 

The fuels requi red by the plant and by the labor force for conunuting to 
and from wor k will probably be purchased from reg ional sources and reta iled by 
local suppliers . 

Table 9-12 . Estimated Energy Consumption Dur ing 
WIPP Constructiona 

Power source Approx imate quantity 

Elec tr icity 
Total , kilowatt-hours 
Peak demand , k ilowatts 
Normal demand , kilowatts 

Propane , gallons 
Diesel fuel, gallons 
Gasoline, gallons 

aincluding SPDV development.  

9 . 2 . 3  Denial of  Mineral Resources 

4 million 
1700 
850 
140 , 000 
1 .  5 million 
9 40 , 000  

This section descr ibes the economic significance of the spec ific quanti
ties and grades of potash and hydrocarbon resour ces beneath the WIPP site . As 
d i scussed in Sec tion 7 . 3 . 7 ,  potash and hydrocarbons are the deposits that would 
be most affected . A more comprehensive d iscussion of these resources is g iven 
in the Geological Character ization Repor t (Powers et al. , 197 8 , Chapter 8 ) . 

It is important to note that the denial of mineral resources is here con
sidered only as it applies to the public, and not to the ind ividual owner or 
lessee.  If the WIPP is constr ucted, the individual can be compensated for his 
loss , but the possibly permanent loss to the public of natural mineral resour
ces mu st be considered among the environmental consequences of land commitment 
to the proj ect. 

Apar. t from the den ial of resources ,  the presence of these minerals may 
have another impact.  Th is is their potential attractiveness to future genera
tions , w ith the attendant concern that exploration or exploitation might lead 
to a premature breach of the reposi tory . ·  · The possibili t:f-1:)f such a breach and 
its const�quences are considered in Section 9 . 7 . 1 . 5 .  
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9 .  2 .  3 . 1  Summary 

The mineral resources that are expected to under lie  the four control zones 
of the WI PP site are caliche , gypsum, salt, sylvite ,  langbe inite ,  crude oil , 
natura l gas , and distillate . Potass ium salts ( sylvite and langbeinite ) , which 
occur in strata above the repository, and hydrocarbons (crude oil,  natural gas ,  
and d istillate) , which occur i n  strata below the repository, are the only re
sources of practical sign ificance and may be considered reserves (Table 9-13 ) . 
( "Resource s"  are minerals that are currently or potentially of economic value 1 
" reserve s "  are the portion of the resources that are economic at today ' s  mar
ket pr ice s and with exist ing technology . )  

The commi tment of land to the WIPP may reduce the availability of some 
potassium salts and hydrocarbons . In order to put the denial of these miner
als in perspective , one needs to compare them with reg ional,  national , and 
wor ld resources and reserves.  Table 9-14 contains the elements for such a 
compar ison . The data reveal that, except for langbeinite ( for which there are 
subst itute s) , the total land conunitment has little effect  on the reg ional 
ava ilab ility of minerals and almost no national significance. Th is is true 
whether the compar ison is from the standpoint of resources or reserves . 

The DOE has found no technical or safety reason to prohibit dr illing and 
min ing in control zone IV of the type now practiced in the area . Therefor e ,  
the DO E  may allow such dr illing and mining 1 if it does ,  the impacts of with
drawing mineral resources and reserves will be reduced from those ind icated 
for the total site .  As shown in detail in Section 9 . 2 . 3 . 7 ,  the exploitation 
of control zone IV would recover a significant fraction of the minerals--73% 
of the langbeinite reserves and 53% of the natural gas ,  for example. 

Reserve 

Sylvite orea 

Table 9-13 . Total Mineral Reserves at the WIPP Site 

Quantity Depth ( ft) 

27 . 4 3  million tons 1 , 600  
Langbeinite oreb 48 . 46 million tons 1 , 800 

ft3 Natural gasC 44 . 62 billion 14 , 00 0  
Distillated 0 . 12 million bbl 14 , 000  

Richness 

13 . 33%  K20 
9 . 11% K2CJ 

1100 Btu/·ft3 
53o API 

aThe sylvite deposits are equivalent to 3 . 66 million tons of K20;  thf!Y 
do not quite meet 1977 market conditions according to the u . s .  Bureau of 
Mines (USBM,  1977 ) . 

bEquivalent to 4 . 4 1 million tons of K20 •  Data from the U. S .  Bureau of 
Mines (USBM, 1977 ) . 

coata from Keesey ( 1979 ) . 
dFrom data presented by Keesey ( 1979 ) . 
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Table 9-14 . Significance of the Resources and Reserves at the WIPP Site 

Depos i t  

Sylvite (at lease g r ade) 
Quant ity , mill ion tons ore 
Percentage at WIPP s i te 

High grade 
Low g rade 

Langbe inite (at lease grade ) 
Quant ity , mill ion tons ore 
Percentage at WIPP site 

High g rade 
Low grade 

Cr ude o il 

WI PP 
site 

88 . 5  

54 . 0  
133 . 2  

264 . 2  

77 . 6  
351 . 0  

Reg ion 

4260 
2 . 1  

1140 
23 

Un i ted 
State s 

8500 
1 . 0  

No est imate 
( 2 1 .  5 as K20) 

World 

850 , 00 0  
0 . 0 10 

available 

Quant i ty ,  mill ion bar rels 37 . so 1915 200 , 00 0  No t  ava i lable 
Percentage at WIPP s i te 2 . 0  0 . 019 

Natural gas 
Quant ity, billion cub ic feet 490 25 , 0 13 855 , 0 00 Not ava ilable 
Percentage at WI PP s i te 2 . 0  0 . 057 

Distillate 
Quant i ty , million bar r e ls 5 . 7 2 293 Not ava i lable 
Percentage at WI PP s i te 2 . 0  

RESERVESb 

Sylvitec 

Quant ity , mill ion tons K20 3 . 6 6 106 20b 11 , 2 0 6  
Percentage a t  WI PP s i te 3 . 4 1 . 8  0 . 0 33 

Langbein ited 

Quant ity , mill ion tons K20 o . 92d 9 . 3  9 . 3  Not ava i lable 
Percentage at WI PP s i te 10 10 

Crude oil 
Quant ity, mill ion bar r e ls Nil 47 1 . 7  29 , 48 6  6 4 6 , 0 00 
Per centage at WI PP s i te 0 0 0 

Natural gas 
Quant ity , billion cubic feet 44 . 62 3 8 6 5  208 , 800 2 , 520 , 0 0 0  
Percentage a t  WI PP s i te 1 . 15 0 . 021 0 . 00 1 8  

Distillate 
Quant i ty ,  mill ion bar rels 0 . 12 169 . 1  35 , 500 Not ava ilable 
Per centage at WI PP s i te 0 . 07 0 . 0003 

aoata sources : Hydrocar bons , Foster ( 1974)  for the site and reg ion : pot
ash sal ts , John et al . ( 1978)  for the s i te and region :  Brobst and Pratt ( 19 7 3 )  
for u .  s .  o i l  and gas and the wor ld resou rce s o.f sylv ite. 

boata sources : Hydrocar bon s ,  Keesey ( 197 9 )  for the site , Amer ican Pe
troleum Inst itu te ( 19 7 8 )  for the reg ion ,  the Un i ted State s ,  and the wor ld : 
potash salts , U . S .  Bureau of Mines (USBM , 197 7 ) . 

cThe U . S .  Bureau of Mine s (USBM , 197 7 ) does not cons ider any sylvite to 
be conmerc ial today . However , one bed (min ing un it A-1) of sylv i te was mar
g inal and ha s  been added to the reserve l i st . 

dEst imated from the AIM (197 9 )  study . The USBM est imate for the WIPP 
s i te is 4 . 4 1 mi llion tons K20 equ ivalent , but no comparable USBM e st imate is 
ava ilable for the enti re d i str ict .  
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9 . 2 . 3 . 2  Potash Resources and Reserves 

The basic study of potash re sources was conducted by the U. S .  Geolog ical 
Survey (USGS) (John et al . ,  1978 ) . The USGS has subsequently provided addi
tional data in its comments on the WIPP draft environmental impact statement 
( letter , Larry E. Me ierotto, Assistant Secretary, Department of the Inter ior , 
to Ruth Clusen , Ass istant Secretary,  Department of Energy) . The amounts of 
potash at the WIPP site were estimated by using the three grade standards 
g iven in Table 7-6 . The high grade is typical of that now mined in the 
Delaware ba sin, although ore of the intermediate , or "lease , "  grade is mined 
by some companies . The quantities of all three grades are swmnar ized in Table 
9- 14 , which uses the lease-grade standard for compar isons with other reg ions 
because it is the grade most comparable with the other information ava ilable . 

Two separate studies (USBM, 1977 � AIM, 1979) have been conducted to deter
mine what por tion of the potash resources at the WIPP site is presently ( 1977 
and 1978)  economic and may be considered as reserves . The two studies used 
the same basic information from the USGS (John et al . , 1978 ) , but they adopted 
somewhat d ifferent assumptions about the development of mining uni ts and the 
time frame with in which reserves would be developed . When these differences 
in assumptions are recognized,  the var iation in r�serve estimates and values 
per ton of ore in place can be under stood . The AIM report was developed par
ticular ly to provide est imates of lease values and the value of ore in place . 
The USBM study results in higher estimates for potash reserves than does the 
AIM study, and the larger USBM values will be used in most tables in this 
document .  For compar ison , however , AIM and USBM reserve estimate s ,  in terms 
of product,  are shown in Table 9-15 . 

Table 9-15 . Est imates of Potash Reserves at the WIPP Site 

Est imated quanti ty (million tons) 
Product AIM Study USBM Study 

Langbeinite 
(K2S04 • 2MgS04) 

Mur iate ( KCl) 
Sulfate ( K2S04 ) 

Total 

4 . 2  
1 . 8  
4 . 2  

10 . 2  

aAssumed marginally economic by the USBM. 

14 . 1  
4 . 9a 
6 . 0  

25 . 0  

These products are der ived from 29 . 7  million and 75 . 9  million tons of ore 
for the AIM and USBM estimate s ,  respectively. The value of in-place ore was 
est imated by AIM at about 14 cents per ton for sylvite and at a current value 
of 5 cents per ton for langbeinite , under the assumption that the langbeinite 
would not be developed unt il after 20 years .  Using the h igher USBM ore ton
nage and the AIM values for in-place ore ,  the value of the reserves today 
amounts to approx imately $6 . 3  million .  Th is may be contrasted with the gross 
value of the product,  if sold at "current" ( 1977 ) pr ices ( langbeinite $48 per 
ton � mur iate $ 42 per ton � sulfate $94 per ton) , which would amount to about 
$1 . 4  billion .  
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Langbeinite , a relat ively rare evapor ite mineral found in corranerc ial quan
tities only in the Car lsbad area and in ea stern Europe , is used chiefly as a 
fer tili zer . Conta ining soluble potassium ,  magnes i um ,  and sulfur , it  is  desir
able for so ils that requi re s uch elements but cannot tolerate additional chlor 
ine . Langbeinite is mar keted direc tly as the refined mineral or used , together 
w ith sylvite , to manufacture potassium sulfate ( K2S04 ) .  Potassium sulfate 
is also bene f icial to plant growth ,  but it lacks soluble magnesium.  Inunense 
potassium sulfate resources exist in the Great Salt Lake , Utah , and other 
br i ne lakes , and it is produced f rom these br ines at present (AIM, 1979 ) . 

Langbeinite depos its are present in substantial amounts at the WIPP site , 
and the i r  extent has been well delineated . Recent studies by the USGS (1979 )  
repor t 1 . 14 billion tons of langbeinite resources at  lease grade ( averag ing 
6 . 6% K20 )  in the Car lsbad Mining D istr ict.  

The langbeinite reserves at the WI PP s i te are equivalent to about 15  year s 
of production at current rate s ,  with 73% of this  reserve occurr ing in  control 
zone IV. The inner control zones ( I ,  I I ,  I I I )  conta in reserves equ ivalent to 
4 year s of production .  

9 . 2 . 3 . 3  S ignificance of the Results of the Potash-Resource Evaluation 

Est imates of the total potash resource are considered to be suff iciently 
accurate for this study because of the dens ity of exploratory dr illing at the 
WI PP s i te and in adj acent areas . The resource e stima tes are believed accurate 
to +20 % .  The data base exceeds both in quality and in quantity that ava ilable 
to other investigators who have formulated national or wor ldwide resource es
timates .  Add it ional dr illing in the area of the s i te would enhance the accu
racy of the estimate of resource s ,  but no change exceeding a few percent plus 
or minus is expected . The determination of reserves is more difficult , and 
dr i lling on center s as close as 1000 f eet could be required to outline the 
boundar ies of ore bod ies to meet the r ig id modern requirements of assumed eco
nomic minabi l ity . 

Most of the site is underlain by depos its of potassium salts classif iable 
as resour ce s .  All but the very center and parts of the southwestern part of 
the site conta in pota sh resource s ,  when j udged by the intermed iate standard 
termed " lease grade" in Table 7-6 (Figure 9-1) . Th is mineralization , d i s
covered mostly by the 21 exploratory holes dr illed by the DOE,  has j ustif ied 
an expansion of the Known Potash D istr ict . When f i r st selected in late 1976 , 
the s i te was thought to lie mostly outside the distr ict , but is now known to 
lie mostly inside .  

However , these resources need to be placed in perspective . Although the 
numbers by themselves appear large , they are relatively small when compared 
w ith pota ss i um  salts ava ilable nearby in the Car lsbad Potash Mining Distr ict 
and even more so when compared with national and wor ldwide resources . The 
d iscuss ion will beg in with sylvite , which has much smaller significance in 
terms of e ither regional or national resources . 

The USGS est imates that the Car lsbad Potash Mining Distr ict conta ins 5400  
million tons of  potass ic sal ts , mostly sylvi te ,  that meet the lease standard 

9-21 



0 2 3 4 Mil• 

- -
-

N 

• 
Figure 9-1 .  Composite map of mineralization in various ore zones at lease grade for 

sylvite and langbeinite. Shaded area lies within the Known Potash 
D istrict (USGS, 1 979) . 
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( i . e . , conta in 10 % of K20 equivalent or better ) .  The WIPP site conta ins 
88 . 5  million tons of sylvite-bear ing lease-grade resources , or only 2 . 09% of 
the resources ava ilable nearby . The potash resources of the entire United 
States that can meet the 10% K20 as sylvite requirement are at least twice 
as large as those in the Car lsbad Distr ict .  Hence , the total land commitment 
for the WIPP results in a denial of less than 1% of the national resources of 
sylvite .  

Langbeinite conta ined within the site is of more significance . Langbein
i te is both a rare and a useful potash mineral .  Furthermore ,  Car lsbad is the 
only source of this mineral in the free wor ld . Only two mining companies ( In
ternational Minerals and Chemical Corporation and Duval Corporation) are pres
ently mining and mar keting langbeinite ( about 300 , 000  tons per year ) , and they 
have made no public d isclosure of their leased resources in order to protect 
the ir exclusive r ights . The USGS has recently estimated that the langbeinite 
resour ces in the Car lsbad Distr ict amount to 1140 million tons at an average 
grade of 6 . 6% K20 ·  The site conta ins considerable langbeinite resources ,  
264 . 8  million tons of 6 . 10% K20 equivalent "ore , "  or about 2 1 . 5% of the total 
Car lsbad Distr ict resource (as K20) . The grade of langbeinite currently be
ing mined has not been disclosed , but is estimated to be approximately 8 %  K20 
equivalent . The USGS estimates that the site contains 79 . 2  million tons of 
langbeinite resource s of this quality. 

9 . 2 . 3 . 4  Sign ificance of the Results of the Potash-Reserve Evaluation 

Beg inn ing with a resource lease standard of 88 . 5  million tons of sylvite
bear ing mineralization and 264 . 8  million tons of langbeinite-bear ing minerali
zation , the USBM determined that only 48 . 46 million tons of the langbeinite 
mineralization can be considered ore when using the economic criter ia and 
product pr ices appropr iate for the 1977 study (Table 9-14 ) . This zone of 
economic langbeinite has been designated the B-1 mining uni t ,  and it occur s in 
the nor thern por tion of the WIPP site (Figure 9-2 ) . 

The 48 . 46 million tons of langbeinite ore in the WIPP-site portion of 
mining un it B-1 averages 9 . 11% K20, to provide 4 . 4 1 million tons of K20 
equ ivalent (USBM, 1977 ) • No comparable economic study has been conducted for 
other langbeinite reserves , so the estimates from the AIM study are used to 
e stablish the comparable langbeinite reserve values for both the WIPP site and 
the reg ion . The AIM est imates for recoverable langbeinite from the Car lsbad 
D istr ict and the WIPP site are 42 . 2  million and 4 . 2  million tons , respective
ly . Therefore , the WIPP site conta ins about 10% of the recoverable langbein
i te .  Since Car lsbad is the only distr ict in the United States that produces 
langbe inite , these figures are significant in terms of possible resource com
mitment . 

While the langbe inite at the site is a significant mineral reserve , mining 
it would not greatly extend the quantittes that the Car lsbad area can pro
duce . The Car lsbad area outside the WIPP site (AIM, 197 9 )  may contain no more 
than 38  million tons of recoverable langbeinite reserves (8 . 4  million tons 
K20) or 6 3  million tons of recoverable langbe inite resources (13 . 9  million 
tons K20) f thu s the supply is exhaustible . Currently the reserves are being 
depleted by mining at a rate of 30 0 , 000  tons of K20 per year (USGS , 1979 f 
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F igure 9-2. Economic langbeinite m ineralization in min ing un it B-1 . 
(After USBM, 1977).  

comments on the WIPP draft environmental impact statement) • The proj ected 
life of the operations is 28 years if the proj ection is based on reserves and 
per haps 46 years if the proj ection is based on resources.  Because Carlsbad is 
the only known langbeinite distr ict in the United State s ,  it will eventually 
be necessary to substitute other minerals . The use of the total reserve at 
the site , as est imated by the USBM, would forestall this depletion by only 15 
years at the most , and if control zone IV is mined,  the WIPP reserves would 
account for only 4 years of production . 

Although langbeini te is a desi rable plant fert ilizer , there are substi
tute s .  Potass ium sulfate is the pr inc ipal beneficial ingredien t .  For that 
matter , some langbeinite produced from Carlsbad is transformed into potassium 
sulfate by a base-exchange process between langbeinite and sylvite : 
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Potassium sulfate can also be produced by the Mannheim process , a reaction 
between sylvi te and sulfur ic aci d :  

Potass i um sulfate is also present in the br ine water of the Great Salt 
Lake ,  Utah , and is nCM being extracted commercially . Br i nes in Sear les Lake , 
Cali fornia , also conta in commerc ial quantities . No estimate of the reserves 
of potassium s ulfate contained in these br i nes has been publ ished , but AIM 
engineers est imate that these reserves  are approximately six times larger than 
what AIM beli eves is present in the langbeinite ores at Carlsbad . They also 
believe that a synthetic langbeinite can be produced by the solar evaporation 
of seawater . These alternative sour ces will be somewhat more expensive than 
the conventional mining and refining of natural langbe inite deposi ts .  

I f  liberal allowance is giv�n to the mining un it des ignated A-1 i n  Table 
7-8 , e ither by improvement in the mar ket pr ice for mur iate or by advances in 
extraction technology , then the resources assigned to that un it could be 
classed as reserve s .  The average grade of th is potential ore is 13 . 33% K20 
as sylvite .  Therefore , the ore bed within the s i te conta ins 3 . 66 million tons 
of K2o .  The USBM has estimated that the Car lsbad Distr ict conta ins 1 0 6  mil
lion tons of K2o as reserve s :  the site represents only 3 . 4% of that reserve . 
These per centages are considered to be so small that li ttle effect can be 
expected from the denial of the sylvite reserves  at the site . 

The values a ssoci ated with the potash reserves may be considered in sev
eral ways . Table 9-16 presents two evaluations . One , the gross product 
value , is the pr i ce the end product would br ing when sold on the mar ket at 
average 1977 pr ices . The other value is the pr ice the in-place ore would be 
worth to a company . The latter recognizes s uch aspects as production costs , 
development times , and economics . The table al so assumes the sylvite resource 
in the WIPP s i te is economic--a marginal a ssumption according to USBM studies . 

Table 9-16 . Product Gross Value and In-Place Ore Value of the Potash Reserves 
at the WIPP S i te 

Re source or product 

Sylvite 
Langbein i te 
Sulfate 

Total 

Product gross value 
(million dollars)  

205 . 8  
676 . 8  
564 . 0  

1 4 46 . 6  

In-place ore value 
(mi llion dollars )  

3 . 84 
2 . 42 

6 . 26 

The USBM ( letter , 1977 ) has determined the income that would be foregone 
by the State and Federal governments if the portion of the B-1 mining unit  
within the WIPP site were not developed . The results are  in Table 9-17 . 
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Table 9-17 . Income Foregone by Governments 

Income foregone (million dollar s )  
Type o f  revenue State government Federal government 

Bonus bid 
Royalty payments ( S tate) 
Royalty payments (Federal)  
State taxes (property ,  

severance , etc . ) 
State taxes ( i ncome) 
Federal taxes ( income ) 

Total 

4 . 8  
3 . 3  
7 . 3 

4 . 9  
2 . 0  

22 . 3  

9 . 2 . 3 . 5  S ignif icance of the Hydrocarbon Resources 

22 . 0  

7 . 3  

16 . 5  

45 . 8  

Table 9-14 pu ts the hydrocarbon resources into perspective . Wh i le the 
quantities of hydrocarbons that  may exist under the site are large , they 
account for only 2 . 0 %  of the crude oil , 2 . 0 % of the natural gas ,  and 2 . 0 % of 
the distillate tha t could exist in the reg ion . (The reg ion is here defined as 
the area stud i ed by the New Mexico Bureau of Mines and Mineral Resource s .  
That area conta ins 967 , 70 0  acre � ,  or 1512 square miles , ver sus only 18 , 96 0  
acres , o r  29 . 625  square mile s ,  for the s i te . ) On a national bas i s ,  the ex
pec ted crude oil at the site accounts for only 0 . 0 19%  and natural gas for only 
0 . 0 57 %  of U . S .  resource s .  

9 . 2 . 3 . 6  S ignif icance o f  the Hydrocarbon Reserves 

The estimated hydrocarbon reserves at the s i te are 44 . 62 billion cubic 
feet of natural gas and 118 , 524  barrels of distillate .  Table 9-14 compares 
these reserves with s imilar estimates for the region , the Uni ted States , and 
the world .  The natural gas amounts to 1 . 15 %  of the quantity expected in the 
reg ion .  The d i stillate is less , 0 . 07 % .  On a national level , the percentages 
reduce to 0 . 0 2 1% for gas and 0 . 0 0 0 3 %  for distillate .  

The und iscounted g ross value of these products , if  sold at antic ipated well
head pr ice s ,  would be $146 . 4  mi llion .  The value of the products minu s opera t
ing costs and d iscounted 16 . 25% is $83 . l  million . The cost of dr i lling the 20 
we lls to produce these re serves would be $72 . 5  mi llion .  Thus the value of the 
reserves in �lace might be considered to be $10 . 6  million. (One may also con
side r  the value of the resources , if they could be produced , by evaluating the 
production h i s tory of the other 34 hypothetical wells . Th is results in a gross 
we ll-head value of $141 . 1  million or a discounted ( 16 . 25 % )  value of $85 . 7  mil
lion .  The cost of dr i lling these 34 wells would be $109 . 3  million--more than 
the discounted value of the hydrocarbons . )  

The max imum potential values lost to the S tate of New Mexico have been 
de termined by ass uming that  none of the 54 poss ible hole locations within the 
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WIPP site could be dr illed and that no gas or distillate is produced , thereby 
foregoing the maximum re source estimates established by Keesey ( 1979 ) . The 
estimate of State income lost is based on State royalties (12 . 5% ) on the three 
State tracts ( five wells) and the severance and ad valorem taxes from all 54 
we ll s .  

Since all these resources may be produced by ver tical or deviated (direc
tional) dr illing from outside control zone III , none of the income in Table 
9-18 is necessar ily lost by the State of New Mexico.  Section 9 . 2 . 3 . 7  and 
Table 9-19 d iscuss the reduction in impact that can be achieved by allowing 
the production of reserves in control zone IV. As noted in Section 9 . 6 . 5 ,  at 
some additional cost all reserves can be developed by deviated dr i lling .  
These add itional costs could make the venture unattractive to industry unless 
compensated by the government for the incremental costs . 

Table 9-18 . Maximum Possible Loss of State 
Income Due to Denial of WIPP 
Hydrocarbon Reserves 

Type of revenue 

State royalties 
Severance tax 
Ad valorem tax 

Total 

Amount lost 

$ 5 , 03 0 , 000  
4 , 36�, ooo 
9 , 7 13 , 00 0  

$ 19 , 1 07 , 000 

9 . 2 . 3 . 7  Reduction of Impact on Potash and Hydrocarbons by Exploitation of 
Control Zone IV 

To a large extent the mineral deposits at the WIPP site lie under control 
z one IV, the outer control zone . Mining and dr illing may be allowed in this 
zone if they do not affect the integr ity of the site .  Potash mining by meth
ods employed in the present operations in the Car lsbad D istr ict would be per
mitted , but no solution mining would be allowed . Hydrocarbon exploration in 
control zone IV would be permi tted by the DOE, but no water-flood recovery 
methods or extensive hydrofracture stimulation would be allowed . Holes would 
be plugged after their useful life .  

Table 9-19 gives data showing the reduction i n  impact if the minerals in 
control zone IV are exploited. More than half the hydrocatbon resources and 
more than two-thirds of the potash resources would become ava ilable . Perhaps 
the most s ign ificant reduction would be in the impact on langbeinite : near ly 
three-fourths of the reserves can be reached by mining in control z one IV. 
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Applying the factor s of Table 9-19 to the maximum values lost to the State 
government, one finds that exploi tation in control zone IV would reduce this 
lost income to $6 mill ion for potash and $9 million for natural gas .  These 
are rough e st imates that would requi re further refinement should such data be 
required as a basis for the settlement of claims .  

Table 9-19 . The Effect of Allowing the Exploi tation of Hydrocarbons and 
Potash in Control Zone IV 

Deposit 

Sylvite , a mill ion tons ore 
Langbeinite , a mill ion tons ore 
Cr ude oil , b million barrels 
Natura l gas , b billion cub ic feet 
Distillate ,b mill ion barrels 

Sylvite , c , d  mi llion tons ore 
Sylvite , c , d  million tons K20 
Langbeinite , c mi llion tons ore 
Langbeinite , c million tons K20 
Cr ude o il ,  million barrels 
Natura l gas , e billion cub ic feet 
D i st illate , m illion barrels 

In 
total site 

RESOURCES 

133 . 2  
351 . 0  

37 . 50 
490 

5 .  72  

RESERVES 

27 . 4 3  
3 . 66 

48 . 46 
4 . 4 1  

44 . 62 
0 . 12 

aoata from John et al .  ( 1978 , Table 4 ) . 

In 
inner zones 
( I ,  I I ,  I I I )  

39 . 1  
121 . 9  

16 . 12 
211 

2 . 4 6  

N i l  
Nil 
13 . 3  

1 . 2 1 

2 1 . 0 5  
0 . 03 

Percentage of 
total recover
able in zone IV 

71 
65 
57 
57 
57 

100 
100 

7 3 
73  

53 
7 5  

bcomputed from data presented by Foster ( 1974 )  by propor t ion of area of 
z one IV to the total area of the s i te .  

Coata from the U . S .  Bureau of Mines (USBM, 1977 , Table 5 ) . 
dsylvite resource is considered subeconomic by the USBM. 
ecomputed from data pre sented by Keesey ( 1979 ) , consider ing that only 

reserves under the i nner three zones are precluded from development .  
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9 . 3  EFFECTS OF PLANT OPERATION 

Th is section descr ibes the environmental e ffects of plant operation .  I t  
cover s effec ts exer ted on the biophy sical env ironment ,  the effects of routine 
releases of radioactivity ,  the resources commi tted for operation ,  and the ef
fects of decommissioning and dismantli ng the WIPP at the end of its operating 
l ife . 

9 . 3 . l  Biophysical Environment 

Terrain 

Dur ing the operation of the WIPP , salt and other mined mater ials will be 
removed f rom underg round to provide repos i tory space . The pile for· stor ing 
this mater ial will reach a maxi�um of 30 acre s in area and 60 feet in he ight . 
Th is pile at the s i te could be considered an unpleasing anomaly in the natural 
terrain.  

Soils 

No add itional acreage beyond tha t already set aside in the construction 
phase will be needed for WI PP operations , and no maj or additional impacts on 
so ils are expected . Because mate r ial will continue to be added to the mined
rock pile dur i ng operation ,  f resh salt will be exposed to rain as well as to 
water sprayed from time to time for dust control . The airborne mater ial will 
deposit on the soi l .  However ,  field investigations of a 17-year-old mined-rock 
pile that used to be at the Gnome site 9 miles sou thwest of the WIPP s ite sug
gest that the dispersion and depos ition of mined mater ials will not induce 
severe impac ts on the so ils of the reg ion . 

Water resources 

The sources of san itary and other nonradioactive waste s  generated dur ing 
operation are descr ibed in Section 8 . 7 .  Although these wastes will be col
lec ted , treated , and disposed of , there is a poss ibility that they might ad
versely affect the environment . The potential adverse effects are descr ibed 
in th is section for each type of waste . 

San i tary-waste d ischarges dur ing normal operation will amount to abou t 
25 , 000 gallons of treated effluent per day . The treated effl uent will be used 
for landscape i rr igation and dust control . Any e ffluent d ischarged by the 
san itary-wa ste-treatment system will meet State water-quali ty standards 
(NMWQCC , 1977 ) for d ischarges onto or below the sur face of the g round . Any 
discharge will be to a dry arroyo. No areally extensive groundwater is within 
500 feet of the surf ace at th is point.  Accordingly , no effluents from the 
san itary-wa ste-treatment system are expec ted to affect local surface-wa ter or 
groundwater resource s .  

Small quantities o f  waste hydraulic  fluid ,  lub r icants , and the l i k e  will 
be generated dur i ng operation .  These mater ials will be d isposed of in the 
san itary landfill or sh ipped off the site for salvage . Because of the small 
quantities involved , the environmental effects of these waste mater ials will 
be neglig ible . 
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Air quality 

As descr ibed in Sec tion 8 . 7 . 5 ,  the maximum salt-dust releases dur ing mining 
operation are expec ted to be as follows : 

1 .  Exhau st from underground mining , 130 0  pounds per year . 

2 .  Em issions f rom the sur f ace salt-handling system, 38 , 0 00 pounds per 
year . 

3 .  Wind eros ion of the mined-rock pile , 80 , 00 0  pounds per year . 

Dur ing mine backfi lling , total salt-du st emissions are expec ted to be about 
52 , 000  pounds per year ( Sec tion 8 . 7 . 5 ) . 

A small quantity of nonradioactive gases will be released as a result of 
exper iments conduc ted at the WIPP .  These exper iments ( descr ibed in Sec tion 
8 . 9 )  will produce small amounts of hydrogen f rom the corrosion of conta iners 
and the hydrolysis of br ine , helium from rad ioactive decay , and hydrogen 
chlor ide f rom br ine decompos ition ( Sec tion 8 . 7 . 5 ) . The quantities released to 
the atmosphere will be very small � they will have a neglig ible effect on the 
environment.  

There will be three major sources of emiss ions from the combust ion of d ie
sel fuel : the emergency-power system , the sur face handling equipment , and the 
underground handling equipmen t .  In addition ,  an oi l-burn ing salt dr ier will 
be used at the mined-rock pile star ting about 6 years after the WIPP beg ins 
operating . The tota l emissions from these systems are given in Sec tion 8 . 7 . 5 ,  
Table 8-9 . 

For the area around the WIPP , Table 9-20 g ives the annual average ground
level concentrations of suspended par ticulate matter , carbon monoxide,  nitro
gen oxide s ,  sulfur dioxide , and the gases generated in exper iments . None of 
these concentrations approach ambi ent a i r-quality standards . They are suffi
ciently low not to cause any discern ible secondary impac ts , such as reduced 
visibility or damage to vegetation . A compar ison of the concentrations with 
a ir-q1 1ality � tandards (Appendix H ,  Table H-50 ) shows that these a ir-quality 
impac ts are negligible .  

Noise 

Normal operating no ise will come pr imar ily from control zone I and the 
mi ned-rock pile . It will be louder in the day than at n ight . There will be 
several no ise sources within the site .  The pr imary sources and typical sound
pressure levels are listed in Table 9-21 . An overall sound-pres'""" re level of 
50 dBA can be expec ted 4 0 0  feet from the waste-handling bu ilding This  is  
w ithin the range of the acceptable-no ise guidelines issued by th, U . S .  Depar t
ment of Heising and Urban Development ( HUD ,  1971)  and shown in Table 9-22 . At 
the James Ranch , the nearest off-site residence, about 3 miles away , the oper
ating no ise is expec ted to be inaudible . 

The storage of mined rock will continue throughout constr uc tion and opera
tion . Little fluc tuation is expected in the no ise level generated by this  
ac tivity over the lifetime of  the repository . The equipment used at  the stor
age area dur ing operat ion is assumed to be the same as that needed dur ing 
constr uction (Table 9-9 ) . 

9-30 



ID I w 
..... 

Pollutant 

Suspended particulates 
Combustion products 
Salt dust 

Total 

Carbon monoxide 

Nitrogen oxides 

�!.!.!.!�1r dlo�!� 

Gases from exper iments 
Hy�rogen 
Helium 
Hydrogen chlor ide 

Table 9-20 . Summary of Air-Quality Impacts Dur ing Operations 

Mining ehase Backfilling ehase 
Emission Emission 

source Maximwn concentrationa (µg/m3) source Maximum concentration (µ2Lm3) 
strength Annual 24-hour strength Annual 24-hour 
(lb/yr ) average average (lb/yr) average average 

4 ,  770 0 . 2  0 . 3 6 , 370 0 . 2  0 . 4  
79 , 300 3 . 0  4 . 8  52, 000 1 . 9  3 . 1  

84 , 070 3 . 2  5 . 1  58 , 370 2 . 2  3 . 5  

15 , 380 0 . 6  0 . 9  19 , 380 0 . 7  1 . 2  

81,200 3 . 0  4 . 9  98 , 800 3 . 7  6 . 0  

5 , 030 0 . 2  0 . 3 61, 830 2 . 3  3 . 7  

0 . 91 3 . 4  x lo-5 5 . s x lo-s 0 . 91 3 . 4  x io-
s s . s  x io-s 

0 . 0004 1. 5 x lo-8 2 . 4  ::Ill lo-8 0 . 0004 1. 5 x lo-8 2 . 4  x io-8 
0 . 28 1. 0 x lo-5 1 .  7 x lo-8 0 . 28 1 . 0  x lo-5 1 .  7 x lo-5 

aMaximum increase in ground-level concentration of pollutant at the site boundary. The analysis assumes a 
single ground-level source at the center of the WIPP site .  



Table 9-21 . � 'YPical Noise Levels Produced Dur ing Operation 

No ise so ur ce 

Water pumphouse 
Ho ist house 
Transformer and switchyard 
Mi ne-constr uc tiOl l exhaust 
Tra in movement 

No ise level 
at 50 feet (dBA) 

31 
31  
48  
4 1  
7 5  

Table 9-22 . · oepar tment of Housing and Urban Development 
Cr iter ia for Noise Assessment ( HUD ,  197 1 )  

H UD  a ssess: ment 

Unacceptable 
Norma lly unac ceptable 
Normally acce ptable 
Acceptable 

8-Hour no ise level (dBA) 

75 
65-75 
45-6 5 

45  

At 50 feet from the e quiJpment , a max imum sound-pressure level of  97  dBA 
can be expected with all the equii;:ment operating concur r ently at full throttle 
and load . Rarely will al l the equipment be operating simultaneously ,  and the 
sound-pressure level w i ll be more typically in the upper 70s . At the James 
Ranch , the maximum sound lev.el is expec ted to be 47 dBA. This sound level 
would be aud ible , but not su.fficient to result in s ign i ficant d isturbance . 

Noise at the site wil : L  d isturb some wildli fe spec ies ( e . g . , mule deer ) , 
but most of the resident : ;pecies will become accustomed to it .  

Each of  the thr ee standby d iesel generator s is to be tested once a month 
for 1 to 2 hour s .  Dur ing thie testing per i od ,  the no ise f rom the d iesel gener
ator will be the loudest n oi1;e from the WIPP .  Noise will radiate from the 
exhaust stack and through th1a a ir-intake louvers on the diesel-generator 
building .  At the boundaq , o f  control zone I ,  the noise level is predicted to 
be 55 dBA. At the James Han·ch , the no ise will be inaud ible . 

For purposes of no ise es timation , it was assumed that approximately 400 
people will be employed by t he WIPP dur ing the normal one-sh ift ope ration . 
The peak traffic load alone � the roads could be increased by a max imum of 4 0 0  
cars per hour dur ing commu1:i ng hou r s .  The increased pa ssenger-car traffic 
will generate a sound-ener�IY average of 52 dBA at 100 feet from the roads .  

Tr uck tra ffic along the roads to the site will i ncrease dur ing operation . 
Some of the waste to be sto r ed will arr ive by truck , and there will also be 
tr ucks br inging s upplies an d mater ial s .  The number o f  passenger vehicles 
and truck s  along U . S .  62/18 1 0  will be smaller dur ing operation than dur ing 
constr uc tion ( Sec ti on 9 . 1 ) . No i.se levels are not expected to have a s igni f
icant adverse impac t on peoi;,le c•r wildlife .  
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Most of the rad ioactive waste for the repos itory is  to arr ive by ra il . 
To reach the WI PP ra il spur , the ra ilcars will pass through Car lsbad and along 
the Atch ison , Topeka and Santa Fe line to Loving . At normal operating speeds 
along th is route , the train no ise will be about 9 2  dBA at 100 feet f rom the 
tracks and about 55 dBA at 1 mile . This no ise level should not cause any ad
verse impact :  wildlife will become accustomed to i t .  At the closest resi
dence , the noise level will be below 55  dBA; there are no residences within a 
mile of the ra il spur . 

Compar ison with the HUD general no ise-assessment cr iter ia (Table 9-2 2 )  
shows that the operati�g no i se a t  the James Ranch will be in the acceptable 
range (less than 45 dBA) . Near the proposed new rail spur and along U . S . 
6 2/180 , the operating no i se should be in the normally acceptable range ( 4 5  to 
6 5  dBA) . Accord ingly , no significant noise impacts , such as health effects on 
local resi dents , are expected , but wildlife will be f r i gh tened and temporar ily 
displaced until they become acclimated . 

Vegetation 

Because no new area s will be cleared dur ing operation ,  impacts on vegeta
tion will result pr imar i ly f rom the continued use of cleared areas . The d i s
persion and depos i tion of salt and other mi ned-roc k  par ticle s  from the storage 
pile will conti nually a ffect local vegetation . However , f ield observations at 
the Gnome-site salt pile ( Section 9 . 2 . 1 )  indicate that  these impacts may not 
be sign if i cant . 

Wildlife 

A fence will keep large animals out of control zone I and the evaporation 
pond in control zone II . There will be no migratory barr iers at the s i te be
cause antelope fences ,  wh ich allow deer and antelope to pass , are planned for 
acce ss roads and because other r ights-of-way will not be f enced . Traf f ic on 
the access roads and ra ilroad may be hazardous to nonmigratory animals ;  
however ,  i t  will affect only populations within a few hundred feet on e ither 
side of the road . 

Operational no ise will fr ighten resident wildlife spec ies , but after a 
per i od  of t ime some an imals will become acclimated to th is kind of noise and 
return to the ir or igina l  habitat . Other , more sensi t ive ,  spec ies will have 
been d isplaced f rom the area as a result of constr uction activities ( Section 
9 . 2 . 1 ) . This distur bance should be a minor and insignif icant impact .  

Although access to the area is read i ly ava i lable on dirt  roads , the 
presence of new roads in the area will allow easier access for hunting and 
other outdoor activ ities . Th is improved access will lead to i ncreased road 
traff ic , and intermittent off-road excursions may disturb vegetation and 
w ildlife . The people who move into the Carl sbad area to wor k at the WI PP 
may increase the hunting pressure on wildlife in the area . These impacts are 
not expected to be s ign i ficant . 

9 . 3 . 2  Effects of Routine Releases of Rad ioactivity 

The WI PP is designed to rece ive and store radioactive waste . I ts opera
tion will requ ire the handling of packages and canisters ,  some of which may be 

9-33 



externally contaminated with radioac tivity . No canister will be opened , but 
very small quantities of nuclides may be released as a result of routine han
dling . The relea ses will be held to levels as low as reasonably ach ievable . 

9 . 3 . 2 . 1  Exposure Pathways in the Environment 

Rad ionuclides relea sed to the environment can reach people through a var i
ety of pathways , as shown in Figure 9-3 . The pathways shown in the f igure are 
the ones that were investigated in the analysis for this section . After the 
nucli des are released in the effluent gases , they may simply remain suspended 
in the air or be depos ited on the ground or on vegetation . The radiation dose 
rece ived by these pathways can be external or internal . 

Two of the pathways--air immersion and direct exposure from nuclides de
posi ted on the so il--are external . An air- immersion dose results from nu
clides suspended in air . The nuclides deposited on the ground are sources of 
di rect exposure while a per son stands on contaminated ground . Air immer sion 
and direct exposure to nuclides deposited on the soil are external pathways 
si nce no mater ial is actually taken into the body.  

The other pathways result in  internal exposure � the nuclides are actually 
tak en into the body . Nuclides deposited on the ground may be taken up by plant 
roots and eventually ingested by a person who consumes the plant . The nuclides 
may be dir ectly depos i ted on leafy vegetables or plants that are then conswned . 
The process can be more complex � the food cha in may involve an intermed iary 
like beef or dairy cattle . Another possible internal pathway is inhalation . 
Although this list of exposure pathways is not exhaustive , it  includes the 
potentially important pathways used in the analysis repor ted in th is section .  
usually one of these pathways ,  called the cr it ical pathway , dominates the 
other s .  

Each nuclide behaves differently in the environment .  For example , some 
nucli des that have been deposited on the so il transfer from the soil through 
plant roots and concentrate in leafy plants , while others will not transfer 
from the soil.  Still others concentrate in the organs of domestic an imals 
or wildlife that eat the plants and dirt clinging to roots . Usually one or two 
nuclides are the most likely to reach man and dominate the cr itical pathway. 

Est imates of exposure 

Human exposure through the pathways descr ibed above was calculated by using 
a mod ified version of the computer code AIRDOS- II , as descr ibed in Appendix G .  
The input used for these calculations and the results are discussed below. 

The nut:lide releases and meteorological data presented in Section 8 . 6  and 
Append ix H . 4 ,  respective ly , were used to calculate human exposure .  The expect
ed annual releases from the WIPP are given in Table 8-6 . The annual average 
atmospher ic disper sion factor s  for var ious distances up to 45 miles and for 
each of the wind directions are g iven in Appendix H . 4 ,  Table H-49 .  

The study area was defined as the area inside a SO-mile-radius circle cen
tered on the site .  The area was divided into 16 wedge-shaped sector s (Figure 
9-4 ) , and each wedge was subdivided radially into 14 subsectors .  In each sub
sector the population , agr icultural area , significant water area , and beef- and 
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Figure 9-3. Primary pathways for nuclides released from the repository. 

dairy-cattle populations were de fined . The inputs used are shown in Figures 
9-4 , 9-5 , and 9-6 . An attempt was then made to define the living patterns of 
people living in the subsectors .  Living-pattern and some miscellaneous data 
used in the analysis are presented in Table 9-23 . These and other data were 
obta i ned from conversations w ith county agr icultural agents and from other 
sources listed in Append ix G .  

As can be seen i n  Figure 9-5 , there i s  little agr iculture within the study 
area . Because the f resh-produce-growing areas are qui te limi ted in size,  peo
ple in the study area were assumed to impor t 90%  of their vegetables.  Of the 
10% not impor ted , a large fraction is assumed to be grown in home gardens . 
Few dairy herds exist in the study area (Figure 9-6 ) , and the dairy farmers 
send their milk outside the study area to be processed and d istr ibuted . There
fore , it was estimated that only 1% of the milk consumed in the area is pro
duced within it .  

Bee f-cattle ranch ing is  the dominant agr icultural pursuit in the study 
area . The sheep population was added to the beef-cattle populatiat 1 th is addi
tion exaggerates the impact of beef . It was estimated that 50%  of the beef 
consumed in the area is produced in the area, and an average individual was 
estimated to eat 0 . 3  kilogram of beef per day . 

These data are shown in Table 9-23 as they were used to calculate radio
nuclide concentrations for the surrounding environs and to determine the radio
logical consequences to people. 
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F igure 9-4. 1 976 population within 50 mi les of the site . 

• 

F igure 9-5. Agr icultural areas. Values shown are 
mi l l ions of square meters cultivated in 
each sector. Shaded areas contain sign if
icant water, swimming might be possible 
in them. 
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Results 

• 

Figure 9-6. Beef cattle, sheep, and dairy cattle (circled ) 
within 50 mi les of the site. 

Rad iation dose s and dose cormnitments were calculated for each of the nu
clides released .  I f  the exposu re is external, a dose was calculated; i f  the 
exposure is inte rnal , a dose cormnitment wa s calculated . When an exposure 
is external , the exposure lasts until the source is moved away . For example ,  
i f  people stand on a contaminated sur face , they are exposed until they move 
away from the sur face . When a radioactive mater ial is taken into the body , 
par t of it rema ins in the body unt il it decays or is eliminated by biolog ical 
proce sse s .  By convention , the annual dose given off by the radioact ive 
mater ial while in the body is integrated , or surmned , over a SO-year per iod 
after ingestion .  The integ rated dose result ing from each year ' s  intake is 
called the SO-year dose cormnitment . For some mater ials that decay ver y 
quickly or are eliminated qu ickly , most of the dose commitment is rece ived in 
the first year or two ; for long-lived mater ials, the exposure lasts the 
entire SO years . 

Ind ividual doses and dose conunitments were calculated for a per son living 
at the residence closest to the Los Medanos site (James Ranch , 3 miles to the 
south-southwest) . Calculations we re also made to determine an integrated pop
ulation dose and dose commitment for all per sons residing wi thin the SO-mi le 
study area . To calculate a population dose for a subsec tor , an ind ividual 
dose was calculated and then multiplied by the populat ion of the subsector . 
This calculation was per formed for each subsector ; the sum of the ind ividual 
subsector doses is the population dose for the study area . 
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Table 9-23 . Living Patterns and Miscellaneous Data Used in the 
Analysis of Hllll\an Radiation Exposure 

Input 

Fraction of vegetables impor ted 
Fraction of beef impor ted 
Fraction of milk impor ted 
Fraction of vegetables produced in SO-mile 

radius that is produced in sector 
Fraction of bee f  produced in SO-mile 

radius that is produced in sector 
Fraction of milk produced in SO-mile 

radius that is produced in sec tor 
Buildup time for sur face depos it ion , years 
Length of grazing season, days 
Time from production to consumption , days 

Vegetables 
Beef 
Milk 

Soil surface area furn ishing 
food crops for one person , m2 

Pasture area per cow , m2 
Dry areal density of man ' s  above-

surface food , kg/m2 
Dry-we ight areal grass density , kg/m2 
Depth of plow layer , cm 
Rate of increase of steer muscle 

mass , kg/day 
Mass of muscle at slaughter , kg 
Soil density , g/cm3 
Fraction of beef herd slaughtered 

per day 
Number of milkings per day 
Beef consllll\ption , kg/day 
Milk consumption,  kg/day 
Vegetable consumption , kg/day 
Milk capac ity of udder , liters 
Grass consumption of cow , kg/day 
Milk production of cow, liters per day 
Fraction of time spent swimming 
Depth of water to be used for calculating 

submersion dose s ,  cm 

Population Individual 

0 . 9  o . o  
o . s  o . o  
0 . 99 o . o  
Not applicable 0 . 1  

Not applicable o . s  

Not applicable 0 . 01 

lS lS 
36S 36S 

14 14 
20 20 
4 4 

1000 10 00 
121 , 000 121 , 000 

0 . 2S 0 . 2S 
0 . 0 14 0 . 0 14 
23 23 

0 . 4  0 . 4 
200 200 
1 . 4  1 . 4 

0 . 03 0 . 03  
2 2 
0 . 3  0 . 3  
0 . 8S 0 . 8S 
0 . 18 0 . 18 
s . s  s . s  
so so 
11 11 
0 . 0 1 0 . 0 1  

1S2 1S2 

The resultant dose commitments for an individual and for the population 
are shown in Tables 9-24 and 9-2S , respectively . Of the several nuclides re
leased , the largest contr ibutor to the overall impact is plutonium-23 9 ,  which 
contr ibutes about SO% of the dose commitment . The rest of the impact is from 
the other plut<X'lium i sotopes and amer icium-241 . The most impor tant pathway is 
inhalation . 
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The overall impact from rad ionuclides re leased from the wa ste packages 
dur ing normal operations is very small . The greatest individual radiat ion
dose cormnitment is 6 . S  x lo-6 rem to the bone . Th is dose cormnitment is to 
be compared with the S- rem SO-year dose cormni tment from natural-background 
source s .  Thu s the maximum dose cormnitment resulting from WIPP operation i s  to 
the bone and is 0 . 000 13% of that from natural background rad iat ion . This  
compar ison is  appropr iate if  the person receiving the dose lives at  the James 
Ranch for 1 year . If he lives there for S year s ,  h is dose commitment would be 
approximately five times his first-year dose commitment .  The annual whole
body dose from repository operation is 1 . 6  x lo-7 rem to a person living at 
the James Ranch . The health effects of such doses and dose commitments are 
d iscussed in Append ix o .  

An analysis wa s  also made to determine the impac t from the radon isotopes 
released dur ing min ing activitie s .  Th is analysis considers an individual 
breathing the air at the James Ranch for a year 1 it does not take into account 
the radioactive decay occurr ing wh ile the radon is carr ied by the air  from the 
site to the James Ranch . By assuming a continuous release dur ing the year and 
by u sing calculated annual d iffusion estimates for the site environs (Appen
dix H ,  Table H-49 ) , the dose rece ived by this per son is calculated to be 
2 . S x lo-7 rem per year to the lung . This is 0 . 0 0 0 14%  of the natural-background 
dose ( 0 . 18 rem per year ) to the lung . Thus i t  is  evident that the impact of 
the release of radon will be very small . Indeed , it will be no different from 
the releases at potash operations of s imilar s ize.  

9 . 3 . 2 . 2  Radiat ion Exposure s of  Wor ker s  

The operational workers at the WI PP will be routinely exposed to low 
levels of radiation .  The WIPP is designed to keep such exposure as low as 
reasonably achievable and to insure that the occupat ional dose is  less than 
1 . 0  rem per year per per son . 

Organ 

Bone 
Lung 
Whole body 

Table 9-24 . Dose Cormnitment Rece ived by an Individual 
Res id ing at the James Ranch 

SO-year dose 
cormnitment ( rem) a 

6 . s  x lo-6 

3 . o  x lo-7 

1 . 6  x lo-7 

Annual dose ( rem) 
from natural background 

0 . 1  
0 . 18 
0 . 1  

aso-year dose cormnitment from a 1-year exposure .  
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Table 9-25 . Dose or Dose Commitment Rece ived by the Population Within 
50 Miles of the wrppa 

Organ 

Bone 
Lung 
Whole booy 

50-year dose 
commitment (man-rem) 

0 . 0  x lo-3  

4 . o  x lo-4  

2 . 2  x lo- 4  

Annual dose (man-rem) 
from natural background 

9 . 2  x 103 

L 1 x 104 

9 . 6  x 103 

aThe populat ion within 50  miles of the WIPP i s  96 , 00 0 . 

The topic of the occupat ional doses received by wor kers is  addressed in 
deta il in the WIPP Safety Analysis Repor t (DOE, 1980 , Section 6 . 4 ) . The re
sults of the analyses per formed for routine exposures are summar ized in Table s 
9-26 , 9-27 , and 9-28 .  The potent ial health effects of such exposures are dis
cu ssed in Appendix o .  

Table 9-26 . Est imated Annua l  Direct Rad iation Dose Delivered 
to Workers Dur ing Normal Operat ion 

Func t i onal area 
Number of exposed 

wor kers 

HANDLING OF RH TRU WASTE 

Sh i pping and r ece iv ing 8 
Cask prepar a t ion 6 
Ca sk unloading 2 
Hot cella 5 
Cask tr an sf er to 4 

wa ste sha ft 
Underg round disposal 8 

Tota l  21b 

HANDLING OF CH TRU WASTE 

Shipping and rece iving 6 
Cont a i ner preparation 9 
Trans fer of dr ums 

to wa ste sha ft 9 
Inspection and 

surve illance 10 
General superv is ion 2 
Underg round disposal 11 

Total 27 b 

Annual dose 
(man-rem) 

2 . 3  
3 . 0  
0 . 2  
0 . 2  
1 . 4  

5 . 5  

12 . 6  

1 . 1 
7 . 0  

2 . 8  

7 . 0  
0 . 3  
4 . 6  

2 2 . 8  

aNo one occup ies the hot ce ll dur ing waste hand l i ng �  all per sons 
ope rating the hot-cell equipment are wor k ing in the ope rating gallery. 

bThe total number of wor kers is not the sum of the ind iv idual 
wor k er s  involved in any category since the same wor kers may be involved 
i n  several of the categor ies. 
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Table 9-27 . Est imated Annual Dose Rece ived by Wor kers from the Unusual 
Occurrences Assumed To Release Radiation J )ur ing Routine Operation 

Average Exposure Nt: anber of Annual 
Ass umed dose rate time e xposed dose 

occurr ence (mrem/hr ) (hr/yr ) W1 :>r kers (man-rem) 

Externally contami-
nated cask ar r ives 
in handling area 
for RH wa ste 1 32 2 0 . 06 3  

D.1vnaged dr ums or boxes 
ar r ive in handling 
t\rea for CH waste 10 16 3 0 . 48  

Table 9-28 . Estimated SO-Year Dose Commi tments Rece ive·d by Workers from a 
1-Year Exposure to Airborne Contaminants 

Org .�m 

Whole body 
Bone L:g 
N er of 

wor kers 
e�\":pOSed 

RH-waste 
handling 

ar ea 

S . 8  x lo-7 

2 . 3  x lo-S 

8 . 4  x lo-S 

9 

9 . 3 . 3  Resourco_s Committed 

SO-year dose 

CH-waste 
handling 

area 

0 . 11 
4 . S  
0 . 13 

lS 

commi tment t '.man-rem) 
CH-wa :rte � RH-waste 
overp;ack underground 

and rei?a i r disposal 
area area 

0 .  0 :2 3 . 7  x lo-7 
0 . 9  1 . 3  x lo-S 
0 .  O �! S . 3  x lo-7 

3 8 

The natural resources commi tted for WIPP operation i ncl ude energy der ived 
f rom fossil fuel H ,  water , chemicals , and laboratory equiprne nt . 

The ener gy cons umed dur ing operation will be pr imar Hy olectr ical energy . 
The normal operat1'. ng electr ic ity demand has been estima·ted t :o be 20 , 000 kilo
watts . This power will be suppl ied by the Southwestern Publ .ic Service Company 
( SPSC ) , whi ch curr1:. ntly has a sys tem-wi de generating capac i t y of 2 .  7 million 
k ilCMatts � of th is the Car lsbad service ar ea consumes an ave rage of 8S , 000 
k ilowatts . Industr .� al customers of the SPSC that have recen tly ceased opera
tion in the Car lsbad ar ea have used mor e power than the WIPP will requi re . 
The power for the rep os itory will therefore not require add i tions to electr i
cal power plants .  
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Diesel fuel will powE !r waste-handling equipment both on the surface and in 
the mine and will supply the on-site generators dur ing electr icity-supply 
emer genc ies and dur ing te :sts of the generators .  The quantit ies of d iesel fuel 
and gasoline that may be consumed dur ing operat ion have been est imated to be 
400 and 140 gallons per c �.y (gpd )  for the underground waste-handling equipment 
and the emergency generai cc•r s ,  respectively . No natural gas will be used at the 
reposi tory.  

The wate r  to be cons .umE� by the repository will total approximately 25 , 000  
gpd: 20 , 000 gpd for dome i stic needs and 5000  gpd for industr ial needs. When 
economically feasible , f :he recycling of wa stewater will reduce consumption r 
for example , trea ted sai 1itary effluents will be used for landscape irr igat ion 
and dust control at the site . 

The following chemi· cals will be used in sewage treatment ,  water treatment ,,  
and on-site exper iments � sodium hypochlor ite (NaClO) and gases such as hydro
gen , helium,  and hydrog· e n  chlor ide . Laboratory equipment will consist of lat .>
ora tory software (gla ss , tubing , etc . ) and holding conta iners ,  some of which 
may be made of spec ial tl!1etals such as platinum. 

9 . 3 . 4  Den ial of Miner. al. Re sources 

Emplacement of rad iciactive wa ste in the WIPP will prec lude for safet:·t rea
sons the extraction of mineral re sources from the geolog ic strata above or 
below the disposal lev els. ' The quant ities and values of these re sourcefJ are 
d iscu ssed in Section 9 . �: . 3 . 

9 . 3 . 5  Effec ts of Decc 1mm issioning and Dismantling 

Th is section d i sc1 JSEies the environmental effects of decommission'ing and 
dismantling the WIPP . at the end of its operating life:  the expected rad iologi
cal e ffec ts , the expe cted nonradiolog ical effects , and the com11itme1 .. 1t of re
source s .  The current d1ecormniss ioning plan is descr ibed in Section 8 . 11 .  

All decommissioni ng ac tivities will be per formed under control .a that will 
insure the safety of th1! genera l public and of the people involv4!'.1 in the de
conunissioning effort�  'l'h is obj ective will be accomplished by the1 development 
of rad iation-control and industr ial-safety standards cover ing al l activities. 
Th is development w ilh bt! the responsib ility of the DOE or its ccmtractor re
sponsible for the de< �oDDnissioning . Where applicable , existing standards will 
be used i they w ill b n  ruviewed for adequacy , and further invest�igat ions to 
develop adequate sta1 1dat·d s  will be carr ied out when necessary. In addition , 
a ll detJiled decomm i ssioning plans will spec ify prov isions for dealing with 
unusual or abnormal · � ircumstances .  At the time of deeomaissi•Jning , the plans 
will be reviewed and· approved by the DOE and any othei Pedera .l agenc ies under 
whose j ur isd iction t he decormnissioning of the WIPP falls .  P1:otecting both the 
public and the worke !rs at the site ,  the procedures a.nd stan" .ards will miniaize 
the environmental ef fects of · decommissioning .  
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Expec ted rad iological effects of decommissioning 

Because decommissioning involves the disposal of contaminated equ ipment , 
it could expose the work force to rad iation . Temporary sh ield ing and exten
sive decontami nation will insure that the exposures of workers are kept as low 
as reasonably ach ievable , in accordance with Federal guidelines at the time of 
decommissioning .  

Although i t  i s  possi ble in theory that the public could be exposed to ra
diation,  the exposure is expected to be insign ificant.  The spec ial procedures 
taken to protect worker s  at the site will severely limi t any radiation doses 
de livered to the public. Packag ing requirements will protect the public and 
the work force from radiation emitted by mater ial shipped from the site . To 
insure that the health and safety of the public are protected , appropr iate 
secur ity procedures will be established , and radiation mon itor ing and environ
mental surve illance will be carr ied out .  Further discussion appears i n  Sec
tion 8 . 12 .  

Expected nonrad iological effects of decommissioning 

The decommissioning operat ion is expected to be similar to a heavy con
str uction proj ect in that the same type of heavy equipment will be used ( e . g . , 
dump tr ucks,  bulldozers ,  g rading equipment,  and ra ilcars and engine s) • The 
env ironmental impac ts will there fore be similar to those of construction , des
cr ibed in Section 9 . 2 .  The maj or impacts expected are an increase in noise 
and veh icular traff i c ,  with assoc iated dust and pollution . Control of the 
environmental impacts of decommissioning will use methods like those used dur
ing constr uc tion (Sec tion 9 . 6 ) . 

The decommis s ion ing is not expected to produce large quantities of chem
ical wa stes ; waste f rom decontamination operations will be handled in exist ing 
or temporary radwaste systems . Any additional fac ilities that may be required 
for these operations will be installed and operated in compliance with Federal, 
State , and local standards applicable at the time . 

The decommission ing operation will not affect any known threatened or en
dangered spec ies nor any histor ic or cultural site s .  

The temporary soc ioeconomic impact o f  decommission ing will be an increase 
in employment ,  in that the proce ss will require a decommiss ion ing work force . 
The long-term e ffect,  however , will be a dec rease in the size of the labor 
force once the WIPP is shut down . 

Commitment of resources 

Resources used dur ing decommission ing will include wa ter and constr uc
tion mater ials for site preparat ion and mothballing .  The pr imary use of water 
will be for decontamination . Some water will also be used in constr uct ion 
activities . 

It is expected that most of the land will be re turned to graz ing , its 
or iginal use . The area could , however , be made avai lable for other uses since 
a ra ilroad spur is at the site . These alternative uses will be investigated 
at a later t ime . 
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9 . 4  EX:ONOMIC AND SOC IAL EFFEX:TS OF PLANT CONSTRUCTION AND OPERATION 

Th is section te lls how the author ized WIPP proj ect would affect the social 
and cultura l environment around the Los Medanos site in New Mexico . The 
analy sis deals pr imar ily with Eddy and Lea Counties , wh ich would rece ive most 
of the impac ts . 

Af ter a descr iption of the general economic impac ts and of the effects on 
employment and per sonal income ,  the population growth in the area is pred ic ted . 
Becau se these analyses show that soc ial institutions in the local communities 
wi ll not be much a ff ec ted , the d iscu ssion of social str ucture that follows them 
deals lar gely with the attitudes of the people toward the WIPP . The next par t  
o f  th is section descr ibes effec ts in the pr ivate economic s ec tor--e ffects on 
indu stry ,  trade and service s ,  and tour ism . Then two par ts of the section pre
sent deta iled impac ts on housing and land use and on commun ity services . The 
sec tion end s  with a rev iew of the eff ec ts on government finances 1 th is review 
is ba sed on deta iled tabulations in Append ix M. 

9 . 4 . 1  Proj ec t  Descr iption , Setting , and Genera l Impac ts 

The soc i oeconomic impac ts d iscussed he re are based on the conceptual des ig n  
for the construc tion and operation of the WIPP . The impac ts have been computed 
by economic mode ling techn iques that use an input-output procedure.  Th is wor k 
was supplemented with a substantial effor t in on-site inspec tion and data 
gather ing . 

Three cormnun ities have been closely analyz ed for potential signif icant im
pac t :  Car l sbad and Loving in Eddy County and Hobbs in Lea County . Car lsbad 
and Hobbs are the only two communities with more than 25 , 000 inhabitants with in 
50 miles of the WIPP s i te .  Two scenar ios have been developed for the analysis . 
Scenar io I ass umes that the maximum impac t is exerted on Car lsbad and Loving , 
wh ile scenar io II a ssumes a h igher impact on Hobbs than is expec ted in sce
nar io I .  Both scenar ios were developed to produce the highest levels of ex
pected impac t .  

The construc tion of the WIPP i s  assumed to beg in i n  mid-198 0 and end i n  the 
fall of 1984 . Th is inc ludes constr uction in the SPDV prog ram (Section 8 . 2 . 1 ) . 
Dur ing that time , the number of construction wor kers in the surround ing labor
market area w i ll increase . An underground-constr uction phase,  s imilar to a 
mi ne-development or mine-construction operation , will take place concurrently 
with the surf ace-constr uction phase.  

In add ition to the workers employed by the construction contractor or sub
contrac tors ,  certain management and des ign per sonnel employed by the Federal 
Government,  Sand ia National Laborator ies ,  and the West inghouse Elec tr ic Cor po
ration and the ir subcontrac tor s are expec ted to live in the local area dur ing 
the constr uction and operation phases of the projec t .  Although the number of 
these employees will vary over t ime , it will increa se as constr uction pro
ceeds .  To simpli fy the analysis , these ind ividuals and the ir impact on the 
economy w ill , unless stated othe rw ise,  be included in references to constr uc
tion ac tivity. 
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As a result of the construction and m1n1ng ac tivi ties , indu str ies serving 
the population and those servicing other bu s ine sses (ma inly some manufactur ing , 
ser vice , and wholesale operations ) will exper ience increases in bu siness volume 
and the need for add it ional employee s .  

The soc ioeconomi c analysis  assumes that the impact wi ll be pr imar ily spread 
over both Eddy and Lea Counties . A survey* of labor-loca tion patterns for the 
potash industry in the area of the site shows that approximately 88 % of the 
wor k force lives in Car lsbad , 11% in the rema ining portions of Eddy County (with 
Loving assumed to rece ive 6 % ) , and approximately 1% in Lea County . For scenar io I ,  
the d i r ect impact of construction and operation is assumed to follow th is es
tablished patter n ,  wh ile the ind irect impact is distr ibuted as follows : 80% to 
Car lsbad , 10% to areas ou tside Car lsbad in Eddy County ( 3 % to Loving ) , and the 
remaining 10 % to Lea County . 

A survey of the lar ge mi 9ing compan ies in the area revealed that one com
pany had a significantly d i fferent employee-locat ion pa ttern .  Th is company 
had recruited through off ices in Hobbs . The employee-location distr ibution 
for th is company ser ved as a model for scenar io II , in wh ich Lea County , par
ticular ly the Ci ty of Hobbs , will rece ive a higher level of impact from the 
constr uction and operation of the reposi tory than in scenar io I .  The dis
tr ibution of direct and indi rect impacts for scenar io II  is as follows : Eddy 
County , 58 % ,  with Car lsbad rece iving 54% , and Lea County , 4 2 % , with Hobbs 
rece iving 36 % .  

The procedu res used to proj ect empl oyment , population , housing , income , 
and other socioeconomic effects are explained in Append ix L .  

9 . 4 . 1 . 1  General Economi c  Impac ts 

Dur ing construction , approximately $ 2 9 1 . 5  mi ll ion will be expended for 
labor , equipment , and other construction costs , includ i ng expend itures for man
agement and de sign ac tivities from mi d-1980 through 1986 . ** Because cer ta in 
expend itures for equipment rentals ,  suppl ies , labor , etc. , will go to areas 
ou ts ide Eddy and Lea Counties , and in some instances outs ide the State of New 
Mexico , only $137 . 9  million will d i r ectly affect the economy of the two-county 
area . Th is figure covers labor costs and local procurements for the construc
tion per i od ,  a ssumed to be slightly more than 4 years , and the checkout per iod 
preced ing full operation in 1987 . Ind irect effects in the pr ivate sector will 
total an estima ted $112 . 4  million .  The gove rnment sector (State , local , and 
ind irectly affec ted Federal agenc ies)  will rece ive about $14 . 8  mi llion in new 
activ ity . The greatest local economic impac t (direct and ind i r ect) dur ing a 
single year is expected to be about $79 . 4  million dur i ng the th ird year of 
constr uction ( 1 982 ) .  

*Th is analys is is based on per sonal interviews with county potash-mi ning 
officials dur ing 1978 . 

**Unless otherwise stated , all dollar figures are in constant 1979 dollars .  
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Assoc iated with the constr uc tion of the WIPP surface and underground fac il
ities wi ll be several other activitie s ,  includ ing preoperational te sting , per
sonnel tra in ing , plann ing for waste acceptance ,  and var ious other suppor t 
ac t ivities .  These ac tivities are referred to as management and des ign act iv
it ies . After the end of construction in the fall of 198 4 ,  the management and 
de sign activities w ill continue for several months .  Checkout is scheduled for 
complet ion in the first par t  of 198 5 and preoperational testing in mid-198 5 .  

Dur i ng the latter part of 1985 and through 1986 , employment i n  the opera
tion phase will g radually inc rease . The full operational impact of the WI PP 
is expec ted to be near ly static by the end of 1987 . 

As construction ends and the WIPP becomes operational , the economic impac t 
will change sign ificantly. Beginn ing in 1987 , some $23 . 5  million will be spent 
annually for the opera tion phase 1 only $16 . 9  mi llion will direc tly affect the 
ecorx:>my of the area .  The total local economic impact of the operation phase,  
both d irec t and ind irec t ,  will amount to almost $33 . 0  million annually . 

9 . 4 . 1 . 2  Other Events with :Economic Impact 

In November 1977 , Beker Industr ies and the Duval Corporation announced 
dec reases i n  their Car lsbad-area labor forces of 100 and 200 employees , re
spec tively . Since then , the labor mar ket in Car lsbad has rema ined stable , 
with no ai;:preciable increases· or decreases in total employment .  Regard ing 
future ac tivity, no organizations have announced firm plans to expand 
operations in the Carlsbad area. 

The proposed Brantley Dam, an earthen struc ture to be built on the Pecos 
River

'" between Ar tesia and Car l sbad , was to be under constr uction before 1980 . 
However , fund ing for the projec t  has been delayed , and it now appear s  that its 
constr i.x::tion w ill not over lap the constr uction of the WI PP . In fac t ,  the 
Brantley Dam projec t  may be delayed indefinite ly .  This possibility has been 
recogn iz ed  in computing information for th is study . 

9 . 4 . 1 . 3  Employment 

Much of the information presented in this subsection is surmnarized in Table 
9-29 , wh ich shows , for each year of constr uction and operation , the number of 
jobs suppor ted by the WIPP and the number of newcomer s  to the two-county area . 
These p roj ections end in  1988 because it is a ssumed that the impact of opera
t ion will be near ly stat ic by then . 

Jobs direc tly connected with the WIPP have been estimated from information 
s upplied by Sarxlia National Laborator ies , the Bechtel Corporation , and the 
Westinghouse Electr ic Corporation .  Jobs ind irectly suppor ted by construction 
and operatiat have been computed by a region-specific ( Eddy and Lea Counties) 
input-output modeling process ( see Appendix L ) . 

· 
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ID I 
... 
-..J 

Year 

1980 
198 1 
1 98 2  
1983 
1 984 
198 5b 

1986b 

1987 
1988 
Af ter 1998 

Table 9-29 . Year ly Averages of the Numbers of Jobs Suppor ted by the WIPP 
Repos i tory in Lea and Eddy Counties 

Sur face 

4 
68 

4 15 
551 

79 

General 
operation 

256 
256 
256 

Direct jobs--construction per iod 
Management 

Underground and des ign 

56 5 
16 2 52  
3 55 152 
119 281  

9 208 
269 
4 17 

Direct j obs--operation per iod 
Secur ity arid Under-
remote control ground 

44 
44 
44 

140 
140 
140 

Subtotal 

65 
282 
9 22 
9 51 
296 
269 
417 

Subtota l  

440 
440  
440 

I nd i rect 
Jobs 

90  
435  

1215 
1176 

390  
346  
48 4 

5 14 
514 
5 14 

Total 
jobs 

155 
7 17 

2137 
2127 

686 
615 
9 0 1  

9 54 
954  
954  

Newcomer s 
per yeara 

117 
486 

1312 
318 

( 1185 ) 
( 3 8 5 )  
226 

9 1  
12 

0 

aGa in (or los s )  of population in the two-county area resulting from the WIPP .  
b.rhe job f igures represent a mix o f  management and des ign personnel ,  as  well a s  per sons who will 

be employed dur ing operation .  



Construction pha se 

Construction will take approximately 54 month s ,  beg inning in mid-1980 �  
a ssoc iated activities in management and design and preoperational te st ing will 
continue through 1987 . The average employment for 1980 has been established 
at approx imately 65 constr uct ion- related j obs , and by the end of 1980 approxi
mate ly 85  new jobs will have been created by the construction phase and the 
a ssocia ted management and des ign activit ie s .  

Dur ing 198 1 employment is expec ted to increase dramatically . The average 
employment dur ing 1981 will be approxima tely 230 j obs in construct ion and 52  
jobs i n  assoc iated management and design ac tivities for a total ( annual aver
age) of 2 82  positions . By the end of the year , j ust more than 545 new pos i
tions will have been created by the construct ion phase and assoc iated man
agement and des ign activitie s .  

I n  198 2 employment i s  expec ted to reach a peak . Direc t construct ion
ac tivi ty j obs are expected to peak in late-1982 at j ust fewer than 1100 . 
Assoc iated management and des ign pos itions should increase throughout the 
year , number ing approxima tely 210 by the end of 1982 . The combined employment 
for constr uction and assoc iated management and de sign is expected to reach 
j u st fewer than 1300 by the end of 198 2 .  The average number of constr uct ion 
jobs in 1982 should be about 770 , wh ile the annual average for nonconstruct ion 
j obs should be approx imately 150 for the year . 

In 198 3 the annual average  employment at the site for construction and the 
a s soc ia ted management and design activ ities is expected to increase slightly 
to 9 5 1 .  A second employment peak is expec ted to be reached late in the year , 
with a work force of j ust over 1200 . This peak in 198 3 and the peak in 1982 
are induced ma inly by ac tivity in the construction of sur face fac ilit ies and 
should be short- lived. 

Becau se constr uct ion is expected to be completed by the fall of 1984 , the 
number of constr uction posit ions should decrease rapidly in the f ir st half of 
the year . The average employment in construction for 1984 is est imated to be 
only 88 . Assoc ia ted management and design j obs will fluctuate throughout 1984 , 
with the average number of jobs est imated to be 208 . However , by the end of 
1 984 , management and des ign per sonnel are expected to number only 163 , and the 
ac tual constr uc tion of the WIPP will have been completed . 

Survey information on constr uction wor ker s (Old West Reg ional Commission, 
197 5 )  and job-applicant data for Eddy and Lea Counties from the State Off ice 
of Employment Secur i ty suggest that 54% to 61\ of the wor kers directly em
ployed in constr uction will be per sons not resid ing in the area before the 
beg inn ing of constr uc tion �  the remaining wor ker s will be drawn from the labor 
force in Eddy and Lea Counties . 

The number of ind irec t ,  or sp inoff , j obs suppor ted by construct ion and the 
associated management and design activities will vary .. sign ificantly dur ing the 
constr uc tion per iod . The maximum impact on ind irect jobs is expected to occur 
in 1 98 2 .  The number of these j obs to be filled by newcomer s  migrating to the 
area because of the WIPP is difficult to determine . However , the area is now 
exper iencing a s ign ificant population growth that is expected to continue . 
Taking thi s into account , it  is assumed that approximate ly half the jobs 
created i nd i r ectly by constr uction will be filled by newcomer s  to the two
county area . 
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Dur ing peak employment per iods for construction , the unemployment rate in 
the two-county area should drop substantially . Both Eddy and Lea Counties , 
wh ich have exper ienced low unemployment rates in the past , are expected to 
have low unemployment dur ing the beginning of the WIPP proj ect . These low 
unemployment rate s ,  as well as the availability of certa in tradesmen in the 
area and pa st patterns of job mig ration ,  influence the estimates of the num
bers of persons who will be attracted to the area by new construction jobs or 
jobs created indi rectly by constr uction .  Dur ing 1982 and 1983 , the number of 
persons expec ted to be employed from the local labor force is approximately 
half the unemployed pool as represented by 1978 figures . 

Qperation phase 

As the preoperation and checkout phase beg ins ( late 1984 through 1986 ) and 
constr uction is completed , population and employment character istics will 
change significantly . 

Dur ing the latter half of 1984 and continu ing through 198 5 ,  a " shakedown" 
per iod of facility checkout,  preoperational testing , and per sonnel training 
will occur . Direct employment at the site will average some 269 in 1985 and 
will r ise to 417 dur ing 1986 . As preliminary operations begin,  th is work 
force will have increased in an even fashion dur ing 1985 and 1986 , and by the 
end of 1986 a full complement of 440 operational positions will have been in
stituted for the start of full operation in 1987 . Most of these jobs ( 2 5 6 )  
will be directly connected with the general operation o f  the WIPP , while 140 
per sons will wor k on continu ing underground operations and 44 will wor k in 
secur ity and remote-handling operations . In add ition, 514 jobs will be sup
por ted ind irectly . The total number of jobs directly and indirectly created 
by the operation phase will thus be about 954 . Th is level should be reached 
by 1987 . 

The nature of the operational jobs requires a long tra ining period for t;he 
operational per sonnel , who will be hired throughout the constr uction per iod 
and tra ined by the operating contractor . Radioactive waste will not be re
ce ived until late in 1985 . Before that time 200 to 270 workers will be 
employed in checkout and preoperational te sting , with an economic impact 
s imilar to that of the management and design activity .  

Several impor tant aspects of the operational phase should be noted . In 
economic terms , the operational impact will be sign if icantly smaller than the 
impac t of constr uction . Moreover , shuffli ng of population caused by losses of 
constr uction and mi ne-develo?llent jobs and ga ins in operational jobs will occur 
from 1984 through 1986 . Thus ,  significant in-migration and out-migration will 
resul t ,  not only because the number of jobs will change but al so because the 
requirEkl skills will change as well . 

Studies of large constr uction projects have shown a lag in out-migration 
once a proj ect has been fin ished. It is therefore expected that the unemploy
ment rate may increase by 0 . 5% to 1 . 0% for 1 to 2 years after construction has 
been completed . Because of the expected lag and the decrease in the number of 
wor kers  needed for operational jobs , a population ·loss will occur dur ing 1984 
and 1985 . It is expected that many workers will seek employment elsewhere, 
causing 150 0 to 1600 people who had been directly or indirectly connected with 
the constr uction of the WIPP to move out of the two-county area . The total 
population there may drop slightly or rema in static dur ing 198 4 .  
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9 . 4 . 1 . 4  Per sonal Income 

Constr uc tion phase 

Dur ing the constr uction and checkout of the WIPP ( 1980-1986 ) ,  more than 
$9 3 . 2  million in new per sonal income will flow into the two-county economy in 
direct wages and salar ies from construct ion and assoc iated nonconstr uction 
activitie s .  In addition, about $45 . 7  mi llion in wages and salar ies will come 
from busine sses ind irectly affec ted . 

Persona l income from interest ,  dividends,  and rents will add another $ 20 . 4  
million dur ing th is per iod. The pr ivate sec tor will der ive about $159 million 
directly and ind i rectly from constr uction through 198 4  and the time before full 
operation in 1987 . In the public sector , about $6 . l  million in per sonal income 
will result from inc reased ac tivity in the area and the add itional State- and 
local-government employment ' requi r ed for support .  Thus the total per sonal in
come added to the area dur ing constr uc tion will be $165 . 4  million over 5 to 6 
years .  However , a net loss from transfer payments (generally Soc ial Secur i ty 
payments) will decrease this to $ 157 . 5  mi llion .  

Operation phase 

The personal income to be der ived from the operation of the WIPP will be 
sign ificantly lower than that der ived dur ing constr uct ion . As explained in 
Sec tion 9 . 4 . 1 . 1 , the amount of new money flowing directly into the economy dur
ing a normal year of operation will be approximately $16 . 9  million .  Although 
this amount may vary with expend iture patterns in WIPP operation , a constant 
figu re of $16 . 9  million is used here . This  figure is sign ificantly d ifferent 
from the local direc t expenditures of more than $40 to 42 million dur ing the 
peak years of constr uction ( 1982 and 1983) . Because the di rect impact is  
lessened , clear ly the per sonal- income impact will be lessened . 

The e st imated $ 16 . 9-mi llion annual flow directly associated with operation 
will affec t  new per sonal income as follows : ( 1 )  approximately $11 . 9 million 
wi ll be realized f rom direct wages and salar ies ;  ( 2 )  another $ 5 . 5  million will 
come from wages and salar ies in businesses ind irectly affected ; ( 3 )  about $0 . 8  
million per year will be der ived from government payment for labor ; ( 4 )  about 
$ 2 . 5  mi llion will come from div idends ,  interest , and rents . Dur ing the first 
years of operation ,  net transfer payments will be negative ; later they will 
have a net pos i t ive effec t .  Because of this balancing effect,  transfer pay
ments for an average year have been considered neutral . The net result , there
fore , will be an inc rease in total per sonal income of approximately $ 20 . 7  
million annually . 

Per sonal-income distr ibution : scenar io I 

Car lsbad w ill receive approximately $134 . 6  million ( net) of the addit ional 
per sonal income generated by WIPP construction ; other areas inside Fildy County 
but ou tside Car lsbad will receive nearly $17 . 9  million . Per sonal income in 
Loving will be about $7 . 8  million ,  or 45% of the income rece ived in the county 
ou tside Car lsbad . Additions to total per sonal income in Lea County will amount 
to about $ 6 . 6  million .  These impac ts will be spread over a 5- to 6-year pe
r i od .  Dur ing the operation phase , the annual impact in Car lsbad is expected to 
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be $17 . 7  million .  The total countywide impact ( including Car lsbad ) will be 
$19 . 9  million .  Lea County should rece ive �0 . 9  million annually. 

Personal- income distr ibution : scenar io II 

In scenar io II , in which the impact on to Hobbs is increased , $66 . 2  mil
lion in new personal income will flow into Lea County dur ing construc tion , 
with $ 56 . 7  million of th is enter ing the economy of Hobbs and the rema inder 
going to areas in Lea County outside Hobbs . Wh ile the impact on Eddy County 
in scenar io II is sign ificantly lower than that in scenar io I ,  the total in
come flow du r ing constr uction is still substantial : $91 . 4  million . Of this 
amount, $ 85 . l  million will dir ectly enter the economy of the City of Car lsbad , 
with the rema inder going to other par ts of the county. 

As operation beg ins ,  the impact will be substant ially decreased , with new 
personal income tota ling approximately $ 8 . 7 million annually in Lea County and 
$7 . 5  million in Hobbs . The annual impact in Eddy County is higher , with $12 . 0  
million for the county and $11 . 2  mi llion for the City of Car lsbad . 

9 . 4 . 1 . 5  Statewide Economic Impact 

The soc ioeconomic analysis presented in this document is generally limited 
to the two-county area of pr imary impact--Eddy and Lea Count ies , New Mexico . 
The per iod of impac t covered beg ins with constr uction in mid-1980 and extends 
through the operation phase. However , before mid-1980 a sign ificant amount of 
money will have been expended on the WIPP proj ect for research , design , and 
var ious admin istrat ive ac tivitie s .  Some of th is money will have flowed through 
par ts of the State other than the two-county area . Although the distr ibution 
of th is money th rough the Sta te cannot be determined exactly, it can be esti
mated from the record s  of expend itures for the WIPP . 

Since 1975 j u st le ss than $76 million ha s been expended through the end of 
fiscal year 1979 , and between the end of fiscal year 1979 and May 1980 , an ad
ditional $18 million is expected to be spent,  for a total of j ust less than 
$94 million .  However , only a por tion of th is money has directly affec ted the 
State ' s  economy : j ust over 60 % ,  or $ 57 million . Of that amount, approx ima tely 
$39 million flowed direc tly through the Albuquerque economy , $16 million went 
through the Car lsbad economy , and just le ss than $2  million went to other areas 
of the State . Since these expend itures were made over a per iod of approx i
mately 5 years,  the annual di rect contr ibut ion to the State ' s  economy was about 
$12 million ,  with most of it going to the Albuquerque area . 

The number of j obs di rectly c rea ted or suppor ted by these expenditures 
var ies from year to year . Dur ing fiscal year 1979 , these expenditures di
rectly s upported just fewer than 200 j obs , includ ing per sonnel from the Depart
ment of Ener gy ,  the Westinghouse Electr ic Cor poration ,  Sand ia National Labora
tor ie s ,  and var ious subcontrac tor s .  Multiplier s for indirect impac ts on a 
statewide basis are not ava ilable 1 however , because of the nature and salary 
levels of these j obs , the employment-multiplier effect should be be tween 1 . 25 
and 1 . 75 add itional jobs , or between 4 50 and 550 total jobs , including both 
di rect and i nd i rect jobs . 
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In terms of statewide employmen t,  the effect is an increase of 0 . 1% .  Pro
por tionally , the employment impact in the Albuquerque area is about 70%  of the 
statewide impac t, or about 300  to 400  jobs on the averag e .  I n  terms o f  the 
overall employment in the Albuquerque area , the effect is an increase of 0 . 2% .  

As the proj ec t  moves into the constr uction phase 
impac ts w i ll conti nue ou ts i de Eddy and Lea Counties . 
contrac ts with un ivers it ies and ind iv iduals , most of 
within the economy of Albuquerque . 

in mid-1980 , some di rect 
Except for seve ral sub

the impacts will occur 

Becau se Sand ia Nationa l Laborator ies and the Westinghouse Electr ic Corpora
tion will carry out a s ign ificant part of the ir wor k through s ubcontrac ts and 
through the development of prototype equipment at var iou s  location s ,  it is 
d i fficul t ,  if not impossible , to de termi ne the economic e ff ect of WIPP con
struction and operat ion on the Albuquerque area . However , it is  apparent that 
the effect on the economy of Albuquerque will be sign ificantly less than tha t 
occurr ing between 197 5 and �he beg inning of construction . The effect after 
constr uction begins could possibly be le ss than ha lf the e ffect that occur r ed 
before constr uction . 

The ind irect impac ts that will be felt throughout the State in terms of 
new jobs and add itional i ncome (as a result of d i r ec t  expend i tures in Eddy and 
Lea Counties) should not be substantially greater than those repor ted for the 
two-county area . The linkages of those two counties with other bu sine ss
serv ing area s of the State appear to be weak .  The ma jor trade areas ( i . e . , the 
geog raph ic areas f or wh ich ma j or wholesale s ec tor linkages are de lineated) do 
not connec t the two-county area to Albuquerque , the only large wholesale center 
in New Mexico (Rand-McNa lly , 1979 ) : the Eddy County area is connec ted with El 
Paso , Texas , wh ile the Lea County area is connected with Da llas , Texas.  These 
linkages show that the re is a s ign if icant flow of money out of the Sta te to 
purchase products for bu sine sses in the two-county area . The spinoff effects 
on the Albuquerque area are expected to be low. 

Cer ta in taxes , other revenues ,  and expend itures may be accrued and incurred 
by the Sta te . However , in relation to the total State operating budget and 
revenues from taxes , these fiscal impac ts are not expec ted to be signif icant . 
Thus , the impact on areas ou tsi de Eddy and Lea Counties is not expec ted to be 
large enough in re lation to exi s ting ac tivities to warrant deta iled analysis . 

9 . 4 . 2  Population 

9 . 4 . 2 . 1 Population Growth 

Dur ing the first year of WIPP construction ( 198 0 )  fewe r  than 125 per sons 
w i ll be a ttr ac ted to the area by constr uction and related activities (Table 
9-30 ) .  In 198 1 ,  about 475  add it ional people will be attracted , and in 1982 
the constr uc tion pha se will br ing in more than 1300 in-migrants . Dur ing the 
fourth year of constr uc tion ( 198 3 ) , about 3 2 5  addit ional migrants will come to 
the area . Thus , the 4-year cumulative (1980-1 983 ) total addit ion to the popu
lation of the two-county area will be about 2250 people . As the construction 
e ffort slows down in 1 984 , a loss of a lmost 1200  per sons is expec ted .  In 1985 
a continued loss of about 375  per sons will occur . 
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The beg inn ing of operat ions in 1986 should br ing in about 225 in-migrants 
di rectly or indi rectly assoc iated with the WI PP.  It is proj ected that approx
imately 100 people will arr ive in 1987 and 1988 , produc ing a total populat ion 
loss of 1250 f rom the peak per iod of impact in 198 3 .  The net change in popu
lation should rema in constant throughout operat ion at about 1000 . 

Interviews with c ity offic ials (C.  Tabor , City Manager , Car lsbad , 1979 : K .  
Gleason , Ass istant City Manager , Hobbs,  1979 )  ind icate that Car lsbad and Hobbs 
will be able to accommodate the growth induced by the WIPP . Both cities have 
depar tments or agenc ies that carry on planning and assoc iated functions and 
approve the development of new subdivisions .  

Distr ibution of population : scenar io I 

As expla ined in Sec tion 9 . 4 . 1 ,  scenar io I re flects current patterns in the 
place-of-residence choices of pota sh-company employees in the area :  most of the 
WIPP- induced population change occurs in F.ddy County. Dur ing 1980 , fewer than 
125 people are expected to mig rate to the area because of j obs generated by the 
WIPP. Through 198 1 ,  600 people will have moved into the two-county area be
cause of constr uction .  Most a re expected to locate i n  Eddy County , with Car ls
bad housing j ust fewer than 500 new residents .  Lea County is  expected to re
ceive only about 25 people in 1981 as a result of the proj ect .  In 1982 another 
1325 newcomer s ar e expected in the two-county area.  Most of these people ( 1275 ) 
will locate in Eddy County. Car lsbad should rece ive about 1125 new residents 
and Loving approx imate ly 100 . In Lea County new residents will number between 
50 and 100 . The pattern in 1983 will be s imilar , with only 325 new residents 
in the two count ies. The peak populat ion impact will occur in 198 3 ,  when 
Car lsbad will have received a cumulative total of about 1900 new residents , 
Loving j ust over 100 , and other areas in F.ddy County 100 people since the start 
of constr uction in 1980 . 

Table 9-30 . Populat ion Migration Resulting from Jobs Directly and 
Ind irectly Related to the WIPPa 

Di rect migration Indirect migrat ion Total migrat ion 
Year Annua l Cumulative Annual Cumulat ive Annual Cumulat ive 

1 980 75 75 50 50 125 125 
198 1 300 37 5 175 225 47 5 600 
1982 8 25 1200 500 7 25 1325 1925 
198 3 b 1200 325 1050 325 2250 
1984 ( 800 ) 400 ( 40 0 )  650 ( 1200 ) 1050 
198 5 (25 ) 37 5 ( 35 0 )  300 ( 3 7 5 )  6 7 5  
1 986 200 575 25 325 225 900 
1987 25 600 50 375 75  975  
1988 b 600  b 400 b 1000 

20 10 0 600 0 400 0 1000 

&population rounded to the nearest 25  persons .  Parentheses ind icate a 
loss of population (out-migrat ion) • 

bFewer than 13 per sons.  
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After 1983 the population impac t will decline ,  with an expected out
mig ratia'l of 1200 per sons in 1984 and 37S in 198S . As operation begins in 
1986 , an in-migration of about 22S will occur . A slight WIPP-connected in
mig ration ( le ss than 100 )  will occur in 1987 , while the operat ional impact is 
expected to be static by the end of 1988 , with less than 2S new res idents dur
ing the year . The max i.ml.DD impact in Lea County is proj ected at lSO new resi
dents in 198 3 ,  with fewer than 10 0 during operation .  

overall population levels with WIPP-induced populat ion changes under sce
nar io I are ind icated in Table M-1 of Append ix M. 

D istr ibution of population : scenar io II 

Although the number of people migrating to the two-county area is the same 
in scenar ios I and I I ,  the d istr ibution of populat ion is significantly differ
ent . Of the 600 in-migrants attrac ted by the WIPP through 198 1 ,  about 3SO will 
locate in Eddy County and 2SO in Lea County. Car lsbad and Hobbs will rece ive 
32S and 220 new residents , respectively. 

The third year of constr uction ( 198 2)  will br ing in another 132S people : 
SSO into Lea County and 77S into F.ddy County . Hobbs will rece ive an expec ted 
47S people r Car lsbad should receive le ss than 72S .  Thus, since the beginning 
of constr uction in 198 0 ,  Lea County will have rece ived 800 new residents . 

The peak population impact on Lea County and Hobbs will occur in 1983 , with 
9SO new county re sidents , 800 of whom will locate in Hobbs . After the transi
tia'l from constr uc tia'l to full operat ion, the net populat ion addit ion to Lea 
County is projected at 420 people , with Hobbs rece iving 36 0 .  Under scenar io 
I I ,  the net operation-related population increase in Eddy County should reach 
S80 , with some S40 persons locating in Car lsbad . Populat ion project ions for 
the area under scenar io II  conditions are given in Table M-2 of Appendix M. 

9 . 4 . 2 . 2  Population Within 10 and SO Miles 

The populatia'l within 10 miles of the site is expected to change li ttle in 
the foreseeable future . Only one new permanent residence is planned for con
str uction ,  about 8 miles west-southwest of the site (J.  Mobley, personal inter
views , 197 8 ) . 

Mining employment within 10 miles of the site may vary significantly with 
the national market for potash or with the level of existing mining op&rations.  
However , the outlook for New Mexico potash and the current level of  operations 
do not appear to dictate any large changes in the commerc ially assoc iated day
time populatia'l of the area . The population associated with the many oil and 
gas we lls in the area var ies from day to day , is highly localized, and is d if
ficult to pred ict.  

The populatia'l within S O  miles is · expected to increase significantly at 
certain locations . The SO-mile radius includes parts of three counties in New 
Mexico and parts of six counties in Texas . The population increases in Lea 
and Eddy Counties through the year 2000 will be concentrated in incorporated 
populatia'l centers identified in Appendix H.  
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Tables M- 3 through M-6 in Appendix M show the population proj ected to live 
within 50 miles of the si te in  1980 (the first year of constr uction) , in 1990 , 
in 2000 , and in 2010 . Many of the areas have extremely small populations . 
Accu ra te foreca sting for these areas is not possible since a var iation of less 
than 100 people causes a high percentage var iation in population figures . The 
population change f or these sparsely populated areas is based on trends estab
lished in areas outside the incorporated places in F.ddy and Lea Counties and 
on a continuation of present activities in each of the de fined radius sections . 
Between 198 0 and 2000 , the population within 50 mi les is expected to increase 
by about 37 , 7 00 per sons , or about 35% . The WI PP ,  however ,  will account for 
less than 3 %  of the tota l growth dur ing that time if , in fact,  the population 
levels proj ec ted for those t ime per iods are accu rate. 

9 . 4 . 3  Soc ial Str ucture 

The re sults of the impact analyses in Sections 9 . 4 . 1  and 9 . 4 . 2  show that 
the WI PP should have little e ffect on the social and cultural inst itutions of 
F.ddy and Lea Counties . Any impac ts that might occur in a particular cormnunity 
may be expec ted to vary in deg r ee  with the overall impact exer ted by the WI PP 
on that commun ity.  The most widely recognized negative soc ial impacts would 
result f rom a temporary housing shor tage and an increase in population f rom the 
in-migration of transient wor ker s . Factor s that will mit igate any soc ial im
pac ts include the temporary nature of the housing shortage, minimal appreciable 
effec t on public service s ,  and relatively low levels of in-migration in compar
ison w ith the cu rrent population . Fu rthermore,  si nce the in-migrants will 
probably be people of similar backgrounds ,  occupations , and transiency , inher
ent f ac tors that would tend to create conflict will be limited. 

The WIPP project may affect some classes and ethnic groups slightly more 
than others , bu t it w i ll have relatively little e ffect on the region ' s  com
mun ity organ izations . 

9 . 4 . 3 . l Soc iocultural Impac ts 

To obta in information on commun ity att itudes toward , and perceptions of , 
the WI PP proj ec t ,  a ser ies of unstr uctured d iscussions was conducted in the 
area of primar y impact (Car lsbad , Loving , and Malaga in F.ddy county : Hobbs in 
Lea County) . The general topics ra ised dur ing the discu ssions included social 
bac kground , perceptions of the local commun ity, perceptions of the costs and 
bene f i ts of the WI PP , and perceptions about the need for a WI PP-type proj ect 
and the storage of rad ioactive waste.  

The di�cu ss ions were carr ied out by two methods .  In the first ,  a list of 
key informants was developed by ident ifying those per sons whose statements 
abou t the WIPP proj ec t  had appeared in either newspapers or other med ia . The 
key-informant g roup was then expanded by asking the persons on the or iginal 
list to suggest other per sons for the survey . The final key-informant group 
was composed pr imar ily of per sons who are active in political,  c ivic,  business , 
and environmenta l affa irs . Discuss ions were conducted with a total of 55  per
sons , or 51% of the key-informant group . 
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In the second discu ss ion method , a random sample of Car lsbad-area resi
dents was drawn f rom local telephone l isting s .  D iscussions were conducted 
with 138 per sons , or 60% of the random-sample group . 

The key- informant and random-sample groups were intended to provide a 
cross sec tion of c itizens from wh ich to assess attitudes and perceptions for 
the area of pr irnary impac t .  

All o f  the discu ss ions we re conducted by tra ined research ass istants : two 
men and two women . One of the resear ch assistants was a Hispan ic-Amer ican;  
two spoke fluent Span ish . 

Local k nCMledge about the WI PP proj ec t  

I n  recent months , the WIPP projec t  has rece ived much attention i n  local as 
we ll as  State ,  regiona l ,  and national med i a .  Public hear ings have been very 
well attended , and local interest groups that suppor t or oppose the projec t  
have been organ iz ed .  I t  i s  not surpr ising that most area residents have some 
fami l i ar ity with the WIPP .  None of the key informants and fewer than 3%  of 
the random sample said that they had " no knowledge" about the proj ec t .  Among 
the key informants , a total of 78% sa id that they knew "much" or " a  great 
deal , "  w ith the rema i nder repor ting they knew " something , though not a great 
deal"  about the projec t .  I n  contrast , among the random sample ,  only about 10% 
felt they knew " a  g reat deal " about the proj ect ; most s imply sa id that they 
knew " a  little" or " someth ing"  about what was be ing proposed . 

Pr imary bene fits and problems a s sociated with the WI PP proj ec t  

Member s o f  both the key- informant and the random-sample groups were asked 
to spec ify what they per ce ived as the pr imary bene f i ts and maj or problems asso
ciated with the WIPP proj ec t .  The benefits , which were perce ived similar ly by 
d iscu ssants in both g roups , were cla ss i fied in two maj or categor ies : ( 1 )  bene
fits that would accrue to the local communities and their  inhabitants and ( 2 )  
bene f i ts that would accr ue to the State or the nation .  I n  the f i r st category , 
many area residents perce ived that the projec t  would br ing signif icant economic 
bene f i ts to the local area in the form of new jobs , new housing , more business , 
and increases in local proper ty values . Immed iate economic benefits were an
ticipated f rom the population g rowth and new j obs generated by the constr uct ion 
of the WIPP . Long-term benefits were assoc iated pr imar ily with operational em
ployment . Several sa id that the pr imary economic bene f i ts would go to the 
local bu siness commun ity and that the " poor "  and "minor ity" groups in the area 
would not be helped at a ll . 

Most of those who identif ied national benefits made re ference to the con
tr ibution that the Car lsbad area could make to the nation in providing a loca
tion for the disposal of rad ioactive waste . A theme of "national duty" was 
present in many of the d iscu ssions . 

Several spokesmen for minor ity interests expressed the hope that new job
training prog rams could be developed f rom the proj ect to teach new sk i lls and 
provide new job oppor tunit ies for mi nor ity res idents . The benefits could then 
be shared by a larger propor tion of the population ,  including residents of the 
area ' s  smaller commun ities , such as Loving . 
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Regard ing the perceptions of major problems assoc iated with the project , 
the key-informant g roup expre ssed negligible concern , wh ile the random-sample 
group expressed numerou s concerns that we re much more diverse than were their 
per ceptions of bene f i ts .  The maj or problem areas we re the fo llowing : 

1 .  Inflat ion and pr ice increases assoc iated with population growth . 

2 .  Problems a ssociated with providing services and fac i lities for an 
expand ing population . 

3 .  The attrac tion of " undesirable" people to the area , wh ich would result 
in i nc r eased cr ime and other social problems . 

4 .  Increased stra in on hou sing and transpor tation . 

5 .  Bas ic concerns about health and safety problems , i ncluding fears about 
contamination and �cc idents .  

6 .  The beli ef that a rapid population growth could overwhelm the local 
cultu r e ,  par ticular ly in some of the smaller corranun ities like Loving . 

7 .  Problems created by outs iders who come to "ag i tate and protest . "  

8 .  The poss ibi lity of acc idents and str ikes at the constr uction site .  

Each of these problems wa s ident i f ied by two or more of the discussants . The 
most prevalent concerns , however ,  were in the area of population growth and 
the provision of service s and fac i lities . 

Housing shor tages were al ready per ceived as a problem in the area , and 
most local resident s were conv inced these shor tages would be exacerbated if 
the proj ect is approved and large numbers  of constr uction workers move into 
the area . 

Distr ibution of impac ts among area residents 

As already mentioned , a number of people who i dent i fi ed spec ific WIPP
re lated benefits felt that these would not be distr ibuted evenly in the com
mun ity . The general feeling was that most of the economic bene fits would be 
realized by the bu siness corranun ity . Others said that those who owned proper ty 
would bene fit because the housing shortage would force real-estate values to 
increase dra st ically . 

On the other side of the que st ion , the discussants felt that those most 
likely to be affec ted negatively were reti red people and those on fixed in
comes .  The reasons for the negat ive impacts we re the expected r ise in the cost 
of living and a s hor tage of housing . Mi nor ities we re expec ted ne ither to bene
f i t  nor to exper ience economic d iff iculty from the proj ect .  However , two key 
informants who repres ented the Hi span ic-Amer ican corranun ity in Car lsbad and 
Lov ing expre ssed the belief that there would be negative impacts on minor ities.  

Impac ts on r ec r eation and tour ism 

In re sponse to que st ions about the possible effects of the WIPP proj ec t on 
rec reation and tour ism ,  wh ich are of cr i tical impor tance to Car lsbad and some 
of the surround ing commun ities , most discussants expre ssed the view that there 
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would be no impac ts . The general feeling seemed to be that,  s inc e the WIPP 
s i te was isolated and underground , most people would s imply be unaware of the 
existence of the fac ility unless it were advertised . A minor ity, however ,  
felt there would be some negative impacts on local recreat ion . These were 
re lated par ticularly to fears of the area ' s  be ing labeled the "nuclear waste
land of the wor ld" or a " national sacr ifice area. " 

Commun ity change 

One-th ird of the discu ssants felt that the quality of life in their area 
would be adversely affec ted by the WI PP.  One-half of the key informants and 
slightly more than two-fifth s  of the random sample felt that the area would 
improve . A maj or ity ,  then, antic ipates e ither some improvement or no change 
in the quality of local life if the proj ec t  becomes a reality. However , a sig
n ificant mi nor ity felt that the ove rall effect on the qua lity of life would be 
negative because of increased stra ins on local fac ilitie s ,  a "boom-and-bust" 
cycle , fear and anxiety about the fac i lity ,  a potential increase in the " tran
sient" population , and increased costs for good s and services.  Those who ex
pec ted the area to improve felt that the economic boost and the increase in pop
ulation would benefit Car lsbad and surround ing cornmunit ies . Many expressed the 
hope that the area would not change because they like it very much as it is . 

Each discussant was  asked to ind icate what cornmunity changes we re likely to 
occur in such areas as health and mental-health care , family life , and c ivic 
affair s .  A major ity felt that health care would be upgraded to keep pace with 
demands ,  wh ile mental-health conce rns centered on the e ffects of anxiety and 
fear . Most felt fami ly life would not change. No major changes we re expected 
in local c ivic affa i r s .  

Sa fety concerns 

Many of the objec tions to the projec t ,  expre ssed by both groups , we re con
cerns about safety . Fewer than half the key informants expressed concerns 
abou t sa fety at the site ,  but a major ity of the random sample said that they 
did have some concern about safety . The ma j or issues center on fear of human 
error , distr ust of governmen t,  radiation leakage,  and geolog ic instab ility at 
the site .  

The discuss ions concern ing potential transpor tation problems we re s imi la r .  
A ma j or ity o f  the d iscu ssants expressed some concern that the transportation of 
radioac tive wa ste to the WIPP site could present a potential danger for the 
local area . Frequent mention was  made of the generally poor quality of the 
existing h ighway system in the vic inity of the site .  

Attitudes toward constr uction and operations worker s 

Because of the technical sk ills that would be requ ired, most of the discus
sants exp�ted that the large ma j or ity of the ope rating per sonnel would have 
to come from other areas . Although some Western cornmun ities have exper ienced 
s ign ificant problems associated with the in-mig ration of large numbers of con
struction wor ker s ,  most of the discussants did not perce ive the in-migration 
of cons tr uction workers to be a ser ious problem. 

There was genera l consensus among both groups that as many local workers 
as poss ible should be used.  Some per sons expr�ssed the hope that tra in ing pro
grams could be established so that more local people could obta in employment .  
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Among the local communitie s ,  it wa s expected that Carlsbad and Hobbs would 
bene fit most because of their  prox iml ty to the site and because of the size of 
the ir labor forces .  

Attitudes toward radioac tive wa ste 

When asked about the general need for the disposal of rad ioactive wa ste , 
i ndependent of the immed iate local s ituation and per sonal interests , a large 
major ity , about three out of four persons in both groups , said they feel there 
is an urgent need to store s uch waste in safe , permanent locations . Sixteen 
percent feel the need is less than urgent . 

Although a maj or ity f eels there is a need for permanent d isposal sites , 
less than half of both the key-informant and the random-sample groups felt 
that the WI PP site was de si rable . Therefore , over half the d iscu ssants from 
both groups fee l  that the Car lsbad area is not a good locat ion for the dis
posal of radioac tive waste . 

A number of sites  were ident ified as b� ing more suitable than the local 
area . The most f requent sugge stion was to locate radioact ive-waste repos i
tor ies where " there is no population" or "away from people . "  Utah , Ar izona , 
and Nevada were ident ified by several d iscu�sants as having lower populat ion 
densit ies than New Mexico and thereby be ing �ore desirable as sites . Many 
re spondents feel that the waste should be d iE posed of near its source . 

Conc lusion 

The residents of the area feel that the area is a highly desi rable place 
to live . They are gene ra lly aware of the WI PP proj ec t .  Favorable economic 
impac ts are expected along with some negative soc ioeconomic one s .  Bus iness is 
expec ted to bene fit.  Recreation and tour ism w:11 be unaffected . The qua l i ty 
of life in the area is generally expected to rema in as it is . There is some 
concern about the safety of the proj ect,  and th is is expec ted to be man i fested 
by some anxiety and stress . Many of the discussants expressed a belief that 
the Carlsbad area may not be the be st site for the permanent d isposal of radio
active wa ste . 

9 . 4 . 3 . 2  Labor Un ions 

Many WIPP employees ,  pr imar ily miners , may be aff ili ated with a un ion . 
One of the several unions that represent pota sh and other workers in Eddy 
County might be expec ted to organ ize the worker s ,  although the wor ker s may 
choose to become af filiated with a un ion new to the area . In e ither ca se , the 
WIPP should not change the impor tance of or ganized labor in the reg ion . 

9 . 4 . 3 . 3  Social Services 

The Car lsbad-Loving and Hobbs areas provide an extens ive range of soc ial 
services and ac t ivities for the var ious social , ethn i c ,  and income cla sses 
that represent the populat ion of the two-county area . The expected impac ts 
from the population increases and the increa sed economic ac tivi ties assoc iated 
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with the constr uc tion and operation of the WIPP will not affect the soc ial
services fac i lities to the extent that they would be unable to accommodate 
demand . Only nominal staff increases would be necessary to accommodate 
WI PP-i nduced demand for area ser vice s .  

9 . 4 . 3 . 4  Churches and Other Commun ity Organizations 

The in flux of workers and their  fami lies will cause little increase in the 
number and types of churches and community organizations or in the memberships 
of existing organizations . The relative ly small population increment is one 
reason . Another is that the new people,  mostly blue-collar wor ker s ,  will tend 
to join few organ izations other than churches , wh ich will probably show the 
greatest inc rease s .  The newcomer s ,  if drawn from adj acent labor-market areas , 
w ill probably tend to be Prote stants ; the large number of small churches will 
probably absorb virtually all of them. 

9 . 4 . 4  Pr ivate Sec tor 

Although the pr ivate sector is strong in both Eddy and Lea Counties , its 
economic base is rather narrow , with most economic act ivities center ing on min
ing . In Eddy County pota sh min ing is the most active sector ; in Lea County the 
o il-and-gas i ndustry is more active than any other industr ial sec tor . Retail 
trade and services ( normally nonbasic sec tor s )  are also par tly a basic industry 
in Eddy County because of the heavy tour ism attrac ted by Car lsbad Caverns . 
Other basic industr ies in the area , such as agr iculture and manufactur ing , are 
sub stanti ally less ac tive than mining . 

9 . 4 . 4 . l  Industr ial Activity 

Dur ing the constr uc tion of the WIPP , cer ta in industr ies in Eddy and Lea 
Counties are expec ted to become more ac tive . Because the WIPP will need 
h ighly spec ialized equipment ,  much of the construction mater ials and near ly 
all of the techn ical equ ipnent will be purchased outside the area. However ,  
basic mater ials ( sand and gravel , rock , cer ta in electr ical products , and 
concrete) can be purchased in the area .  It  i s  expec ted that constr uction will 
br ing in approximately $8 . 7  mi llion in new business to the manufactur ing 
s ec tor in the two counties (Tables 9-31 and 9-32 ) . 

As the project moves from construction into operation , its effec t  on the 
var ious economic sec tors in the two-county area will change s ign i ficantly . 
The operational phase will be s imilar to a warehousing operation �ith one 
important exception :  the mining operations will continue. 

Dur ing operation , the impact on local manufactur ing is expected to be mini
mal . Examples of busine sses that would exper i ence some impact are chemicals , 
pr inting produc ts , and mach inery manufactur ing . An impact may be felt indi
rectly in the manufactur ing of food products because of inc reased demand. 
Spinoff to the industr ial manufactur ing system in the two-county area will be 
min imal . 
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Table 9-31 . WIPP Construction and Operation : Estimated Indirect Impacts on the Pr ivate Sector 
(Millions of 1979 Dollars) a 

1980 1981 1982 1983 1984 '- 1985 1986 �r a t ion 
Sec tor Volume Jobs Volume Jobs volume Jobs Volume Jobs volume Jobs Volume Jobs Volume Jobs Volume Jobs 

Agriculture $0 . 1  0 . 3  $ 0 . 2  1 . 8  s 0 . 5  5 . 2  s 0 . 5  5 . 0  $ 0 . 2  1 . 5  s 0 . 1  1 . 2  s 0 . 2  1 .  7 s 0 . 2  1 . 9  
M i n i ng 0 . 1  0 . 6  0 . 5  4 . 4 1 . 3  1 2 . 2  1 . 2  1 0 . 9  0 . 3  2 . 6  0 . 3  1 . 2  0 . 4  2 . 0  0 . 4  2 . 5  
Constructionb 0 . 1  1 . 2  0 . 2  6 . 3  0 . 4  1 7 . 5  0 . 5  18 . 6  0 . 2  7 . 5  0 . 2  1 . 4  0 . 3  10 . 6  0 . 3  1 2 . 7  
Manufactur ing 0 . 2  2 . 0  0 . 9  9 . 6  2 . 6  26 . 8  2 . 5  25 . 7  0 . 0  8 . 3 0 . 7  7 . 4 1 . 0  10 . 4  1 . 3  14 . 0  
Transpor t a t i on ,  com-

mun i ca t i ons , and 
u t i l i t ies 0 . 4  7 . 2  2 . 0  37 . 3  5 . 5  102 . 6  5 . 2  100 . 3  1 . 8  34 . 3  1 . 6  30 . 9  2 . 2  4 3 . l  3 . 0  5 3 . 4  

Trade 1 . 2  4 3 . 3  5 . 9  207 . 4  16 . 2  574 . 8  1 4 . 3  5 25 .  2 4 . 0 1 55 . 2  3 . 1  1 26 . 5  4 . 3  176 . 6  4 . 7  192 . 4  
Finance, insurance , 

and real estate 0 . 3  8 . 3  1 . 5  4 3 . 2  4 . 3  1 2 1 . 0  4 . 4  12 3 . 6  1 . 6  4 4 . 5  1 . 5  4 1 . 6  2 . 1  58 . l  2 . 0  57 . 5  
Serv ices 0 . 3  16 . 3  1 . 9  8 0 . 3  5 . 4  2 2 4 . 5  5 . 8  237 . 3  2 . 3  93 . 2  2 . 3  9 2 . 4  3 . 3  1 29 . 0  3 . 0  12 1 . 4  
Government 0 . 3  9 . 8  1 . 5  4 4 . 6  � 1 3 0 . 5  4 . 3  129 . 1  1 . 4  4 1 . 9  � 37 . 2  � 5 1 . 9  � � 
Total $ 3 . 0  89 . 0  $ 1 4 . 6  4 34 . 9  $ 40 . 5  1 2 15 . 1  $38 . 7 1175 . 7  $ 1 2 . 6  389 . 0  $ 1 1 . 0  339 . 8  $ 15 . 5  48 3 . 4  $16 . 8  5 14 . 1  

a 1ncludes ind i rect impacts f rom both construction and nonconstruct ion act i v i t ies . 
bl\ port ion of the construct ion-sector impact is expected to be expe r ienced in the f inance, insurance, and real-estate sector because of the 

procedures followed in bu ilding the na t i onal inpu t-output model by the Bureau of Economic Analys i s ,  Department of Commer ce .  The exact impact o f  
the por t i on cycled through the f i nance , insu rance , and real-estate sector is not ava i lable. 



Table 9-32 . Typ ical Year of Full WIPP Operation : Est imated Ind irec t 
Impac ts on the Pr ivate Sector (Mil lions of 1979 Dollars)  

Sector 

Agr iculture 
Mining 
Constructionb 

Manufactur ing 
Transpor tation , com-

mun ications , and 
utilit ies 

Tr ade 
Finance , insurance , 

and real estate 
Serv ices 
Government 

Total 

Volume Jobs 

$ 0 . 2  1 . 9  
0 . 4  2 . 5  
0 . 3  12 . 7  
1 . 3  14 . 0  

3 . 0  53 . 4  
4 . 7 19 2 . 4  

2 . 0  57 . 5  
3 . 0 121 . 4  
1 . 9 58 . 3  

$ 16 . 8  514 . 1  

ainc ludes ind irec t impac ts from both construc tion and noncon
str uction ac tiv ities .  

bA por tion of  the construc tion-sec tor impac t is  expec ted to be 
exper ienc ed in the finance , insurance, and real-estate sec tor because 
of the procedures followed in bu ilding the national input-output 
model by the Bu reau of Economic Analy s is , Department of Commerce . 
The exac t impac t of the por tion cyc led through the finance , insur
ance , and real-estate s ec tor is not ava ilable . 

The mi ning operation will also have minimal effec t  in attracting new in
du stry because potash min ing already dominates an extremely large port ion of 
the economy of Eddy County . The economic impac ts of the WIPP min ing operation 
will,  for the most part,  flow through industr ies that are already establ ished . 

9 . 4 . 4 . 2 Trade and Services 

Trade will be one of the most significantly aff ec ted sec tor s ou ts ide the 
i ndustr ies rece iving d ir ect impac ts . It is expec ted that the i ncrease in 
wholesale and reta il sales dur ing WIPP construction will total about $49 . l  
million 1 The largest impac ts will occur in 1982 ( $16 . 2  million) and 1983 
( $ 14 . 3  million) , when direc t employment will tota l more than 900  jobs annually 
for the 2 years .  Most of th is impact will be created through i ncreased buying 
in the household sec tor , although businesses will also make purchase s from the 
reta il sector . However ,  most of the local procurement for construction will 
be made from wholesale outlets . Substantial increases are also expec ted in 
the services sec tor , with near ly $ 2 1 . 4  million in ind i rect new business . 

Th is analysis assumes that the construc tion-phase demand for goods and 
serv ices will take advantage of the goods and services ava ilable in the area . 
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It also assumes that the var iety of goods and serv ices offered in the area 
will not change substantially dur ing the constr uction per i od .  

Beginn ing i n  1987 , the operation o f  the WIPP will add $4 . 7  million annually 
to wholesale and reta il sales in the area ;  th is will be larger than the impact 
on any other identified sec tor . Much of it will flow into the secondary and 
tertiary i ndustr ies rather than into manufactur ing or bas ic industr ies . The 
annual impact on finance , insurance , and real estate will be some $ 2 . 0  mil
lion ,  and the services s ec tor will also enjoy a substant ial increase , j ust 
more than $ 3 . 0  mill ion per year . 

In summary ,  the re sponse of the pr ivate sector to both the construct ion 
and the operation of the WIPP will be expre ssed in new act ivity in many of the 
existing secondary and ter tiary industr ies . The operational phase will br ing 
very few new manufactur ing firms . However , small-equipment manufacturers and 
fabr icated-metal operations may be attracted by the ma intenance and constr uc
tion activities dur ing the operational phase and the need for equipment 
repa irs . 

9 . 4 . 4 . 3  Tour ism 

Certa in aspec ts of tour ism in the two-county area may be affected by the 
WI PP .  Deta iled effects are , however ,  d ifficult to define at present.  

Tour ism direc tly affects reta il trade , hotels and motels , eating and dr ink
ing e stablishments , service stations,  and other trade and service subsector s .  
To a lesser deg ree , i t  also influences cer ta in government operations ( e . g . , 
those of the National Par k Service) and some manufactur ing act ivities ( e . g . , 
cur ios and j ewelry) . 

Tour ism in the two-county ar ea center s around the caverns in the Car lsbad 
Caverns National Par k ,  22 miles southwe st of Car lsbad . The park is an unusual 
attraction , one not li kely to lose its popular ity because of the repository .  
Other area s ,  s uch a s  the Living Desert State Par k  j ust we st o f  Car lsbad , offer 
a var iety of recreational oppor tun ities enjoyed by out-of-state vis itor s ,  but 
do not attr act many tour ists beyond those v i siting Car lsbad Cavern s .  

Th e  existence o f  nuclear-weapons laborator ies and atomic-energy research 
e stablishments in New Mexico has not h inder ed tour ism.  A pr ime example is the 
city of Los Alamos , the site of the Los Alamos National Sc ientific Labora tory. 
Tour ism in Santa Fe , only 40 miles away , has continued to increase , and Los 
Alamos itself has become a point of interes t .  Thus past exper ience ind icates 
that the WIPP w ill exert no sign ificant adverse impacts on tour ism over an ex
tended per iod . 

There may , however ,  be some shor t-term impacts on hotels , motels , and other 
fac i lities serving tour ists . As constr uction proceed s ,  a number of transient 
constr uction worker s  will locate in the area . Many are expected to live in 
temporary quarters for short per i ods . Pa st exper ience reveals that many con
struc tion workers stay in camping tra ilers ,  camper s ,  or mobile homes owned by 
conce ssion compan ies dur ing the wor k week and travel home for weekends ; other s 
may stay in motels and hotels . The transient workers may therefore decrease 
the overnight fac ilities available to tour ists . Th is impact is likely to last 

9-6 3  



only 1 to 2 year s . Dur ing operat ion th is impact is not likely since temporary 
hou sing fac i lities wi ll not be affected to any deg ree . 

9 . 4 . 5  Housing and Land Use 

9 . 4 . 5 . 1  Total Housing Requi rements 

The tota l demand for housing by the in-migrants di rectly or ind irectly 
attracted by the WI PP is shown in Table 9-33 . Hous ing demand peaks in 1983 
with 880 total housing un its , decreases to 330 tota l un its in 1986 , and 
thereaf ter rema ins stable . 

The compos it ion of housing demand (Old West Reg iona l Commission , 197 5 )  is 
expected to change as constr uction ends and operat ion beg ins . Dur ing constr uc
tion , there is likely to be a re lat ively large demand for mobile homes and 
mult ifamily un its i  dur ing operat ion , 81% of the demand will be for single
fami ly un its . 

Table 9-33 . Total Hou sing Demand Induced by the WIPP 

Permanent Permanent Mobile home s 
Year Total a single family multifamily and others 

1980 b 50 20 5 25 
1981 240 80 25 135 
198 2 770 26 0 80 430 
1983 880 300 90 490  
198 4 390 130 40 220 
1985c 240 135 20 85 
1986 330 230 20 80 
1987 360 290 20 50 

aTotal housing demand is based on proj ect ions of populat ion migrat ion 
re sulting f rom d i rect and indi rect jobs (Table 9-30)  • 

bThe allocat ion of tota l demand to housing types for 1980-1984  is based 
on the housing preferences of constr uction workers in Construction wor ker 
Pro file (Old West Reg ional Commission ,  197 5) . 

CThe allocation of tota l demand to housing types for 198 5-1987 is based 
on the averages of d i stinct hous ing- type preferences of construction workers 
and long-term re s i dents . 

9 . 4 . 5 . 2 Scenar io I :  Car lsbad 

Housing 

Accord ing to Table 9-34 , the proj ec ted baseli ne-population increases for 
Car lsbad ca ll for an addition of at least 1430 housing units from the end of 
1977 through mid-198 1 1  this figure , wh ich would drop the vacancy rate to zero , 

• 
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comes from subtracting the total housing stock at the end of 1977 ( 9 420 ) from 
the occupied housing in mid-1981 ( 10 , 8 50 ) . When added to the current total of 
34 substandard units not su itable for rehabilitation ,  th is means an increase 
of about 1460 un i ts over the 3 . 5  year s ,  or an average of about 420 un its per 
year--somewhat less than the rate of construction in 1977 . 

Housing constr uction planned by developers for the 4 years from 1978 
through 1981 calls for somewhere between 1650 and 1750 new un its . However , be
cause of an extremely tight mor tgage-loan market,  the exact t ime when these 
units will be bu ilt is not known . Interviews with local banker s and the Car ls
bad Planning Deparbnent indicate that there has been a slowdown in new housing 
star ts over 1978-1979 , and it appear s  that constr uct ion will not keep pace with 
proj ected demand . Thus , even under baseline conditions , Car lsbad could face a 
significant housing shor tage by mid-1980 . 

To br ing the vacancy rate up to 3% by mid-198 1 ,  a total of 1770 uni ts must 
be added over the 3 . 5-year per iod ( Table 9-34 ) . This is an average of 505  
un i ts per year , somewhat abov'e the max imum of 438 units per year planned for 
the 1978-198 1 per iod . It thus appears that , if planned constr uc tion rates are 
continued into 198 1 ,  the addition to the housing stock will be insuffic ient to 
br ing the total housing stock to a level providing a vacancy rate of 3% . 

Baseline-population proj ections for the per iod 1981-1985 call for 1110 new 
housing un its , or 270 per year . The next 2 years are proj ected to show an in
crease in hou sing demand of 590 uni ts ,  or 295 per year . Ma inta ining a 3%  va
cancy rate over the 1981-1987 per iod would require an addit ional 2080 units , 
or 350 per year (Table 9-34) . 

The popu lation increase assoc iated with the WIPP proj ec t will ra ise hous
ing demand for the 1980-1984 per iod to 1490 uni ts,  or 375 per year . The pr i
mary impac t ,  however , will be in the year from mid-198 1 to mid-198 2 :  housing 
demand will increase by 890 un i ts over the year versus 440 uni ts under base
li ne cond itions . Moreover , much of the increase will occur soon after the 
start of constr uc tion .  It appears that a housing shortage might develop in 
198 1 or 198 2 if  scenar io I cond itions preva il (Table 9-34 ) .  

After reach ing a peak of 890 uni ts in 1982 , the WIPP-induced hous ing demand 
will decrease to 240 units the following year . Housi ng-demand projections in
dicate that an exce ss of 120 un i ts will ex ist in the Car lsbad area by 1984 . 
This exce ss will be elimi nated by 1985 , and thereafter demand will level off 
(Table 9- 34 ) . 

The inc reased vacancy rate in 1984 is attr ibuted to a lag between the con
str uc tion and full operation.  As constr uction nears completion in late 198 3 
and ear ly 1984 , a signif icant number of workers will leave the Car lsbad area 
( Table 9-30 ) . However , th is reduction in staff and the correspond ing inc rease 
in locally ava ilable hou sing will be shor t-lived and should cause no maj or 
problems . 

There are three factors that might mit igate the shor tage proj ected for 
1 981  and 1 98 2 .  First , it is poss ible that interest rates will decrease , there
by expand ing the ava ilabil ity of money for mor tgage loans . Any housing shor t
age resulting f rom excess demand could then be expected to be controlled by an 
inc rease in housing supply . Second , a relat ively large number of construct ion 
workers tend to prefer mob ile homes (Table 9-35 )  • Th ird , construction wor ker s 
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Table 9-34 . Housing Demand : Scenar io I ,  Carlsbad 

Year 

1977 
l978c 

1979 
1980 e 

1981 
198 2 
198 3  
1984 
1985 
1986 
1987 

Occupied housing 
Baseline 

9 , 2 9oa 

9 , 8 10 
10 , 130 
10 , 53 0  
10 , 8 50 
11 , 29 0  
11 , 440 
11 , 740 
11 , 960 
1 2 , 260  
1 2 , 550 

With WIPP 

--

--
-

--
10 , 570 
11 , 06 0  
1 2 , 180 
12 , 06 0  
12 , 170 
12 , 53 0  
1 2 , 8 50 

Change f rom 
previous year 

Baseline With WI PP 

-- --
52od --

320 --
390 440  
330  4 90 
440  890  
150 240 
300 ( 120 ) 
230  110 
290  37 0 
290 320 

aEstimated year-end occupied units . 

Occupied housing plus 
3% vacancy rate 

Baseline With WIPP 

9 , 42ob 

10 , 120  --

10 , 4 50 --
10 , 850  10 , 900  
11 , 190 11 , 400  
11 , 64 0  12 , 320  
11 , 800  12 , 56 0  
12 , 10 0  12 , 44 0  
12 , 330  12 , 550 
12 , 6 3 0  12 , 9 20 
1 2 , 9 30 13 , 250 

Change from 
erevious iear 

Baseline With WIPP 

1ood 

330  
410  440  
340  510  
450  910 
160 240 
310 ( 12 0 )  
230 110 
300  380 
300  330  

bActual year-end housing stock , based on U . S .  Department of Commerce , 197 0  Census of Housing ,  and 
subsequent bui lding-permit and demoli tion data for Carlsbad .  

CFigures for 1978 and subsequent years are mid-year . 
ds ix-month change .  
eBeg inn ing year of construction . Impact assumed to be static after 198 6 . 



Table 9-35 . WIPP-lnduced Housing Demand by Type: Scenar io I ,  Carlsbada 

Year 

1980 
198 1  
1 982  
1983 
1984 
198 5  
1986 
1987 

Total 

40 
210 
6 60 
740 
325 
20 5 
2 80 
310 

Permanent 
single family 

15 
70 

220 
250 
110 

70 
95 

10 5 

Permanent 
multifamily 

5 
25 
70 
80 
35 
20 
30 
35 

Mobile banes 
and others 

20 
115 
370 
410 
180 
115 
155 
170 

aThe allocation of total demand to housing types is based on the housing 
preferences of construction workers and other newcomers in Construction 
Wor ker Profile (Old West Regional Conanission , 1975 ) . 

are highly mobile . Constr uction activity can be expanded more rapidly than 
most other industr ial activities . In fact , the sudden increase in housing 
demand is itse lf a result of the assumption that the level of constr uction 
activity on the proj ect can be rapidly expanded. 

It is impossible to predict the extent to which these factors will miti
gate the housing shortage at the start of WIPP construction . It appears that 
there will be some shortage , however , with an associated increase in rents 
and housing pr ices . If a housing shortage does develop, it is not likely to 
persist beyond the end of constr uction . The total demand for housing will 
decrease in 1984 as one phase of the proj ect ends and another begins . Demand 
would not r ise above the 1983 level until 1986 . The cumulative demand from 
1980 to 198 5 could be met at a construction rate of 320 units per year . 

Land use 

Using the housing-demand estimates above and an estimated average lot 
size for new housing units of 0 . 25  acre , one finds that about 300 acres will 
be required for new residential development from the start of 1978 through 
mid-1980 . From 1980 through 1987 , an additional 505 acres will be needed 
under baseline conditions . When compared with the currently vacant area ; 
which is more than 7500 acres , this 8-year cumulative demand of 805  acres 
clear ly leaves ample surplus for cormnercial and industr ial development as 
we ll as parks ,  streets , and other land uses . 

It should be further noted that the existence of the 100-year floodway 
will not ser iously hinder the use of land for either baseline -or · WIPP- induced 
housing construction . The floodway is already· substantially developed . 
Moreover , most of the new constr uction is proj ected for the southern end of 
Car lsbad , which is not in the 100-year floodway . 
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If the WIPP is begun in 1980 , an addit ional 7 5  acres will be required for 
res idential development through 1987 , br inging the 8-year cumulative demand to 
87 5 acres .  Dur ing peak constr uction (198 3 )  additional resident ial land use 
due to WI PP will be about 140 acres under the expec ted housing-type demand 
(more than 50%  mobile homes) . Given the availability of vacant land , the 
implementation of the proj ect does not appear likely to cause any land-use 
problems in Car lsbad . 

9 . 4 . 5 . 3  Scenar io I :  Loving 

Hou sing 

· The proj ected baseline-population increases for Loving call for an addition 
of at least 69 housing un i ts f rom the end of 1977 through mid-1980 (Table 9-36 ) . 
This figure , wh ich would decrease the vacancy rate to zero , is der ived by sub
tracting the total occupied housing stock at the end of 1977 ( 3 93  un its) from 
the occupied housing in mid-1980 (462  un its ) . This represents an annual rate 
of i ncrease of approximately 27 housing units per year . In order to ma intain 
a 3 %  vacancy rate in mid-1980 ,  about 71 units will be needed--an annual rate 
of 28 un its per year . Under baseline conditions , 67 new housing units will be 
required from 1980 through 198 7 , or about 10 per year . 

The WIPP will i ncrease the cumulative 1980-1987 requi rements by 17 un its , 
bring ing the annual rate up to 12 un its for the 7 year s .  Although the demand 
in the peak year (1 983 ) may be as high as 41 un its ,  more than half of the 
demand will be for mobile homes � it therefore does  not appear that there will 
be any d i ff iculty in meeting new housing requi rements through 1987 , with or 
without the WIPP proj ec t .  

Loving , like Car lsbad , will have an excess o f  housing un its i n  1984 be
cause of a lag between the end of WIPP constr uc tion and the beg inn ing of full 
operation (Table 9-36 ) . However , this decrease in demand will be extremely 
short- lived , lasting less than a year . 

Using the present average lot si ze of 0 . 5  acre , the proj ec ted cumulative 
housing add itions through 1987 will require about 35 acres under baseline 
cond it ions and approximately 43  acres with the WIPP . If  the lot size is  0 . 25  
acre , 1 7  ac res will be  r equired without and 21  acres with the repos itory.  

Table 9-36 shows the WIPP-related housing demand by type . The pattern is  
the same as that proj ec ted for Car lsbad : dur ing constr uction , there will be a 
greater demand for mob ile homes and multifamily un its , wh ile dur ing operation 
there will be a g r eater demand for single-family un its . 

There are an est imated 3 2 0  ac res of vacant land inside the current Loving 
c ity limits. Most of th is land is used for agr icultural purposes .  Land ad
joining the corporate boundar ies is also used pr imar ily for agr iculture . Be
cause a large propor tion of land inside and contiguous to the city limits is 
pre sently vacant ,  the commun ity of Loving should exper ience no land-use prob
lems with or without the WI PP proj ect. 
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Table 9-36 . Housing Demand : Scenar io I ,  Loving 

Change f rom Occupied housing plus 
Occupi ed housing prev iou s year 3% vacancy rate 

Year Base line With WI PP Baseline With WIPP Baseline With WIPP 

1977 393 -- -- - - 405a _ .. 

1978b 429 -- 36 -- 44 3  --
1979 444 - 15 -- 4 58 --
1980C 462 46 5 18 21 476 479 
1 981 
1982 
1983 
1984 
1 985 
1986 
1 987 

465 477 3 12 479 491 
48 2  520 17 43  496 536 
483 524 1 4 4 98 540 
499 515 16 9 514 530 
514 525 15 10 530 541 
514 530 0 5 530 546 
529 546 15 16 545 561 

aEstimated year-end occupied units . 
bFigures for 1978 and subsequent years are mid-year . 
CBeg inning year of construction .  Impact assumed to be static after 1986 . 

Change from 
previous year 

Baseline With WIPP 

38 
15 
18 21  

3 12 
17 45 

2 4 
16 10 
16 11 

0 5 
15 15  



Table 9-37 . WIPP-Induced Housing Demand by Type : Scenar io I ,  Lovinga 

Permanent Permanent Mobile homes 
Year Total single family multifamily and others 

1980 3 1 0 . 3 1 . 7  
198 1 12 4 1 7 
1982 38 13 4 21 
1983 41 14 4 23 
1984 16 5 2 9 
198 5  11 4 1 6 
1986 16 5 2 9 
1987 17 5 2 10 

aThe allocation of total demand to housing types is based on the housing 
preferences of constr uction workers and other newcomers in Constr uction Wor ker 
Profile (Old West Regional Commission ,  1975 ) . 

9 . 4 . 5 . 4 Scenar io I I :  Hobbs 

Housing 

The proj ected baseline-population increases for Hobbs call for an addition 
of at least 770 housing un i ts f rom the end of 1977 through the middle of 1980 
(Table 9-38 ) ; this f igure , wh ich would drop the vacancy rate to zero , is de
r ived by s ubtracting the total housing stock at the end of 1977 ( 10 , 880  uni ts) 
from the occupied housing in mid-1980 (11 , 650  units) . This  represents an an
nual rate of about 310 un i ts for the 2 . 5-year per iod , or about 52% of the 
record addition of more than 6 0 0  un its in 1977 . 

To mai ntain a 3% vacancy rate in mid-1980 , about 1130 uni ts will be 
needed , or 450 per year . Under baseline condi t ions , 2470 new housing units 
will be needed f rom 1980 through 1987 , or about 355 per year , a rate well 
below that for 1977 . 

The WIPP pro j ec t  will increase the cumulative 1980-1987 requirements by 
130 un i ts ,  br inging the annual rate up to 370 un i ts for the 7 years ;  th is 
rate is less than those ach ieved in 1976 and 1977 . Although it does not 
appear that there will be any d ifficulty in meeting the proj ected new-housing 
requirements through 198 7 , the continuation of present ( 12%-15% ) interest 
rates Jnto 1981 would probably reduce housing starts and create some short
term shor tages . However , it  is difficult to predict the long-term effects of 
present mortgage-loan rates on housing constr uct ion . Other types of housing , 
such as mobile homes , could conce ivably be used to cover any shortages that 
might occur because of a tight mortgage-loan mar ket . 

Table 9-39 shows the WIPP-induced housing demand by type .  The pattern is 
the same as that proj ec ted for Carl sbad , mobile homes and mult ifamily uni ts 
be ing preferred dur ing constr uc tion and single-family un its being pre ferred 
dur ing operation .  
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Table 9- 38 . Housing Demand : Scenar io II , Hobbs 

Year 

1977 
1978c 

1979 
1980e 

1981 
198 2 
1983 
1984 
1985 
1986 
1987 

Occupied housing 
Base li ne With WIPP 

10 , 660a 

10 , 89 0  --
1 1 , 300 -

11 , 650 11 , 670 
;t 2 , 090 1 2 , 180 
12 , 43 0  12 , 710 
1 2 , 810 1 3 , 130 
13 , 200  13 , 340 
13 , 600 13 , 6 90 
13 , 87 0  13 , 9 9 0  
14 , 1 20 14 , 250 

Change f rom 
previou s  year 

Baseline With WIPP 

23od 

4 10 
350 370 
4 40 510 
340 530 
380 4 20 
380 210 
4 00 350 
270 300 
2 50 260 

aEstim�ted year-end occupied units . 
bActual year-end housing stock , City of Hobbs Housing 
cFigu re s  for 1978 and subsequent years are mid-year . 
ds ix-month change . 
eseg inn ing year of construction . Impact assume.a to be 

Occupi ed housing plus 
3% vacancy rate 

Baseline With WIPP 

10 , 88 ob 

11 , 2 30 --
11 , 650 --

12 , 010 12 , 03 0  
12 , 470 12 , 560 
12 , 8 20 13 , 110 
13 , 210 13 , 540 
13 , 60 0  13 , 750 
14 , 020 14 , 110 
14 , 300  14 , 420 
14 , 550 14 , 690 

Count , 1978 . 

static  after 198 6 . 

Change from 
previous year 

Baseline With WIPP 

35od 

4 20 
390 
4 30 530 
350 550 
390 430  
400  210 
4 20 360  
280 310 
260 270 



Table 9-39 . WIPP-Induced Housing Demand by Type : Scenar io I I ,  Hobbs 

Permanent Permanent Mobile homes 
Year Total a single family multifamily and others 

1980 b 20 s s 10 
1981 90 30 10 so 
198 2 280 9S 30 lSS 
1983 3 20 110 3S 17S 
1984 14 S so lS 80 
198 S C 90 so 10 30 
1986 120 80 10 30  
1987 13 0 lOS s 20 

aTotal housing demand is based on pro jections of population migration re
sulting f rom di rect and indi rect jobs (Table 9-30 ) . 

brrhe allocation of total demand to housing types for 1980-1984 is based 
on the housing preferences of constr uction wor kers in Constr uct ion Wor ker 
Profile (Old West Regional Commission ,  197S ) . 

cThe allocation of total demand to housing types for 198S-1987 is based 
on the averages of d istinct housing- type preferences of construction workers 
and long- term residents . 

Land use 

Usi ng the present average lot size of one-seventh of an acre , the projected 
cumulative housing add i tions through 1987 would requi re about 460 acres under 
baseline cond itions and abou t 480 acres with the WIPP . However , if the lot 
size of new homes is one-quar ter acre , approx imately 810 acres will be requ i red 
without ,  and 840  acres with , the WIPP . Dur ing pea k construction ( 198 3 )  an ad
d itional 60 acres w ill be requ ired  for residental land use under the expected 
d istr ibution of housi ng-type demand (more than SO% mobile homes) . 

Excluding land in the Hobbs I ndus tr ial Air  Par k ,  there are an estimated 
107 0 acres of vacant land ins i de the current Hobbs city l imits , mostly in the 
north end of town . Thus there is more vacant land than will be required for 
the new housing units alone . There is some question ,  however ,  about the abil
ity of the vacant area to accommodate new housing and new commercial and pub
lic  develoi;nent .  Currently , there is  an average of l . 2S occupied acres for 
every housing un it in Hobbs . If th is average acreage is to be ma inta ined , the 
proj ec ted housi ng additions ( 33 7 0  units ) * will requ i re about 4200  acres , or 
about four t imes the ava ilable vacant area . Wh ile it is not suggested that ac
tual nonresidential land requirements grow in direct propor tion to those for 
resi dential purposes , it is probable that some of the cur rently vacant land 
will be used for nonresidential purposes . As a result , it  is poss ible that 

*For 1977 to mi d-198 0 ,  770  housing un its � for mid-1980  to mid-198 7 , 247 0  
(baseline) plus 130 WI PP- i nduced hou sing un its .  
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there will be li ttle or no vacant land rema ining inside the current city limits 
of Hobbs by the late 198 0 s .  

To some extent ,  this increasing scarcity o f  land may cause some o f  the 
hou sing development proj ected for Hobbs to take place outside the city limits.  
This , in turn , may prompt expansion of the city limits , an ac tion that must be 
initia ted by petition from the re sidents or landowner s  in the annexed area . 
Any development outs ide the current city limits will most li kely take place to 
the north of Hobbs . Land to the east and south of the city is owned by three 
i nd iv iduals who are currently unwilling to sell , wh ile the west is constra ined 
by o il- and gas-field developments . 

9 . 4 . 6  Community Services and Fac ilities 

Th is section d iscusses the impacts that may be induced by the WIPP proj ect 
on commun ity service s and fac ilities.  Sec tion 9 . 4 . 6 . 1  presents selec ted analyses 
of impacts that have related effec ts on Carlsbad and Lov ing . Section 9 . 4 . 6 . 2  
analyzes the impacts that can be identified as being spec ific to Loving . 

9 . 4 . 6 . l  Scenar io I :  Carlsbad and Eddy County 

Education :  Car lsbad School Distr ict 

Proj ect ions of school enrollments indicate that excess phys ical capac ity 
w ill continue to character ize the Carlsbad school system. The 1986-1987 
school-year enrollment will require approx imately 72% of the available class
room space (Table 9-40 ) . Overa ll, the student populat ion should increase by 
about 15% ( about 950 students)  dur ing the decade from 1976-1977 to 198 6-1987 . 
The pr inc ipal e ffect of the WIPP proj ect will be to accelerate the rate of in
crea se in enrollment , with maximum impact in the 198 3-1984 school year of 4 . 8 %  
(approx imately 3 25 students) over ba seline condit ions . The 10-year increase is  
proj ec ted to be 18% ( about 10 75  students) . This accelerated rate of student
population g rowth ,  however ,  will not tax the capac ity of the school system. 
The 198 6-1987 enrollment level with the WIPP will require less than 74%  of the 
current cla ssroom space . 

Increased enrollments may require additional teachers ,  although it is pos
s ible to allow the student- to- teacher rat io to r ise . Mainta in ing the current 
student-to-teacher ratio would require about 50 addit ional teacher s  under base
line conditions by 19 86-1987 and about 59 with the proj ect .  Requ irements for 
admi nistrative and staff personnel will probably grow as well , but not neces
sar ily as rapidly as enrollment . Because enrollments with the WIPP are pro
j ec ted4 to be only marg inally larger than those without the WIPP , they may not 
result in any increase in demand for administrative and staff per sonnel .  

Dur ing the 1977-197 8 school year , the Car lsbad school d istr ict reopened an 
elementary school in the south portion of the ci ty , an area of high potent ial 
population growth.  Thu s a potential school shor tage in that part of the city 
has been alleviated . 
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Table 9-40 . Proj ected Enrollments in the Car lsbad School Distr ict 

Grade 
Year K-6! 7-8 9-10 11-12 Total 

BASELINE 

197 9-1980 b 3568 981 1097 1000  6646 
1980 -198 lb 3612 980 1024 97 4 6590 
1981-1982 37 31 998 1035 899  6663  
198 2-1983  3881  898 1022 830 6631 
1983-1984 4 092 834 1019 825  6770 
198 4-198 5  4204 886 927 819 6836  
19 85-1986 4364 963 865 8 25 7017 
1986 -1987 4511 102 9 930 753 7223  
1987-1988 4641 10 99 1010 704 7454 
198 8 -198 9  4734 11 68 1079 758 7739 

WI PP SCENARIO I 

198 0 -198 lc 3655 990  1033 983  6661 
1981-1982 3 879 1032 1067 928 6906  
1982-19 8 3  412 5 956 1075 87 8 7034  
1983- 1984 4286 881 1062 863  7092  
198 4-1985 4306 912 950 839 7007 
19 85-1986 4458 987 886 843 7174 
198 6-1987 4624 992 955 775 7346 

a Includes spec i al educat ion ;  kinder gar ten students counted as full time . 
bcar lsbad 40-day average da ily member ship r epor ts . 
cstar t of cons tr uction .  

The WIPP proj ect is not l i kely to cause any overcrowding problems at any 
grade level in the Car lsbad school sys tem . 

Groundwater and mun i cipal water system 

The C ity of Carl sbad has s ufficient water r i ghts for the next several 
decades .  Table 9-41 conta i ns proj ected withdrawals and depletions* for Car l s
bad with and without the WI PP proj ect . Baseline withdrawals are expected to 
r ise from the 1977 level of 8800  acre- feet to 10 , 95 0  by 1987 and 13 , 250 by 
2000 . Implementation of the proj ect will i ncrease demand by as much as 6%  dur
ing constr uction and 2% in subsequent years .  

*The term " depletion" refer s to the par t of the water withdrawn that is no 
longer ava ilable because it has been evaporated , tr anspired , i ncorporated i nto 
products or crops , consumed by people or livestock , or otherwise removed from 
the water environment . 
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Municipal wastewater systems and treatment fac ilities 

The new sewage-treatment plant now being constructed will be capable of 
serving a population of 50 , 000 . Because its design capac ity is well over pro
j ec ted population levels (with or without the WIPP) through the end of this 
century, the new plant should be adequate for the needs of carlsbad for the 
next several decades.  

Year 

1970 
1977 
1980e 
1 981  
198 2  
1983 
1984 
1985 
1986 
1987 
1988 

2000 

Table 9-41. Water Demand in Carlsbada 

Annual water demand ( acre-feet) 
Baseline With WIPP 

withdrawals Depletions withdrawals Depletions 

1 , 1oo b 35oob 

8 ,  0oo c 5oood 

9 , 4oo d 5600 9 , 400 5600 
9 , 600 5800 9 , 7 50 5900 
9 , 950 60 50 10 , 000 6350 

10 I 0 50 6100 10 , 650 6450 
10 , 250 6250 10 , 550 6450 
10 I 4 50 6400 10 ,600 6500 
10 , 700 6600 10 ,950 6750 
10 I 9 50 6800 11 , 200 6950 
11 , 250 7000 11 , 500 7150 

13 , 250 8650 13 , 5 50 8800 

apeak consumption in 1979 was 16 million gallons per day (mgd) . In the 
year 2000 the peak baseline load will be 24 mgd 1 with the WIPP it will be 25 
mgd . 

boata from the New Mexico Interstate Stream Commission and New Mexico 
State Engi neer ' s  Office (1975 ) : County Profile ,  Eddy County. 

Coata from the City Manager ' s  Office , car lsbad , New Mexico. 
dsased on population projec tions made in this study and per-capita with

drawal and depletion proj ections by the New Mexico Inter state Stream Commis
sion , adj usted for actual withdrawals in 1977 . 

estart of constr uc tion .  

The present sewer system will have to be extended into areas of new hous
ing developnent.  Moreover , population increases will result in increased 
wastewater flows through existing main sewer line s .  City officials have stated 
that the existing main sewer lines can handle proj ec ted increases (with or with
out the WIPP) through the year 200 0 .  

Elec tr ical service 

Proj ec ted occupied-housing additions to the Carlsbad-Loving area under 
baseline conditions total 2840 from 1978 through mid-1987 . By mid-1987 , this 
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will result in a 6 . 4%  inc rease in total electr icity use over current levels if  
current rates of  use continue. Moreover , new commerc ial hook ups will be  re
quired by the end of 1986 , causing an add itional increase of 5 . 9% over current 
levels of elec tr ic ity use .  

The WIPP proj ec t  will result in about 3157 new hous ing units between 1978 
and 1987 , w ith a 7 . 1% i ncrease in electr ic ity use.  Commerc ial use will add 
about 6 . 5% .  The net eff ec t  will be to increase the residential and commercial 
use of elec tr icity by less than 2% by mid-1987 . Total elec tr ic i ty use will be 
up about 1% as a result . 

The WIPP itself will require as much electr ic ity as many of the large 
i ndustr ial users in the area . I ts demand level w ill be about one-tenth that  
of an  area arrmon ia plant that recently closed . The closing of the anunonia 
plant in e ffect created suffici ent excess generating capac ity to cover about 
10 t imes the proj ec ted WIPP demand . 

Accord ing to off ic ials of the Southwestern Public Service Company , the 
g enerating capac ity w ill be suffic i ent for the proj ec ted demand . However ,  new 
d istr ibution sub stat ions will be required , and there is a lead time of 3 to 6 
months f or new hook ups . 

Natural-gas service 

Under base li ne cond it ions , the housing demands proj ec ted through 1987 for 
the Car l sbad area show that residenti al hook ups w i ll i ncrease 28 . 9% over cur 
rent levels .  A t  current consumption rate s ,  this will increase the consumption 
of natu ral gas by 4 . 5% .  I ncreased commercial use will ra ise co�sumption by 
another 1 . 7% .  

The WIPP will increase the re sident ial consumption of natura l gas by 4 . 9% .  
Commercial use w i ll r ise 1 . 8 % above cu rrent levels by the end of 1987 . As a 
re sult of the WIPP , gas consumpt ion will be about 0 . 5% above baseline levels 
in 1987 . 

Gas Company of New Mexico off ic ials believe that these increases ,  with or 
w ithout the WI PP proj ect,  can be met w ithout d ifficulty . 

Fire protec tion 

To ma inta in current levels of fire protect ion in 198 7 , Car lsbad will 
need 36 full-t ime f i re-department employees under base line cond itions and 3 8  
employee s with the WIPP-- increases o f  s i x  and e ight employees ,  respec tively , 
f rom the 1979 level . Two add itional pieces of maj or equ ipment will be needed 
in 1987 , e ither with or without  the WIPP . Without the projec t ,  the one air
port and three nona irport sub stations w i ll provide suffici ent coverage in 
198 7 . However , the growth of the city with the WIPP will require an add i
tional fi re sub station by 1987 . The pr inc ipal impact of the WIPP w i ll thus be 
to require add it ional per sonnel and equipment at an earlier date . 

Police protec tion 

Under baseline cond it ions , the number of police employees will have to 
increase f rom 48 to 57 in 1987 to ma inta in the current ratio of police em
ployees to city inhabitants . The WIPP will create the need for three more 
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police employees (a  total of 60  in 1987 ) . Five additional F.ddy County Sher iff 
employees will be needed in 1987 . The WI PP is not expected to create any con
ditions that would significantly change the required number of Sher iff ' s  De
partment employees . The implementation of the WIPP will change the times when 
additions to the police and sher iff ' s  departments are needed. 

Health care 

To ma inta in current service levels � F.ddy County will require 189 hospital 
beds by mid-1987 under baseline conditions and 196 with the WIPP. If occu
pancy rates are allowed to r ise over current levels and if the per-capita de
mand for hospital beds remains unchanged, the 1987 baseline county population 
can be acconmodated with about 147 beds. With the WIPP ,  about three more beds 
will be required .  The resulting increase i n  occupancy rates will br ing county
wide occupancy to about 88% (90% with the WIPP) . Thus,  current hospital facil
ities appear to be adequate to meet demand through the 1980s if occupancy rates 
are allowed to r ise.  Moreover , the Guadalupe Medical Center has several double 
rooms that currently contain only one bed . The number of beds can therefore 
be increased fair ly readily , bringing occupancy rates down . 

The number of pr imary-care physicians required at current service levels 
will be 24 by mid-1987 under baseline conditions and 25 with the WIPP . Under 
Bennett ' s  ( 19 77 )  standard of one pr imary-care physician per 1200 people, the 
WIPP will increase the demand for pr imary-care physicians by about one. 

Proj ec ted population levels for 1987 call for one additional ambulance 
under baseline levels.  The WIPP will not add to this requirement. 

Traffic and transportation 

Access to the site will be provided by a road connecting the. site to u . s .  
62/180 to the north . A road to the south connecting with N.M.  128 is al so 
planned ; however , the ma in traff ic flow is expected to be from the north . 
There may be temporary minor d isr uption of traffic on U . S .  62/180 and N.M.  128 
while the access roads are being connected . Site construction itself will be 
several miles off the public roads and should therefore cause no d i sr uption of 
traffic flows or patterns .  

During construction and operation , there will be some increase i n  traffic 
on U . S .  62/180 between the site access road and Car lsbad. However , since pres
ent plans call for some wor kers to be bused to the site dur ing all of the proj
ect ' s  phases , the traffic-volwne i ncrease will be minima l .  Since u. s .  62/180 
is a four-lane highway , slow-moving buses will not impede other traffic.  

Figure 9-7 shows the 1978 traffic volwne for selected locations in Car ls
bad . Table 9-42 presents peak traff ic flows and street capac ities for several 
of these locations . Currently , traffic flows are well within the existing 
capac ity of the street system (New Mexico State Highway Department,  1978 ) . 

Proj ections of 1987 peak traffic flows are presented in Table 9-4 2 ;  they 
are based only on projec ted population increase s ,  with and without the WIPP, 
and not on the location of new housing developments . The only location where 
capacity is reached is site B on canal Street.  Th is is in the downtown busi
ne ss d istr ict , where the population-based proj ection is probably reasonably 
accurate . The other sites are feeder routes from expected new population 
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Figure 9-7. Carlsbad average daily traffic, 1 978. 
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Table 9-42 . Selected Traffic Flows and Road Capacities, Carlsbad 

Average Peak hour Projec ted peak 
daily ( 4-5  p.m. ) , hour , 1987d Peak-hour 

Si  tea Street traffic,  1978b 1978C Baseline WIPP capacitye 

A Canal Street 7 ,  772 7 10 8 50 870 1900 
B Canal Street 16 ,792  1530 184 0  188 0  1900  
c U . S .  285 15 , 985 1460 1750 1800 2900 
D San Jose Boulevard 3 , 446  310 370 380 9 50 
E Mermod Street 7 , 3 14 670 8 10 830  1900 
F Texas Street 1, 865  170 210 220 950 
G Lea Street 2 , 3 56 210 2 50 260 9 50 
H U . S .  62/180 4 , 68 1  430 520 6oof 2900 

asee Figure 9-7 . 
boata from the New Mexico State Highway Department ( 1978a) , Traffic Flow 

Maps of Urban Areas.  
CBased on percentage hour ly loads �  data from the New Mexico State Highway 

Depar tment ( 1978b) , Car lsbad Traffic Study. 
dAssumes increase in propor tion to population increase � See text.  
eBased on street-capac ity estimating procedures used by the Middle Rio 

Grande Counc il of Governments . 
fAssuming travel from the site is dur ing the peak hour and an average of 

two occupants per vehicle . Comparable f igure for the peak constr uction year 
( 198 3 )  is 850 . 

centers to the downtown area . They are thus likely to receive impacts greater 
than those indicated in Table 9-4 2 .  Most, however , have considerable excess 
capac ity . 

On a subjective basis ,  it appears that the location of new housing will 
cause the most severe impact on San Jose Boulevard and Boyd Dr ive. (No traf
fic counts are ava ilable for Boyd Dr ive . )  The extent of the impact is impos
sible to predict, however ,  since it depends pr imar ily on the location of the 
place of wor k of residents in new homes. (For those working in the potash 
mines or at the site ,  it depends on the location of bus pickup points . ) The 
place of wor k is of pr imary importance since about 50% of all tr ips with 
or igins or destinations in Car lsbad are for work purposes .  

Conununications services  and fac ilities 

Under baseline conditions,  by 1987 the number of te lephone ma in stations 
in service will increase by about 3 4 00 , or about 28%  over the 1978 year-end 
level. With the WIPP proj ect, the increase will be about 3800 , or 31% . As a 
result,  the net effect of the WIPP will be to ra ise the demand for telephone 
service about 2%  above baseline levels. 

General Telephone of the Southwest expects to complete a new central office 
with automated switching in late 1979 or ear ly 1 98 0 .  Company officials state 
that this off ice will provide ample capacity to meet projected demands with or 
without the WIPP . 



Rec reation 

Impacts on most commun ity recreation facilities are difficult,  if  not im
poss ible , to quantify for several reasons . F1r st,  recreation ,  particular ly 
outdoor recreation , uses a much lar ger area than the city limits . Second , the 
information ava ilable from government ag encies ( the State of New Mexico in con
j unc tion with the Her itage Conservation and Recreat ion Service of the U. S .  
Department o f  the Inter ior ) that mon i tor capac ity and use i s  limited to 
multicounty areas known as Recreational Mar ket Areas ( RMAs ) . Th ird , people 
who migrate to the area may not have the same recreational values as those who 
already live there . 

The New Mexico State Planning Off ice defines seven RMAs , with RMA 6 cover
ing the counties of Chaves ,  Eddy , Lea , Lincoln , and Otero. Analysis of recrea
t ional fac ili t ies and use patterns for this RMA indicates that fac ilities for 
two popular outdoor recreational activities,  camping and pool swinuning , will be 
insufficient by 198 5 if present capac ities are not increased . 

Popular RMA activities that appear to have adequate fac ilities through the 
year 2000 , given the population growth with and without the WIPP , are fish ing 
( lake and stream) , picn ick ing , tenn is , and golf . 

Demand for new swimming pools in Car lsbad is likely to develop in the next 
few year s .  The city curr ently has an adequate supply o f  city par ks and recrea
tiona l fac il ities in the Presidents ' Par k and Car lsbad Lake complex . 

Indoor recreational activities are generally sponsored by the pr ivate sec
tor . One major exception is recreation for sen ior citizens . The City of 
Car lsbad already provides a program to meet th is demand , and it is expected 
tha t the WIPP will not significantly increase the demand in this category.  
Moreover , si nce the overall WI PP impact on the population of Car lsbad is only 
about 6% of the total population in the peak impact year ( 198 3 ) ,  no sign ifi
cant problems with indoor recreational facilities are expected . 

Solid-wa ste management 

The proj ected baseline inc rease in the populat ion ind icates that two addi
tional veh icles will be needed to collect refuse in 1987 . Wi th the WIPP ,  
three add itional veh icles will be needed i n  1987 . 

With an e st imated remaining l ife of 30 year s ,  the landfill in Car lsbad has 
enough capac ity (even with the WIPP) to meet the needs of the city until after 
the year 2000 . 

9 . 4 . 6 . 2 Scenar io I :  Loving 

Th is sec tion presents analyses of the impacts that can be ident ified as 
be ing spec ific to Loving . Analyses of selected impacts that have related 
effec ts on Car lsbad and Loving are presented in Section 9 . 4 . 6 . 1 .  

Education--Loving School D istr ict 

School-enrollment proj ections ind icate that the mun ic ipal schools of Lov
ing will still have excess capac ity in all grades by mid-1987 with or without 
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Table 9-43 . Current and Proj ected Enrollments in the Loving School Distr ict 

Grade 

Year K-6a 7-9 Total 

ENROLUitENT CAPACITY 

288 140 428  

BASELINE 

1979-1980b 223 119 342 
1980-1981 230 122 352 
198 1-1982 233 124 357 
1982-1983 21'6 126 362 
1983-1984 239 128 367 
1984-1985 245  131 376 
1985-1986 248 133 381 
1986-1987 252 134 386 
1987-1988 258 138 396 
1988-1989 264 141 405  

WIPP SCENARIO I 

1980-198 1C 232 122 354 
1981-1982 241 126 367 
198 2-198 3 248 130 378 
1983-1984 249 132 381 
1984-1985 250 133 38 3 
1985-1986 252 135 387  
1976-1987 258 136 394 

ainc lude s spec ial education 7  k indergar ten students counted as full t ime . 
bLoving 40-day average da ily member ship repor ts . 
cstart of constr uc tion . 

the WIPP proj ec t  ( Table 9-43 ) . Under baseline cond it ion s ,  the school d is
tr ict ' s  enrollment w ill increase by approximately 13% ( 2 9  students) . Under 
the assumptions of scenar io I ,  enrollment will increase approximately 15% ( 35 
students) . Thus the WI PP proj ect will cause a r ise of only 2% ( s ix students) 
in the overall student population 7 however , dur ing the peak year ( 198 3 ) , an 
increase of 10 students over baseline proj ections is expected. 

Groundwater and municipal water system 

Water withdrawals in Loving are proj ected to increase from the current 280 
to 490 acre- feet per year in 2000 under baseline cond it ions ( Table 9-44 ) . The 
WIPP will add about 19 acre-feet to water demand in the peak impac t year of 
198 3 .  In 1988 , the WIPP will add 9 acre-feet to annual demand . Total demand 
in the year 2000  with the WIPP will be 500 acre-fee t ,  considerably less than 
cur rent water r ights of 800 acre-feet per year . 

--
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Table 9-44 . Water Demand in Lovinga 

Annual water demand ( acre-feet) 
Baseline Wi th WIPP 

Year withdrawals Depietions Withdrawals Deplet ions 

1978 b 279 186 C 
1980d 300 C 200 300 200 
1981 300 200 3 10 200  
198 2 320 210 340 220 
1983 3 20 210 340 220 
1984 330 220 340 230 
1985 350 220 350 230 
1986 350 230 360 230 
1987 360 240 370 240 
1988 370 240 380 250 

2000 490 310 500 310 

apeak cons umption in 1979 was 500 , 0 0 0  gallons per day (gpd) . Peak con
sumption proj ected for the year 2000  is 880 , 00 0  gpd under baseline condit ions 
and 900 , 00 0  gpd with the WIPP . 

bData from Molzen and Corbin and Assoc iates , Consulting Engineers .  
CEstimates based on population proj ections by this study and per-capita 

withdrawal and depletion proj ections from the New Mexico Interstate S tream 
Commiss ion and the New Mexico State Engineer ' s  Off i ce (County Profile , Eddy 
Count�) ,  adj usted for actual 1978 withdrawals . 

Star t of constr uction .  

I f  current use patterns conti nue into the future , peak day demand should 
reach sys tem capac i ty in 1993 under baseline conditions . With the WIPP this  
will  occur in 199 2 .  

Mun icipal wastewater systems and treatment fac il i ties 

The cur rent demand on Loving ' s  sewage- treatment plant uses approximately 
55% to 60% of the plant ' s  capac ity. The population increase proj ected to 
resul t f rom the WI PP proj ect ( S ection 9 . 4 . 2 ) is not expected to create excess 
demand beyond the plant ' s  cur rent capac ity . However , because the present plant 
does not meet the current effluent standards of the New Mexico Water Quali ty 
Commi ssion ,  any increase in population will ser ve to aggravate the present 
effluent-quality problems until a new plant , whi ch is be ing planned for con
str uc tion if funds are ava ilable , is completed . 

Electr ical service 

Because the area served by the Southwestern Public Service Company includes 
both Car lsbad and Loving , the impacts for Loving are cover ed by the d iscussion 
for Car lsbad (Sec tion 9 . 4 . 6 . 1 ) . 
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Natural-gas service 

The housing demands projected for the Loving area through 1987 under base
line cond itions indicate that residential hookups will increase 19t over cur
rent levels . At current consumption rate s ,  this will increase the consumption 
of natural gas by 6 % � I ncreased connercial use will ra ise consumption an ad
ditional 1 .  3 % . 

The WIPP project will increase residential and commercial use by 15 . 3 %  and 
l . 9t ,  respectively , by the end of 1987 . As a result,  gas consumption will be 
about 2% above baseline levels in 1987 . 

Officials of the Gas Company of New Mexico believe that these increases , 
with or without the WIPP project,  can be met without difficulty . 

Fire protection 

To maintain the current levels of fire protection in 1987 , Loving will need 
to purchase one additional piece of major equipment to replace aging vehicles. 
No new personnel will be needed . The WIPP project should not add to this 
requirement. 

Police protection 

Under baseline cond itions or with the WIPP project,  the number of police 
employees w ill not i ncrease if the current ratio of police officers to city 
inhabitants is mainta ined . 

Recreation 

Under baseline cond itions no additional recreational fac ilities should be 
needed by 1987 . Ne ither the construction nor the operation of the WIPP should 
affect recreation requirements . 

Commun ications services and fac ilities 

Under baseline cond itions , the number of telephone main stations in service 
by 1987 will i ncrease by approximately 1 25 , or about 23t over the 1978 year-end 
level .  With the WIPP , the increase will be about 147 , or 27% .  The net effect 
of the WIPP proj ect will be to ra ise demand for telephone service 3t above 
baseline levels . 

Health care 

To mainta in current service levels, the El Centro Rural de Salud clinic 
should requi re no add itional per sonnel or fac ilities e ither under baseline 
conditions or with the WIPP proj ect. Short-term hospitalization is available 
in Carlsbad. 

solid-waste management 

The projected baseline increase in the population indicates that one new 
vehicle will be needed to collect refuse in 1987 . The WIPP should not change 
this requirement.  
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Table 9-45 . P1 oj ected Enrollments for the Hobbs School Distr ict 

Grade 
Year K-6 7-9 10-12 Total 

ENROLLMENT CAPACITYa 

4630 1990 1730 8 3 5 0  

BASELINE 

1979-80 4231  1799 1753 7783 
1980-81 4239 1748 176 3  7750 
1981-82 4274 1789 1696 7759 
198 2-83 4334 1815 163 1  7780 
1 983-84 4519 1702 1589 78 10 
198 4-85 47 03  16G 2  16 27 7932 
1985-86 4885 1538 1654 8077 
1986-87 5004 16 19 1546 8169 
1987-88 5090 1717 144 4 8251  
1988-89 5142 1804 137 1 8317 

WIPP SCENARIO II  

1980-81 4257 1754 1768 7779 
198 1-82c 4338 1811 1714 7863 
1982-83 4440 1853 1661 7954  
198 3-84 46 04 1733 16 13 7950 
1984-85 4748 16 20 16 39 8 007 
198 5-86 4926 1554 166 5  8145 
1986-87 50 53 16 38 1560 8 251 

classroom. aEst imated capac ity , assuming 24 students per 
boata from Ray Wasson , Ass istant Super intendent for Per sonnel ,  

Hobbs Munic ipal School s ,  per sonal interview ,  1979 . 
cstar t of construction .  

The present Loving landfill i s  expected to be filled in approximately 3 0  
year s .  With the WIPP proj ect , it  will reach capacity 2 months ear lier . 

9 . 4 . 6 . 3 Scenar io II : Hobbs and Lea County 

Educati on--Hobbs School Distr ict 

School-enrollment proj ections ind icate that the Hobbs mun icipal schools 
will exper i ence crowding in all grades by the ear ly to mid�l980s (Table 9-45 ) . 
Cla ssroom capac ity will be par ticular ly stra ined in grades K through 6 by 1982-
198 3 .  Under ba seline conditions , the average cla ss will exceed 2 4  students in 
the 198 3-1984 school year . Under the assumptions of scenar io II , this increase 
in cla ss size will happen a year ear l ier . By the 1986-1987 school year , the 

9-84 



average class will have more than 27 students under baseline conditions and 
somewhat more students with the WIPP. 

'l'o alleviate the proj ected overcrowding , new classroom space will be needed 
by the beginning of �he 1986-1987 school year . Th is capacity could take the 
form of an enti rely new elementary school ,  classrooms added on to existing 
schools, or the use of modular classrooms at existing elementary school sites. 
Any of these alternatives \llo'Ould either reduce or alleviate the proj ected over
crowding .  

I t  should be emphasized that the additional classroom capac ity will be 
necessary with or without the WIPP proj ect.  The entrance of WIPP dependents 
into the system \llo'Ould only exacerbate the problem. 

Groundwater and municipal water system 

With r ights to just more than 18 , 800 �acre feet per year , Hobbs has suffi
cient water righ ts to cover expected demand until well past the year 2000 . As 
shown in Table 9-46 , withdrawals are proj ected to be 10 , 500  acre-feet in 2000 
under baseline conditions . With the WIPP, an additional 80 acre-feet would be 
required that year . The greatest impact \llo'Ould occur in 198 3 ,  with an addi
tional demand of 175 acre-feet per year . 

Although water r ights are adequate for several decades , the current yield 
of the 28 existing we lls ( 14 million gallons per day) is only slightly greater 
than the current peak-day demand . Peak-day demand is projected to exceed ex
i sting well yields in 1980 . Unless additional wells are brollght into produc
tion, there may be some temporary water shortages in the mid-s\D!UDer of 198 0 , 
with the shortages becoming worse in succeeding swmners .  The WIPP proj ect 
would increase the shortfall somewhat.  

Municipal wastewater systems and treatment facilities 

With an anticipated wastewater flow of 79 . 5  gallons per capita per day, an 
average of 2 . 88 million gallons per day (mgd) of wastewater will be generated 
in 1983 under baseline conditions . By 1990 this will r ise to 3 . 3  mgd . With 
the WIPP, wastewater flows \llo'Ould reach 2 . 9  mgd in 1983 and 3 . 31 mgd in 1990 . 
Since the capac ity of the sewage-treatment plant under construction is about 5 
mgd, with expansion to 6 mgd possible , there should be no problems with sewage 
treatment,  with or without the WIPP, for the next several decades.  

New main sewer lines,  replacing or supplement ing several existing main  
lines, will provide service from the north side of  town , the area of  expected 
population growth , to the sewage-treatment plant on the south side of town. 
As a result, no problems should be exper ienced in deliver ing wastewater to the 
treatment plant , with or without the WIPP. 

The foregoing analysis assumes that all projected population increases in 
Robbs actually occur with in the city limits . However , as indicated in Section 
9 . 4 . 5 . 4 ,  there is a high probability that the current city limits will be un
able to acconunodate all of the proj ected population increase.  In fact , much 
of the recent growth in the Bobbs area has taken place outside the city limits 
to the north. If future growth does occur in th is area and the new housing 
units are not connected to the municipal sewer system, it will be necessary to 
use septic systems . Since conventional septic systems have presented problems 
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Table 9-46 . water Demand in Hobbsa 

Annual water demand ( acre-feet) 
Baseiine With WIPP 

Year w:ltnC!rawais Depletions Withdrawals Depletions 

197 0b 6 , 800  3100 
1977 c 6 , 950 3850 
1980d 7 , 250  43 50 7 , 250  4 , 3 50 
1981 7 '  500 4 500 7 '  550 4 '  550 
198 2 7 , 7 00  46 50 7 , 850 4 , 750  
1983 7 '  900 4800 8 , 0 50 4 , 900  
1984 8 , 150 5000 8 , 2 0 0  5 , 0 50 
1985 8 , 350 5 100 8 , 400 5 , 150 
1986 8 , 550  5250 8 , 650  5 , 300  
1987 8 ,  7 50 5400 8 , 8 50 5 , 4 50 
1988 8 , 90 0  5500 8 , 950 5 , 550 

2000 10 ' 500 68 50 10 ' 5 50 10 , 6 00 

aPeak consumption (based on peak-day factor s )  in 1977 was 14 mgd .  Peak 
consumption proj ec ted for the year 2000 is 20 . 9  mgd under base line condit ions 
and 2 1 . 0 mgd with the WIPP . 

boata from the New Mexico Interstate Stream Commission and the New 
Mexico State Eng ineer ' s  Office ( 197 5 ) : County Profile , Lea County. 

cEst imates based on population proj ections by this study and per-capita 
withdrawal and depletion proj ections by the New Mexico Inter state Stream 
Commission ,  adj usted for the recent water-rate increase . 

dstart of construction .  

with seepage into groundwater ,  it is necessary to use the somewhat mor e expen
sive evapotranspi ration systems . This , in turn ,  will mean a s light increase 
in housing cost s .  

Electr ical service 

By mid-1987 ,  res idential consumption of electr icity will increase by 4 . 9% 
over 1978 year-end levels , with 0 . 9 % attr ibutable to the WI PP.  If the cur r ent 
ratio of commerc ial to resident ial use is maintained,  commercial use will re
qui re an add itional 4 . 6 % .  The net effect of WIPF-induced residential and com
mercial use of electr ic ity will be an increase of 0 . 29 % .  

Natural-gas service 

The housing demands proj ec ted for the Hobbs area in 1987 under baseline 
conditions indicate that residential hookups will i ncrease 30% over current 
levels . At current consumption rates , this will increase natural-gas consump
tion by 18 . 7 % .  I ncreased commercial use will ra ise consumption an add i tional 8% . 

The WIPP project will increase the residential and commercial consumption 
by 19 . 7 % and 8 . 3% ,  respectively , by the end of 1987 , or by about 1% above 
baseline levels . 
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Accord ing to Bobbs Gas Company officials,  the projected expansion of 
natural-gas service , with or without the WIPP proj ect, can be accormnodated 
without difficulty. 

Pire protection 

Without the WIPP , the Bobbs fire department will have to increase from 4 4  
employees i n  1978 to 5 5  in 1987 i n  order to maintain the current ratio of fi re
department employees to city inhabitants . The WIPP proj ect is expected to in
crease the number of employees needed by one . By 1987 the number of major 
fire-equipment units and substations will have to increase by two and one , 
respectively , if the current level of fire protection is to be maintained . 
'l'he WIPP is not expected to alter that increase significantly . 

Police protection 

An additional 20 police employees ,  an increase of 24 . 6 % , will be needed in 
Bobbs by 1987 under baseline conditions , in order to maintain the current level 
of service . With the WIPP,  the number of additional employees needed will be 
22,  or two employees more than the number needed under baseline conditions . 

Under baseline cond itions , the Lea County Sher iff ' s  department will need an 
additional six employees .  With the WIPP proj ect,  the needed increase is ex
pected to be one additional employee . 

Health care 

Proj ec ted population increases for Lea County to mid-1987 will increase the 
requirements for hospi tal beds to 100 under baseline condi tions and cur rent 
use rate s.  With the WIPP, the demand will r ise to 101. Occupancy rates will 
r ise to about 55% and 56% ,  respectively , well below the recommended level of 
80% (Bennett , 1977 ) . 

Medical-personnel requirements in 1987 will be about lt higher with the 
WIPP than without . If the current ratio of pr imary-care phys icians to popu
lation is mainta ined , this means a WIPP-related increase of 0 . 3  physician . If 
the standard proposed by Bennett is used , the WIPP-induced population change 
in 1987 will result in the need for 0 . 5  extra pr imary-care phys ician . 
Overall , the WI PP will ra ise personnel requirements by less than lt and will 
not increase capital fac ility requirements measurably. Ambulance requirements 
will r ise to five vehicles with or without the WIPP. 

Traffic and transportation 

Access to the WIPP site from Bobbs will be on U . S .  62/180 . Since this 
highway is well below peak-hour capacity, commuting by WIPP employees is not 
expected fto have any significant impac t .  

Pigure 9-8 indicates selec ted 1978 traffic flows for several locations in 
Bobbs . Table 9-47 . presents peak traffic flows and street capac ities for sev
eral of these locations . These proj ections are based on proj ected increases 
in population , with or without the WIPP , and should provide reasonably accur
ate resul ts for the intrac ity traffic flows. 
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The impac t of future population growth .is expected to be par ticular ly 
heavy on streets connecting the north side of Hobbs to other par ts of town . 
However , the on ly north-side locations that appear to have any ser ious poten
tial for crowding are the intersections of Dal Paso and Turner with Sanger , 
both of wh ich are expec ted to exceed capac ity by 1987 . 

Table 9-47 . Selected Traffic Flows and Road Capac ities , Hobbs 

Average 
da ily Peak-hour Proj ected peak 

traff ic , traff ic ,  hour , 1987d 

S i  tea Str eet 1978b 1978C Baseline WIPP 
Peak-hour 
capac itye 

A Turner 11 , 9 16 
B Gr imes 11 , 372 
c Dal Paso 15 , 554 
D Bender 13 , 56 2 
E Tu rner 16 , 2 47 
F Dal Paso 16 , 769 
G Broadway 12 , 140 
H U . S .  62/180 5 , 868 

asee Figure 9-:8 . 

1192 1410 
1137 134 0  
1555 1840 
1356 160 0  
16 25 19 20 
1677 198 0 
1214 1430 

587 690 

1430 
1370 
1870 
1630 
1960 
2000  
1460 

73o f 

2900 
190 0  
1900 
1900 
1900 
190 0  
1900 
1900 

bData from the New Mexico State Highway Depar tment ( 1978a) , Traffic Flow 
Maps of Urban Areas . 

CAssumed to be 10% of the average da ily traff ic flow .  
dAssumes increase i n  propor tion to population increase . See text . 
eBased on street-capac ity estimat ing procedures used by the M iddle Rio 

Gr ande Counc il of Governments . 
fAssuming travel from the site is dur ing the peak hours  and an average 

of two occupants per vehicle . Comparable figure for the peak constr uction 
year (198 3 )  is  830 . 

Peak flows ar e at or slightly above capac ity under baseline condit ions and 
would be marginally higher w ith the WIPP proj ect . The intersection of Dal Paso 
with Bender will be approaching capac ity in 1987 under either circumstance . 
The term " capac ity" does not mean an absolute l imit but rather that traffic 
movement is slowed as the capac ity f igure is approached . Thus , Turner and Dal 
Pa so may exper i ence some rush-hour problems by 1987 , with the problems be ing 
slightly worse if the WIPP proj ect is implemented . There may also be some 
evening-rush-hour traffic problems at some downtown locations , e ither with or 
without the WIPP . 

Commun ications services and fac ilit ies 

Wi th the WIPP proj ec t ,  about 3300 additional main stat ions will be required 
by mid-1 987 , an i ncrease of 31% over the 1978 level and 1% over the base line 
cond it ions . 
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Figure 9-8. Hobbs average daily traffic, 1978. 
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General Telephone of the Southwe st has recently installed a new exchange 
and plans additional installations in 1980 and 198 1 .  It  expec ts no d ifficulty 
in meet ing projected demand with or without the WIPP .  

Rec reation 

As stated in Sec tion 9 . 4 . 6 . 1 ,  outdoor recreat ion is genera lly measured 
over a larger area than munic ipal limits . In Regional Market Area 6 (RMA 6 ) , 
which includes Chaves ,  Fildy , Lea , Lincoln , and Otero Count ies , demands for 
camping and swirmning-pool fac i lities may not be met by 1985 . However ,  the 
lack of swirmning pools as measured on an RMA-wide bas is may not apply to the 
City of Hobbs . Hobbs has four pool s ,  two open to the general public and two 
ava ilable to pr ivate members only,  and it appear s that the demand will not 
exceed the s upply by the year 1985 . A large State par k in Hobbs (at the Hobbs 
Industr ial Air Cente r ) , to be completed in 198 3 ,  will allev iate the current 
shortage of campsites within the RMA, particular ly in the vicinity of Hobbs .  

Peak impact on Hobbs i s  expec ted dur ing 198 3 ,  a t  wh ich time i t  is expec ted 
that overall recreational demands will be met .  

Solid-waste management 

Two additional veh icles will be needed in Hobbs in order to meet the re fuse
co llectial needs in 1987 . With the WI PP proj ect the number of new vehicles 
needed will be essentially the same . 

By 198 2 ,  five of the present collec tion veh icles will be more  than 7 years 
old . Therefore,  it  is proj ec ted that seven new vehicles will have to be pur
chased by 1987 . 

With an estimated rema in ing life of 30  years ,  the landfill in Hobbs has 
suffic i ent capac i ty (even with the WI PP proj ect) to meet the needs of the city 
unt il after the year 2000 . 

9 . 4 . 7  Government* 

9 . 4 . 7 . 1 Scenar io I :  Car lsbad, Loving , and Fildy County 

Car lsbad 

In fisca l year 198 2-1983 ,  the year of maximum WI PF-construction impact on 
the population , Car lsbad munic ipal revenues are proj ected to reach $ 12 . 1  mil
lion ( in l979 dollar s )  under baseline cond it ions ( for addit ional information ,  
see Append ix M ,  Table M-7 ) ,  or about $380 on a per-capita bas is.  With the 
WIPP proj ec t, revenues will reach $12 . 6  million in 198 2-198 3 .  The peak-year 

*For an explanat ion of the techn iques used in proj ec ting revenues and 
expenditures, see Appendix L. Revenues and expendi tures are rounded , where 
feasible , to the nearest $0 . 1  million in this sec tion . For deta iled figures , 
see Append ix M. 
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impact of the WIPP will add about $0 . 6  million to carlsbad revenues (Appendix 
M, Table M-8 ) .  

The long-run operation of the WIPP will result in an additional $0 . 3  mil
lion in annual mun icipal revenues . Total revenues without the proj ect should 
reach $13 . 7  million in 1988-1989 , while those with the projec t  should be $14 . 0  
million. 

car lsbad mun icipal expenditures are proj ec ted to be $8 . 8  million in 1982-
1983 under baseline conditions 1 the WIPP proj ect should increase spending to 
near ly $ 9 . 3  million .  Thus, the WIPP will , increase municipal expenditures by 
$0 . 5 million in the year of peak impact. 

By 1988-1989 , car lsbad expenditures are expected to reach $9 . 7  million 
under baseline conditions and $9 . 9  million with the WIPP,  which would thus 
increase fiscal 198 8-1989 spending by $0 . 2  million .  

As shown i n  Table M- 8  of Append ix M ,  the net f iscal impact of the WIPP 
project is projected to be an excess of revenues over expenditures of nearly 
$0 . l  million in 1 98 2-1983 and less than $0 . 05 million in 1988-1989 . 

Loving 

Loving revenues are proj ected to be $320 ,000 in 1982-1983 , or $186 on a 
per-capita ba sis ( for add itional information, see Appendix M, Table M-9 ) . The 
WIPP projec t  will produce an addit ional $19 , 000 in revenues for Loving in that 
year (Appendix M ,  Table M-10 ) . In fiscal year 1988-1989 , the WIPP will add 
about $9000 to the projected $360 , 000  baseline revenue level. 

Loving expenditures should be more than $320 , 000 in 198 2-1983 under base
line condit ions.  With the WIPP projec t  they are projected to be near ly 
$350 , 000 , an increase of $22, 00 0 .  In 1988-1989 , baseline expenditures are pro
j ec ted to be more than $37 0 , 000 . The WIPP proj ec t  will add $12 , 000 to this 
baseline amount . 

Given the current fiscal situation for Loving , the net effect of the WIPP 
will be to increase fiscal deficits s lightly . The e ffect of these deficits is 
reflec ted in the increased debt service proj ec ted for Loving (Table M-10 ) . 

Eddy County 

F.ddy County revenues are proj ec ted to reach $5 . 8  million in fiscal year 
1982-1983 under baseline conditions and $6 . 0  million with the WI PP ( f or  ad
dit ional information , see Table M-11) . In 1988-1989 ,  revenues should reach 
$6 .4  million without the proj ect and near ly $6 . 5  million with it.  The peak 
impact of WIPP construc tion and opera��on will be to � $0 . 13 �illion to 
revenues in 198 2-1983 and less than haj.f of that in 1988-1989 (Table M-12) . 
Expenditures for Eddy County are proj ec ted to be $4 . 6  million in 198 2-1983 
under baseline conditions . The WIPP should ra ise spending to $4 . 8  million in 
that year , for an increase of over $0 . 2  million .  

Under ex isting conditions and assumptions used i n  th is analysis, i n  f iscal 
year 198 2-198 3 ,  the WIPP will add $48 ,000 more to expenditures than to reve
nues in Eddy County 1 in 1988-1989 , additions to expend itures will exceed 
revenues by $21 , 000 . 
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9 . 4 . 7 . 2 Scenar io II : Hobbs and Lea County 

Hobbs 

The maximum population impac t of WIPP construction will occur in fiscal 
year 1 98 2-198 3 .  In that year , Hobbs mun ic ipal revenues should reach $12 . 2  
million under base line cond it ion s ,  or $343 per capita ( for add it ional infor
mation ,  see Table M- 13 ) . The WI PP proj ect will ra ise revenues to $12 . 5  mil
lion , an increase of $0 . 3  million for 198 2-19 8 3  (Table M-14 ) . 

In f iscal year 1988-1989 , revenues are proj ec ted at $13 . 9  million under 
base line cond it ions and $14 . 0  mi llion with the proj ec t ,  a difference of $0 . 1  
mi llion .  

Hobbs mun icipal expend itures are proj ec ted to be $10 . 2  million i n  1982-1983 
under base line cond itions and $ 10 . 4 million with the WI PP ,  wh ich would ra ise 
spend ing by approximately $0 . 2  mi llion in 1982-19 8 3 . In 1988-1989 , mun ic ipal 
spending should reach $11 . 4  million without the proj ect and $11 . 5 million with 
the WI PP , an inc rease of $0 . l  mi ll ion attr ibutable to the WIPP .  

The net e ffect o f  the WI PP proj ect on the Hobbs munic ipal budget i s  pro
j ec ted to be a surplus of revenues over expend itures of $0 . 0 5  mi llion in 198 2-
1983 and $0 . 0 2 million in 1988-1989 . 

Lea County 

Lea County revenues are proj ec ted to reach $6 . 7  mi llion in 198 2-19 8 3  under 
ba se line cond itions and show an add itional increase of $0 . 05 million with the 
WIPP . For 1988-198 9 , base line revenues should be $8 . 4  million ,  and the WIPP 
proj ect should increase these revenues by approximately $0 . 0 2  million ( for ad
dit ional informat ion , see Tables M-15 and M-16 ) .  

Lea County expend itu res for 1982-1983 are proj ected at $4 . 8  mil lion under 
baseline cond itions and $4 . 9  million with the WIPP , which would ra ise spending 
by about $0 . 07 million for the year . In 1988-1989 , the WI PP is proj ected to 
ra ise spend ing by $0 . 0 3  mi llion from the $ 5 . 4  mi llion baseline level .  

The net f iscal impact o f  the WI PP on Lea County is proj ec ted to be small . 
For 198 2-198 3 ,  it will ra ise spend ing by $20 , 000  more than revenues .  I n  1988-
1989 , the net de ficit will fall to $ 9000 . 

9 . 4 . 7 . 3 Schoo l-D istr ict Finances 

Scenar io I: Car l sbad and Loving 

The pr inc ipal impac t of the WIPP on Car lsbad school expenditures is ex
pected to be on operation expense s .  Ma j or capital outlays should not be re
quired becau se the school system is proj ec ted to have excess capac ity , with or 
without the WI PP ,  for the foreseeable future.  The peak impact on school spend
ing is expected in 198 2-1983 , when expend iture s inc rease about $814 , 000  over 
baseline levels (Table M-18 ) . 
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The WIPP is expec ted to increase distr ict revenues more than spend ing . In 
the peak- impact year of 1982-198 3 ,  revenues are proj ected to be $848 , 000 h igher 
with the WIPP than without ,  largely because of increases in distr ict proper ty
tax revenues .  

The Loving school distr ic t will exper ience an increase in revenues of 
$ 34 , 000 in 1982-1983 as a result of the WIPP (Table M-20 ) . WIPP-related ex
pend itures for the year are proj ected to be $39 , 000 . In the long run, WIPP
related expenditures will exceed revenues by approximately $6000 per year . 

Scenar io II : Hobbs Distr ict 

Hobbs will probably require a new school in the rapidly growing nor thern 
part of the city in the late 1980 s :  th is school will be required with or 
without the WIPP . At current construction costs , a new 20-room school will 
add about $150 , 000 in debt service* to the annual debt service g iven in Table 
M-21.  The share of this �bt service attr ibutable to the WIPP ( three of the 
20 cla ssrooms) is approximately $23 , 000 per year . 

The greate st WIPP-related increase in operating expenses ( $288 , 00 0 )  will 
occur in 1 98 2-1983 (Table M-22 ) . D i str ict revenues are proj ected to increase 
by more than spend ing as a result of the WIPP dur ing the mid-1980 s .  I n  1982-
198 3 ,  revenues will be $297 , 0 00 more with the WIPP than wi thout i t .  I n  the 
long r un ,  the debt service assoc iated with the probable new school will cause 
WI PP- related expend itures to exceed revenues by about $18 , 000 per year . 

9 . 4 . 8  Socioeconomic Effec ts Under Changed C ircumstance s 

If the ba sic conditions a sswned in th is analysis change , the predicted im
pac ts will change. I f  the project is delayed , apparent costs will r ise because 
of inflation .  I f  economic activities i n  Eddy and Lea Count ies are apprec iably 
different , then the degree of migrat ion or employment of local ind ividuals may 
change s ign ificantly . In general , if the economic conditions are not as br ight 
as forecast , the impac ts of the WIPP will not be as great because more con
str uction wor k ers will be ava ilable from the local area . Conver sely ,  if the 
economic cond itions are such that there is a shor tage of construct ion workers 
beyond that forecast , then a heavier deg ree of migration to local communit ies 
will be necessary in order to meet WI PP employment requirements . 

*Based on an assumed constr uc tion cost of $1 . S  million financed through 
20-year 8% bond s .  
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9 . 5  ENVIRONMENTAL EFFEX:TS OF ACCIDENTS DURING OPERATION 

Much of the plann ing for the WI PP proj ect has been an effort to insure 
that acc idents that may occur dur ing the handling of the rad ioactive wastes  
w ill pose no ser ious r isk to the env ironment. Th is section repor ts the 
results of acc ident analyses per formed as par t of this plann ing . 

Dur ing reposi tory operation ,  two types of accidents could affect the 
env ironment : those that release rad ioactive mater ial and those that  release 
haz ar dous sub stances emi tting no rad iat ion. The fir st par t of th is sect ion 
d iscusses the acc idents that may re lease radioactive mater ial and pred icts 
the ir impac ts by using the techniques of consequence analys i s :  postulating 
severe ,  yet credible , acc idents and calculating the ir effec ts .  To predict the 
e ffects rea l istically, the calculations use exper imental data whenever applic
able data are ava ilable . 

The second par t of this section d iscusses acc idents that may release 
haz ardous nonradioac tive mater ial .  The third part discusses the effects of 
ear thquakes , thunderstorms , tornadoe s ,  and range fire s .  The discussion of 
range fi res e stimates the consequences of the release of radioactivity assumed 
to have been biolog ically accumulated in plants as a result of routine 
releases over 25 years.  

9 . 5 . 1  Acc idents Involving :Rad iation 

To assess the environmental impacts of acc idents that could release radio
active mater ial , scenar ios were developed to model severe accidents . Although 
all of these acc idents are unli kely , the scenar ios are realistic in the sense 
that they are not inc redible 1 the accidents could , in theory , occur dur ing re
posi tory operation . F.ach scenar io wa s  analyzed in detail to determine poten
tial impac ts  on the workers in the repository and on the general public . A 
typical scenar io for an acc ident releasing the wa ste includes the following 
events : 

1 .  A breach o f  the wa ste conta iner . 

2 .  The exposure o f  a portion o f  the waste to the air . 

3 .  The suspension of the portion of the waste that is of respirable size 
i n  ventilation a i r . 

4 .  The depletion or fallout of wa ste part icles from the air stream when 
these processes are credible . 

5 .  Release to the environment. 

6 .  The dispers i on  of the airborne radioact iv ity to the site boundary and 
the de livery of rad iation doses to the public . 

This approach yields a consequence analysis , not a r isk  analysis . Risk , 
wh ich equals consequence times probability of occurrence , is d ifficult to 
pred ict accurately because the probabili ty values used in determining r isk  are 
often imprec ise. Th is section presents the consequences of selected severe,  
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but possible , acc idents dur ing plant operation and does not address the de
ta iled probability of their occurrence . 

Dur ing an accident , rad ioactivity can become ava ilable for release to the 
enviraunent . The most ser ious release will result from an acc ident in wh ich a 
shipping conta iner or Waste can ister is damaged so severely that the waste is 
no longer conta ined. 

Since the three types of waste to be emplaced in the WIPP--contact-handled 
(CH) TRU wa ste , remotely handled (RH) TRU waste ,  and high-level waste for ex

per iments--vary in physical and radiological character istics, available infor
mation was reviewed to determine the representative properties of each type of 
waste . These proper ties , summar ized in Section 5 . 1  and Appendix E, include 
physical forms , radionuclide inventory, and radioactivity .  

Acc ident scenar ios were developed by reviewing the waste-handling proce
dures dur ing each step in the flow of waste packages through the repository, 
from unloading in the rece iving area to final disposal in the underground 
area . Normal operations with waste-handling equipment ( forklifts and hoists) 
were studied to determine how accidental misuse or equipment failure could 
result in the release of radioactive mater ial .  

Tables 9-48 and 9-49 list the postulated accident scenar ios and identify 
each accident by number . The analysis of each scenar io proceeded by estab
lishing values for the fac tor s that affect the amount of accidental release . 
For example , the analysis estimated the quantities of surface activity and of 
wa ste that could be re leased from inside a conta iner , the number of containers 
involved in the accident , the fraction of the activity that could become a ir
borne , and the decontamination factor of high-efficiency par ticulate air (HEPA) 
filtration. These fac tors were then combined to determine the total radio
ac tiv ity re leased to the environment . 

The scenar ios were grouped into the following categor ies : (1 )  fires in the 
wa ste-handling bu ilding , ( 2 )  container failures in the waste-handling building , 
( 3 )  underground conta iner failures , and ( 4 )  underground fire s .  Within each of 
these categor ies,  the scenar io with the greatest potential release of radio
activ ity to the environment was analyzed nuclide by nuclide as a representative 
and bounding example of that group. All other acc idents wi thin the groups 
would have less severe consequences. 

The most severe acc idents in the four categor ies are the following : 

1 .  A fire on the sur face caused by internal combustion or an external 
combustion source . 

2 .  The dropping and punc tur ing of a wa ste package in the surface building . 

3 .  The r uptur ing of a container through a fa ilure of the mine hoist. 

4. An underground fire ignited by an internal cOmbustion source . 

The least likely of these four scenar ios are those involving fires.  The 
design of conta iners and fire-protec tion systems are expected to preclude 
releases of radioactive mater ial dur ing fires . Fires fran sources external to 
the waste conta iners would be infrequent and of limited size because of the 
lack of combustible mater ials in the handling areas . A fire started by 
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Table 9-48 . Acc ident Scenar ios for Contact-Handling Areas 

Area 

Rece iving 

Unload ing 

Pallet 
storage 

Overpack 
repa ir 

and 

Cage loading 

Acc ident 

Cl 

C2 

C3 

C4 

cs 
C6 

C7 

cs 

C9 

ClO 

Cll 

Cl2 

Cl3 

Possible scenar io 

Veh icle collision with 
wa ste package 

Drop of whole package 
from crane 

Dr um drop on for klift 
( or down the dock)  

Dr um punc ture by 
forkl ift 

Drop from for klift 
Drum fa ilure from excess 

internal pressure 
External fire 

Fire caused by internal 
combust ion in dr um 

Drum drop on 
way to repa ir 

Drum failure on 
way to repa ir 

External fire 

Fi re caused by internal 
combustion in dr um 
( or box) 

Ho ist drop down mine 
shaft 
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Damage to waste package ( s) 

No ser ious damage ( package 
classif ied as Type B)  

Drop less than 30 feet:  
same as Cl 

Six drums drop: lid broken 
off one drum 

Hole in side of two dr ums : 
lid broken off th ird drum 

Crack in one dr um 
Drum fa ils , releasing half 

the contents 
Contents of two drums ( or 

one box) re leased because 
of internal pressure and 
contents of one addit ion
al drum ( or box) burned 

Sur face contaminat ion 
vapor izes from eight 
drums : contents of one 
drum re lea sed because of 
internal pre ssure and 
contents of one 
additional drum burned 

Crack in one drum:  s ize Of 
crack five times that of 
C3 since drum is 
defect ive init ially 

Drum splits open , releas ing 
10 0 %  of contents 

Surface contamination 
vapor izes from 24 drums : 
contents of two drums 
released because of 
internal pressure and 
contents of one addition
al drum burned 

Sur face contamination from 
eight drums vapor izes : 
contents of one drum 
re leased becau se of 
internal pressure and 
contents of one addition
al drum burned 

48 drums crack open , 
releasing 100% of 
contents 



Table 9-48 . Acc ident Scenar ios for Contact-Handling Areas (continued) 

Area Accident Possible scenar io 

Cl4 Fire in hoist caused 
by internal combustion 
in drum 

Underg round ClS Pallet hit by transporter 
disposal 

Cl6 

Cl7 
Cl8 

Cl9 

C20 

C21 

Disposal room C22 

Drum punctured by forklift 

Drum drop from forklift 
Rock fall from mine

shaft walls 

External fire dur ing 
handling 

Fire caused by internal 
combustion in drum 
(or box) 

Drum puncture by back
filling equipment 

Fi re caused by internal 
combustion in drum 
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Damage to waste package (s) 

Surface contamination 
vapor izes from eight 
drums (or two boxes) 1 
contents of one drum (or 
one box) released because 
of internal pressure 
and contents of one 
additional drum (or one 
box) burned 

Lid of one drum knocked 
off and cracks appear 
in sides of three other 
drums 1 area of cracks 
is 2 . 75 in . 2 

Hole in side of one drum 
(or box) 1 hole is 12 
in. � in area 

Same as CS 
Holes in sides of 12 drums 1  

holes are 12 in. 2 in 
area 

Surface contamination 
vapor izes from eight 
drums 1 contents of one 
drum released because of 
internal pressure and 
contents of one drum 
burned 

Surface contamination 
vapor izes from eight 
drums 1 contents of one 
drum released because of 
internal pressure and 
contents of one drum 
burned 

Same as C4 

Contents of two drums 
released because of 
internal pressure and 
contents of one drum 
burned 



Table 9-49 . Acc ident Scenar ios for Remote-Handling Areas 

Area Accident 

Rece iving Rl 

R2 
R3 

Decontamina- R4 
tion and RS 
cooling 

R6 

R7 

RB 

Hot ce ll R9 

RlO 
Rll 

Rl2 

Can ister Rl3 

Rl4 

Hois t-cage- RlS 
loading 
station 

Underground Rl6 
transfer Rl7 
ce ll 

Rl8 

D isposal room Rl9 
R20 

R21 

Possible scenar io 

Cask drop 

Crane impact on cask 
Fire around transpor t 

veh icle dur ing inspec
tion of cask 

Cask drop 
Cask overturn from 

transpor t roller 
Dry cask with defect ive 

canisters , break in 
flexible hose 

Wet cask with de fec tive 
can ister s ,  break in 
coolant pipe 

Cask drop 

Can ister · knockover by 
hot-cell crane 

Can ister drop 
Fire from internal 

combustion in canister 
External fi re involving 

high-level waste for 
exper iments 

· 

Break in contaminated
waste d ischarge line 
dur ing can ister 
decontami nation 

Fire from internal 
combustion in can ister 

Hoist drop down waste 
shaft 

Canister drop 
F i re from internal 

combustion in canister 
External f i re involving 

h igh-level waste for 
exper imen ts 

Canister drop in hard salt 
Fire in transport veh icle 

F i re f rom internal 
combustion in can ister 
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Damage to waste package ( s) 

No ser ious damage to 
can ister because cask is  
a Type B packag ing 

Same as Rl 
Same as Rl 

Same as Rl 
Same as Rl 

Loss of radioactive gas 

Loss of rad ioac tive fluids 

No ser ious damage to 
cani ster because cask 
is a Type B packag ing 

Crack in canister 

Crack in can ister 
Not cred ible 1 canister in 

transfer cask 
Same as Rll 

Loss of rad ioac tive fluid 
to decontamination ce ll 

Contents of one can ister 
burned 

One canister and fac ility 
cask broken 

One can ister breaks open 
Same as Rll 

Surface rad ioactive 
mater ial vapor izes 
from one cani ster 

Crack in canister 
No ser ious damage to 

canister becau se it is 
protected by a sh ield ing 
cask 

Same as Rll 



internal combustion would be highly improbable because of the small amount of 
combustible waste . The lack of air inside the container would not allow 
susta ined combustion ,  and the waste-acceptance cr iter ia require the containers 
to be metal or otherwise combustion-res istant boxe s .  Scenar ios involving 
sources of rad ioactivity other than waste in conta iners (e. g. , the failure of 
tanks in the liquid-radioactive-waste system) were also investigated but were 
found not to be significant . 

In genera l,  accidents that could occur dur ing the retr ieval of waste from 
the WIPP are expected to be no more severe than those that could occur dur ing 
emplacement , since wa ste will be retr ieved by a reversal of the emplacement 
proce ss . Contact-handled TRU-waste containers will be removed one at a time 
so that each conta iner can be inspected . If a container is found to be 
breached or externally contaminated , it will be overpacked ( i . e . , placed into 
a new conta iner)  at the retr ieval site ( Section 8 . 10 ) . Similar ly, the remotely 
handled TRU wa ste will be retr ieved by removing the bur ied canisters one at a 
time ; if a canister is externally contaminated , it will be overpacked. Because 
of the proposed inspection and overpacking procedures and unit-by-unit re-
tr ieval,  any acc ident dur ing retr ieval would be limited to a single container . 
Accidents involving multiple packages could not occur until a batch of con
ta iners became ava ilable . Accidents involving the transpor t of retr ieved 
wa ste away from the WI PP would be similar to transpor tation accidents dur ing 
emplacement. 

Descr iption of acc idents in the CH-waste area 

The two most conunon waste containers in the area where CH '!'RU waste will 
be handled will be the IX>T-17C dr um ( SS-gallon steel drum) and the IX>T-7A ply
wood box (4 by 4 by 7 feet) with a 3-millimeter-thick fiberglass-re inforced 
fire-retardant polyester coating .  

Because the number of boxes expected a t  the WIPP a t  any time i s  much 
smaller than the number of drums, the number of accidents involving boxes is 
expec ted to be much smaller than the number involving dr ums .  Also ,  the rela
tive radionuclide abundance per liter is greater for drums . For these reasons,  
only the acc ident scenar ios involving drums were analyzed. 

Listed below are the general assumptions used for analyzing the accident 
scenar ios for the CH-waste area : 

1 .  Sur face ac tivity on the waste containers i s  many orders of magnitude 
lower than the activity inside . Since the waste conta iners are 
breached dur ing the scenar ios , the surface contamina tion is not 
explicitly included because its contr ibution is insignificant. 

2. Contact-handled TRU wa ste is expected to have var ious forms ; much of 
the waste is expected to be metal scrap , rags,  sludge , _and sludge
concrete mixes . The WIPP waste�acceptance cr iter ia s\lppor t an assump
tion that a maximum of lt of the radioactive waste is le ss than 10 
microns in si ze and that 2St of the waste is combust ible. 

3.  A decontamination factor of 106 is allowed for the two-stage HEPA 
filters .  Th is is believed to be a reasonable a llowance ; it  is based 
on an e>Cper imentally determined (ACGIH , 1977 ) removal efficiency for 
test particles with diameters larger than 0 . 3 micron. 
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Br ief descr iptions of all the acc ident scenar ios and the re sult ing damages 
are in Table 9-48 . Four accidents--C7 , C lO , Cl3 , and C22--were chosen for a 
deta iled calculation of nuclide-by-nuclide release to the environment .  These 
acc idents represent the l imiting ,  or wor st,  accident for the ir respective 
categor ies : surface fire , surface conta iner fa ilure , underground ,container 
fa ilure , and underg round fire .  Table 9-50 l ists the activity of each nuclide 
re leased in these acc idents . Synopses of the four acc ident scenar ios are 
g iven in the following paragraph s .  

Acc ident C7 : Sur face fire . The lack of flammable mater ials in the building 
makes the following assumption reasonable : if a f ire occurs in the sur face fa
cility , not more than the contents of one drum will burn and not more than two 
adj acent drums will  pressur ize and bur st because of the hea t .  As a plausible 
way for a fire  to star t ,  it  is postulated that a small puddle of d iesel oil 
spilled under a pallet of was�e drums somehow ignites even though i t  is  very 
d iff icu lt to ignite diesel fue l J  although such a fire would be small , the ad
j acent dr ums are assumed to fa i l  and spi ll half their contents . The contents 
spilled from the adj acent dr ums do not burn , and only 1% of the spi lled mate
r ial is in powder form.  

It takes 1 hour  to put out the fire and to repack or cover the exposed 
wa ste . S i nce only 25% of the drum content is combustible and 1% of the activ
ity in the combustible contents is released in respirable form,  the burn ing 
releases a total of 0 . 25% of one drum in respi rable form.  In  addit ion, i t  i s  
assumed , f rom the exper iments o f  Mishima and Schwendiman ( 1970 , 197 3 a ,  197 3b) , 
that 0 . 0 14% of the spi lled powdered waste from the adj acent drums is released 
and respi rable per hour J  thu s a total of 0 . 00 14 %  of one drum is respirable and 
released f rom the mater ial that is not burned . Each of the drums involved is  
assumed to conta in the maximum rad ioactivity content of  85  cur ies ( Table E-1 
in Append ix E) • The amounts of the released radionuclides  are then reduced by 
HEPA filtr ation before they are released to the environment .  

Accident C lO : Sur face container fa i lure . An operator error may result in 
a forkli f t ' s  h itt ing a stack of CH-waste dr ums . It is conservatively assumed 
that two drums are punctured by the arms of the for k lift and that the lid of a 
third dr um is knocked off as it falls from the stac k .  Operating procedures 
caution the operator not to back the forks out of the drums, but i t  is assumed 
that the dr ums become d isengaged from the for ks .  Since not all of  the waste 
is expec ted to fall out of the damaged drums , i t  is assumed that 25% of the 
rad ioactivity content is re leased from the drum that lost a lid  and 10 % is 
released f rom each punctu r ed  dr um. To calculate the amount of rad ioactivity 
that is re leased and becomes a irborne , it is assumed that 1% of the radio
active mater ial with a particle size of less than 10 microns,  which in turn is 
1% of the total waste , is disper sed in the room a i r .  I t  is further assumed 
that the lid falls off a max imally loaded ( 85 cur ies) drum and that the punc
tured dr ums conta in an average load ( 3 . 4  cur ies each ) . The total release is 
thus 6 . 9  x lo-8 cur ie .  

Acc ident Cl3 : Underground conta iner fai lure ( hoist drop) . The waste-hoist 
cage is equipped with multiple cables ,  provid ing a safety factor that makes 
its failure a very unlikely event . However , for acc ident analysis , a ho ist
drop accident is postulated . Th is accident is assumed to occur whi le the cage 
is at the top of the shaft . Such a fall would result in an impact velocity 
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Table 9-50 . Radioactivity in Respirable Mater ial Released to the Environment 
Dur ing Representative Accidents in the Handling Area for CH TRU 
Wa ste 

Radioactivit;t 
Nuclide c7I 

Pu-238 2 . 6-9e 
Pu-23 9 2 . 9-8 
Pu-240 6 . 9-9 
Pu-241 1 . 8-7 
Alt-241 3 . 3-10 

Total 2 . 1-7 

•surface fire . 
bcontainer failure . 
cunderground conta iner failure . 
dunderground fire . 
e2 . 6-9 • 2 . 6  x lo-9 . 

(Ci)  released in accident scenar io 
c1ot> Cl3" c22d-

2 . 7-11 1 . 2-9 8 . 5-9 
3 . 0-10 1 . 3-8 9 . 3-8 
7 . 1-11 3 . 1-9 2 . 2-8 
1 . 8-9 8 . 0-8 5 . 7-7 
3 . 4-12 1.  5-10 1 . 1-9 

2 . 2-9 9 . 7-8 6 . 9-7 

sufficient to damage the CH-waste conta iners severely.  The calculation asswnes 
that all the wa ste in the cage is released , that the fine particulates in it 
mix with the air in the bottom of the shaft below the disposal tunnel,  and 
that the hoist cage and its contents displace some of this air _ into the 
tunnel ,  where it enters the ventilation system. 

The cage is assumed to contain its normal maximum load of two pallets of 
drums ( 48 drums) . It is assumed that two of the 48 drums conta in the maximum 
level of radioactivity (85 cur ies per drum) and the remaining 46 drums contain 
an average level of radioactivity ( 3 . 4  cur ies per drum) , for a total activity 
of 376 cur ies. One percent of the radioactive mater ial is in particles less 
than 10 microns in diameter . 

The hoist will fall down the waste shaft into the 40-foot-deep pit at the 
bott:cm of the shaft ( the depth from the bottom of the pit to the tunnel floor ) . 
The six hoist ropes (1-3/8 inches in diameter and 2200 feet long) and four tail 
ropes ( 1-3/4 inches in diameter and 2200 feet long) will fall into the pit 
first , they will fill an estimated 20-foot depth of the pit. As the rope coils 
are compressed, th is d istance is expected to decrease to 10 feet � however ,  no 
energy absorption due to the compressing coils is assumed . All the drums are 
a ssumed to r upture . 

Any disturbance of the air in the pit can be ignored until the drums rup
ture . Because the flat bottom of the hoist takes up only half the area of the 
shaft, the a ir beneath the hoist is not compressed as the hoist enters the pit ,  
but there is some turbulent mixing . Air equal in volume to the hoist and waste 
is displaced from the pit . Assuming all the drums rupture and all the waste in 
them is released ,  the turbulence is a ssumed to cause a un iform distr ibution of 
respirable par ticles within the rema ining 30 feet of the pit . Assuming 1% of 
the total radioactivity content is respirable and assumming a remaining pit 
volume of 8500 cubic feet,  the concentration of respirable radioactive matter 
in the air of the pit is found to be 1 . 36 x 10 4 picocur ies per cubic cent imeter .  
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The total respirable rad ioac tivity displaced by the hoist cage into the venti
lation air in the dr ift is 0 . 193 cur ie . 

Of the total ac tivity re leased to the dr ift in fine par ticles , 50% is de
pleted ( Davies,  1966)  within the mine by par ticle depos ition , with a resultant 
re lease to the environment after filtration of 0 . 097 microcur i e .  Th is deple
tion fac tor re flec ts the fact that all particles larger than 7 microns will 
settle out in the dr ift and in the ventilation ducts . Resuspension is not con
sidered because the ventilation-air velocity in the dr ift is only about 1. 5 
feet per second and the pit is a dead air space . 

Acc ident C22 : Underground fire . Vehicles used in the underground d isposal 
area are diesel powered and conta in sufficient fuel for one sh ift of opera tion 
(about 60 gallons) . Because of the high flash point of diesel fuel , the proba
bility of causing a fire with such a veh icle is quite low 1 such fires , however , 
have occu rred in the pa st , and a fire is considered cred ible for th is analysis.  
Even though CH wa ste is rece ived in metal drums and steel-overpacked boxes,  
only a sma ll por tion of the waste is  combustible , and there is  a small proba
bility that the two types of wa ste packages could be involved in a f ire . Since 
the dr ums conta in a h igher total amount of rad ioactivity than the boxes ,  they 
are used in the ca lculation of the amount of rad ioactivity re leased in th is 
acc ident . The following a ssumptions are made : 

1. The combust ible mater ial is 60 gallons of diesel fuel conta ined in the 
full tank of a diesel-powered vehicle operat ing in the vic inity of a 
stored ar ray of CH-waste dr ums . 

2 .  After an acc ident or a collis ion causes the fuel tank to r upture , the 
diesel oil spills out and pools around the base of the drums . 

3 .  The diesel oil ign ites from a spar k or other ign ition source . 

4 .  The heat of the d iesel fire then causes the ignit ion of the waste in 
the dr ums .  For consistency with the WIPP waste-acceptance cr iter ia,  
25% of the wa ste is  a ssumed to be combustible . The waste is  assumed 
to burn for about 13 hours (without any f ire suppress ion) , on the 
ba sis of te sts with f uel of s imilar composition ( Lawrence Livermore 
Laboratory ,  1978 ) . It is assumed that 100% of the combustible mate
r ial ( 25% of the wa ste) is consumed in the fire.  

5 .  Five percent of the burned waste is g iven off a s  par ticulates ( Stearn , 
1968 ) , w ith 20% of the particulates be ing smaller than 8 mic rons in 
diameter (DOE, 1978 ) . 

6 .  Calculations made by the method descr ibed by Dav ies (196 6 )  indicate 
that 50% of the particulates w ill be depleted from the release by 
fallout in the dr ifts and will not reach the environment . 

Assuming in add ition that a ll of the combustible contents of. 90 drums are 
consumed in the postulated fire (87 dr ums conta ining the average amount of 
radioac tivity and 3 dr ums conta in ing the maximum activity) and that the decon
tamination factor for the HEPA filters is 106 , it is calculated that the 
total rad ioactivity released to the environment would be 6 . 9 x lo-7 cur ie.  
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Descr iptiat of accidents in the RH-waste area 

Operatiats in the RH-waste area will handle RH TRU waste and high-level 
waste for exp1�r iments . The physical and rad iochemical properties of these 
wa ste package,s are des�r ibed in Appendix E. 

The anal�sis of accidents in handling RH waste makes six assumptions : 

1.  Bef ore a canister enters the hot cell , no damage ser ious enough to 
rel.ease radioactivity can occur to the canister because it is 
ov,erpacked with a Type B shipping cask.  

2 .  Rf1motely handled TRU waste is transferred from the waste shaft to an 
a•ppropr iate disposal area by a diesel-powered RH-waste transporter . 
�he waste is conta ined in a steel canister , and the canister is 
transported inside a shielded cask . The disposal operation consists 
of emplac ing a canister of waste hor izontally into a sleeved hole and 
then plugging the sleeve with a shielded plug . One canister is handled 
at a time , and after emplacement ,  its contents are isolated from all 
credible accidents . Before emplacement , the can ister is inside the 
fac ility cask : the combination of this cask and the steel canister 
prevents the waste from becoming involved in any credible fire dur ing 
a handling acc ident . Therefor e ,  a fire involving RH waste would not 
result in a release of radioactivity to the environment or an exposure 
of wor ker s .  

3.  There are no combustible mater ials in the exper imentai waste , and 
therefore no fire associated with an exper imental-waste-handling 
accident will re sult in a release of radioactivity. 

4 .  A decontamination factor of 106 is allowed for the two-stage HEPA 
filters. 

These factors and assmnptions are used to make conservative , yet realistic, 
j udgments regarding possible accidents. 

From the list in Table 9-49 , the two scenar ios resulting in the greatest 
release of radioactivity were chosen for deta iled nuclide-by-nuclide calcula
tiats:  the dropping of a canister of RH TRU waste in the transfer cell (Rl6 ) 
and a hoist drop (RlS ) : the la tter acc ident was analyzed for both RH TRU and 
exper imental wa stes. Table 9-51 lists the nuclides released in these acci
dents. The accidents are descr ibed below. 

Accident Rl6 : RH canister drop in transfer cell . A canister conta ining RH 
wa ste could be dropped into the transfer cell from the hot cell (a distance of 
about 36 f�t) in the event that a grapple fails . Even with a drop over this 
distance, it is unlikely that a canister would be damaged enough to result in 
any release of rad ioactivity . For analysis , however , it is assmned that the 
can ister does break and release s 1% of its total rad ioactive contents . Of the 
radioac tivity released , 1% is less than 10 microns in diameter , and 10% of 
th is fractiat is assumed to become airborne in the air of the transfer cell. 
Depletiat of mater ial out of the air and resuspension back into the air are 
a ssumed to have equal, canceling effects . The total amount of radioactivity 
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Table 9-51 . Rad ioactivity in Respirable Mater ial Released to tht' Env ironment 
Dur ing Representative Acc idents in the RH-Wa ste Area 

Radioactivity re leased (Ci )  
Acc ident Rl5 ! 

Acc ident RH TRU Exper imental 
Nuclide Rl6 b waste wasteC 

Co-60 i . o-9d 1 . 1-8 .2 . 3-9 
Sr-90 8 . 2-8 8 . 8-7 •L l-7 
Y-90 8 . 2-8 8 . 8-7 �\ . 1-7 
Rh- 106 6 .  9-10 7 . 3-9 2 .  4-8 
Ru-106 6 . 9-10 7 . 3-9 2 . .  4-8 
Cs- 137 4 . 1- 10 4 . 3-9 8 . 7-6 
Ba-137m 3 . 9-10 4 . 1-9 8 .  �'?- 6  
Eu-152 2. 0- 10 2 . 2-9 3 . 4 - 11 
Eu-154 8 . 2-11 8 . 8-10 i. 2- ,a 
Pu-238 6 . 9-12 7 .  3-11 1. 7-(�1 
Pu-23 9 6 . 9-11 7 . 3-10 5 .  9-1 0 
Pu-240  1 . 8-11 1 . 9-10 3 .  5- 110 
Pu-24 1 4 . 4-10 4 . 7-9 7 . 7-8 
Am- 241 8 . 2-13 8 . 8-12 7 . 3-10 

Total 1 .  7-7 1 . 8-6 2 . 0-5 

acan ister drop in transfer cell . 
bHo ist drop . 
conly significant nuc lides are li sted . 
d1 . o-9 = l . o  x lo-9 . 

that becomes airborne is assumed to be reduced by a factor of 10 6 by the 
HEPA filters . The can ister is assumed to contain the maximum amount of 
rad ioac tiv ity ( 1 . 7  x 10 4 cur ies ) . Under these assumptions , 1 . 7  x lo-7 

cur ie of radioac tivity would be released to the environment .  

Acc ident Rl5 : Underground conta iner failure ( hoist drop) , RH TRU waste . 
The can ister of RH wa ste is protected by the fac i lity cask when being ho isted . 
Because of the design of the cask and the hoist and the capabil ity of the 
cable under the ho i st cage for absorbing energy , the postulated hoist-drop 
accident is not li kely to breach the transfer cask and the can ister simulta
neously . Furthermore , the design safety fac tor of the waste-ho ist cables 
makes this event very unlikely . However , such an acc ident is postulated , and 
both the cask and the can ister are assumed to be severely damaged . The hoist
drop cond itions are the same as those for CH waste . Furthermore ,  it is as
sumed that a ll of the waste is released from the canister , with 1% of the 
wa ste re leased assumed to be less than 10 microns in diameter and suspended in 
the pit air . As for the CH-waste ho ist-drop acc ident , it  is assumed that a 
volume of air equal to the volume of the cask , the transpor ter , and the waste 
cage is d isplaced f rom the pit into the disposal tunnel ,  where it enters the 
ventilation system. Half the rad ioactive mate r ial discharged to the tunnel is 
depleted before be ing d ischarged from the stack . The total radioactivity re
leased to the env ironment as a result of this accident is 1 . 8  x lo-6 cur ie.  
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Accident Rl5 : Underground conta iner fa ilure ( hoist drop) , exper imental 
wa ste . Si nce the exper imental waste is not handled in the same way as CH or 
other RH wastes , it is not subj ec t  to accidents that would result in releases 
of radioactivity in the wor k area . The exper imental waste is , however ,  trans
por ted to the exper imental area by the waste hois t  and is therefore subject to 
the ho ist-drop accident postulated as a limiting event . 

The assumptions used in the analysis are listed below . 

1 .  The ho ist is assumed to fall f ran the top of the wa ste shaft 2200 feet 
into the 40-foot-deep pit at the bottom of the shaft.  

2.  The rope that collects at the bottan of the pit is compressed to 10 
feet al hoist impact ,  reducing the effective depth of the pit to 30 
f eet. 

3 .  On impac t ,  1% of the wa ste is assumed to break into par ticles less 
than 10 microns in diameter . Th is assumption is based on drop tests 
of similar waste in canisters not enclosed in a shielded cask ( Smith 
and Ross , 1975 ) . All of these par ticles are a ssumed to be suspended 
in the air of the upper 30 feet of the pit . 

4 .  The total radioactivity content of the waste is 4 . 3  x 10 5 cur ies 
(Table E-4 in Append ix E) . 

5 .  Becau se of the size and the weight of the cask and the transpor ter , 
only one can ister can be ho isted at a time . 

6 .  Fifty percent of the mater ial released as a result of the acc ident is 
depleted within the mine because of the low air-flow velocity and the 
long distance to the release point . 

7 .  The actual release mechan isms are as descr ibed for RH waste . 

As a re sult of the ho ist-drop acc ident with one canister of exper imental 
waste , 2 . 0 x lo-5 cur ie is released to the environment from the disposal
exhaust shaft. 

Methods for computing concentrations of released rad ionuclides 

Off-site doses from the accidental release of radioactivity can be r ece ived 
through the inhalat ion of contaminated air and external exposure from immer sion 
in contaminated air and exposure to contaminated g round sur faces . Lesser path
ways for the isotopes under consideration are the ingest ion of contaminated 
food and water and inuner sion in contaminated water . Because the maximum indi
v idual ct:>se will be de livered to a hypothetical per son at the site boundary,  
there will be no exposure from inmersion in water or from ingestion . The 
AIRDOS II computer code wa s used to calculate these maximum doses (Moore ,  1977 ) . 

AIRDOS II uses the mod ified Pasqu ill equation (Gi fford , 1961) to determine 
the downwind concentrations of radioactive mater ial in the air . The meteoro
logical cond itions used in the calculation are the • wor st-case• cond itions for 
off-site doses descr ibed by the Texas Air Control Board (197 7 ) : these are 
Pasquill cla ss F ( stable) cond itions and a wind speed of 2 meters per s econd . 
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An eff ec tive stack he ight wa s calculated for the waste-handling build ing and 
the d isposal-exhau st shaft by using Rupp ' s  equat ion for momentum-domina ted 
plumes (Cl inton Labora tor ies , 1948 ) . The ver t ical mix ing depth in the atmo
sphere was l imited by using the wor st-case w inter-morn ing l id he ight of 300 
meters  (Holzwor th , 197 2 ) . *  Parametr ic calculations were done to ver ify that 
these cond i tions would result in the h ighest dose at the s i te boundary . An 
appropr iate ra infall scaveng ing coeffic ient and dry-depos i t ion veloc ity -were 
used to calcula te the quant ity of rad ioactivity that is depleted f rom the cloud 
by ra infall and the settling of par t icles on the ground dur ing the t ime it 
takes the plume to travel f rom the po int of release to the s i te boundary.  No 
cred it wa s taken for any rad ioac tive decay in the cloud , because of the long 
ha lf- lives of the nuc lides released , or for g ravi tational settling . These data 
were used to calculate the wor st-case concentrations of rad ioactivity that 
would occur at the s i te boundary ,  both in the a ir at g round level and on the 
ground . 

Calculation of doses rece ived by people 

From the ca lculated concentrations in the a ir at g round level and on the 
ground , 50-year dose commitments were calculated for the whole body , the lung , 
and the bone ( the organs r ece iving the h ighest doses ) .  These doses were de
termined by using 1- and 50-year inhalation-dose convers ion fac tors  calculated 
with the INREM computer code ( K illough et al . ,  1975 ) . When the internal dose 
is repor ted as an annual dose , it should be understood that the dose is re
ce ived in a 1-year per iod immed iately a f ter the acc ident and that th is dose is 
the h ighest annua l  dose that will be received dur ing the exposure per iod . Par
ametr ic stud ies using annual integ ration per iods f rom 1 to 10 years af ter i nha
lation we re done to confirm the results . 

Resul ts 

The dose commitments re sulting from the acc ident scenar ios for CH TRU waste 
are presented in Table 9-52 for a per son l iving on the James Ranch at the 
boundary of the WIPP site . Since most of the exposure due to the CH TRU waste 
resul ts f rom the d i r ec t  i nhalation of rad ionuclides , the values in the table 
are dose commi tments . Most of the dose commitments result from plutonium .  

The CH-waste scenar io involving an underg round f i re (C22 )  would have the 
greatest impac t �  nevertheless , the impac t on the general public would be 
neg lig ible . Consider the bone-dose commitment for a per son living at the 
James Ranch . Should an acc ident like C22 occur , th is person would rece ive a 
50-year dose commi tment to the bone of 4 . 4  x lo-6 rem. Dur ing 50 year s ,  
however ,  natural backg round radiation will contr ibute a dose of  5 rem to the 
bone . The dose from the acc ident would there fore be a small fraction of the 
natura lly occurr ing backg round exposure . None of the postulated scenar i os for 

*The disper s ion coefficient X/Q calculated for these cond it ions at the 
s i te boundary is a�roximately equal to the 5% ( conservative) X /Q values 
determined from site-spec i f ic meteorolog ical data for a ground-level release 
( A�end ix H , Annex 1 ,  Table 33 ) .  
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CH 'l'RD waste could deliver significant doses to the public . The potential 
human health effects of the doses are discussed in Appendix o .  

The results of  accidents involving RH TRU waste and exper imental high-level 
wa ste are also presented in Table 9-52 . Since the important pathways include 
both internal and external exposures,  Table 9-52 reports values for both doses 
and dose commitments . Judged by compar ison with doses received from natural 
background radiation ,  the doses delivered to the general public in any of these 
accident scenar ios are also very small. The potential health effects are 
discussed in Appendix o .  

Table 9-52 . Doses and Dose Cormnitments Received by a Person Living 
at the Site Boundary 

Accident scenar io 

Surface fire (C7 ) 
Sur face conta iner 

fa ilure (ClO ) 
Ho ist drop (Cl3 ) 
Underground fire (C22 ) 

Can ister drop in 
transfer cell (Rl6 ) 

Ho ist drop (RlS ) 
RH TRU waste 
High-level wa ste 

for exper iments 
Natural backgroundb 
5-hour j et flightc 

a1 . 4-7 = 1 . 4  x lo-7 . 

Dose or dose commitment (rem) 
Bone Lung Whole body 

CH-WASTE ARF.A 

l . 4-7a 

7 . 7-9 
6 . 0-7 
4 . 4 -6 

RH-WASTE ARF.A 

1 . 2-8 

2 . 1-7 

1. 6-6 
s . o  

6 . 8-9 

2 . 0-10 
1 . 5-8 
1 . 0-7 

6 . 0-10 

1 . 0-8 

7 . 3-7 
9 . 0  

3 . 3-9 

1 . 9-10 
1 . 5-8 
1 . 0-7 

3 . 6-10 

6 . 2-9 

7 . 8-7 
s . o  
2 . 5-3 

boata from the National Counc il on Radiation Protection and Measure
ments (NCRP, 1975) . 

CMid-latitudes at 38 , 000 feet. 

The impac ts discussed above assume that the HEPA filters function prop
er ly . If for some unforeseen reason , however , the HEPA filters were not to 
wor k ,  most of the impacts would be increased because the filters would no 
longer provide the 106 decontamination factor . Without the HEPA filter s ,  
the CH-waste underground-fire scenar io would still provide the greatest 
impact. The dose commitment to the maximally exposed person living at the 
si te boundary would be 4 . 4  rem to the bone . Th is value is 88% of the SO-year 
dose from natura l background radiation .  
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Doses rece ived by repos itory wor ker s 

The WIPP Safety Analysis Repor t (DOE, 1�80 , Section 7 . 3 )  addresses in 
deta il the radiation exposures rece ived by repository wor kers in operat ional 
acc idents .  Table 9-S3 sununar izes the dose commi tments from these accidents . 

Table 9-S3 . SO-Year Dose Commi tments Rece ived by the Maximally 
Exposed Wor ker at the Scene of the Acc ident 

Acc ident scenar io 

Sur f ace fi re (C7 ) 
Sur face conta iner 

fa ilure (ClO ) 
Underg round fi re (C22 )  

aooses not calculated . 

Max imum individual 
Bone 

(a )  

83 . 2  
138 . 7  

SO-year dose commitment 
Lung Whole bOdy 

(a)  (a )  

2 . 1  2 . 0 
3 . S  3 . 4  

( rem) 

The potent ial health effects of such rad iation-dose commitments are discussed 
in A�end ix O .  No wor ker exposure would result from the ho ist-drop accident 
(Cl3 ) in the CH-waste area or the ho is t-drop accident (RlS ) involving TRU or 
exper imental high-level waste in the RH-waste area , because the underground 
wor kers are required to wa it outside the ventilat ion tunnel unt il the waste 
ho ist stops at the mine leve l .  Similar ly ,  no wor ker exposure would result from 
the canister-drop acc ident in the transfer cell (Rl6 ) in the RH-wa ste area , be
cause the transfer cell and the hot cell are not occupied dur ing can ister
transfer operations . 

9 . S . 2  Nonrad iological Acc idents Affecting the Environment 

Acc idents that may affect the environment wi thout d ispers ing rad ionuclides 
ar e re leases of chemicals , fuels ,  or other toxic mater ials as a result of chem
ical explosions , fire,  or str uctural damage .  Th is section d iscusses acc idents 
that might occur dur ing the handling of mater ials at the WIPP . The next sec
tion d iscu sses accidents caused by natural events . The potent ial for these 
acc idents will be reduced by the repos itory des ign , because sur face str uctures 
de signed to prevent the release of radioactive mater ial will also res ist the 
re lease of other ha zardous mater ial . Other safety features in the design are 
fi re-protection systems , the isolation of hazardous mater ials , and protective 
dikes and berms . Contingency plans and cleanup procedures will be prepared to 
reduce the e ffec ts of acc idents on the environment .  

Explos ive ,  flammable , or toxic mater ials that may be released a s  a result 
of an accident include sodium hypochlor i te,  used in wastewater and potable
water tr eatment � hydrogen gas ,  hydrogen chlor ide , and chemicals used in on-site 
exper iments � and diesel fuel for emergency-power generators and waste trans
por ters .  It is not known at present how much of these mater ials will be stored 
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at the site . Since only a health-physics laboratory will be located at the 
site ,  the quantity of laboratory chemical supplies kept at the site will not 
be large enough to pose a hazard . Furthermore , all potentially hazardous 
mater ials to be kept at the site will be stored in such a way as to minimize 
environmenta l hazard s �  as shown by the following examples :  

1 .  Sodium hypochlor ite will be stored i n  an open area i n  reinforced 
conta iners .  State fire and safety codes for the use of this chemical 
in wa ter treatment will be followed . The rupture of a conta iner will 
not itself result in an environmental effect. However , on exposure to 
heat (e. g . , sunlight) ,  the sodium hypochlor ite will release chlor ine 
gas . Since the storage area will be open , any chlor ine gas released 
will be diluted and d ispersed. 

2 .  Hydrogen gas and other explosive or combustible laboratory mater ials 
will be stored in clear ly marked modular conta iners in a we ll
ventilated area to prevent buildup to explos ive concentrations . 

3 .  Diesel fuel will be stored in a tank surrounded by a d ike that will 
conta in any leakage from the tank . 

4 .  Corrosive chemicals like hydrochlor ic acid will be stored in clearly 
labeled corros ion-resistant conta iners .  

These precautions will preclude hydrogen-gas explosions a nd  prevent the spread 
of flanmable or toxic mater ial in quantit ies or concentrations sufficient to 
endanger the health and safety of the public. 

9 . 5 . 3 Effects of Natura l Forces 

9 . 5 . 3 . 1  Earthquakes 

All surface bu ild ings and systems that are essential for the safe handling 
of radioactive waste are designed to withstand the earthquake-induced ground 
movement that may be expected to occur at the site dur ing the operational life 
of the repos itory . Accordingly , earthquake-induced releases of radioactivity 
to the environment are not likely.  (The effects of other accidental releases 
of radioactivity are d iscussed in Section 9 . 5 . 1 . ) 

Strong ear thquakes may damage other surface structures ( the evaporation 
pond and sewage-treatment plant, the mined-mater ial-d isposal systems , the 
administration build ing , and other support structures) that are not essential 
for the safe handling of radioactive waste . The fa ilure of these structures 
and systems might result in the release of sewage ,  fuels , or chemicals, but 
th is would not cause an off- site effect since the soil would absorb any spil
lage. There is a possibility of fire in such an event,  but firefighting 
equipnent and procedu res would be ava ilable to control any fires quickly . 

Ava ilable data on the effects of earthquakes in underground mines and 
tunnels irXl icate that they are sign ificantly less suscept ible to damage from 
earthquakes than are sur face str uctures .  Studies conducted by Dowding and 
Rozan (1978 ) irXl icate that tunnels have exper ienced no damage up to peak sur
face accelerations of 0 . 19g , few cases of damage between accelerations of 0 . 19g 
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and 0 . 2 5 g ,  and only minor damage to tunnels up thr.ough accelerat ions of 0 . 5g at 
the sur f ace . 

Repor ts on ear thquake damage to underground mines have generally been qual
i tative .  Quant itative data are rare and come f rom only a few source s .  The in
formation sununar ized below has been compiled by Pratt et al . (1979 ) .  

Several Japanese investigators measured earthquake accelerat ion s imultane
ously at the depth and surface . The results of these investigat ions ind icated 
that underground motion was four to six t imes less than that at the surface . 

A study by the U. S .  Geological Survey of the Alaskan ear thquake of 1964 
repor ted no sign ificant damage to underground fac ili ties like mines and tun
nels,  although some rocks were shaken loose in places .  Included in this anal
ysis were repor ts of no damage in the coal mines of the Matanuska Valley , the 
ra ilroad tunnels near Whitt ier , the tunnel and penstocks at the Eklutna hydro
electr ic proj ec t ,  and the Chugach Electr ic Assoc iat ion tunnel between Cooper 
Lake and Kena i Lake.  

Dur ing the 1960 Chilean ear thquake , one of the strongest on record , miners 
in coal mines heard strange no ises ,  but felt no e ffects of the quake . S imilar 
results were repor ted for the Per u ear thquake of May 3 1 ,  1970 . The ear thquake , 
of Richter magnitude 7 . 7 ,  did no damage to 16 railroad tunnels total ing 57 10 
feet under little cover in zones where the mod if ied Mercalli (MM) intensity 
reached VII . Moreover , no damage was reported to the underground works  of a 
hydroelec tr ic plant , three coa l mines ,  and two lead-z inc mines in the MM VII 
intensity z one . 

Severe underground damage has occurred only in facilities that were ac tu
a lly c rossed by a fault along which movement occurred . 

It is there fore expec ted that for the peak surface accelera tions pred icted 
for the WIPP site ( 0 . lg to 0 . 2g ) , little or no damage to underground fac ili
ties will occur . 

9 . 5 . 3 . 2  Thunderstorms 

Thunderstorms , with the i r  high winds , heavy prec ipitat ion , ha il , and light
ning , can cause destr uction ;  the damage ,  however , is usually le ss than that 
caused by tornadoes .  

High winds and the ir  possible effec ts are discussed in Sec tion 9 . 5 . 3 . 3 .  
All str uct�res e ssential to the safe operat ion of the WIPP are designed to 
withstand winds with speeds of up to 183 mph . However , h igh winds may dis
perse mi ned mater ial over a larger area than normal . 

Ha il is not a signif icant environmental problem. All str uctures necessary 
for radiologically safe operation are designed to withstand the impact of a 
tornado-dr iven missile , and the impact of a ha ilstorm would be tr ivial in 
compar ison .  

Large amounts of prec ipitation within a shor t per iod of time may be of con
cern . Although the average annual ra infall for southeastern New Mexico is only 
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13 inches , a 24-hour ra infall of 5 to 6 inches can be expected about once in 
100 years . At the site ,  rainfall soaks into the sandy ground very quickly,  and 
only occasionally does a severe storm produce enough ra in to cause water to 
flow over the ground surface . Because the nearest perennial stream, the Pecos 
River , is 14 miles from the site , floods caused by heavy prec ipitation will not 
occur . A minor concern is the washoff and wind d ispersion of the mined mate
r ial on the conveyor . The mined-rock pile will be protected from runoff by a 
d itch. 

9 . 5 . 3 . 3  Tornadoes 

All surface bu ildings and systems essential for the safe handling of radio
active waste are designed to withstand tornado-force winds , tornado-dr iven 
missiles ,  and sudden pressure changes . A tornado would damage other buildings 
and scatter some of the ir contents 1 it would also scatter ma ter ial in the 
open , such as salt from the mined-rock pile and liquids from the sewage pond , 
but th is damage would not affect the tornado-resistant buildings . 

Access to the underground disposa l areas can be ga ined through the four 
shafts that link these areas to the surface and therefore to surface events 
like tornadoes.  A tornado produces a sudden drop of surface atmospher ic 
pressure, which might d i sr upt the ventilation system and cause some damage to 
ventilation equipment. The exhaust fans will not be affected by a tornado 
because they are in tornado-resistant str uctures . Since all a ir leaving the 
underground disposal areas will continue to be filtered , no radioactive mate
r ials will enter the atmosphere. 

9 . 5 . 3 . 4  Range Fires 

Because of the ar id climate and desert vegetation in the reg ion, there is 
a po tential for range fires at the site . Dur ing operations , such a range fire 
would not be expec ted to cause extensive damage to the WIPP struc tures because 
of the buffer afforded by clear ing vegetation from control zone I and the fire
protection systems employed at the site . 

A range fire near the site,  however ,  could release radionuclides accumu
lated biologically in vegetation from prev ious routine releases of radio
activity.  Accordingly , the radiation-dose consequences of such a fire were 
analyzed .  

In th is analysis , it wa s  assumed that the range fire occurs after 25 years 
of operation . The compu ter code AIRDOS II and long-term average atmospher ic 
d ispersion coefficients ( X/Q factors)  from Table B-49 in �endix H were used 
to calculate the h ighest ground-level concentrations of nuclides accumulated 
from routine re leases.  The area of greatest deposition wa s  found to be an 
area about 1000 meters northwest of the center of the s ite . The 25-year accu
mulated ground-surface concentrations are shown in Table 9-54 . To account for 
the worst possible fire, it was assumed that all of th is radioactive ma ter ial 
would be present in flanmable form, either in vegetation or in detr itus. 

The amount of rad ioactivity that could be released in a range fire has been 
studied by Mish ima (1973 ) .  That study , wh ich was based on burning exper iments 
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Table 9-54 . Accumulation of Sur face Contamination 
Near the WIPP Site 

Sur face Surface 
contaminat iona contaminationa 

Nuclide (pC i/cm2 ) Nuclide (pC i/cm2 ) 

Co-60 6 . 2-0b Eu-154 1 . 4-7 
Sr-90 3 . 9-5 Pu-238 5 . 6-5 
Y-90 3 . 9-5 Pu-239 7 . 3-4 
Ru- 106 1 . 7-8 Pu-240 1 . 8-4 
Rh-106 1 . 7-8 Pu-241 3 . 1-3 
Cs-137 2 . 2-7 Pu-242 1 . 5-8 
Ba-137m 2 . 2-7 Arn-241 8 . 1-6 
Eu- 152 2 . 9-8 

aAccumulat ion after 25 year s in the area of greatest 
concentration .  

b6 . 2-0 = 6 . 2 x 10 -0 . 

in a wind tunnel , ind icated that little radioactivity would be re leased from a 
r ange f i re of th is type . In these exper iments , as much as 4%  of the total 
rad ioactiv ity became a irborne immed iately,  with an add it ional 10 % red istr ib
uted downwi nd later . (These te sts were done with a wind of 20 mph . The 
med ian diameter of the mater ial was 2 microns , with 85% of the par ticles 
smaller than 10 microns . )  It should be noted that,  even though 10% of the 
mater ial was red istr ibuted later , not all of the mater ial would reach a person 
at some d istance downwind .  For the purposes of th is analys i s ,  however , it is 
assumed that the whole 14% is re leased instantaneously.  

In calculating maximum i nd ividual doses ,  the spread of rad ioactivity 
downwind wa s calculated by assuming release from a 10-meter-h igh source rather 
than from the more exact plume r i sing from a broad area . The wor st possible 
meteorological cond it ions ( stable atmospher ic cond itions (Pasquill category F) 
and a wind speed of 2 meters per second) were used in the subsequent analys is , 
and the area of the source wa s taken to be 10 acre s .  

These data were used in calculat ing the maximum ind iv idual dose with the 
AIRDOS II computer code .  The re lease rate s are given in Table 9-55 . 

Using the release rates in Table 9-55 and the usual dose-conver s ion 
fac tors ,  it was calculated that the maximum rad iation doses rece ived by a 
per son 1000 meters downwind of the f i re in one day of inhalation would be as 
shown in Table 9-56 . 

The calculations in Table 9-56 show that the maximum ind ividual rad iation 
doses as a result of a range fire would be small fract ions of the doses 
delivered by natural backg round radiation . The potent ial health effects of 
such radiation doses are d iscu ssed in Appendix o .  
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Table 9-55 . Rad ioactivity Releases from the Postulated Range Fire 

Nuclide 

Co-60 
Si-90 
Y-90 
Ru-106 
Rh-106 
Cs-137 
Ba-137m 
Eu-152 

ai . 1-7 

Rate of Rate of 
1:adioactivity radioactivity 

release 
(pC i/sec ) Nuclide 

1. l-7a Eu-154 
7 . 0-5 
7 . 0-5 
3 . 1-8 
3 . 1-8 
4 . 0-7 
4 . 0-7 
5 . 2-8 

= 1 . 1  x lo-7 . 

Table 9-56 . 

Organ 

Whole body 
Bone 
Lung 

Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Am-241 

Rad iation Doses Received from 
the Postulated Range Fire 

: 9-113 

Dose (rem) 

5 . 8  x lo-7 
2 . 3  x lo-5 
5 . 9  x lo-6 

release 
(pCi/sec) 

2 . 5-7 
1 . 0-4 
1 . 3-3 
3 . 2-4 
5 . 6-3 
2 . 7-8 
1. 5-4 



9 . 6  MITIGATION OF IMPACTS 

Var ious des ign features and constr uction pract ices could decrease the po
tential adverse environmental impac ts of the WIPP . These practices were eval
uated dur ing the plann ing for the proj ect . As discussed in Chapter 14 , the 
IX>E will obta in all applicable Federal and State permits and approvals � many 
potential adverse consequences of the proj ect will be avoicted by complying 
with the se regulations and statutes .  In add ition , the fac ility will be de
signed and ope rated to comply with the applicable regulat i·ons of the Occupa
tiona l Safety and Health Administration (OSHA) and the Min ing Safety and 
Health Admin istration (MSHA) to protect the plant worker s .. Part of the design 
of the WIPP inc ludes plans for preoperational , operational ,  and postopera
tional envi ronmental mon i tor ing (Append ix J) . Th is moni tor ing will allow the 
IX>E and its contractors to be continuously aware of envir.onmental cond itions 
in the site area and will alert them to any unexpected impacts . If such unex
pected consequences ar e detected , appropr iate act ion can be taken at that time 
to reduce the sever ity of any adverse impact .  

Th is section summar izes the spec ific mi tigating measures that the IX> E  or 
its contrac tors will employ as an integral part of WIPP constr uction and oper
ation .  It summar izes the measures that may be used if needed and the measures 
that were considered but not included in the design because the ir benefits do 
not j ustify the ir cos t .  

9 . 6 . 1 Protection and Restorat ion of Disturbed Areas 

The mitigation of impacts on d i sturbed areas ( Sections 9 . 2 . 1  and 9 . 3 . 1 )  
consists o f  two basic par ts : ( 1 )  minimi z ing the affected area and the assoc i
ated impacts dur ing constr uction and (2 )  re stor ing d i sturbed areas after com
pleting the constr uction of the proj ec t .  Dur ing constr 1Jction , impacts on the 
te rrain and so ils will be reduced by the control of wind and water erosion .  
The water ing of all d isturbed areas a s  needed will reduce the amount of so il 
lost by wind .  The constr uction of per imeter di tches eaI" ly in the constr uction 
of the complete repository will greatly reduce so il erosion by water by inter
cepting r uno ff f rom ra infall . These inter ceptor di tches will be de signed as 
" stable , "  or "nonerod ing , "  channe ls in accordance with accepted design prac
tice for low-frequency , high- intensity storms . In other words , these d itches 
will be so de signed and constr ucted that the water they car ry,  even the water 
resulting f rom an intense ra infall , will not cause excess ive eros ion in the 
channe ls . 

Site tra ff ic will be limited to de signated roads and to spec ific par k ing 
areas as �uch as practicable . Constr uction mater ials will be confined to spec
ified laydown areas .  Only the areas in wh ich fac ilities are to be constructed 
and the requi red mater ial-laydown areas will be cleared of vegetation and 
graded � no add itional clear ing or grad ing will be per formed . These measures 
w ill prevent i nd iscr iminate d isr uption of the desert habitat . The wastes pro
duced dur ing constr uc tion will be bur ied in on-site disposal areas or hauled 
away for d isposal in the Car lsbad or Hobbs sanitary land f ill in accordance 
with local regulation s .  After constr uct ion , all temporary buildings will be 
removed . 
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The plant site , the mined-rock pile , the evaporation pond , and the sewage
treatment plant will be enclosed by fences to restr ict access to ponded wa ter 
by wildlife.  

An alternative constr uction measure considered for the SPDV shafts is con
ventional shaft sinking , rather than blind bor ing . The DOE prefers blind bor
ing because of cost and schedule advantages.  Conventionally sinking the SPDV 
shafts would reduce the amount of disturbed area by eliminating the need for a 
6-acre spoils-disposal area for wasted br ine dr illing fluid . A smaller dis
posal area would be needed for the rock removed fran the shafts area . There 
is not a significant difference in impacts between blind-bored and convention
ally sunk SPDV shafts because site restoration would reduce the long-term 
effects in either case and lead to eventual revegetation of disturbed areas . 

The sandy Kermit-Ber ino soil that is present at the WIPP site does not 
have a well-differentiated topsoil , although the upper few inches are r icher 
in nu trients than is the remainder . The removal of soil dur ing construction 
may leave only shallow soil over the caliche . Such a condition would lead to 
increased r unoff and subsequent erosion on the downgrade edge of the cleared 
area . Appropr iate grading will mitigate this effect dur ing the operational 
per iod. Dur ing site restoration , the soil will be replaced to i ts or iginal 
depth. In the absence of steep grades , rapid invasion and stabilization of 
the bare soil by herbaceous annuals is expected . Natural plant succession and 
gradual return to preconstruction conditions will continue for several dec
ades . What sort of vegetation program would help the site to return more 
quickly to natural cond it ions is not clear . Any planting should be with 
species ind igenous to the area , but the most important feature in such a pro
gram is the creation of favorable soil conditions . nte current DOE plan is to 
emphasize soil conditions and minimize actual planting . 

9 . 6 . 2  Reduction of Pollution 

Water pollution 

Dur ing site preparation and the early phases of construction , chemical 
toilets will be provided for sanitary waste (Sections 9 . 2 . 1  and 9 . 3 . 1 ) 7 these 
will be collected regularly and removed from the site for proper treatment and 
d isposal . Once the sewage-treatment plant is completed, trailers with rest
rooms and day tanks for storage will be used until the rest of the system is 
completed . The day tanks will be emptied at the sewage-treatment plant . Af
ter this time and dur ing operations,  sanitary-waste effluents will undergo 
secondary treatment to meet State of New Mexico standards . Where recycling is 
economically feasible , wastewater will be recycled to reduce consumption 1 for 
example , treated sanitary effluents will be used for landscape irr igation and 
dust control at the site . 

The DOE has considered the use of impermeable liners beneath the salt pile 
and the spoils-disposal area used in the SPDV prog ram to minimize the poten
tial for contaminating groundwater with salt. However , the lack of shallow 
groundwater at the site indicates that such liners are not needed . 

9-115 



Air pollution 

Constr uc tion-related air pollution (Sec tions 9 . 2 . 1  and 9 . 3 . 1 )  will 
generally be limited to the immediate area 6f the site .  The large st source 
of a irborne pollutants will be the handling and transfer of soil , producing 
fugitive du st . To reduce th is dust, permanent roadways will be paved and main
ta ined , and disturbed areas ,  includ ing any dirt roads,  will be sprayed with 
water as needed . Other frequently traveled areas will be overlaid with gravel 
or caliche and watered as needed dur ing wor k ing hours . 

Conventional sink ing of the SPDV shaf ts would 
levels as a result of blast ing and rock removal .  
fluid does not produce appreciable dust, but does 
combust ion products from dr ill ing equipment . 

probably increase dust 
Blind bor ing using dr illing 
result in the emission of 

If a conc rete batch plant is needed at the site dur ing construct ion , the 
du st from its operation will be controlled by using the best eng ineer ing prac
tice s .  Combu stion emissions from construct ion equipment will be controlled by 
the use of all applicable EPA emiss ion controls . If the burning of waste ma
ter ials at the site is nece ssary, it will be carried out in compliance with 
applicable State open-burning regulations.  

Wh ile the mi ned- rock- storage area is be ing prepared ,  water will be sprayed 
on disturbed sur faces to control dust . Covered conveyor s will move the mined 
rock f rom the mine-shaft headframe to a stacker conveyor , on which the mined 
rock wil l be sprayed lightly with water dur ing its tr ip to the storage pile.  
D itches will channel natural drainage water around the pile and reta in runoff.  

Solid and chemical waste s 

Dur ing construction ,  li tter will be controlled by the use of tr ash and 
sc rap conta iners located throughout the site .  The trash and scrap will be 
removed to an approved disposal area or to an approved san itary landfill . 
Standard procedures for the on- site landf ill cons ist of excavation ,  disposal , 
and back fill ing over the wa ste . The solid wa ste will be layered with fill 
dirt to control insect vectors and spr inkled with water to reduce dust.  Low
lying ar eas will be selec ted to make the landfill unobtr usive , and natural 
drainage will be d iverted around the site .  Natural revegetat ion of the f illed 
areas will be encouraged , and the site will eventually be suitable aga in for 
local w ildlife . 

All lubr icants and other chemicals used dur ing construction will be stored 
in approved standard containers with precaut ions aga inst acc idental spills or 
leakage . All fuel s  will be stored in conformance with applicable Nat ional 
Fire Protection Assoc iation and local codes.  Waste chemicals and oil will be 
collec ted in approved and clear ly mar ked standard conta iners . The conta iners 
w ill be stored separately from other waste and removed from the site for re
proce ssing or disposal in an acceptable manner .  

No ise 

The highest construction noise levels ( Sect ions 9 . 2 . 1  and 9 . 3 . 1 ) will oc
cur in the dayt ime dur ing site preparation and excavat ion . The impacts of 
no ise will be reduced by using equipment that meets the EPA noise-emiss ion 
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gu idelines and by mainta ining and servic ing equipment to insure that excess ive 
no ise is minimized .  Conventional sinking of the SPDV shafts would cause higher 
no ise leve ls when blast ing and dr ill ing is done near the surface . After about 
50 to 90 feet of penetration ,  however ,  the no ise levels generated by conven
tional sinking would be much lower than those produced in bl ind bor ing . 

By giving due consi deration to no ise-control engineer ing dur ing the des ign 
phase , it will be possible for the WIPP to operate under normal cond itions at 
a no ise level that will not d isturb the nearest resi dents . Spec ific mitiga
tion measures include testing the emergency-power diesel generator s dur ing 
daytime hours only , providing silencers for the diesel-generator exhaust , and 
locat i ng most pumps ins i de str uctures . 

9 . 6 . 3 Reduction of Rad ioactive Effluents 

The WIPP is be ing designed and will be operated in accordance with DOE 
procedures that limit the amount of radioactive mater ial released dur ing nor
mal oper ations ( Sec tion 9 . 3 . 2 ) and under accident cond itions ( Section 9 . 5 . 1 ) . 
The retr ieval of the was te f ran the Idaho National Engineer ing Laboratory and 
the transpor tation to the WIPP site will also be per formed in str ict compli
ance with the applicable rules and regulations of the DOE , the U . S .  Department 
of Transportation , and other agenc ies . 

As discussed in Sec tion 8 . 4 . 3 ,  radiat ion mon itors will be used to ac tivate 
a system whereby the d isposal-exhaust air will be d iver ted to HEPA filters if 
an acc ident releases rad ioactivity underground . The DOE assessed the possi
bility of conti nuous HEPA f ilter ing of the d isposal-exhaust air to lower the 
rou tine releases of rad ioactivity from the underground disposal area . I t  was 
concluded that the entrainment of nonrad ioactive salt par ticulates in the ex
hau st air would tend to clog the HEPA filters . Excess ive maintenance , espec i
ally the replacement of filters , and reduced reliability in the event of an 
accident ind i cated that the bene fits of such conti nuous filte r ing would be 
ou twe ighed by the potential problems and cost involved . 

9 . 6 . 4 Protection of Archaeological Resources 

Before any constr uction is star ted , the DOE will consult with the New 
Mexico Histor ic Preservation Off icer and the Advi sory Counc il on Histor ic Pres
er vation to i dentify any elig ible properties in add it ion to those already 
known (Append ix H ,  Sec tion H . 1 . 5 ) , to reque st a determination of effec t ,  and 
to implement consultation to mitigate or min imi ze any adverse effects , as re
qu ired by the Nat ional Histor ic Preservat ion Act .  All the sites have been 
accu rately mapped by a field surveying crew. The DOE will consult with the 
S tate Histor ic Preservation Officer and the Adv isory Counc il on Histor ic Pres
ervation to i nsure that proper mitigation measures are taken to preserve the 
archaeological resources present . 
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9 . 6 . 5  Access to Mineral Resources 

Hydrocarbons 

In pr inc iple , the hydrocar bon resources beneath the WIPP site can be ex
plo ited by deviated dr illing from outside control zone IV or by vertical and 
deviated dr illing within control zone IV. The DOE has already signified its 
intent to allow dr illing in that zone under str ict controls .  

Dev iated dr ill ing is more costly than ver tical dr illing .  The add it ional 
costs of explor ing formations of intere st throughout the ent ire WI PP site by 
dr illing from control zone IV are shown in Table 9-57 (Keesey , 1979 ) . The 
addi tional costs , over and above the cost of dr illing vert ically ,  are 21 mil

lion dollars ( 18% of the tota l drill ing cost ,  or an increase of 21% over the 
cost of dr illing vertically at all locations) . Not all locations are geo
logically attractive ; the most promi sing ones are in control zone IV and may 
be dr illed vertically at no additional cost for devia ted dr illing . 

Potash 

'I'tle potash re serves below control zone IV may be mined by the techniques 
pres ently employed in the Car lsbad Pota sh D i str ict .  Solut ion min ing will not 
be permitted . Studies are under way to examine the long-term consequences to 
reposi tory integr ity of min ing in control zones I ,  I I ,  and III . The concern 
is over the consequences of sµbsidence on over lying rocks and aquifer s and the 
possibility that such subsidence would lead to unacceptable rates of salt dis
solution . The rate s of dissolution in Nash Draw (less than 500 feet per 
million years vertically-- see Section 7 . 4 . 4 ) , where much more extensive na tural 
subsidence has occurred than would result from mining at the WIPP site , indi
ca te that such e ffects would be acceptable . However , these stud ies need to be 
completed before mining in the inner control zones can be accepted with 
conf idence . 

9 . 6 . 6 Reduc tion of Soc ioeconomic Impacts 

Several Federal a ssi stance prog rams are ava ilable to a local government in 
an area selec ted for a Federal proj ec t  like the WIPP .  These programs , how
ever , operate under a var iety of restr ictions that severely limit the ir applic
ability. All impac t-mit igation assistance programs deal pr imar ily with im
pac ts af ter the impacts have begun to occur . No planning assi stance is ava il
able under the se programs . Planning ass istance and program development may be 
ava ilable to a local cormnuni ty under other Federal programs ; however , the el
ig ibil ity 

4
restr ic tions surround ing these programs are such that an affected 

commun i ty is given no preference or assurance that funds will be avai lable 
when needed . 

Mitigatiat assi stance 

Under Section 2208  of the Atomic Energy Act of 1954 ( 4 2  USC 2008 et seq. ) ,  
the Atomic Energy Cormnission ( and now the DOE) was given author ity to make 
payments in lieu of taxes on lands taken off the tax roll s .  Th is author ity 
would be of li ttle help in southeastern New Mexico . A more applicable feature 
of the law is one that allows the DOE to make payments for " spec ial burdens• 
that have been ca st on a State or local government by the act ivit ies of the 
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Table 9-57 . Add itional Costa to Explore Hydrocarbons in the Entire 
WIPP Site by Dr illing from Inside Control zone IV 

Kickoff 
NIJftlber of Hor izontal point Drill ing Total Incremental 

wells in deflection depth Measured days drilling dry-hole cost 
category ( feet) ( feet) depth (feet) b addedc daysd per well 

32 0 14 . 750 0 75 0 
3 1320 ll , 000 14 , 973 17 92 340 
9 2640 8 ,  750 15 , 302 24 99 480 
2 4000 7 , 750 15 , 808 40 ll5 800 
2 4400 6 , 750 15 , 879 42 117 840 
2 5000 5 , 750 16 , 530 64 139 1280 
1 6600 4 , 800 16 , 728 68 143 1360 
1 7500 4 , 800 17 ,249 82 157 1640 
3 8000 4 , 800 17, 479 91 166 1820 

55 
Total cost to drill 32 straight holes and 23 di rectional holes from inside zone IV 

Less oost to dr ill 55 stra ight holes at 1788 each 

Total incremental cost 

8Costs in thousands of dollars .  
b14 , 750 feet p\us depth correction .  
CBxtra days ad�d to dr illing time because of the deviated dr illing. 
d•nr illing days added• plus 75 days for the undeviated drilling. 

Total 
dry-hole Completion 

cost cost 
per well per well 

1463 325 
1803 336 
1943 354 
2263 382 
2303 386 
2743 426 
2823 437 
3103 464 
3283 477 

Total 
dr illing and 

completion 
Total coat for 

cost all -lls 
per well in category 

1788 57 , 216 
2139 6 , 417 
2297 20 ,673 
2645 5, 290 
2689 5 , 378 
3169 6 , 338 
3260 3 , 260 
3567 3 , 567 
3760 ll , 280 

ll9 ,419 

ll9 , 419 

!98,340� 

21 , 079 



DOE or its agents . The amount of payment , however ,  must take into considera
tion " any benefit occurring to the State or local government by r eason of s uch 
activities . "  This type of cost-benefit analysis  could be qui te cumber some and 
may conclude that no payments could be made • 

The Education Act of 1956 ( 20 USC 236 et seq . )  provides for assistance to 
local educational agencies in areas affected by Federal activity . 

The Small Business Act of 195 9 ( 15 USC 631  et seq . )  author i zes the Small 
Busi ness Admin istration to make direct and guaranteed or insured loans to 
small businesses that suffer economic inj ury as a result of di splacement by a 
Federal fac i lity .  

The Uniform Relocation Assistance Act of 197 1 (42 USC 4601  et seq . )  di
r ects all Federal agencies to compensate all persons displaced by a Federal 
proj ect for real and per sonal proper ty and for moving costs , and to make a 
relocation adj ustment . I nasmuch as there is no one living on the WIPP site to 
be so displaced , this Act will be of no help . 

Planning assi stance 

The pr imary programs desi gned to help a communi ty in plann ing for rapid 
growth are the " 701" prog ram of the Depar tment of Housing and Urban Develop
ment ( HUD ) and the Intergover nmental Personnel Program . 

The " 701" program ( 40 USC 461 et seq . )  provides the broadest and most fun
damental assi stance ava ilable to a community about to be affected by a Federal 
faci lity .  The 1 974 amendments to the underlying act direct funds only to 
those units of government that are capable of car rying out ar eawide planning .  
With respect to the WIPP , th is effectively l imi ts such help to Eddy and Lea 
Count ies or the State of New Mexico itself . There is  an excepti on for cases 
of " speci al need" that might be constr ued to make cities like Carlsbad eligi
ble . 

The Intergovernmental Per sonnel Act of 197 1 ( 5  USC 3371  et seq . )  provides 
a var i ety of mechan i sms to strengthen a local community ' s  pool of trained r e
source people . The statute conta ins author i ty for grants and technical assis
tance to be used by local governments to improve personnel admin istration , to 
admi t local people to Federal employee-tra ining programs , and to ass ign Federal 
employees temporar ily to local governments . 

Other Federal planning-assistance programs include the Publ ic Works and 
Developnent Act ( 42 USC 3121 et seq . ) 7  regional commi ssions7 programs that 
provide aid for spec ified proj ects like hospital construction , dr ug abuse , 
law-enfor cement hardware , and wastewater treatment 7 and community block grants 
( 42 use 5301 et seq. ) .  

9 . 6 . 7  Reduction of the Impacts of Transpor tation 

C hapter 6 analyzes the radiolog ical consequences of waste transportation . 
Nevertheless , this  EIS is not intended to be a final document establishing the 
basis for dec i si ons on actual routes and methods for transpor ting waste to the 
WIPP . The se decisi ons will be addressed in later documents . Decisions yet to 
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be made final include dec isions on routing , packag ing , transpor tation methods,  
a nd  emergency plans. 

As ind icated in Section 6 . 4 ,  dec isions on routing are constra ined by the 
existing network of ra ilroads and highways in th is country . Packag ing systems 
for WIPP-dest ined waste are still being developed . Yet to be dec ided is wheth
er to use common carr iers,  contract carr iers,  or Federally owned carr iers.  
Spec ial tra ins have been suggested , but the Interstate Commerce Commission has 
concluded that, while these may decrease the rad iological r isks of accidents, 
they would increase the impac ts of normal transportation (Section 6 . 2 . 3 1  ICC , 
1977 ) . 

The DOE will prepare for the WIPP an emergency-preparedness plan that will 
include working with potential carr iers,  State offic ials,  and local officials 
( Sec tion 6 . 11) . The DOE already has rad iological-assistance teams available 
to oversee any required cleanup at the scene of an accident. 

Actions taken at an acc ident will depend on its sever ity as determined by 
mon itor ing . They will almost surely include keeping unneeded people out of 
the way and not letting debr is be picked up at random. Farm animals, crops , 
and milk will be inspected and , if necessary, condemned and destroyed . The 
deg ree of land and build ing contamination will be determined 1 land and build
ings contaminated beyond ex isting guidelines will be decontaminated or inter
dic ted from use .  

9 . 6 . 8  Reduction of the Impacts of Qperational Acc idents 

The emergency-preparedness plan will also be concerned with responding to 
accidents , both rad iological and nonradiological,  at the WIPP site itself 
( Section 8 . 12 ) . The circumstances there will probably be more favorable than 
those in transpor tation accidents 1 equipment and trained people will be imme
diately ava ilable , and mon itor ing and control can be started right away. More
over , there are no large numbers of people and no intensively used land near
by. Measures that can be taken will be much like those for transportat ion 
acc idents . 
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9 . 7  LONG-TERM EFFEX::TS 

Dur ing the long term, for thousands of years af ter the TRU-wa ste reposi
tory that is par t  of the WIPP has ceased operation and ha s been closed , no 
rad i oact ive ma ter ial is expec ted to enter the biosphere.  Neverthele ss ,  natu
ra l events or intru sion by people could conceivably cause such a re lease . The 
fi r st section of th is chapter stud ies unexpec ted releases by assuming that 
they will occur and by assessing · the ir consequence s .  

The second section d iscu sses long-term e ffects that do not di rectly involve 
any re lease of rad ioac tive mater ial ; heat from the emplaced waste and natura l 
subsidence could produce s uch e ffects . A final section br iefly reviews the 
ava ilable techn ical information on interactions that may occur between the em
placed waste and the rock around it.  

9 . 7 . 1 Eff ec ts Involv ing the Release of Rad ioactiv ity 

9 . 7 . 1 . 1  Ba s is of Th is Analysis 

The pr inc ipal benefit expec ted from placing rad ioactive wa stes deep under
g round is long- term isolation from the biosphere . Numerous studies have , how
ever , exami ned the impac ts that bur ied radioactive wa ste might exer t on the 
environment if it escaped f rom a repos itory (Bradshaw and McCla in,  197 1: USA.EC , 
197 1 :  Cla iborne and Gera , 19 7 4 :  McClain and Boch , 19 7 4 ;  Gera , 19 7 5 :  Gera and 
Jacobs , 1 9 7 2 :  Bartlett et a l . , 1976 ; Cohen ,  1 9 7 7 :  Cohen et al . ,  1977 ) ; a re
cent , deta iled collec tion of re ferences appears in a document published by the 
U . S .  Nuclear Regulatory Conunission (NRC ,  19 76 ) . These analyses have pointed 
out that such re lease s of wa ste are highly improbable and that they would pose 
little hazard to the biosphe re . Such results have encouraged the investigation 
of geolog ic d isposal and have led to the deta iled , site-spec ific analysis per
formed for the WI PP proj ect and descr ibed in th is s ection . 

Since rad ioactive decay will reduce radia� ion levels as time passe s ,  some 
studies have attempted to decide at what time after bur ial the waste is no 
longer da ngerous .  Different cr ite r ia for sa fety have led to different conclu
sions . Hamstra (1975 ) , for example , compared the hazards of bur ied waste to 
those of bur ied uranium ore and concluded that deeply bur ied h igh-level waste 
is sa fe af ter about 1000 years of bur ial . Gera (1975 )  adopted a more conser
vative cr iter ion . He compared the ha zard of radioactive wa ste to the hazard 
of unbur i ed  uranium-mi ll ta ilings piles . Ta king no account of the inc reased 
sa fety that bur ial would provide , Gera concluded that the wa ste decays to a 
safe level i n  100 , 000 years .  His study recogn ized ,  however ,  that th is e sti
mate coul� reasonably be reduced to a few thousand years under other assump
tions . 

The long-term integr ity of the WIPP repos itory depends on multiple bar
r ier s ,  featu res that h i nder the release of rad i oactivity . These barr iers are 
the wa ste and its conta iners , the salt , and the geolog ic and hydrologic system 
in which the repos i tory is embedded . The long-term safety analysis made for 
the WIPP shows that , except for certa in direct-access events , the forms of the 
waste and its conta iners are not important in h i nder ing the release of radio
ac tivity : the impor tant barr ier is the massive salt bed itself .  
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About 1200 feet of rock salt lies above the wa ste hor izon, and another 1200 
feet of rock salt and anhydr ite lies beneath it; no natural process is expected 
to disturb this 2400-foot barr ier in any significant way dur ing the period re
quired for the wastes to decay to innocuous levels .  If the salt were breached , 
however , the properties of the third barr ier , the geologic and hydrologic sys
tem, would become iJDPortant ; the safety analysis for the WIPP has concentrated 
on the effectiveness of this barr ier after a postulated breaching event has 
disturbed the other two barr iers. 

The basic plan for the analysis , therefore,  is to estimate the consequences 
of d ifferent hypothetical events that might move wastes to the biosphere. 
After postulating mechanisms for the release of radionuclides from the bur ial 
medium , the study examines radionuclide transport through the surrounding geo
logic med ia and then through the biosphere.  The amounts of radionuclides that 
might reach people along different pathways are estimated J these amounts are 
then used to calculate the radiation doses that might result from the hypothet
ical releases.  

9 . 7 . 1 . 2  Method s Used in This Analysis 

Fundamental plan 

This study of long-term impacts follows the basic plan of earlier studies :  
i t  evaluates the consequences of well-defined hypothetical future events that 
could conceivably release waste from a repository. It differs , however , from 
previous studies in three important aspects that make the analysis directly 
applicable to the WIPP site , the WIPP conceptual design, and the waste to be 
received at the plant: 

1 .  The wa stes are not assumed safe after several hundred year s or even a 
few thousand years .  Consequences are evaluated as a function of time 
after each release event. 

2 .  The WIPP disposal area is assumed to contain contact-handled TRU 
waste and remotely handled TRO waste .  Ear lier studies have usually 
considered only high-level waste . 

3 .  The analysis is specific to the WIPP site.  It  uses deta iled geologic 
and hydrologic models of the area around the site . These models in
clude data from field investigations conducted as part of the WIPP 
proj ect. 

The pr incipal tool used in this safety assessment is the analysis of 
• scenar ios . •  The term •scenar io• here refers to a hypothetical sequence of 
events that could re lease radioactive mate r ial from a repository. Four prin
c ipal deta ils are necessary for the descr iption of a scenar io; these deta ils 
spec ify the following : 

1 .  A re lease event that breaches the repository.  
2.  A mechanism for moving radionuclides through the breach . 
3 .  The elapsed time between bur ial and the releasing event . 
4 .  The response of the burial medium to the breach. 
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These deta ils , combined with a source term spec ifying the radionuclide 
inventory and the physical and chemical cond ition of the waste at the t ime of 
re lease , give in itial and boundary cond it ions for calculating the migration 
of radionuclides through the geolog ic media and to the biosphere . The move
ment of rad ionuclides to people and the dose s delivered to them are then cal
culated . A block d i ag ram of the ove rall systems analys is is in Figu re 9-9 .  

Compilation of scenar ios 

Bingham and Barr ( 1979 )  have provided descr iptions of waste-release sce
nar ios at the WI PP s i te and have d iscu ssed the methods used to constr uct 
these scenar ios . The compilation of scenar ios began with the preparation of 
an extensive l ist of events that in concept are capable of lead ing to a re
lease of rad ioac tive waste from a repos itory in bedded salt.  A fault tree 
used in a German study ( Prosk e,  1976)  and a fault tree constr uc ted by the 
WIPP staff a ided in the se lection of release events . After elimination of 
those events whose occu rrence at the WI PP s i te is phys ically imposs ible , 19 
basic events rema ined . 

Each of the 19 re lease events could in theory give r ise to many scenar ios , 
depend ing on the deta ils of events that follow the bas ic release event . A 
tota l of 9 2  d istinc t  scenar ios were construc ted from physical processes that 
are poss ible at the s i te.  Of these 92 scenar ios , 88 result in the introduc
tion of rad ionuclides into the Magenta and the Culebra aquifers of the Rus
tler Formation above the repos itory . The rema in ing four scenar ios result in 
the direc t transfer of rad ionuclides to the sur face. 

There is , of course,  no way of be ing sure that all potential . release 
mechanisms and scenar ios have been identified .  To compensate for this lack 
of certainty , two extreme scenar ios ( numbers  4 and 5 in the list that 
follows ) have been inc luded in the analysis . These two extremes represent 
phys ically plaus ible wor st cases for fluid d isruption of the reposi tory and 
for human intrusion into the repos itory. 

Selection of scenar ios for analysis 

Five representative scenar ios were chosen for the analysis . Scenar ios 1 
through 4 introduce the rad ionuclides into the Magenta and the Culebra aqui
fer s .  These radionuc lides are subsequently transpor ted in the aquifers to 
the outlet along the Pecos River near Malaga Bend , approximately 15 miles 
sou thwest of the s ite . At th is point the radionuclides reach the biosphere . 
Scenar io 5 introduces the radionuclides d irect ly into the biosphere through a 
dr ill shaft penetrating the repos itory . The five scenar ios are swmnar ized 
below. 

Scenar io 1:  A hydraulic cormnun ication connects the Rustler aquifer s 
above the repository ,  the Be ll Canyon aquifer of the Delaware Mounta in 
Group below the repos itor y ,  and the repos itory.  

Scenar io 2 :  A hydraulic cormnunication allows water to flow from the 
Rustler , through the repos itory,  and back to the Rustler . 

Scenar io 3 :  A stagnant pool connec ts the Rustler aqu ifers with the re
pos itor y .  In contrast to scenar ios 2 and 3 ,  wh ich involve flowing water , 
th is cormnunication permits radionuclide mig ration to the Rustler only by 
mo lecu lar diffusion . 
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Scenar io 4 :  A hydraulic communication connects the Rustler aquifers with 
the repositoryr all the Rustler water normally moving above the reposi
tory flows through the reposi tory and back to the Rustler . In contrast, 
scenar ios 1 and 2 establish only a limited hydraulic connection . 

Scenar io 5 :  A dr ill shaft penetrates the reposi tory and intercepts a 
radioactive-waste conta iner r the rad ioactive mater ial is brought directly 
to the surf ace . 

Scenar ios 1 through 4 are referred to as scenar ios for liquid breach and 
transport because they postulate the existence of a wa ter-f illed communica
tia'I that connects the repository with one or more aquifers .  Scenar io 1 rep
resents circumstances where water flows between two aquifers and also inter
cepts the repository.  Scenar ios 2 through 4 represent circumstances where 
forced convectia'I or mass transport by diffusion moves waste mater ial from 
the repository to a single aquifer . An analysis of these scenar ios for liq
uid breach and transport is given first , followed by an analysis of the sce
nar io that does not depend CX'I water to carry radionuclides to the biosphere . 

9 . 7 . 1 . 3  Analysis of Scenar ios for Liquid Breach and Transport 

As explained in the remainder of this section , the analysis of the conse
quences of liquid-breach scenar ios proceeds from a deta iled descr iption of 
each scenar io to a calculation of radionuclide movement through the geosphere-
movement f rom the repository and through the Rustler aquifer s .  Next the anal
ysis predicts radionuclide transport through the biosphere after discharge 
into the Pecos River at Malaga Bend. The final calculations predict radiation 
cSoses rece ived by people . 
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Source te rm 

The first step in the analysis of the scenar ios is to compile the source 
term shown as a block in Figure 9-9 . Three maj or spec ificat ions compose the 
source term.  

Spec if icat ions of model repository. The model repository used in the 
analysis of the scenar ios is d ifferent from the WIPP reposi tory descr ibed in 
Chapter 8 in only one re spec t :  the remotely handled TRU waste is assumed to 
be placed separately from the contact-handled TRU waste . The area where the 
contac t-handled waste is emplaced is the same as the area descr ibed in 
Chapter 8 .  Table 9-58 lists the a ssumed dimensions and waste volumes of each 
of the two ar eas .  

Table 9-58 . Spec ificat ions of Modeled Waste-Disposal Areas 

Parameter 

Depth , feet 
Dimensions , feet 
Area , ac re s 
Thickness , feet 
Percentage of volume occup ied 

by wa ste 

Contact-handling area 

2000 
1700 x 2600 

100 
12 

11 . 4 8 

Remote-handling area 

2000 
9 50 x 950 

20 
12 

2 . 3 9 

The larger d imension of the model contact-handled-waste area ( 2600 feet) runs 
in the nor th-to-south direction . The model area for remotely handled waste is 
connec ted to the we stern side of the area for contact-handled waste at its 
southern end . 

The use of two dist inct modeled areas permitted separate evaluations of 
the conseq uences of the release of each type of waste .  As will be seen later , 
th is distinction makes li ttle difference in terms of the consequences of the 
scenar ios for liquid breach and transpor t .  

Radionuc lide inventor ies .  The amount o f  each rad ionuclide present dur ing 
the relea se depends on the type of waste held in the reposi tory and on the 
time at which release occur s .  Because actual rad ionuclide inventor ies will 
vary amon� the conta iners rece ived at the reposi tory , it  is neces: � ry to spec
ify typical value s .  For this purpose the study used actual assay � ta from 
the Idaho National Eng ineer ing Laboratory for contact-handled TRU waste . The 
contac t-handled TRU waste is assumed to be in 55-gallon dr ums , each conta ining 
an average of 8 g rams of plutonium among the waste mixture.  The modeled 100-
acre area for contac t-handled TRU waste would be able to hold about 816 , 000 
such dr ums at the stated ratio of waste volume to reposi tory volume . The con
centration of rad ioactivity in the remotely handled TRU waste is given in 
Append ix E.  About 250 , 000 cubic feet ( about 7 million liters )  of remotely 
handled TRU waste could fit into the modeled area at the stated ratio of wa ste 
volume to reposi tory volume . 
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'l'he waste inventor ies change in time , of course , owing to radioactive decay 
and the produc:tion of daughter nuclides . The radionuclide inventor ies at times 
selected for ocenar io modeling were calculated from the initial inventor ies 
with a mod ifi·ed ver sion of the ORIGEN code (Bell, 1973) . Table 9-59 lists the 
calculated ra d ionuclide inventor ies at the assumed repository-breach time of 
1000 years . The table lists the radionuclides that are the most important in 
long-term corasequence assessments in that they either produce nearly all of 
the radioact:lvity in the waste at 1000 years or are the parents of daughter 
radionuclide s that are easily transported in the geosphere . Other radionu
c lide& are important dur ing t ime spans of less than 1000 years i  these nuclide 
inventor ies are discussed in Section 9 . 7 . 1 . 4 .  

Physical. and chemical condition of the waste .  'Ibis analysis postulates 
conditions tthat produce upper bounds on the amounts of waste released . To 
th is end thee deta iled models assume that when water comes into contact with 
wa ste the r11d ionuclides dissolve with the salt. They also assume that the 
radionucli des are un iformly mixed with the backfill mater ial at the time of 
release. I n  future analyses ,  these assumptions will be replaced if exper i
mental datsi show that such phenomena as leach ing, waste-ma tr ix degradation, 
and the vaJ.ence states of the radioactive spec ies significantly affect the 
release ra tees . 

Descr iption of scenar ios 

'l'he se�ond step in the overall analysis illustrated by Figure 9-9 is the 
block that; represents the descr iption of a scenar io. The descr iption includes 
a detailec'J statement of each of four major specifications : 

Breaching event. For purposes of canputer modeling , a breaching event is 
descr ibed by spec ifying the communications that connect the repository with 

Table 9-59 . Nuclide Inventor ies in Repository at 1000 Years 

Half-li fe Remotel:f handled TRU wa ste Contact-handled TRU waste 
Nuclide (year s)  Grams Cur ies Grams Cur ies 

Ra-226 l . 6+3a 3 . 0-3 3 . 0-3 1 . 6-2 1 . 6-2 
'l'h-229 7 . 3+3 1 . 0-3 2 . 1-4 5 . 6-3 1 . 2-3 
'l'h-230 7 . 7+4 9 . 0-1 1 . 7-2 4 . 8  9 . 2-2 
'l'h-232 1 . 4+10 1 . 1-1 1 . 1-8 5 . 6-1 5 . 6-8 
0-233 1 . 6+5 6 . 8-1 6 . 3-3 3 . 6  3 . 3-2 
0-234 3 . 4+5 3 . 8+2 2 . 3  2 . 0+3 1 . 2+1 
0-235 7 .0+8 3. 2+4 6 . 7-2 1 . 7+5 3 . 6+1 
0-2 36 2 . 3+7 7 . 4+3 4 . 6-1 4 . 0+4 2 . 4  
Np-237 2 . 1+6 3 . 5+3 2 . 3  1 . 8+4 1 . 2+1 
Pu-238 8 . 8+1 1 . 6+1 2 . 6  8 . 8-l 1 . 4+1 
0- 238 4 . 5+9 0 0 3 . 4  1 . 2-2 
Pu-239 .2 . 4+4 1 . 1-6 6 . 6+4 6 . 0+6 3 . 6+5 
Pu-240 ,; • 5+3 7 . 0+4 1 . 5+4 3 . 7+5 8 . 0+4 
Am-241 4' . 3+2 9 . 3+2 3 . 0+3 4 . 8+3 1 . 5+4 
Pu-242 3 .. 9+5 0 0 2 . 0+3 8 . 0  

a1. 6+3 .. 1 .. 6 x 103 . 
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other par ts of the geosphere . Such commun icat ions might be the consequence of 
human actions or of natu ral geolog ic events . In liquid-b reach sce nar ios , the 
commun ication is a hydraulic pathway along wh ich waste mater ials c.ould be 
transported . 

Transpor t mechan ism . In order for wa ste mater ial to move from the repos
i tory ,  a mechan i sm  is needed to carry it through the communications . In the 
four liqu id-breach scenar ios , the transpor t mechan ism is either forc:ed con
vection by flowing water or molecular d iffusion in a stagnant water column . 

Time of breach . The time of breach is the time at wh ich communi cat ions 
are fu lly developed and the transport of waste mater ial beg ins . Th i s  study of 
liquid-breach scenar ios models breaches of the repos itory and re leas.es to the 
aqu ifer at 1000 years af ter bur ial . 

Response of bur ial med ium to releas ing event.  The spec ificat ion of bur ial
med ium response genera lly involves two th ing s :  the changes in the sh21pe and the 
size of the commun icat ions after the breach ing event and the physical. changes 
in the wa ste that attend changes in the bur ial medium. In the four l iquid
breach scenar ios , the bur ial med ium (or that part of it near the comm1Jn ica
tions) d i ssolves at a prescr ibed rate ,  and , as sta ted above , the wastu 
dissolves at the same rate . 

After spec ifying the breach ing event , the transpor t mechan ism , and the 
bur ial-med ium response ,  one can predict the rates at wh ich rad ionuclid.e s leave 
the repos itory and enter the geosphere . These rates are then used as .input to 
the geosphere- tr ansport model shown as the first transpor t block in Fi�Jure 9-9 . 

Geosphere-transpor t calculations 

The most effec tive mechan ism for transpor ting rad ionuclides through.  the 
geosphere and into the biosphere is convection in flowing groundwater 1 only 
one of the four liquid-breach scenar ios assumes a transpor t mechan ism , ·diffu
sion ,  that is not convection .  In the analysis o f  the consequences o f  bhe 
liquid-breach scenar io ,  a numer ical compu ter model was used to pred ict the 
rate of the transport of radionuc lides from the br eached repos i tory thrc�ugh 
the Magenta and the Culebra aqui fers and to the d ischarge point on the 'Pecos 
River at Malaga Bend . A deta iled d iscussion of the model and its appli cat ion 
to the ana lysis appears in Append ix K .  

Biosphere-transport calculations 

After moving from the repos itory through the Culebra and the Magen .ta 
aqu i fers,  the radionuclides could reach the Pecos River near Malaga Be!nd . At 
that point the rad ionuclides , diluted when the aquifer water mixes with the 
r iver water , would enter the b iosphere . Possible pathways by which t'hey might 
move through the biosphere to people include the ingest ion of fish,  the 
ingestion of water , and activities like swimming , boating , and sunba th ing . 

The biosphere-transpor t calculations ( a  block in Figure 9-9 ) beg, in by 
converting the output of the geosphere-transport code , which providE!S mass 
frac tions of rad ionuclide concentrations in the aquifer water . For each 
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rad ionuclide ,  the mass fraction is conver ted to picocur ies per year by the 
following equation :  

(mass frac tion) ( aquifer flow rate ) ( spec ific ac tivity) = ( activity per year ) 

where the d imensions of the factors are 

( Cg/ml) / (g/ml)] ( lb/yr )  [{pei/g ) ( g/lb)l = (pC i/yr ) . 

Then the analysis calculates the year ly intake of radionuclides by a per
son exposed through the biosphere pathways .  

Dose calculations 

The consequence analysis next computes the radiation doses that result from 
the i ntake of radionuc lides by a hypothetical per son liv ing near Malaga Bend . 
Th is ca lculation ( Torres and Balestr i ,  1978 ) , represented by the bottom block 
in Figure 9-9 , uses the NRC computer c ode LADTAP . 

When rad ioactive mater ial is taken into the body , part of it remains there , 
emi tting radiation until it decays or is e l iminated by biological processes .  
To express the dose rece ived from such mate r ial , the annual dose delivered 
wh ile the mater ial is in the body is integrated ,  or summed , over a SO-year 
per iod after intake. The integrated dose from a 1-year intake of rad ioact ive 
mater ial is ca lled the SO-year dose commitment. Further d iscussion of dose 
coD1Ditments is in Append ix O .  

I n  th is calculat ion the year ly intake from ingesting water or fish i s  
converted to a SO-year dose commitment by the following equation :  

(year ly intake) ( liquid-dose conver sion factor ) = dose commitment 

where the d imensions of the factors are 

(pCi/yr )  [mrem/ (pCi/yr )] c10-3 rem/mrem) = rem. 

The conversion fac tors for th is equation are taken from the NRC study 
NUREG-0172 (Hoenes and Soldat , 1977 ) .  

To account for swimming , boat ing , and the use of the r iver shoreline , the 
study uses the methods g iven in NRC Regulatory Guide 1 . 109 , Revision 1 (NRC , 
197 7 ) . It also uses the factors provided by this Guide for computing the 
exposures and doses received by individuals character ized by the Guide as 
•maximwn" with respec t to food consumption , occupancy , and other pathways . 
Further information on the biosphere-transport calculations appear s in Sect ion 
9 . 7 . 1 . 4 .  
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Scenar io mode ling 

The parag raphs that follow present in deta il the assumptions made in each 
scenar io.  The consequences of the scenar ios , in terms of exposure or dose,  
are discussed separate ly in Sec tion 9 . 7 . 1 . 4 .  

Mode ling of scenar io 1 .  Th is scenar io develops a vertical connect ion 
between the upper aquifer ( the Rustler ) and the lower aquifer ( the Bell Can
yon) through a hypothetical 9-inch-d iameter uncased borehole (Figure 9-10 ) . 
Depend ing on the ac tua l  location of this borehole , flow may be e ither into or 
from the upper aqu ifer . Recent measurements ( Powers et  a l . , 197 8 )  and the 
calculated freshwa ter potentials suggest that,  for the purpose of analysis , 
the flow near the reposi tory can be assumed to be upward , into the Rustler 
aquifer , under a pressure difference of 7 . 5  pounds per square inch.  The cal
culations therefore a ssume th is upward flow . Two locat ions for the borehole 
were assumed : the borehole penetra tes the center of the modeled disposal area 
for remotely handled TRU waste ( scenar io lA) and the borehole penetrates the 
center of the mode led disposal area for contac t-handled TRU waste ( scenar io lB) . 

The permeab ility of the wellbore was calculated by using Hagen-Poiseui lle ' s  
law for laminar flow through a pipe . The hydraulic res istance of the we llbore 
was found to be neglig ible in relation to the res istances of the aqu ifers .  

The calcu lation of the flow. through the we llbore was per formed by simulat
ing the hydraulic condi tions of the two aqu ifer s connected by the borehole . 
In this scenar io , water is withdrawn from one aqu ifer and inj ec ted into the 
other . Since the transmissivity of the upper aquifer is less than that of the 
lower aquifer , the upper-aquifer transmissivity controls the flaw rate through 
the wellbore . A conservative , s imple way of mode ling th is si tuation is to de
scr ibe the upper aquifer numer ically as a single layer with an infinite radius 
and the we llbore at i ts center . The boundary condition at  the wellbore is 
schematically shown in Figure 9-10 . 

In this model , after an initial transient per iod , the flow becomes essen
t ially con stant . From two bounding values of the transm i ssivity in the Rus
tler aquifer , upper and lower bounds to flow rate s  through the we llbore were 
calculated to be 600 and 30 cubic feet per day . The predictions of the con
sequence analysis were calculated separate ly for each of the two assumed bore
hole locations , using the flow rate of 6 0 0  cubic feet per day . 

It  wa s  assumed that the Salado and Castile Formations dissolve uniformly 
along the length of the wellbore and that the rad ioactive waste d issolves at 
the same rate as the salt formation .  The diameter of the hydraulic communica
tion increa7es as the water dissolves the salt ; a d issolution front advances 
through the reposi tory,  eventually reach ing all the stored waste . The amount 
of wa ste d i ssolved is proportional to the fraction of the geologic formations 
that is wa ste . I f  the borehole penetrates the area containing remotely han
dled wa ste , a steady-state flow at 6 0 0  cubic feet per day takes 120 , 00 0  year s 
to complete ly leach the contents of the area ; the dissolution front then 
pa sses into the d isposal area for contact-handled waste , which is completely 
leached in the following 2 . 4 1  million year s .  I f  the borehole or ig inally 
penetrates the contact-handled-waste area , flow at the same maximum rate takes 
6 0 0 , 00 0  years to completely remove the contents of the are a ;  the dissolution 
front then pa sses through the smaller area for remotely handled waste in 

9-130 



Radlr 111•if• 

....... . 
Rmdlr 

- - _ ,  ... 
AUvllritl � 1 

-1 l_ Di..llrtiea of •It aatl 
i j widtalilt of tlll Wlllllora 

I I i. s.w . .... Castile 

Reposltery I I 
llwtl 

Salada 

Castile 

D1llwara 
Mount1in 

Group -

I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

� 
) 
� '- -

Flew 
j 

-

___ ,,.. _ 

lrlu 

Figure 9- 1 0. Schematic representation of scenario 1 .  

670 , 000 year s .  If the lower bounds on the transmissivity of the Rustler 
aquifer are used in these calculations, the dissolution times are longer by 
a fac tor of 20 . 

The sequence of events modeled in scenar io 1 typifies the immed iate conse
quences of other scenar ios that involve the establishment of a camnunication 
between the Bell canyon and the Rustler aquifers .  As discussed in Appendix K ,  
the transmissivity of the Rustler aqu ifer controls the flow rate if the area 
of the coJll'Dunication is large enough . The flow rate through the postulated 
9-inch borehole is near the limiting rate even before the hole begins to widen . 
Thus,  a different type of c0111Dunication could be postulated in scenar io 1 
without much changing the immediate consequences .  An uncased borehole is but 
one plausible type of communication J other , less plausible types include a con
ducting fault that connects the upper and the lower aqu ifers with the reposi
tory and a so-called brecc ia pipe ( Section 7 . 3 )  that develops from the base of 
the ca stile Formation and grows upward to eventually connect with the Rustler . 

Modeling of scenar io 2 .  The breaching events of scenar io 2 consist of the 
fa ilure of two wellbores that penetrate · the repository and the establishment 
of a connection running between the fai� wellbores and through the two mod
eled d isposal areas . As shown in Figure 9-11 , water from the Rustler aquifer 
flows down the upstream wellbore , through the repos itory , and then back to the 
Rustler via the downstream wellbore . In th is process , salt is continuously 
dissolved along the flow path until the water becomes saturated br ine .  It is 
assumed that water enter ing the repository level has a total-dissolved-solids 
concentration of 8000 milligrams per liter and that the fluid reenter ing the 
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Figure 9- 1 1 .  Schematic representation of scenario 2. 
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Rustler is saturated br ine containing 4 10 , 0 00 mi lligrams of total d issolved 
solids per liter . The leach rate of waste is assumed to be equal to the leach 
rate of salt, as in the other liquid-breach scenar ios . 

For purposes of modeling ,  it  was assumed that the upstream wellbore is 
located on the northwe st corner of the disposal a rea for contact-handled waste 
and that the downstream we llbore is located 1700 feet to the south , at the 
northea st corner of the modeled disposal area for remotely handled wa ste . Both 
we llbores were assumed to be 24 inches in diameter and to have the same hydraulic 
conductivity .  S ince the hydraulic conductivity o f  the mater ial i n  a failed 
we llbore may vary ,  two values were ass igned for the modeling of scenar io 2 :  50  
feet per day ( scenar io 2A) and 5 feet per day ( scenar io 2B) . The hydraulic 
conduc tivity within the repositor ies was conservatively chosen to be 300  feet 
per day .  Thu s ,  the flow rate through the system turns out to be l imited by 
the downstream we llbore , wh ich , by ass umption , does not enlarge , since it  
contains fully saturated br ine .  

The flow calculations for this scenar io were made with a three-dimens ional 
model .  At a hydraulic conductivity of 50  feet per day , the steady-state flow 
through the system amounts to 0 . 724 cub ic foot per day . At this rate of flow, 
0 . 146 cubic foot per day of salt is d issolved , and the leach ing of the contents 
of both d isposal areas is completed in 2 . 81 million years . At a hydraulic 
conduct ivity of 5 feet per day , the steady- state flow is 0 . 0909  cubic foot per 
day , and leach ing is completed in about 22 million years .  Note that in sce
nar io 2 ,  no fluid is added to the Rustler aqu ifer . The veloc i ty between the 
reposi tory and the outlet at Malaga Bend is there fore unchanged , in contrast to 
scenar io 1 ,  where fluid f rom the Bell Canyon aqu ifer is added to the Rustler and 
the fluid speed in the Rustler increases slightly--roughly by a factor of l/6 . 

The consequences of the events modeled in scenar io 2 typify the immediate 
consequences of other scenar ios that involve the establi shment of a "U-tube" 
connection through the reposi tory .  The vertical par ts of the connection need 
not be failed we llbores 1 they could , for example , be frac tures produced at 
opposi te sides of the reposi tory through rapid subsidence . Though extremely 
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improbable , connections developed through such fractures are plausible . The 
important points about any U-tube connecti'on are that the conductance of the 
downstream leg of the •u• will determine the flow rate through the repository 
and that the transmissivity of the Rustler aqu ifer will ult imately dominate 
for large values of conductance ( see discussion of this point in Appendix K) . 
Scenar io 4 will represent the extreme consequences of a U-tube connection. 

Modeling of scenar io 3 .  As in scenar io 2 ,  it is asswned that a ver tical 
connection develops between the repository and the Rustler aquifer . However ,  
the lack of hor izontal conmunication in this scenar io prevents water flow 
within the reposi tory (Figure 9-12 ) . The only mechanism for waste transport 
from the repository to the aquifer through the stagnant water column is molec
ular d iffusion in the liquid phase . 

Diffusion in the stagnant water column is modeled by using the following 
boundary conditions : saturated br ine (at a total-dissolved-solids concentra
tion of 410 , 000 milligrams per liter)  is the assumed concentration at the re
posi tory level, and water contain ing 8000 mi lligrams of total dissolved solids 
per liter is assumed in the Rustler . The latter boundary cond ition is a good 
approximation so long as the velocity of the water flowing through pores in 
the Rustler aquifer is higher than the veloc ity of mass transport by diffusion 
up the water column. Li�uid-liquid diffusivities are on the order of lo-3 

square foot per day (10- square centimeter per second) (Perry, 1963 ) 7 thus , 
the d iffusive flux veloc ity along the 1200-foot water column is on the order of 
lo-6 foot �r day , which is smaller than the calculated natural water velocities 
(2 . 1  x lo- to 4 . 1  x lo-2 foot per day) in the Rustler . 

Steady- state diffusion is assumed , and salt is allowed to dissolve from 
the walls of the water column at a constant rate . Under these cond itions , the 
rate of flow of salt into the Rustler aqu ifer is constant,  and the controlling 
parameter for salt and waste transport into the aquifer is the area of the 
communication .  To show the effects of var iation in communication area , two 
areas are assumed for this scenar io: 1% of the total repository area ( scenar io 
3A) and 50% of the total reposi tory area (scenar io 38) . Under both assump
tions , the dissolution of the repository beg ins at 1000 year s .  With the 1% 
areal communication, the di ssolution is completed in 3 . 3  billion years , and 
with the 50% areal communication ,  the dissolution time is about 66 million 
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Figure 9- 1 2. Schematic representation of scenario 3. 
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years .  As in scenar ios 1 and 2 ,  the d issolution and transport of salt are 
assumed to determine the d issolution and transport of waste mater ials within  
the communications .  

The breach ing event in  scenar io 3 has not been expressly stated , because 
a wide var iety of events could lead to such one-channel ,  one-aqu ifer types of 
breach.  S imple circumstances produc ing breaches similar to scenar io 3 might 
include one or more dr ill holes penetrating the Rustler and reaching the re
pos i tory.  A ser ies of deep, parallel cracks above the reposi tory migh t ,  in 
theory, also g ive r ise to th is scenar io. Although such penetrations could 
eventually fill with wa ter , there would be no dr iving force to make the water 
flow--unle ss hor izontal communications developed between the cracks (as in 
scenar io 2 )  or one or more cracks passi ng through the reposi tory encountered a 
pressur ized br i ne pocket.  The immediate consequences of  a one-channel ,  one
aquifer communication with a br ine pocket are outlined below as a var iant of 
scenar io 3 that involves forced convection instead of diffusion . 

Effects of brine pockets . The following informal scenar io explore s  some 
of the immediate e ff ec ts that follow the penetration of an undetected br ine 
pocket located under the WIPP reposi tory i f  a connection joins the pocket , the 
reposi tory ,  and the Rustler aqu ifer . 

The hypothet ical br ine pocket is assumed to lie 200 feet directly below 
the repository � i t  is a ssumed to be 1 square mile in area and 3 feet  thick . 
The satura ted br ine in the pocket would be in equilibr ium with lithostatic 
pressure ( approximately 2200 pounds per square inch (psi ) ) and would occupy a 
volume of 83 , 600 , 00 0  cubic fee t .  I f  a connection o f  the kind mentioned above 
were to b ecome e stab l ished , some br i ne would flow out of the pocket and into 
the connection--conce ivably reaching the Rustler after pass ing through the 
repository level and pick ing up some waste mater ial . The amount of brine that 
would flow out depends on the bulk compressibility of brine and the lithosta
t ic pressure in the Rustler , wh ich are here taken to be 3 x lo-6  ps i-1  and 
1100 psi , respective ly . Under these a ssumpt ions , 276 , 000  cubic feet ( about 
49 , 00 0  bar re ls) of brine would flow out of the pocket . 

The flow of any saturated br ine through the reposi tory level would, under 
the assumptions made for scenar ios 1,  2 ,  and 3 ,  produce no release of waste 
ma- ter ial since the waste was a ssumed to d issolve with the sal t .  However ,  i t  
ap- pears likely that some radionuclides could leach into saturated br ine , 
though the amounts and the rates are at  present uncertain.  To gain an 
estimate for this informal scenar io ,  i t  is assumed that wa ste mater ials are as 
soluble in br ine as pure salt is in d istilled water ( say, 390 , 00 0  parts per 
million in saturation at 40°C) . Under this assumption , the passage of 
276 , 000  cubic feet of br ine through the repository would remove no more than 
50 , 00 0  dib ic feet of wa ste . Thus ,  no more than 0 . 8%  by volume of the 
contact-handled waste or 20% by volume of the remotely handled waste could be 
transferred to the Rustler aquifer through the postulated connect ion . 

The consequences of i ntercepting a br ine pocket have not been carr ied 
further in this study for several reasons . First , br ine pockets of the size 
a ssumed in this example are extremely unlikely near the repository .  S uch 
pockets are apparently str ucturally and stratigraphically controlled in that 
they are a ssociated with ant ic lines in the evapor i tes ; they have been observed 
only in the Cast ile Formation ,  about 100 0  feet below the level of the reposi
tory ( see Section 7 . 3 for further discussion of str ucture near the site) . 
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Second , the development of a continuous natural connection wi th a sufficiently 
high hydraulic conductivity or a large enough area is considered unlikely-
par ticular ly if the connection must penetr ate to the Castile in order to in
tercept a br ine pocket . A cased wellbore that pene trates a pocket would in
deed provide a connec tion--but one that would result in the release of no 
waste other than the mater ial i nter cepted dur ing dr illing ( s ee  scenar io 5 for 
the consequences of dr illing) . 

Modeling of scenar io 4 .  The three scenar ios descr ibed above depict re
posi tory failures that , though unlikely ,  are physically possible . An extreme 
example of scenar io 2 is also of interest as a bounding condition since it 
d isplays what could ul timately develop f ran a u-tube connection made at the 
Rustler-Salado inter face . I n  scenario 4 ,  therefore ,  the total flow in the 
Rustler Formation over the entire width of the reposi tory passes through the 
reposi tory level and back to the Rustler (Figure 9-13 ) after the layers of 
overlying salt have been dissolved. Water enter ing the repos i tory is assumed 
to conta in 8000 ppm of total dissolved solids,  the concentration of the Cu
lebra and Magenta waters 1 water coming out is saturated br ine with a total 
dissolved-solids concentration of 410 , 000 ppm. The reposi tory is assumed to 
d issolve , with the d issolution of radioactive waste controlled by the dissolu
tion of the salt as in the other liquid-breach scenar ios . 
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Figure 9-1 3. Schematic representation 01 the bounding con
dition (top) and velocities in the Rustler during 
the bounding condition (bottom). 
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Once all of the salt above the reposi tory is  dissolved , a steady flow of 
water in the amount of 420 cubic feet per day through the reposi tory level is 
set up . As in scenar ios 1 and 2 ,  the flow �ate is limited by the transmiss iv
ity of the Rustler . At th is steady rate ,  about 85 cubic feet per day of salt 
is removed : the waste mater ial and backfill at the repos itory level are thus 
leached in a term of 2600 year s .  

Obv iously , such a mass ive connec tion would take a long time to develop . 
If the flow rate of 420 cubic feet per day could be maintained dur ing the d i s
solution of over lying salt,  about 250 , 00 0  years would elapse before the water 
could reach the wa ste .  For th is reason , scenar io 4 was modeled at a release 
time of 250 , 00 0  years instead of the 1000-year time used for the other liquid
br each scenar i os .  However , it  should be emphas ized that development t imes for 
such a breach could be much longer than this  under the flow assumed for the 
Rustler aqu ifer and that a 250 , 000-year initiation t ime is conservatively 
shor t .  The types of initial connec tions from wh ich scenar io 4 could develop 
are the same as those quoted for scenar io 2 .  

Nuclide transpor t 

Geosphere-transpor t calculations for the four liquid-breach scenar ios are 
con f ined to the Rustler Formation with the d ischarge point at Malaga Bend on 
the Pecos River . The potential contour s in the Rustler (Figure K-6 in  Appen
dix K) show that flow paths between the reposi tory and Malaga Bend ( toward the 
Pecos River ) are essentially one-d imensional and that all water flowing along 
these paths d ischarges into the r iver . Therefore ,  d isper sion calculat ions in  
the cross-flow direc tion do not provide much add itional information :  the en
t i re plume of water carrying radionuc lides would eventually d i scharge into the 
r iver . 

The flow rate of rad ionuclides at the centerline of the radionuclide plume 
in the aqu ifer was determined at Malaga Bend and at  a location 3 mi les from 
the center of the repos i tory ( i . e . , at the boundary of the site ) . For the 
la tter location ,  a s imple procedure obtained plume-center line transpor t rates 
from one-d imensional mode l  calculations . These transpor t rate s ,  or discharge 
ac tivities , are shown as functions of t ime in Tables 9-60 and 9-6 1 .  D ischarge 
is measured in cur ies per year in order to show the amount of rad ioactivity 
pa ssing into the Pecos River per year or flowing past the 3-mile locat ion. 

Accord i ng to Table 9-60 , apprec iable discharge at Malaga Bend begins at 
300 , 000  years for a ll scenar ios but scenar io 4 ,  which beg ins to show appreci
able dischar ge at 50 0 , 00 0  years .  The peak d ischarge rate occurs near 1 . 2  
million years for a ll scenar ios but scenar io lA, for which the peak rate oc
curs at 1 . 4  million years .  The rad ionuclide-transpor t calculations followed 
the development of the radioactive plumes in the Rustler aqu ifer out to 3 . 0  
million years in order to determine the t imes at wh ich the peak discharge 
rates occur red. 

In all four scenar ios , the rad ionuclides contr ibuting the most to the 
total d ischarge activity at Malaga Bend are , in the order of their  contr ibu
tion ,  uranium-236 , uranium-235 , uranium-233 , and radium-226 . The uranium 
nucli des account for over 90% of the activity .  Apart from these nuclides , 
other nuclides contr ibute a trace amount of radioactivity at the discharge 
point :  these others are thor ium-22 9 , thor ium- 230 , thor ium-232 , neptunium-237 , 
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Table 9-60 . Di scharge Activities at Malaga Bend : Liquid-Breach Scenar ios 

Timea Discharge (Ci/yr ) 
(years) 

- !A b �A �B �A 38 

300 , 000 3 . «;-25b 3 . 8-25 2 . 7-25 2 . 4-26 3 . 3-28 1 . 2-26 
400 , 000 4 . Ei-20 4 . 6-19 2 . 2-19 2 . 7-20 1 . 9-22 9 . 3-21 
500 , 000 8 .  El-16 2 . 4-14 7 . 9-15 9 . 9-16 6 . 7-18 3 . 4-16 
6 00 ,  000 3 . 2- 12 8 . 4- 11 2 . 3-11 2 . 8-12 1 . 9-14 9 . 6-13 
700 , 000 1 . 2-9 3 . 1-8 7 . 4-9 9 . 2-10 6 . 2-12 3 . 1-10 
8 00 , 000 6 . 4-8 1 . 6-6 3 . 6-7 4 . 5-8 3 . 1-10 1 . 5-8 
900 , 000 8 . 2-7 1. 7-5 3 . 6-6 4 . 5-7 3 . 0-9 1 . 5-7 
1 ailliai 4 . 4-6 4 . 8-5 1 . 0-5 1 . 3-6 8 . 8-9 4 . 4-7 
1 . 1  million 1 . 1-5 6 . 4-5 1 . 4-5 1 . 7-6 1 . 2-8 5 . 9-7 
1 . 2 million 1. 6-5 6 . 6-5c l . 4-5C l . 8-6c l . 2-8c 6 . 1-7c 
1 . 3  million 1. 6-5 6 . 6-5 1 . 4-5 1 . 8-6 1 . 2-8 6 . 0-7 
1 . 4  million l. 6-5c 6 . 4::.5 1 . 4-5 1 . 8-6 1 . 2-8 6 . 0-7 
1 . 5  milliai 1 . 6-5 4 . 9-5 1 . 4-5 1 . 8-6 1 . 2-8 6 . 0-7 

8Time elapsed since repos itory breach .  
b3 . 6-25 • 3 . 6  x lo-25 . 
cPeak discharge ac tivity (before round ing to two siqnificant figures) . 

Table 9-6 1 .  Discharge Activities at 3 Miles from the Point of Release : 
Liquid-Breach Scenar ios 

Timea Discharge (Ci/yr ) 
(years) IA !e �A �B �A 3B 

100 , 000 8 . 2-9b 2 . 2-7 5 . 0-8 6 . 3-9 4 . 3-11 2 . 1-9 
200 , 000 1. 9-6 5 . 1-5 1 . 1-5 1 . 4-6 9 . 4-9 4 . 7-7 
300 , 000 1 . 1-5 9 . 0-5 1 . 9-5 2 . 4-6 1 . 6-8 8 . 2-7 
400 , 000 2 . 2-5 9 . 4-5 2 . 0-5 2 . 5-6 1.  7-8 8 . 6-7 
500 , ooo 2 . 3-5 9 . 8-5 2 . 1-5 2 . 6-6 1 . 8-8 9 . 0-7 
600 , 000 2 . 4-5 1 . 0-4 2 . 2-5 2 . 7-6 1 . 8-8 9 . 3-7 
700 , 000 2 . 5-5 1 . 0-4 2 . 2- 5  2 . 8-6 1 . 9-8 9 . 6-7 
800 , ooo 2 . 5-5 5 . 6-5 2 . 3-5 2 . 9-6 2 . 0-8 9 . 8-7 
900 , 000 2 . 6-5 2 . 9-5 2 . 4-5 3 . 0-6 2 . 0-8 1 . 0-6 
1 •illiai 2 . 7-5 2 . 8-5 2 . 4-5 3 . 0-6 2 . 1-8 1 . 0-6 
1 . 1 aillion 2 . 8-5 2 . 7-5 2 . 5-5 3 . 1-6 2 . 1-8 1 . 1-6 
1 . 2  milliai 2 . 8-5 2 . 7-5 2 . 5-5 3 . 2-6 2 . 2-8 1 . 1-6 
1. 3 million 2 . 9-5 2 . 6-5 2 . 6- 5  3 . 2-6 2 . 2-8 1 . 1-6 
1 . 4  milliai 2 . 9-5 2 . 6-5 2 . 6-5 3 . 3-6 2 . 2-8 1 . 1-6 
1. 5 million 3 . 0-5 2 . 5-5 2 . 7-5 3 . 4-6 2 . 3-8 1. 1-6 

•Time elapsed si nee 
b9 . 2-9 s 8 . 2  x lo-9 

repos itory breach .  

a nd  u ranium-238 . The highly sorbed plutonium nuclides do not contr ibute to 
the discharge even at 3 million years :  these spec ies are reta ined in the 
aqu ifer near the reposi tory ,  while their  much less sorbed uranium daughters 
are transpor ted at about one-tenth the aqui fer flow speed . Although the 
d istr ibution coefficient of thor ium is g reater than that of plutonium , some 
thor ium appears beyond the vicinity of the repository because of the gene
ration of thor ium daughter nuc lides from the faster-moving uranium nuclides . 
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Other rad ionuclides with half-lives that are shor t compared with the tran
sit times mentioned above are not explicitly included in the geosphere
transpor t calculations because they are in approximate equilibr ium with the ir 
parent nuc lide s .  However ,  the dose effects of the short- lived daughters of 
the nuclides with detec table d ischarge rates are taken into account in Section 
9 . 7 . 1 . 4 ,  where the consequences of the liquid-breach scenar ios a re descr ibed. 

Since the times for peak d ischarge activity are nearly the same for all 
scenar ios , the relative sever i ty of the scenar ios can be ranked at  th is  point. 
This ranking is  summar ized in Table 9-6 2 .  As might be expected, the conse
quences of the liquid-breach scenar ios in terms of the potent ial radiation 
1oses de livered to people follow a similar rank ing . 

Table 9-6 2 .  Rank ing o f  Scenar ios by Sever i ty 

Peak discharge activity 
Rank Scenar io at Malaga Bend (Ci/yr)  

1 4 l . 9S x lo-4 

2 lB 6 . 6 0  x lo-s 

3 lA 1 . 6 3  x lo-s 

4 2A 1 . 42 x lo-S 
s iB 1 . 78 x lo-6 

6 3B 6 . 0 8  x lo-7 

7 3A 1 . 21 x lo-8  

9 . 7 . 1 . 4  Consequences of  Scenar ios for Liquid Breach and Transport 

In assess ing the consequences for people of the liquid-breach scenar ios , 
the exposu re pathways included the inge stion of f ish and wate r ,  boating , swim
ming , and shoreline act ivities at the Pecos River in the vic inity of Malaga 
Bend . The inter fac ing of the computer codes used in th is a ssessment is de
scr ibed by Torres and Balestr i (1978 ) .  The calculations assumed that the 
min imum flow rate of the Pecos River remains the same as now, SlS liter s per 
second (Cla iborne and Gera , 1974 ) . 

The maximum ind ividual radiation doses are presented in this  section for 
each of the liquid-breach scenar ios . These doses are expre ssed as the SO-year 
dose comrqi tment ( in rem) that would accr ue to a hypothetical person who is 
exposed fo the calculated concentrations of radionuclide s .  It can be shown 
that the SO-year dose commitment is numer ically of the same magn itude as the 
dose rate ( in rem per year)  exper ienced by an individual in the f inal year of 
a SO-year term dur ing wh ich exposure is continuous and the degree of exposure 
remains constant . Th is fact makes possible the compar i son. of involuntary 
doses rece ived by the hypothetical person residing near the Pecos River with 
doses that are voluntar ily received from natural and man-caused sources . 
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scenar ios 1,  2 ,  and 3 

The whole-body and organ dose commi tments received by a maximally exposed 
person in scenar ios 1 ,  2 ,  and 3 are presented in Tables 9-63 , 9-64 , and 9-65 , 
respectively .  The first column of these tables specifies the affected organ � 
the second column gives the 50-year dose in millirem delivered to that organ � 
and the third column gives , in order of contr ibution ,  the dominant radio
nucli des and the associated pathways that contr ibute to the dose . The nota
tion • fish" impli es that par t of the dose is rece ived by eating f ish taken 
f rom the Pecos River near Malaga Bend . The notation • dr ink• implies that part 

Table 9-63 . Maximum Doses from All Rad ionucl ides at Malaga Bend : 
Scenar io 1 ,  Peak Times 1 . 2  to 1 . 4  Millial Years 

Organ 
and scenar io Dose (mrem) Dominant nuclides Pathways 

Whole body 
lA l . 4-3a Ra-226 Fish,  dr ink 
lB 7 . 7-3 Ra-226 F ish,  dr ink 

Bone 
lA 2 . 5-3 Ra-226 Fish , dr ink 
lB 1 . 3-2 Ra-2 26 F ish , dr ink 

GI-LI.lb 

lA 5 . 3-5 U-235 , U-236 Dr ink 
U-235 , U-236 , . Ra-2 26 F ish 

lB 2 . 2-4 U-2 36 , U-235 Dr ink 
Ra-226 , U- 236 , U-235  Fish 

Kidney 
lA 1. 5-4 U-236 , U-235  Dr ink 

U-2 34 ,  U-236 , Ra-226 F ish 
lB 6 . 0-4 U-2 36 , U-235 Drink 

U-236 , U-235 Fish 

Liver 
lA 1 . 1-6 0-235 External 
lB 4 . 6-6 u-235 Ex ternal 

Lung 
lA 1 . 1-6 0-235  External 
lB 4 . 4-6 U-235 Ex ternal 

Skin  
lA 1 . 3-6 U- 235  External 
lB 5 . 5-6 U-2 35 External 

Thyroid 
lA 1 . 1- 6  U- 235  External 
lB 4 . 4-6 U-235 External 

a1 . 4-3 = 1 . 4  x lo-3 . 
bGI-LI.I = gastro intestinal tract ( lower large intestine ) . 
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Table 9-64 . Maximum Doses from All Rad ionuclides at Malaga Bend : 

Organ 
and scenar io 

Whole body 
2A 
2B 

Bone 
2A 
2B 

GI-LLi b 

2A 

2B 

K idney 
2A 
2B 

L iver 
2A 
2B 

Lung 
2A 
2B 

S k i n  
2A 
2B 

Thyro id 
2A 
2B 

Scenar io 2 ,  Peak T ime 1 . 2  Million Years 

Dose (mrem) 

1. 7-3a 

2 . 1-4 

2 . 8-3 
3 . 5-4 

4 . 7-5  

5 . 8-6 

1 . 3-4 
1 .  6-5 

9 . 9-7 
1 . 2-7 

9 . 3-7  
1 . 2-7 

1 . 2-6 
1 . 5-7 

9 . 3-7 
1 . 2-7 

Dominant nuclides 

Ra-226 
Ra-226 

Ra-226 
Ra-226 

U- 236 , U- 235  
Ra-226 , U-236 , U-235 
U- 236 , U- 235 
U- 236 , U-235 , Ra-226 

U- 236 I U- 235 
U-236 , U-235 

U- 235 
U-235 

U-235 
U-235 

U- 235  
U-235 

U- 235 
U-235 

a1 . 7-3  = 1 . 7  x lo-3 . 
bGI-LLI � gastrointestinal tract ( lower large intestine ) . 

Pathways 

Fish , dr ink 
F ish,  dr ink 

Fish , dr ink 
F ish, dr ink 

Dr ink 
F ish 
Dr ink 
Fish 

Dr ink 
Dr ink 

External 
External 

External 
External 

External 
External 

External 
External 

of the dose is rece ived through the normal consumption of water f rorn the Pe
cos � and the notation " external" covers  all doses rece ived through exposure 
dur ing boating ,  swimming , and shoreline activities . The doses presented in 
these tables for the indicated routes of exposure are the largest poss ible 
ones under the a ssumptions made in each scenar iO J the concentrations of radio
nuc lide s  at Malaga Bend are lower before and after the peak times shown in the 
tables.  

It  is seen that scenar io lB , a two-aquifer connection initially pass i ng 
through the contact- handled was te ,  produces the largest consequences among 
scenar ios 1 ,  2 ,  and 3 .  Scenar io 3A produces the smallest consequences .  
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Table 9-65 . Maximum Doses from All Rad ionuclides at Malaga Bend : 

Organ 
and scenar io 

Whole body 
3A 
3B 

Bone 
3A 

3B 

GI-LI.lb 

3A 

3B 

Kidney 
3A 

3B 

Liver 
3A 
3B 

Lung 
3A 
3B 

Skin 
3A 
3B 

Thy ro id 
2A 
2B 

Scenar io 3 ,  Peak Time 1 . 2  Million Years 

Dose (mrem) 

l . 4-6a 

7 . 0-5 

2 . 3-6  

1 . 2-4 

4 . 0-8  

2 . 0-6 

1 . 1-7 

5 . 6-6 

8 . 4-10 
4 . 2-8 

8 . 0-10 
4 . 0-8 

1 . 0-9  
5 . 0-8 

8 . 0-10 
4 . 0-8 

Dominant nuclides 

Ra-226 
Ra-226 

Ra- 226 , U-236 
Ra-226 
Ra-226 , U-236 
Ra-226 

U- 23 5 ,  U-236 
U-235 , U-236 , Ra-226 
U-2 36 , U-235 
Ra-226 , U-236 ,  U- 235 

U-236 , U- 235 
U-2 36 , U-235 
U-236 , U-235 
U-236 , U-235 

U-235 
U-235 

U-235 
U-235 

U-235 
U-235 

U-235 
U-235 

a1 . 4-6  = 1 . 4  x lo-6 . 
bGI-LI.I = gastrointestinal tract ( lower large intestine ) . 

Scenar io 4 

Pathways 

Fish , dr ink 
Fish,  dr ink 

Dr ink 
Fish 
Dr ink 
Fish 

Dr ink 
F ish 
Dr ink 
Fish 

Dr ink 
Fish 
Drink 
Fish 

External 
External 

External 
External 

External 
External 

External 
External 

The worst liquid-breach scenar io evaluated in this analysis is the bound
ing condition ,  an event in wh ich all the Rustler waters normally moving above 
the reposi tory pass completely through the repository . I t  is included to 
p rovide an upper bound to the impact of the WI PP repository . 
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The whole-body. and organ dose commi tments received by a maximally exposed 
per son in connection with th is bounding scenar io are presented in Table 9-6 6 .  
The format of this table is ident ical with that of Tables 9-6 3 , 9-64 , and 
9-65 . The whole-body dose in the bounding scenar io is 92%  higher than the 
whole-body dose in scenar io lB .  

Table 9-66 . Maximum Dose Commitments from All Radionuclides at Malaga Bend : 
Scenar io 4 ,  Bounding Case , Peak Time 1 . 2  Million Years 

Organ Dose commitment 
and scenar io (mrem) Dominant nuclides 

Whole body 1 .  5-2a Ra-226 

Bone 2 . 6-2  Ra-226 , U-2 36 
Ra-226 

GI-LLib 6 . 3-4  U-236 , U-235 
Ra- 226 , U-2 36 , U-235  

Kidney 1. 8-3 U-236 , U-235  
U-236 , U-235 

Liver 1 . 3-5  U-235 

Lung 1 . 2-5  U-235 

Skin 1 . 6-5 U-235  

Thyroid 1 . 2-5 U-235 

a1 . 5- 2  � 1. 5 x 10-2 . 
bGI-LLI = gastrointestinal trac t ( lower large intestine ) . 

Summary for li�uid breach and transport 

Pathways 

Fish , dr ink 

Dr ink 
Fish 

Dr ink 
Fish 

Dr ink 
Fish 

External 

External 

External 

External 

The doses rece ived by the maximally exposed per son from scenar ios 1 and 4 
are very small ,  compared with the annual average whole-body doses received by 
persons in the United States from var ious sources ( EPA,  1972 ) . This compar i
S<Xl is4 made in the following compilation ( in un i ts of millirem) for the year 
198 0 : 

Scenar io lB 
Scenar io 4 
Television 
Consumer products 
Air transpor t 
Medical X- rays : abdominal dose 
Natura l backg round (WIPP site )  
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9 . 7 . 1 . S  Scenar io S�Direc t Access by Dr illing 

Scenar io 5 was chosen to represent a si tuation in which people br ing some 
of the repository contents direc tly to the surface.  The sequence of events 
that must occur in th is scenar io would be broken by the failure of any event 
in the sequence , which ' is listed below. 

Event 

1 .  Institutional control i s  lost or fails 

2. Knowledge of the repository is lost,  
or  fear of  rad iation effects is over
come by complacency 

3 .  There is an economic incentive to 
explore in the area of the s i te 

4 .  The repository area is chosen for 
dr illing 

s .  The contents of the reposi tory go 
unrecognized as radioactive mater ial 
before and dur ing dr illing 

6 .  Dr illing intercepts concentrated 
radionuclides 

7 .  The mate r ial brought up is left 
untreated and exposed 

8 .  The maximally exposed person 
remains in place continuously for 
1 year after dr illing 

Consequence 

No release of rad iation 

No release of r adiat ion 

No release of rad iation 

No release of rad iation 

No release of rad iation 

No release� of rad iation 

Dr ill crew rece ives 
dose 

Maximally exposed person 
receives the dose calcu
lated in this study 

Scenar io 5 is modeled in two separate studies. In each of these two 
stud ies , it  is assumed in separate calculations that contact-handled TRU waste 
is intercepted and that remotely handled TRO waste is intercepted .  

The fi rst study models a we ll dr illed for oil or gas , using today ' s  dr ill
ing technology. It  a ssumes a borehole 10 inches in diameter . The cuttings  
from the hole are mixed with an equal volume of  dr illing mud ( a  mixture of 
bentat i te and bar i te) : the total amount of mater ial brought to the surface 
( approximately 100 tons )  is assumed to be left at the site in a pit with a 
sur face area of 7 20 square feet. At 10-foot intervals , the dr i llers collect 
down-hole samples for analysis : one side-hole core ( 1  by 0 . 7 5  inch) and one 
chip sample ( 2  g rams) . Two sets of these samples ( 0 . 1  liter per set) are 
assumed to be taken from the repository hor izons . 

The s econd study models a hole dr illed dur ing exploration for minerals . 
It  assumes a core dr ill 3 inches in outside diameter , this dr ill produces a 
continuous core 2 . 12 inches in d iameter . The cor e ,  which contains 1 . 86 liter s 
of contact-handled TRU waste or about 7 . 0  liters of remotely handled TRU waste , 
is a ssumed to be r etai ned and examined by a geolog ist.  'l'he dr illing mud and 
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cutt i ng s  are assumed to be left at the s i te in a pit with a sur face area of 
144 square feet . 

Externa l  dose rece ived by dr i l l-crew member s 

I n  ca lculating the d i r ect e xposures rece ived by the dr i l l  cr ew , the analy
s i s  exam i ned cu r r ent wo r k  prac t i ces to de te rmine the amounts of time that 
dr i ll-c r ew members spend near samples . The h ighest i nd i v i dual external dose 
is rece ived by the geolog ist , who is assumed to exami ne the samples for 1 hour 
at an e ff ec tive d i stance of 1 meter . The core and ch ip samples are treated a s  
po i nt sources with no self-shield i ng effec ts .  

The doses that an i nd iv i dual dr i ll-cr ew member might r ece i ve i n  each of 
the direct-access stud ies are shown as func ti ons of time i n  Figure 9-14 . The 
f i gure shows these doses separa tely for ( 1 )  dr i ll i ng through the d isposal a r ea 
for contact-handled TRU wa ste and ( 2 )  dr i l l i ng d i r ec tly through a can i s ter con
ta i n ing remotely handled TRU wa ste . The h ighe st dose occu rs if a core sample 
from the 3 - i nch hole inter cepts a can i s ter of remotely handled TRU wa ste 
shortly a f ter clos u r e .  Th i s  dos e ,  abou t 1 . 5  m i l l i rem to the whole body at 100  
year s ,  i s  1 . 5% of annual dose rece ived from na tural backg round rad iation .  

" ·
M. I I . inera exp oration 

1 0-6 1 0-5 

1 0-3 1 0-6 

.. ..c .. -E ..c -.; E 

; 1 0-4 Oil and gas exploration 1 0-7 
.; 
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Q 
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1 0-5 

-+ 
Mineral exp loration / 
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Cl 
Q 

r 
11rs 

1 000 

(b) 

1 0-6 r -------_J 1 er7 

Time after closing of repository 
(years) 

Figure 9- 14.  External doses received by dril l -crew members from chip and core samples 
for dr i l l ing (a) th rough a canister of R H  TRU waste and (b) through 
CH TRU waste. 
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Doses rece ived through ind irect pathways 

In add ition to the exposure of the dr i ll crew, the impact on per sons l iv
ing near the site wa s  evaluated . Water erosion of the mud pit , which del iver s 
rad ionuclides to people pr imar ily through the ingest ion pathway, is ignored ; 
in  the ar id region around the site , wind erosion is the dominant mechanism for 
the introduction of radionuclides into pathways leading to people . Such a 
pathway would deliver radionuclides princ ipally through inhalation . 

Deta ils of the exposure calculations appear in Appendix K .  Calculations 
of the a irborne dispersion of radioactive mater ial from the mud pit are based 
on mea surements taken over 20 years at the GMX area of the Nevada Test S i te 
(Healy, 1977 ) . The a i r-suspension model parametr ized for the Nevada Test Site 
observations and the c l imate at the WIPP site come from the NRC Reactor Safety 
S tudy (NRC , 1975 ) . 

Although at present there �are no farms within several k ilometers of the 
WIPP site ,  for th is analysis  it  is a ssumed that a single-family farm ex i sts 
5 0 0  meter s  downwind from the mud pit . The farm is assumed to produce leafy 
g reen vegetables ,  da iry products,  and bee f .  The people living on the farm are 
assumed to eat the food produced there and to breathe the air contaminated by 
the windborne particles f rom the pit .  

Two dr ill i ng locations were assumed : ( 1 )  the 10-inch hole is dr i lled 
through the d isposal area for remotely handled waste and ( 2 )  the 10- inch hole 
is dr illed through the contact-handled-waste area . For each location ,  a 
SO-year dose commi tment after 1 year of exposure is l isted in Table 9-67 ; the 
exposure is assumed to occur e ither 100 or 100 0  years after the closure of the 
reposi tory. 

For dr illing through contact-handled TRU waste , the maximum calculated 
dose connnitment is 2 . 2  x lo-4 rem to the bone 100 years after closur e ;  the 
domi nating pathway is inhalation , and the radionuclides dominat ing the dose 
are pluton ium-23 9 , pluton ium-240 , and amer icium-24 1 .  The results of dr illing 
through remotely handled TRU waste are s imilar : the maximum dose commitment ,  
3 . 2  x lo-4 rem to the bone , occurs pr inc ipally through the inhalation path
way at 100 years after closure ,  but the radionuclides dominat ing the dose are 
pluton ium-23 9 , stront ium-90 , and plutoni um-240 . The doses at 100 0  year s after 
closure are not radically d ifferent from the 100-year dose s �  at 1000 year s the 
dominant rad ionucl ides are plutonium-239 and plutoni um-24 0 .  

9 . 7 . 1 . 6  Direct Access to WIPP wastes by Solution Mining 

solution mining is one way by which some of the TRU waste contained in the 
WIPP could i nadvertently be brought into contact with the b iosphere after knowl
edge of the purpose and location of the WIPP had been lost . The techniques of 
soluti on  min ing are used to extract soluble minerals and also to create under
ground storage cav ities for liquids and gases . The soluble minerals halite 
(NaCl) and sylvi te (KCl ) , a form of potash , exi st under the WIPP site and are 
of economi c value . Only exper imental extraction of potash minerals by solution 
mining has been attempted in the area , however , because the water supply in the 
ar id Delaware basin  is l imited . Nevertheless , it is possible that solut ion-
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m1 n1ng activity in the Delaware basin could increase in the future , given an 
i ncreased water s upply or an i ncreased demand for potash or halite . There is 
also a small chance that underground storage cav ities will be created in the 
vicin ity of the WI PP 1  storage cavi ties in the salt domes of the southeas tern 
state s are being used to conta in petroleum and natural gas , and these resources 
ex ist in the Delaware basin of New Mexico and Texas . 

Table 9-67 . Maximum Doses Received by a Person Through Indirect 
Pathways:  Direct-Access Scenar io 

SO-year dose commi tment after 1-year exposure ( rem) 
Pathway Organ 100 years 1000 years 

Inhalation 

Ingestion 
Crops 

Meat and mi lk 

Inhalation 

Ingestion 
Crops 

Meat and mi lk 

a2 . 7-4 = 2 . 7  x 

REMOTELY HANDLED TRU WASTE 

Bone 2 . 7-4a 

Lung 1 . 7-5 
Whole body 9 . 1-6 

Bone 4 . 3-5  
whole body 1 .  7-6 

Bone 4 . 0-6  
Whole body 1 . 3-7 

CONTACT-HANDLED TRU WASTE 

Bone 2 . 2-4 
Lung 1 . 2- 5  
Whole body 5 . 8-6 

Bone 9 . 4-6  
Whole body 2 . 8-7 

Bone 1 . 6-8  
Whole body 7 . 1-10 

lo- 4 . 

1 . 7-4  
9 . 4-6 
4 . 3- 6  

6 . 9-6 
1 . 8-7 

8 . 5- 9  
6 .  0-10 

1 . 9-4 
1 . 0- 5  
4 . 8-6  

7 . 7-6 
2 . 0-7 

9 . 5-9  
6 .  7-10 

Though each of the mode s  of intrusion mentioned above could ,  in theory ,  
release was te to the biosphere , an analysis of their  consequences has not been 
carr ied out for the present study , because intrusion into the WIPP reposi tory 
by solution mining is consi dered to be an event of very low probability .  The 
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so luble evapor ites whose presence would provide the motive for solution mining 
u nder lie at least 3 . 5  m illion acres of the Delaware ba sin.  A random penetra
tion of these evapor ites for an� reason would thus hit the 120-acre repository 
with a probability of 3 . 4  x 10- (or about 3 chances in 100 , 00 0 ) .  There 
are , moreover , site-spec ific reasons for believing that intrus ion into the 
repos i tory is unlikely .  These reasons are outlined in the paragraphs that 
follow. 

solution min ing for potash 

The potash ores  sylvite and langbeinite existing under the WIPP site are 
conta ined in 11 thin ore zones with in the McNutt member of the Salado Forma
t ion . The base of the McNutt lies approximately 1740 feet below the sur face , 
or about 400  feet above the level of the reposi tory ( Section 7 . 3 ) . Only the 
sylvite component of the ore is extractable by solution mining . 

Two methods for potash solution mining are cur rently possible . The first 
method uses a single well in wh ich the same wellbore is used for both inj ec
tion and production .  Th is method usually produces deep cavit ies of l imited 
areal extent and is therefore most suitable for thick ore bod ie s .  The second 
method employs two or more wells �  solvent c irculate s  be tween pairs of wells 
after  initial condu its between the we lls have been formed by hydrofracture . 
The second method offers good control of cavity depth relative to cavi ty area 
and , for thin ore bod ies , a more efficient use of solvent . The multiwe ll 
method has been used for the exper imental solution mining of thinly bedded 
potash in the Car lsbad basin (Davis  and Shock , 1970 ) . 

Because of the thi nness of the potash ore zones and the limited supply of 
water near the WIPP site , future solution-mining effor ts would probably use 
the multiwe ll method to extract potash under the s i te .  The degree of control 
over cav ity depth offered by the method suggests that there would be no direc t 
contact with wa ste in the reposi tory 400  feet below the lowe st ore zone . The 
cond itions favor ing an eventual intrusion into the repository by water would , 
however , be enhanced because of the increased permeability of the mined-out ore 
zone s .  Although the long-term consequences o f  mining out the McNutt member 
have not been studi ed spec ifica lly , the consequences for the WIPP reposi tory 
are not likely to be wor se than those calculated for the bound ing scenar io 
( Sec tion 9 . 7 . 1 . 4 ) . 

Solution mining for halite ( salt) 

Halite is the dominant constituent of the evapor ites under lying the WIPP 
s i te .  Evapor i te formations within the site boundar ies contain about 
1 . 98 x ioll tons of salt ,  the purest of which occurs in the Castile Forma
tion below the level of the reposi tory ( Powers et a l . , 1978 , Section 8 . 4 . 7 ) . 
The mass of salt conta ined within the volume of the proposed 100-acre disposal 
area for contact-handled TRU waste is only about 3 . 6 1 x 106 tons . This 
represents about one-s ixth of the United States annual con sumpt ion of salt in 
the 196 0 s .  Thus even if all the salt consumed i n  the United States a t  current 
rates were to be mined exclusively within the WIPP- s i  te .. ..boundar ies ,  a t ime on 
the order of 10 , 00 0  years would elapse before the actual repos itory would be 
r eached with high probabi li ty.  Furthermore , the presence of numerous beds of 
relatively impermeable anhydr ite and polyhalite in the Salado makes th is area 
u na ttractive for the solution mining of halite . The development of a reason-
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ably sized mine cav ity in the salt would be extremely diff icult. Large masses 
of salt occur elsewhere in the Delaware basin ,  and adequate reserves of salt 
exist nearer to the continental centers  of demand . These fac tor s have led to 
the conclusion that it is h ighly unlikely that the reposi tory will ever be 
breached in the proce ss of mining halite . 

Analyses of solution-mining release scenar ios for domed- salt reposi tor ies 
conta ining high-level reprocessing waste and spent fuel (with larger inven
tor ies and concentrations of long-lived radionuclides than proposed for the 
WIPP repos itory) ind icate that such events do not constitute signif icant 
soc ietal r isks (DOE, 1979b) . 

9 . 7 . 1 . 7  Swmnary of Calculated Doses 

The following conclusions are drawn from the analysis of the five 
scenar ios : 

1 .  The greatest consequences from a liquid-breach scenar io are for sce
nar io 4 .  Under the a ssumptions made for that scenar io, the greatest 
whole-body and organ doses are less than 0 . 02\ of the whole-body dose 
f rom natural bac kground radiation at the WIPP s i te.  

2 .  The  consequences of  a liquid-breach scenar io depend on the flow rate 
of water through the breached reposi tory .  A factor-of-4000 d ifference 
in the flow rates  for the analyzed scenar ios translates into a hun
dredfold d ifference in the maximum doses received by a per son at Mala
ga Bend . The consequences of scenar io 3 ,  which involves transpor t 
only by d iffusion ,  are directly propor tional to the area of the 
communication that connects the repos itory with the Rustler aquifer . 

3 .  UnQer the assumptions made concerning plutonium d istr ibution coe ffi
cients , no plutonium enters the biosphere dur ing the time considered 
for scenar ios 1 through 4 .  

4 .  I t  is not considered likely that a dr ill crew would inadver tently dr ill 
into the reposi tory only 100 years after sealing . If they did, how
ever , the greatest external dose rece ived by the dr ill crew is calcu
lated to be about 1 . 5 x lo-3  rem to the whole body under the assump
tion that the dr ill has penetrated a canister of remotely handled TRU 
wa ste . The maximum external dose from dr illing through contact
handled TRU wa ste would occur 8 0  years after reposi tory closure 1 i t  
would be 2 . 4  x lo-5  rem. 

S .  The SO-year dose commi tment rece ived through indirect pathways by a 
per sai living on a nearby farm 100 year s after closure is conserva
tively est imated to be 2 . 2  x lo-4  rem to the bone if a dr ill pene
tra te s  the contact-handled TRU waste and 2 . 7  x lo-4  rem to the bone 
if it  penetrates a canister of remotely handled TRU waste . These 
calculated dose commi tments are upper bounds to the dose commi tments 
that people might receive . 
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9 . 7 . 2  Effec ts Not Involving the Release of Radioactivity 

9 . 7 . 2 . 1  Effects of Heat f rom Emplaced Wa ste 

The long-term eff ec ts of heat from emplaced waste are discussed in th is 
section ,  wh i ch predicts the changes in temperatures , the creation of buoyant 
force s  that might lift the waste upward in the rock column , and the uplift  of 
the rock column and the g round sur face due to thermal expansion . Although 
these effects may be significant in repos itor ies for high-level waste , the 
waste emplaced in the WI PP will release li ttle heat : the analysis summar ized 
in this sec tion pred icts no possibility that these effects could breach the 
repository.  

In keeping with the practice of  computing upper bounds to the impacts of 
the WI PP ,  the analys is of the e ffects of heat assumes that the heat load will 
be more than 25 times greater than the expected load. The expected heat load 
can be e st ima ted by a ssuming that 7 2 , 000  cubic feet of contact-handled TRU 
waste is emplaced per acre of the repository , with half this volume in drums 
and half in boxes .  At typical load ings of 8 g rams of plutonium per drum and 
13 g rams of plutonium per box , the heat produced will be 0 . 11 k ilowatt per 
acre if the pluton ium is a ssumed to be weapons-g rade mater ial producing 0 . 0024  
watt per gram. If  all the conta iners are loaded with plutonium to the maximum 
allowed by regulations ( 20 0  g rams per drum and 350  g rams per box) , the heat 
load will reach 2 . 8  k ilowatts per acre . Remotely handled wa ste could , at 55 
can isters per acr e ,  p roduce as much as 3 . 3  kilowatts per acr e ,  but only a 
small par t of the repository will hold such wa ste . The effects of heat from 
the WI PP are therefore overest imated by a ssuming a heat load o_f 2 . 8  k ilowatts 
per acre . 

Calculations with the computer code STEALTH have investigated the thermo
mechan ical e ffects that th is heat load might exert on the environment of the 
repos itory .  The model represents the repos itory rock layers  to a depth of 
30 00 meters in a cylindr ical volume with a rad ius of 4000  meters . It  uses 
actual laboratory measurements of the properties of the strata above and below 
the reposi tory ; in th is way the model accounts for the temperature-dependent 
physical properties of the rock layers .  The salt is allowed to creep non
linear ly under stre ss .  The repos i tory is modeled as a 180-acre d isk loaded to 
a power density that is in it ially 2 . 8  k ilowatts per acre and decreases with 
t ime .  Deta ils of the calculation are g iven by Thorne and Rudeen (1979 ) . 

Figure 9-15 shows examples of the long-term temperature responses calcu
lated f rom the model . At the center of the reposi tor y ,  the r ise in tempera
ture reaches a maximum of less than 2oC at 80  years  after waste emplacement 
and then falls stead ily ; at th is level , no appreciable temperature change s 
appear at rad ii  greater than 1 k ilometer . At the top of the Rustler Format ion 
above the repos itor y ,  the maximum temperature r ise is less than 0 . 3°c .  At a 
depth of 41 meters f rom the sur face , the max imum temperature i ncrease,  not 
shown in the figure , is about 0 . 0 3°c ;  i t  occurs approx imately 640  years 
after emplacement .  

Buoyancy 

Figure 9-16 shows the effec ts of buoyant force s .  Accord ing to these data , 
a point at the top of the emplacement level is d isplaced by at most 10 . 4  mi lli
meters ; the maximum d isplacement occurs about 90  years  afte r  waste emplacement .  
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Most of the displacement occurs within 1 k ilometer of the center of the reposi
tory.  A point in the Rustler Formation will r ise to a maximum d isplacement of 
abou t 8 . 7  millimeter s  before sink ing slowly toward its star t ing pos ition .  

Surface upl ift 

The sur face uplift predicted by the computer calculations appear s  in Fig
ure 9-17 . The max imum d i spl acement ,  le ss than 6 millimeter s ,  occurs about 
1000 years after wa ste emplacement .  The uplift subs ides slowly 7 at 1500 year s 
the total d isplacement is about 3 millimeter s .  Such a sur face up lift,  occur
r ing over a distance of k ilometers ,  would not affect the land or the rock 
strata above the repos i tory .  

9 . 7 . 2 . 2  Effec ts of Subsidence 

The underground mined open ings of the repos itory will eventually close 
because of the we ight of the overlying rock and the plastic i ty of the salt .  
Th is section discusses the closure process and its effec ts a t  the sur face and 
in the i ntervening rocks. 

The collapse of underground open ings is well known . It  has been exten
sively studied ,  especia lly in coal fields , to determine i ts effects on mine 
safety and the integr ity of sur face str uctures.  Both in coal mines and in 
potash mine s ,  the sur face area affected by subsidence exceeds the area of the 
underground open ings.  The angle between the ver tical and a line connec ting 
the edge of the sur f ace subsidence and the edge of the underground opening is  
called the angle of draw 1  this angle is typically about 45 degrees for potash 
mines near the WI PP site ,  which are shallower than the WIPP mine wi ll be 
(BIM, 1975 ) .  

The rate of subsidence depends on the depth of the openings , the 
extraction ratio ( the area of the open ings divided by the area of the mine ) , 
and the nature of the over lying rock s .  

These pr inc iples can be applied to the WIPP repos itory. The sur face ar ea 
affected can be e st imated by applying a 45-degree angle of draw to the area 
and depth of the underground wor k ing s .  If the WIPP mine is assumed to contain 
180 ac res at a depth of 2100 feet,  th is procedure suggests that subsidence 
will affec t  the ground sur face out to a rad ius of about 3700 fee t ,  an area of 
about 1000 ac res .  Because the WI PP will contain only about 120 ac res , the 
affec ted area will be smaller . 

The following equation (General Analytics ,  Inc . 197 4 )  was used to calcu
late the max imum subsidence : 

maximum subsidence = ( subsidence factor ) ( cav ity he ight) ( percent of 
cavity remaining after backfill )  (per cent extraction)  

This equation assumes that the mine will be at the cr itical extraction 
width ( the width of the area that must be extracted to produce maximum subsi
dence at the center of a subsidence trough) ; that it will have a subsidence 
fac tor ( ra tio of vertical sur face d isplacement to cavi ty height) of 2/3 , the 
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Figure 9- 1 6. Displacement at repository level as a function of (a) time at repository 
center and (b) radial distance at 1 000 years after emplacement. 
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ratio at nearby potash mines (BLM, 1975) 1 and that it will have an extract ion 
ratio of 30 % .  

Cav ity he ights of 16 feet would produce a subsidence of about 1 foot at 
70\ back fill and 1. 6 feet at 50% backf ill . These are maximum value s ,  occur
r ing over the center of the subsidence 1 they decrease from the center to the 
edge of the affected area , less than 37 00 feet from the center . Subsidence of 
the same magn itude , although more restr icted in area , could be expected if the 
SPDV underg round area were developed but the WIPP proj ect proceeded no further . 

The clos ing of the mined cav it ies will proceed quickly on the geologic t ime 
scale 1 the resulting deformations will be quickly translated to over lying 
units . How the over lying units will respond is not known in deta il . The pre
dicted sur face s ubsidence of 1 to 1 . 6  feet will be ins ign ificant inasmuch as 
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Figure 9- 1 7 .  Upl ift of ground surface over repository. 

the natural relief at the site is greater � furthermore ,  there is no integrated 
sur face dra inage to d isturb . 

In Nash Draw subsidences on the order of 200  feet are suspected to have 
created vertical interconnections between water-bear ing strata in the Rustler 
Formation .  Hydrologic testing has not yet determined whether th is is tr ue , 
but the possibili ty rema ins that to a lesser extent,  because of the smaller 
subsidence , interconnections may also appear over the repos itory . Water from 
the Magenta and the Culebra aqu ifers might then be introduced to the top of 
the Salado salt. That by itself would have little significance because of the 
1200 feet of salt i nterven ing between the top of the salt and the d isposal 
level.  At wor st , pathways for water intr usion s imilar to those postulated in 
scenar ios 2 or 4 ( Section 9 . 7 . 1 . 3 )  might be initiated . It has been noted that 
the rad iation doses produced as a consequence of these scenar ios are much lower 
than doses f rom natural background rad iation . Therefore subsidence , even when 
extrapolated to an extreme , would not significantly affect public health and 
safety . Fur thermore , water has not flowed into the local potash mines in spite 
of much more severe subsidence than the repos i tory will exper ience . 

Inve stigations of subsidence continue . A fir st-order level-line survey 
line was la id out in 1978 to establish baseli ne elevations at the site and to 
mon i tor subsidence over certain active potash-mining operat ions . These field 
observations will help in developing a better understand ing of the subsidence 
proce sses and in providing data for te st ing models . Other studies are now 
invest igati ng the effects of subsidence on the surface , on the rock column , 
and on the aqu ifers .  
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9 . 7 . 3 Interactions Between the Waste and the Salt 

Some of the unre solved techn ical issues in the analysis of waste disposal 
in bedded salt involve interactions between the waste and the salt . Th is 
section d iscusses the .most frequently mentioned interac tions . It surranar izes 
the present state of knowledge abou t them, emphasiz ing the ir applications to 
the WI PP but leaving extended d iscussion to referenced documents when appro-
pr iate documents are ava ilable .  Since invest igations into the deta ils of these 
interactions are continuing as part of the WI PP proj ec t ,  th is d iscu ssion also 
mentions the programs now under way or planned . 

9 . 7 . 3 . 1 Gas Generation 

It is believed that stored radioactive waste may be able to generate sub
stantial amounts of gas .  Because contact-handled TRU wa ste sometimes conta ins 
organ ic and other ga s-produc ing material ,  it has rece ived closer scrutiny than 
remotely handled TRU wa ste . Nevertheless , both types of wa ste might ,  in 
theory ,  re lease gase s .  There are two basic quest ions to be answered about gas 
gene ration :  

1 .  How is the ga s generated--by what mechan isms , in what amount s ,  and at 
what rates? 

2 .  After generat ion , how will the ga s affec t the repos itory? 

Mechan isms , amounts , and rates 

Mechan isms so far identif ied for gas production from TRU waste are radio
lys is ,  bac ter ial deg radation ,  thermal decomposition and dewater ing , and chemi
cal corr osion .  Extens ive stud ies of these mechan isms have produced data col
lec ted in review documents (Moleck e ,  1979 : Sand i a ,  1979 ) , wh ich are the source s  
for th e  discuss ion that follows except where other re ferences are cited . 

Gas produc tion by rad iolysis has been inve stigated for ex isting temporar
ily stored TRU waste and for severa l matr ices : cellulosics (paper , wood , rag s) , 
pla stic s ,  r ubber s ,  concrete , asphalt , mild steel , and sludges .  The work was 
done pr imar ily at the Los Alamos Nat iona l Scientific Laboratory and the Sa
vannah River Laboratory . These exper iments show very low rates of gas pro
duction , less than 0 . 0 5  mole per year per dr um except for process sludges and 
asphalt . 

Among the four mechanisms , bac ter ial deg radation has the greatest poten
tial for g enerating sign if icant quantities of ga s (Table 9-68 ) . Bac ter ial de
gradation can occur in TRU wa ste that conta ins organ ic matter like paper , 
wood , r ubber , and oil . Some bac ter ia or fungi w ill be present in the ex i sting 
matr ices or on their  conta iners afte r  temporary storage .  The gas produced 
will be pr imar ily carbon dioxide .  Gas-generation rate s ,  wh ich will depend on 
how we ll the bac te r ia flou r ish , may vary widely among ind iv idual wa ste drums . 
Exper iments at the Un ivers ity of New Mexico are measur ing the gas-production 
rate from the mi crobial degradation of mixed organic wastes ,  asphalt , and wood 
in aerobic or anaerobic a tmospheres : the te st cond i tions vary tempe ratu re and 
mo isture content (dry , wet ,  and br ine saturated ) .  
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The thermal decompos it ion of mixed organic-matr ix waste , paper , and poly
ethylene has been measured at 70  and l00°c by observing gas-pressure in
c reases . The work was per formed at Los Alamos . The measurement of gas pro
duction at 40°c is still in progress 1 the expected range of gas production at 
40°c ,  based on existing data , is 0 . 0 2 to 0 . 2  mole per year per drum of waste . 
At 25°c ,  the gas produc tion is expected to be negligible . The release of 
water vapor from exist ing process sludges was measured at 2 5  to l00°c .  
Thermal dewate r ing of sludges can be significant , even at 25°c .  Because of 
these results , proce ss sludges were j udged unacceptable in the WIPP repos i tory 
without further process ing . 

The corros ion and gas-generation rate s for mild steel ( TRU-waste conta in
ers ,  contami nated metal scrap) , were measured at Sand ia National Laborator ies 
at 25°c under dry ,  moist ,  and br ine-inundated cond itions . Hydrogen will be 
generated by corrosion only in an anaerobic and wet or inundated storage en
vironmen t ,  at a maximum rate of 2 moles per year per drum. In an air  atmo
sphere , with mo istu re p resent,  oxygen will be consumed . Under the dry con
d it ions expec ted in a repos itory ,  the corros ion of steel is not expected to 
yield sign i ficant quantities of gas .  

A compar ison of mea sured gas-generation rates for the different mechanisms 
and for several matr ices is presented in Table 9-68 , tak en f rom a review docu
ment (Molecke ,  1979 ) . These data do not take into account var ious ag ing fac
tor s .  These fac tors tend to decrease gas production 1  they include localized 
matr ix depletion because of rad iolysis , an unfavorable geochemical environ
ment,  i nc reasing pressure ,  and competition between d i ffer ing mechan isms . 

Gas could also be produced from the high-level waste used in WIPP experi
ments and f rom remotely handled TRU waste . It could ar ise f rom chemical re
ac tions of the waste conta iners  with br ine , if  any br ine is ava ilable , and 
f rom the rad iolysis of waste inside the containers . Rad iolys is is known to 
produce only about 0 . 1  cub ic centimeter of hydrogen per calor ie of energy 
stored in the salt (Jenks and Bopp,  1977 ) . Since the hydrogen would be re
leased on the disso lution of the salt , the amount of gas produced by these 
wastes could be e st imated f rom the chemical reactions alone--that is , from the 
mass of iron in the caniste r .  Laboratory exper iments will prov ide further 
data on gas g ene ration f rom exper imental h igh-level waste before the e xperi
ments beg in . 

Effects of evolved gas on a repos itory 

The void volume left beh ind in a sealed repos itory will be about 50 % of 
the or iginal mined open ing because the backfill salt will be at a density 
about 50 % of the rock-sa lt density .  As the salt flows under lithostatic pres
su re , , th is open volume in the reposi tory will close,  probably in 50 to 200 
years (Baa r , 1977 , p .  136 ) . Closure to full salt density is expected bec ause 
the a ir in a room and tunnel is only 4 x 105 moles ,  not enough to ma inta in 
a�reciable openings in the sal t .  Neverthele ss , some volume may become ava il
able for stor ing evolved gas becau se of d ilatancy (Jaeger and Cook , 1976 , 
p .  8 5 ) : a s  the salt creeps into openings in the reposi tory,  it is at a reduced 
density .  Gas evolved from the waste could compress the salt back to full den
s ity ,  c reating gas- f i lled volumes that might amount to roughly 10 % of the vol
ume that the creeping salt had filled . 
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Table 9-68 . Rate s of Gas Generation from the Degradation of TRU Wastea 

Gas limi t 
Mechan ism 

Microbes 
Aerobic 

Anaerobic 

Heat 

Rad iolysis 

Cor rosion 

Matr ix 

Organ ic composite 
Plywood box 
Plywood box ( 3 . 2  m3 ) 
Asphalt 
Organ ic composite 
Plywood box 
Plywood box ( 3 . 2  m3 ) 
Asphalt 

Organ ic composite ( 40°C)  
Paper ( 70°C) 

Ce llulosics ( 0 . 04 C i )  
Polyethylene ( 0 . 04 C i )  
Polyvinyl chlor i de ( 0 . 04 C i )  
Organ ic composite ( 0 . 04 C i )  
Asphalt (7 . 7 C i )  
Concrete-TRU ash (poured , 15 c .:. ) 
Concre te-TRU ash ( hea ted , 15 Ci )  

Mild stee l 

Alpha decay TRU nuclides ( hel ium generation) 

Average 
for all 
mechan isms 

Exist ing INEL TRU waste 
(average over total volume ) 

aData from Molecke ( 1979 ) .  
�ost probable range . 
Cvolume of dr um is 0 . 21  m3 except as noted . 

Lower 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 . 5  

0 . 0 02 
0 . 0 0 3  
0 . 01 
0 . 002  
0 . 1 
0 . 0 3 
0 . 0002  

0 

0 . 0 0 0 5  

(mole s per year per drum) C 
Upper Range 

12 0 . 9- 5 . 5  
3 . 0  0 . 44-2 . 2  

19 2 . 8-14 
8 . 4 0 . 1- 2 . 6  

32  L 2-4 . 2 
4 . 1  L l- 3 . 7  

26 6 . 8-23  
4 . 8  O-L 9 

0 . 4  0 . 0 2-0 . 2  
2 L 3  

0 . 012 0 .  0 0 5-0 . 0 11 
0 . 0 08  0 . 0 07  
0 . 08 0 . 03-0 . 042 
0 . 0 0 6  0 . 0 0 5  
L O  0 . 15-0 . 7 6 
L O  0 . 04 5-0 . 9 3 
0 . 05 0 . 0005-0 . 0 35 

2 . 0  0 

0 . 00002  

2 . 8  0 . 3- 1 . 4  

Wh ile mine closure may be complete i n  200 year s ,  gas may evolve from the 
waste over much longer times;  gas production will apparently be slow compared 
w ith mine closure . Depending on the permeab ility of the salt , the gas may 
disper se in at lea st one of three poss ible modes :  

1 .  The med ium is permeable enough to allCM gases to move away f rom the 
repos itory without any signif icant pre ssure buildup . 

2 .  The med ium is impermeable , and gas accumulates unt il the med ium frac
ture s under the gas pressure . 

3 .  The med ium is impermeable , but the accumulat ion of gas is suffi
ciently slow for the medium to flow plast ically , adjusting the void 
volume ; the pressure never becomes much more than lithostatic,  and the 
med ium remains intac t .  
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These modes have been tested by mathematical calculation using exper imen
tal value s  for gas permeab ility .  Exper iments show that the gas permeability ,  
while not zero , is small enough for some a�cumulation of gas to be poss ible r 
the proper representation of the problem requi res s imultaneous consideration 
of the mine response with the gas generation .  Some of these calculations have 
been completed ( Sand i a ,  1979 ) . According to initial est imates based on them, 
there is little possibility of repos itory fa ilure from overpressur ization at 
gas-generation ra tes of less than 5 moles per year per drum . S i nce these con
clusions depend on the gas permeability and the mechanical properties of the 
reposi tory med ium , they will be subj ect to some revision when data are ava il
able from the ac tual underground wor k ing s .  

9 . 7 . 3 . 2 Br ine Mig ration 

A number of paper s on the movement of fluid inclusions in alkali halide 
crystals have drawn attention to the possibility of s imilar movement by the 
naturally occurr ing br ine inc lusions in the bedded salt of southeastern New 
Mexico .  Labora tory exper iments and theoretical analyses per formed so far 
(Anthony and Cline , 1974 ) , as we ll as the one field exper iment (Bradshaw and 

McCla i n ,  197 1 7  Bradshaw and Sanchez ,  1969 ) ,  are idealizations of the problem 
of fluid- inclusion movement in the thermal field of high-level or other heat 
producing waste .  According to exper imental stud ies , these movements depend on 
thermal grad ients and are cred ible only for sources with a substantial thermal 
power outpu t.  Therefore,  because TRU waste is not heat-producing , these 
effects are not apprec iable for TRU waste in the WIPP repos itory.  They are 
d iscu ssed here because some commentors on the draft environmental impact 
statement expressed concern about br ine migration .  

Descr iption of the problem 

Because of the ideali zations involved in the wor k already published , it is 
nece ssary to descr ibe in some deta il the physical s ituation in the vicinity of 
can isters conta ining heat-producing waste . 

The in itial cond itions are established with the dr iving of the dr ift in  
the salt and .the dr illing of  the emplacement hole for the waste canister . 
Th is excavation produces a f ree sur face that is no longer at a lithostatic 
press ure of 150 to 200 atmospheres , but rather at about 1 atmosphere . Thus 
there is a stress-re lieved region around the emplacement hole , normally 
conta ining an abundance of microcracks extending a shor t distance into the 
med ium .  Af ter a wa ste can ister is inser ted , the remaining volume is back
f illed to improve thermal contac t with the walls of the canister , and a plug 
seal is placed over the can ister . The initial sur face temperature of the 
canister is between the free-air temperature and the temperature at which the 
canister and the salt w ill equilibrate in  the short term. 

The salt now exper iences a time-dependent thermal load that  ra ises the 
temperature of the salt and accelera tes plastic flow in the vic inity of the 
canister . Th is creep continues until the stress returns to the lithostatic 
value r the pressu re in  the v icin ity of the can ister begins to return to what 
it was before disturbance.  

It  is  known exper imentally and theoretically how and under what circum
stances i nclusions move up and down the thermal g radient in a single crystal . 
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If inclusions reach the canister , they will probably affect the rate of can
ister corrosion and s ubsequently the leach rate of the waste .  It has been 
suggested that , if enough fluid accumulates in a heated zone , the local struc
tural properties of the salt will be altered (Bredehoeft et al . , 1978 ) . The 
size of the zone in wh ich fluid accumulate s can be est imated roughly from the 
amount of water ava ilable per un it volume of repos i tory salt and from esti
mates of the amount of solid mater ial per unit amount of flu id mater ial re
qui r ed  to f orm eu tec tic mixtures (Stewart , 1978)  1 the width of the zone of 
expec ted struc tural alteration around a canister would range from a few centi
meters to, at most , a few tens of cent imeters . It has been further suggested 
(Anthony and Cli ne ,  197 4 )  that when inclusions reach the waste the ir gas frac-
tion could be al tered enough to make them move back down the thermal gradient , 
away from the heat source . Of these poss ibilit ies , the corros ion and leach ing 
properties are cu rrently under study in the laboratory ( Sections 9 . 7 . 3 . 3  and 
9 . 7 . 3 . 4 ) . The phase alterations and str uc tural consequences thereof are under 
inve stigation by the Office of Nuclear wa ste I solation and by the U . S .  Geo
logical Survey , wh ich is also character iz ing the br ine inclus ions in salt at 
the WIPP site and determining the ir h istory . Sandia National Laborator ies is 
invest igating the movement of inclusions . Whether in fact any rad ionuclides 
can be mobilized by a moving fluid i nclusion is unknown and is be ing stud ied 
at the Argonne National Laboratory .  

Known e ff ec ts 

In laboratory stud ies (Anthony and Cli ne , 1974 ) , fluid inclusions with 
le ss than 10% gas are observed to mig rate up the thermal gradient toward the 
heat source . Large inclusions break into two or more small inclusions with 
d ifferent d istr ibutions of gas and liquid and w ith d i fferent rates of move
men t .  The inclusions move up the thermal grad ient because the solubility of 
sodium chlor ide in water i ncreases s lightly w ith temperature . Since the end 
of the inclusion closer to the heat source is warmer , dissolution proceeds at 
the closer end , with precipitation at the farther end 1 the i nclusion moves 
toward the heat source . 

Fluid inc lusions conta ining vapor are observed to migrate down the thermal 
g radi ent away from the heat source (Wilcox , 1968 1 Anthony and Cline, 1974 ) . 
Water evaporates at the hot end of the inclusion 1  the vapor moves to the cooler 
end and condenses ,  d issolving salt in the unsaturated water . The inclusion 
thus moves away from the heat source . 

Boundary and in itial cond itions 

In ana lyses done so far , the chang ing thermal f ield has been approximated 
by a constant gradient . Actual br ine mig ration toward emplaced waste takes 
place in a time-dependent thermal field 1  accord ing to est imates based on 
s imple calculations , the heat from an emplaced can ister will , within a few 
months ,  increase the heat load at the next emplacement hole in th� array . The 
thermal g radi ents around the can isters will shortly thereafter become so 
uniform that inclusions will cease to migrate . 

Furthermore,  no consideration has been given in pa st analyses to the 
changing pressure fi eld . Since the amount of vapor in an inclusion will de
pend on both the temperature of the fluid and the confining pressur e ,  so will 
the direction of motion . 
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Bounds on migration 

Anthony and Cli ne ( 1974 ) obta ined the ir  results on the veloc ities of br ine
i nclusion travel for a temperature gradient of 3 kelvins per centimeter (K/cm) , 
but they also present data at lower grad ients . The veloc ity of inclus ion 
movement falls drastica lly as the gradi ent decreases and is essentially zero 
at lo-3 to lo-4 K/cm , wh ich is the geothermal grad ient.  ( If the movement 
did not fall to zero, there would be no fluid i nclusions in natural salt . )  

Accor d ing to unpubl ished calculations (M. E .  Fewell and E .  c .  S isson , 
Sandia National Laborator ies , internal memorandum, 1977)  for a can ister hotter 
than those at the WIPP ,  the initial gradient is greater than 3 K/cm close to 
the can ister , about 1 . 3  K/cm over the f i r st 3 0  centimeters outsi de the sur face 
of the can ister , and about 0 . 3  K/cm at 1 meter . At the veloc it ies determined 
by Anthony and Cline for 3 K/cm , only an i nclusion within the f i r st 30 centi
meters  could reach the can ister in a year . The total volume of water in fluid 
i nclusions within s uch a region is about 7 . 5  l i ters per meter of can ister 
length when the rad ius of the can ister is about 15 centimet�r s .  

The actual situation i s  much more complicated . The waste can ister is not 
embedded in a single crysta l , but is in a mass of many small crystals .  Exper
iments done in crysta lline ma sses us ing heaters indicate that when an inclus ion 
reaches a crysta l boundary ,  it may stop there or it may continue to travel in 
one of three ways : across the boundary as an i nclusion , along the boundary as 
a sur face film ,  or through the

_
space between boundar ies as a vapor . Exper i

ments done on 1-cubic-meter salt blocks over per iods of several months show a 
monoton ically decreasing accumulation of water at the heater ; after 8 weeks the 
rate of water collec tion was only 3 cubic centimeters per week {Hohlfelder , 
1979 ) . Th is result suggests that the local supply of mobile fluid will be ex
hausted soon af ter the emplacement of a hot waste canister . 

In sununary ,  the exper imental results presently ava ilable suggest that the 
following phenomena are likely :  

1 .  Inc lusions move up or down the thermal grad ient i n  the manner descr ibed 
by Anthony and Cline and by Wilcox only whi le within a single crystal . 

2 .  Inclusions do not generally appear to move across crystal boundar ies . 

3 .  Flui d  inclus ions reaching a crystal sur face are believed to move as 
vapor or as surface films . 

4 .  After a short time , less than a year , the temperature field around an 
assemblage of can i sters  will have become so un iform that the weak 
thermal gradient will br ing no more inclusions to the canisters  dur ing 
the per i od  of h igh heat production. 

5 .  At some distance ( 10 to 100 centimeters )  from the canister , there will 
probably be a halo of fluid i nclusions immobilized in single crystals 
in the weak  thermal gradient . 

6 .  From exper imental data , the tota l volume of fluid drawn to any canis
ter can be estimated cr udely; it  may lie between 0 . 1  and 20  liter s ,  
with 0 . 1  liter more likely (Anthony and Cline ,  197 4 ; Hohlfelder , 1979 ) . 
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Rigorous  ver ification of these expectations will require further investi
gations . Br ine mig ration is now be ing studied in i ts enti rety ,  both experi
menta lly and theoretically . Current knowledge is sufficient to pred ict that 
br i ne migration will be of li ttle concern in the WIPP reposi tory , because no 
contact-handled TRU wa ste and little remotely handled TRU waste stored there 
w ill produce s ign ificant thermal gradients .  

Further re search under WIPP auspices will provide data that will be useful 
in the deta iled analys is of the effects of remotely handled TRU waste and in 
the design of future repos itor ies for high-level waste . Laboratory and bench
scale work has been under way for a year . Exper iments are planned for salt in 
a mine , where the lithostatic pre ssures and boundary cond ition s  will approach 
those to be encountered in the WI PP reposi tory.  Exper iments on br ine migration 
will also be car r ied out in the repository ( Section 8 . 9 . 4 ) . 

9 . 7 . 3 . 3  Container Corrosion 

Wa ste conta iners are ind ispensable in waste processing ,  temporary storage , 
transportation ,  and other physical handling . They are not intended , however , 
to be the major long-term bar r ier preventing radioactive mater ials from enter
ing the biosphe re.  The bur ial medium is the most sign ificant barr ier , for the 
geologic str uctures surround ing the wa ste provide a conta iner several thousand 
feet thick . In the long term, thousands of years , the ability of the con
ta iner to re si st corros ion is of li ttle impor tance. 

In the short term, cor ros ion re s istance is impor tant in being able to re
tr ieve the conta iners . Since the TRU-waste conta iners at the WIPP must be 
retr ievable for as long as 10 years after emplacement ,  it is de sirable that 
they not corrode excess ively dur ing that time . Future repositor ies may re
qui re that conta iners be retr ievable for longer per iods, perhaps as long as 25 
years �  the de sign of conta iners that will not corrode over 10 to 25 years is 
therefore useful , although available data show that ex i sting TRU-waste con
ta iners may last hundreds of years in a dry salt mine . There is , however , no 
incentive to design TRU-wa ste conta iners that will la st for hundreds or thou
sand s of year s .  

The cor rosion rate of mild steel ,  used in the construction of TRU-waste 
contai ners , has been extensively measu red in the labora tory as a funct ion of 
humidity under dry ,  moist , and br ine-inundated conditions . The steel samples 
were in d i r ect contact with rock salt. Under all te st conditions , except 
inundation with aerated br ine ,  the bare metal of the drum would not corrode 
through for several hundred years .  The use of anticor rosion coatings such as 
paint on the dr um can signif icantly decrease the cor rosion rates  of the bare 
meta l .  Labora tory evaluations on such coatings are in progre ss (Sandia,  1979 , 
Chapter 7 ) . 

The examination of mild-steel painted canisters hold ing low-level wa ste in 
the salt reposi tory at Asse , Germany , revealed minimal corros ion after per iods 
of up to 12 years under dry ,  moist ,  and br ine-inundated te st cond it ions ( Sat
tler , 1978 � Sandia , 1979 ) . The corrosion of contact-handled-waste conta iners 
in the dry WIPP salt is  expected to be simi lar . The retr ieval of contac t-
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handled wa ste in intact conta iner s is , therefore , expected to pose no problems 
at the WI PP reposi tory .  

The selection of mater ials for high-level-waste canister s or can ister 
overpacks depends on their purposes and on the lifet ime requi red for them. 
Because the canisters for WIPP exper imental high-level waste must be retr iev
able for at least 20 years ,  the ma ter ials for them may be selected pr imar ily 
to allow for easy retr ieva l .  An intact ,  uncor roded high-level-waste conta iner 
is not , however , an absolute requi rement for retr ieva l 1  methods of retr iev ing 
degraded canisters  from salt by overcor ing are be ing developed ( Sand ia,  1977 ) . 

Although the WI PP exper imental high-level waste is to be removed before 
the repository is closed , the canister-development program is wor k ing on the 
option of providing a can ister that can rema in intact for 300  to 500  years .  
Such a canister could be desirable in repositor ies for high-level waste , in 
whi ch the maj or heat producers are cesium-137 and strontium-90 , with half
lives of about 30 years .  If the waste canister rema ins unbreached for more 
than 10 ha lf- lives ,  300  years or longer , the thermal output of the waste will 
be reduced by at least a factor of 100 0 . The thermal dr iving force for inter
actions like leach ing will then be reduced also. 

Many of the metallurg ica l-compatibili ty stud ies at Sand ia National Labora
tor ies are te sting whether candida te metals can survive for 300  years or more 
in bedded sal t 1  much over test ing is also in progress . Laboratory and bench
scale te sting has ident ified such mater ials . The test ing has measured the 
effec ts on corrosion rate of solution composition , radiation , temperature ( 7 0  
to 2so0c) , time , oxygen concentration , moisture content , pressure , welding 
and c revice s ,  stre ss-corrosion crack ing , and other var iables . Labora tory re
sults and other analyses show that it is both techn ically and economically 
feasible to provide a 300-year-plus can i ster than can delay or min imize ther
mally dr iven interactions such as corrosion and leaching . Descr iptions of the 
studies and results are given by Bra ithwai te and Molecke ( 1980 ) . 

The fina l  test ing and demonstration of the adequacy of conta iners for TRU 
waste and can isters for exper imental high-level waste will beg in with the f i r st 
acceptance of wa ste packages at the WIPP repository . As the laboratory and 
field-te st corrosion studies prog ress , the results will be made ava ilable 
(Bra ithwa ite et al . ,  198 0 1  Magnani and Bra ithwa ite , 197 9 ) . 

9 . 7 . 3 . 4  Leaching 

The leachability of rad ioactive waste could be impor tant to the WIPP re
posi tory:  leaching by water or br i ne would have to take place before intruding 
water could mobilize rad ionuclides . Although the intr usion of water into the 
WI PP d isposal areas is of very low probab ili ty ,  i t  is the basis for the most 
cred ible scenar ios descr ibing the release of radionuclides from the sealed· 
reposi tory (Section 9 . 7 . 1 . 3 ) . Interactions among the waste , can ister s ,  back
fill and getter mater ial s ,  and dry salt could also be impor tant because they 
migh t ,  in theory , enhance or retard leach rates and nuclide migrat ion . Other 
cond itions that could affect leach ing are radiolysis of br ine that might be 
present , rock constituents other than sodium chlor ide , corrosion products of 
the wa ste conta iners , lithostatic pressure , and elevated temperature . Stud ies 
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of these topics are in progress (Bra ithwa ite and Johnstone , 1979 ; West ik and 
Turcotte , 1978 ) . 

Consequence analysis is the pr incipal tool for predicting the long-term 
importance of leaching ; exper imental data on leaching and interactions with 
salt are desi rable inputs to the study . The consequence analysis in Section 
9 . 7 . 1  a ssumes that water removes radionuclides from waste at the same rate as 
water dissolves salt . I t  makes this unreali stic assumption because directly 
applicable data were not available dur ing the study. When exper iments have 
provided more of the necessary input data , the analysis  can become more real
istic and le ss conservative .  It i s  significant , however , that the analysis in 
Section 9 . 7 . 1 predicts that the WIPP repository would produce no ser ious 
long-term e ffects even if leaching occurred as rapidly as salt d issolution .  

Much research i n  leaching has already been per formed . The leachability of 
matr ices proposed for encapsul�ting radioactive waste has been a subj ect of 
study for many years in the United States , Europe , and Japan . In fac t ,  the 
durab ility of radioactive-waste forms is often spec ified by leach-rate mea
surements . Because collections of these data and d iscuss ions of the ir sig
n ificance are read ily ava ilable (Katayama , 1976 ; ERDA, 19 7 7 ;  Scheffler and 
Riege , 1977 ; West i k  and Turcotte , 197 8 ;  Bra ithwa ite and Johnstone , 1979 ) , they 
are not reviewed here . 

Some of these data were obta ined under laboratory cond it ions that did not 
adequately s imulate cond itions at the WIPP reposi tory . Some of the later 
stud ies are over tests ; they deliberately create cond itions more severe than 
those in the reposi tory in order to supply interpretable data in a short per i
od of time . Applying these data to the spec ific geologic conditions of the 
reposi tory will requi re additional study . Moreover , some que st ions not ad
dressed in stud ies to date are of interest to WIPP analyses and to the design 
of future repositor ies for high-level waste . Exper iments to answer many of 
the unresolved quest ions will be per formed over the next several year s in both 
labora tory and in-situ studies (Molecke , 1980) . Leaching studies of high
level waste are in progress . The leachant solutions include saturated br ine , 
groundwater , and de ion ized water ; temperatures of 25 to l00°c are being 
used . Overtests are using temperatures of 150 to 250°c and above and pres
sures of up to 180 atmosphere s .  As expla ined in Sect ion 9 . 7 . 3 . 3 ,  however , 
waste leach ing at high temperatures can be delayed or minimi zed by the proper 
selection of can ister or can ister-overpack mater ials .  

Laboratory data are be ing used to formulate analytical models that pred ict 
leaching behavior over hundreds to thousands of year s .  The models will be 
tested in the laboratory under acce lerated cond itions ; they will be rete sted 
in the WI PP in- situ prog ram ( Sect ion 8 . 9 ) . The results of these studies and 
the interpretations of the ir signif icance will be made ava ilable as the exper
imental prog rams develop further . 

9 . 7 . 3 . 5  Stored Energy 

An often-ra ised quest ion is whether energy stored by radiation damage in 
the salt surrounding bur ied waste or in the waste matr ix could be released and 
produce a ser ious thermal excursion or some other undesirable effec t .  This 
que stion has been under study at the Oak Ridge Nat ional Labora tory (ORNL) 
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since 197 0 1 the arguments and conclusions presented here are based pr imar ily 
on data coll ected there . 

Of the alpha , beta , gaimna , and neutron radiation emitted by the waste , 
only gaimna rays and neutrons enter the salt. In the absorpt ion process the 
radiation interacts with the crystal lattice of the salt to produce crystal 
defects .  The gaimna-ray interactions pr imar ily produce electron vacancies when 
the photons excite chlor ine electrons into the conduct ion band. By a ser ies 
of proce sses the lattice adj usts , and energy is stored in the crystal struc
ture 1 the sub jec t is discussed in an ORNL report (Jenks and Bopp , 1974 ) .  The 
i nteraction with neutrons is likely to store energy by produc ing ionic dis
placement directly in the crystal lattice . Extensive studies at Oak Ridge 
(Jenks and Bopp , 1974)  have shown that energy stored by either process can be 
released by annealing the salt at a temperature above 150oC 1 little energy 
f rom radiation damage is stored above that temperature . 

Contac t-handled TRU waste , which is the pr imary concern of the WIPP repos
i tory ,  has virtually no gamma output--le ss than 10 millirads per hour from 200-
liter dr ums .  The actinide limit as determined by INEL inventory has been less 
than 10 grams of pluton ium per drum dur ing the years for wh ich the inventory 
is ava ilable . With the mix of pluton ium isotopes assumed for contact-handled 
TRU wa ste (Appendix E) , th is limit suggests a maximum dose rate of 1 . 6  x lo-4 

r ad per hour for neutrons (Bingham and Barr , 1979) . 

Contact-handled TRU waste is placed in large rooms . Even after the total 
closure of the mine and the compression of the waste , the mater ial remains in 
bulk , approximately 15 by 130 by 1 meter 1 the only maj or contact with salt is 
along the outside of the bulk mater ial .  Since for both the ganuna and the neu
tron rad iation depos it most of their energy in a distance of 10 to 15 cent i
meters , most of the stored energy from rad iation damage is located in side the 
waste matr ix. At the dose rates expected for TRU waste ( less than 10 and 0 . 16 
mi lli rad per hour for gamma rays and neutrons , respectively) , the total dose 
over 1 mill ion years  is less than 10 8 rads.  Th is dose will produce stored 
ener gy in the wa ste matr ix and salt at a concentration lower than 1 calor ie 
per gram, an insignif icant amount (Jenks and Bopp, 1977 , Figure 6 1  Jenks , 
1975 , p.  3 ) . Temperatures in contact-handled TRU waste , which produces essen
tially no heat , never r ise to the annealing temperature of salt.  

No studies of energy storage near heat-produc ing wastes are d irectly ap
plicable to the WIPP repository1 these analyses have so far been performed 
only for high-level waste . Because the effects of high-level waste are gen
erally upper bounds on the effects of remotely handled TRU waste , th is dis
cu ssion reports predictions from the available studies . 

The wa ste configuration assumed here is the one defined by Z inunerman 
(1975 ) , re�uced to 3 . 5 k ilowatts : a canister 30 cent imeters in diameter and 
about 3 . 5  meters  long with a thermal output of about 3 . 5  kilowatts and surface
dose rate s  of about 2 x 10 5 rads per hour for ganuna rays and about 40 rads 
per hour for neu trons . These parameters descr ibe reprocessed pressur ized
wa ter-reactor fuel 10 years out of the reactor . 

In the bur ial configurations now under study, a high-level-waste canister 
is in int imate contact with salt and is separated from other canisters by 
d istances much greater than the d istances through which the gamma radiation 
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penetrate s  the salt.  Th is length is about 15 centimeter s i  in 30 cent imeter s ,  
about 90% of the gamma radiation has been absorbed . In addition to the radi
ation damage in the salt,  there is radiation damage in the waste matr ix.  In
side the can i ster , however , temperatures are above the so-called annealing 
temperature , and most of the rad iation damage is healed . A similar annealing 
pherx:>menon occurs in the salt,  reducing the total energy stored. Temperature 
profiles ( Jenks and Bopp , 197 4 )  show that the temperature in the salt remains 
higher than 15ooc at distances of about 60 centimeters for times longer than 
the half- life of the pr imary heat-produc ing nuclide s ,  cesium- 137 and strontium-90 . 
After adj ustment to a maximum of 60 calor ies per gram ( the maximum stored en
ergy) and expansion to 60 centimeter s ,  the total amount of energy stored beyond 
60 centimeter s  is neglig ible (Jenks  and Bopp , 1974 , Figure 8 ) . The average 
energy stored in th is salt is about 3 . 5  calor ies per gram. 

The same document discusses the mechanical and str uctural consequences of 
the sudden release of th is energy by annealing and concludes that they would 
be "practically neglig ible . "  

In add ition to annealing ,  there is another poss ible means for the sudden 
release of stored energy :  d i ssolution of the salt .  Release by this mechan ism 
produce s a minor temperature change because at least 2 cub ic centimeters of 
f resh water is required to d i ssolve 1 cubic centimeter of sodium chlor ide . 
The dissolution process is somewhat autocatalytic since the solubility of 
sodium chlor ide depends on temperature , increa s ing slowly as the temperature 
r ises.  On the average , however , par ticular ly if  there is any convective mo
tion in the fluid d issolving the salt,  the average temperature change in the 
fluid is about 2°c ,  a temperature excursion that does not threaten catas
trophe . 

Remotely handled TRU wa ste , which will probably be emplaced in a manner 
s im ilar to that under study for high-level waste in future reposi tor ies , is 
modestly heat-produc ing . The gamma output is less than 100 rem per hour , 
wh ich implies no saturation of stored energy in the salt.  The temperatures of 
salt in contact with remotely handled TRU waste will be less than those for 
high-level wa ste ;  annea ling will be le ss important . Other comments concerning 
the local chemistry in the salt near high-level waste also apply to remotely 
handled TRU wa ste .  

I n  summary ,  the temperature requirement for sudden release through an
nealing ,  150°c ,  demands local energy inputs that are not ava ilable . The 
more c red ible mechan ism for the release of stored energy is salt d issolution ,  
an unlikely occurrence . If salt dissolution were to occur , its consequences 
near a can ister of remotely handled TRU waste could be a local temperature 
r is e ,  averag ing a few degrees Celsius ; hydrogen-gas production through radio
lys i s ;  and possible alteration of the chemical and mineral con stituents of the 
mater ial near the canister . For contact-handled TRU waste the energy is de
posi ted mostly in the wa ste matr ix.  Whether th is energy , less than 1 calor ie 
per gram, is  ava ilable on dissolution is a matter for study-; but the conse
quences are expected to be neg ligible . No credible mechanical or thermal 
mechanism for the catastroph ic re lease of stored energy from radiation damage 
has been ident ified.  
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9 . 7 . 3 . 6  Nuclear Critica lity 

The contact-handled TRU-wa ste conta iners to be emplaced in the repository 
w ill conta in amounts of f issile mater ial rang ing from several grams in typical 
packages to as much as the 200 grams permitted by shipping regulations . The 
f i ssile mater ial w ill not ,  however , form a cr itical mass , because it will be 
widely d ispersed through other mater ial that does not moderate and reflec t  
neu trons adequately . S imple compar ison o f  th is mixture o f  mater ial with as
semblies known not to be cr itical has shown that emplacement configurations 
are not cr i tical (Claiborne and Gera , 1974 ; Bingham and Barr , 197 9 ) . 

To estimate cr iticality more quanti tatively , it is possible to use tech
n iques developed in the nuclear-weapons program for analyz ing complex as
semblies of fissile and nonfissile mater ials . D .  R. Smith of the Los Alamos 
National Sci ent ific Laboratory has used these methods (Lathrop, 1965)  to cal
culate the infinite multiplication factors that would character ize the 
contact-handled TRU waste emplaced in a reposi tory .  The infini te multipli
cation factor is a quant ity descr ibing the cr iticality of an assembly con
ta in ing f i ssile mater ial ; it is the ratio of the number of f issions in one 
generation to the number of fissions in the preceding generation . I f  this  
ratio is le ss than uni ty,  no self-sustaining cha in of  f i ssions can occur , even 
in an infinitely large assembly .  

Using a cr iticality program called DTF IV, Smith has modeled the emplace
ment of contact-handled TRU waste by assuming drums loaded with var ious amounts 
of mater ial in an infinite array . He has calculated that ,  for the multiplica
tion fac tor to reach uni ty ,  the drums would have to conta in amounts of pluto
nium far above the amounts now allowed by the U . S .  Depar tment of Transpor ta
tion ( Section 6 . 2 . 1 ) . For example , a drum holding 140 k ilograms of waste would 
have to conta in over 5 k ilograms of plutonium before the fissile mater ial could 
form a cr itical ma ss ; drums typica lly contain less than 0 . 0 1 k ilogram of pluto
n ium, and none are allowed to conta in more than 0 . 2  k ilogram.  

A manyfold reconcentration of f issile mater ial would have to occur in the 
repository before a c r itical mass could form. Such a reconcentration would 
requi re extensive d issolution of the salt and the waste ; after d issolut ion , 
add itional unlikely processes would have to act on the waste , selectively 
removing f issile nuclides from their surround ings and collecting them into a 
separate mass . The only natura l processes that are known to have concentrated 
fissile mater ial into a cr itical ma ss occurred in the Okla phenomenon ( IAFA, 
197 5 ;  Cowan , 197 6 ) ; these processes operated on a body of underground fissile 
mater ial that was much more concentrated than the contents of the WIPP reposi
tor y  will be . 

Furthermore ,  even if cr it icality could occur in a repository , it would 
tend to be se lf- l imiting ; because it would heat the solution in which the 
c r itical mass formed , it would give r ise to faster neutrons , wh ich are less 
e ffective in producing f issions . If a cr itical assembly were to form, its 
pr imary effects would be the production of hot br ine and an altered fission
product inventory.  

Further studies will , however , cont inue to investigate hypothet ical sce
nar ios (Bingham and Barr , 1979 ) descr ibing the reconcentrat ion of f i ssile ma
ter ial . I f  any of these scenar ios appear to have an apprec iable probability 
of occu rr ing , add itional calculations w ill study their effects ; the mere 
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formation of a cr it ical mass does not necessar ily have impor tant consequences 
for the reposi tory (Bingham and Barr , 1979) . Calculations invest igat ing 
cr iticality and its consequences will be completed dur ing the next 2 year s .  
I n  view, however , of the se lf-limiting behavior o f  a cr itical assembly and the 
reconcentration required to produce it , there is no expectation that nuclear 
cr iticality is a threat to the WIPP reposi tory. 

It is impor tant to note that , even if the mater ials could form a cr itical 
a ssembly ,  they still could not explode . Although the terms wcr it ical-mass 
formation w  and w nuclear explosionw seem to be used interchangeably by the 
public , they represent enti rely d i fferent concepts . For bur ied wa ste to be
come a nuclear bomb ,  it would not only have to form a critical mass but would 
also have to undergo extremely rapid compre ssion to a very high density wh ile 
simultaneously exper ienc ing a flux of neutrons much greater than any sources 
in the mine will produce . No known mechan isms can compre ss underground radio
ac tive wa ste to such densit ies1 in the shor t time (perhaps a fraction of a 
microsecond) required to make the f issile mater ial explode . A nuclear ex
plos ion of the bur ied waste is not a credible threat to the repository. 

9 . 7 . 3 . 7  Thermal Effec ts on Aqu ifers 

Section 9 . 7 . 2 . l  presents the results of calculations showing that tempera
ture increases in the aqu ifers above the WI PP repos i tory will be less than 
0 . 3oc .  Although it is possible that excess ive heat from a repos itory for 
high-level wa ste might al ter the water flo.i.r or induce crack ing in aquifer s ,  
the WIPP repos itory will not exer t these impacts . 
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9 .  8 EFF:OCTS OF REMOVING THE TRU WASTE STORED AT ro· ·0 

9 . 8 . 1  Introduction:  Current and Future Practices 

About 75% of the pad-stored defense TRU waste in 
located at the Radioactive Wa ste Management Complex 
National Engineer ing Laboratory ( INEL) (Table 2-3) . 
the envi ronmental impacts in Idaho of removing th is 
storage and prepar ing it for shipment to the WIPP. 

the United States is 
(RWMC) of the Idaho 
This  chapter discusses 

waste from i ts temporary 

Th is section is a summary of a deta iled report that contains supporting 
calculations and full d iscuss ions (DOE, 1979a) . The analysis assumes that the 
retr ieval campaign for removing the waste begins in 1985  and cont inues for 10 
year s .  

9 . 8 . 1 . l  Waste Character istics and Current Management Methods 

S ince 1970 , contact-handled TRU waste received at the RWMC has been stored 
at the 56-acre Transuranic Storage Area (TSA) , a controlled area surrounded by 
a secur ity fence with an intr usion alarm system . The waste is stored on two 
asphalt pads , each approximately 150 by 700  feet . 

Currently , the solid TRU waste to be stored on TSA pads is received from 
the Rocky Flats Plant and other DOE operations in government-owned ATMX ra il
cars or on corranerc ial tr uck tra ilers in Type B shipping conta iners . The A'Jl.DC 
shipment� are made under the author ity of a spec ial permit issued by the 
Depar tment of Transportation ( S ection 6 . 3 . 1) . The waste is contained in 4- by 
4- by 7-foot plywood boxes covered with fiberglass-re inforced polyester ,  
55-gallon steel drums with polyethylene liners ,  and 4- by 5- by 6-foot steel 
bins .  (Some of the waste placed ear lier on the TSA was stored in conta iners 
of nonstandard sizes . ) The containers are intended to be retr ievable , 
contamination-free , for at least 20 year s .  The drums are stacked ver tically 
in layer s ,  with a sheet of 1/2- inch plywood separating each layer . When a 
stack has reached a he ight of approximately 16 fee t ,  a cover consist ing of 
5/8-inch plywood , nylon- reinfor ced polyvinyl sheeting , and 3 feet of soil is 
emplaced . 

From 1970 (when TRU wa ste was first  stored on the TSA) until 197 2 ,  the 
plywood boxes used as containers were not covered w i th f iberglass-reinforced 
polyester . Such boxes consti tuted approximately 25% of the boxes placed on 
the TSA through the end of 1977 . Because boxes cur rently received are covered 
with polyester , it is estimated that by 1985  ( the approximate date at which 
retr ieval m¥.1ht begin) th is percentage w ill have been reduced to 15% . S imi
lar ly, until  197 2 ,  the steel dr ums placed on the TSA had no polyethylene 
liners .  ( The 90-mil polyethylene liners provide addit ional containment for 
the TRU waste and addit ional assurance of container integr ity for the 20-year 
storage i nter val . )  Such drums const i tuted about 44% of the drums on the TSA 
as of the end of 1977 . Because dr ums currently rece ived are lined , i t  is 
e st imated that by 1985 th is percentage w ill have dropped to about 30% . 

It  is estimated that by 1985 approximately 2 million cub ic feet of TRU 
wa ste will be stored at the TSA. The analysis performed for th is study did 
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not include the eff ec ts of any TRU waste that might be sent to , or generated 
at,  the INEL a f ter 1985 . The effects of any such post-1985 waste on INEL 
operations and impac ts are addressed in the deta iled repor t (DOE, 1979a) . 

More comple te descr iptions of the INEL, the RWMC , and the TRU waste 
stored on the TSA pads can be found in the deta iled repor t (DOE , 1979a) . 

9 . 8 . 1 . 2 Methods for Retr ieving , Processing , and Sh ipping Waste 

Several operations will be involved in remov ing the waste and sh ipping it 
to the WI PP: retr i eval ,  pr�essing and packaging , and sh ipping . Several 
options were cons idered for each operation . For retr ieval and for sh ipping , 
only one option each was evaluated in deta il ;  for processing and packaging , 
several options were evaluated in deta il . 

Three methods of retr i eving wa ste conta iners were consider ed :  manual hand
ling by operator s ;  handling by means of operator-controlled equipment; and 
hand ling by means of remotely controlled equipment . The f i r st method was not 
evaluated fur ther because it would expose the wor kers to unnecessary amounts of 
rad iation .  The thi rd method wa s  not examined further because the preliminary 
i nd ications of current studies are that no significant overall advantages 
accr ue f rom remote-control handling . 

Four confinement method s for waste retr ieval were cons idered : ( 1 )  open
a ir retr ieval ( no  con finement) ; ( 2 )  the use of an inflatable fabr ic sh ield to 
protect aga inst the weather ; ( 3 )  the use of a movable , solid-frame structure 
operating at ambient p ressure ; and ( 4 )  the use of a movable, solid-frame 
str ucture operating at subatmospher ic pressure . The last method was pur sued 
because it is the only one of the four that provides positive control against 
the poss ible release of contamination .  Depending on the cond ition of the 
waste conta iners at the time of retr ieval , the second and th i rd methods may 
also be acceptable. 

Four processing options were cons idered : ( 1 )  shipping as is ; ( 2 )  overpack
ing ; ( 3 )  repackaging only ;  and ( 4 )  i nc i neration and packaging . 

Waste sh ipped to the WIPP will have to meet the WI PP waste-acceptance 
cr i ter ia,  and it is therefore nece ssary to evaluate wa ste-processing 
methods in terms of the ir ability to yield an acceptable produc t .  The evalua
tion of processing methods conducted in preparation for the draft of th is EIS 
was based on the inter im wa ste-acceptance cr ite r ia of July 1977 . The July 
1977 cr i ter ia i nd icated that the INEL waste would have to be i ncinerated in  
order to eliminate combustible mate r ial . An evaluation of  var ious inc iner
ation methods ( FM: ,  1977 ) showed that only the product of slagging pyrolysis 
would satisfy all of the inter im  acceptance cr iteria  without a separate immo
b i lization s tep and without sor ting and shredd ing the waste .  Thu s ,  slagging 
pyrolysis and packag ing was studied in detail for process ing the waste . 

After the draft EIS was issued , rev ised acceptance cr i ter ia we re formulated 
in July 1979 (Chapte r  5 ) . In response to these cr ite r ia ,  two process ing 
methods that had not been evaluated in the d raft EIS were studied in deta i l :  
repackag ing the wa ste i n  new lined SS-gallon drums and overpack ing th e  or ig i
nal waste conta iners in  s imilar but larger conta iner s .  Thr ee  poss ibi lities 
for overpack ing were examined : overpack ing 100% of the retr ieved waste 
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conta iners , overpacking only 10% of the retr ieved waste conta iners , and over
packing none of the waste containers . The thi rd possibility is equivalent to 
shipping the waste as is . 

Another processing method--compaction , inunobili zation ,  and packaging--has 
been stud i ed (DOE, 1979 ) . It  is not d iscussed here because the other process
i ng methods provide upper and lower limits for its expected envi ronmental and 
other e ff ec ts . That is , the envi ronmental eff ec ts of the compaction , immobi
l ization ,  and packaging concept would be within the range covered by the other 
three concepts . The upper and lower l imits of envi ronmental effects of the 
three evaluated processing methods also bound the effects expected from sev
eral other processing methods that were considered (DOE, 1979a , Section B . 4 ) . 

It  wa s  assumed that the waste would be shipped by rail , which is cheaper 
than shipnent by tr uck . It was also assumed that A'IMX ra i lcars would be used , 
although they may be replaced by the star t of the retr ieval campaign 
(Chapter 6 ) . 

Thus ,  the sequence of operations selected for study was ( 1) retr ieval with 
operator-controlled equipnent inside a movable , solid- frame str ucture at sub
atmospher ic pressure , ( 2 )  processing ,  and ( 3 )  shipment in ATMX railcar s .  The 
processing methods stud i ed were slagging pyrolysis with the slag packaged i n  
SS-gallon drums , repackag ing without further processi ng in lined SS-gallon 
drums , and overpacking in larger conta i ners . The operations and the ir effects 
are br iefly discussed below . Deta iled descr iptions of the operations and of 
their  effects are given in the deta iled repor t (DOE, 1979a) . 

9 . 8 . 2  Retr ieva l 

9 . 8 . 2 . l  Retr ieval Building and Operations 

The retr i eval bui lding w i ll be a mobile , single-walled str ucture.  Subat
mospher ic press ure will be mainta ined inside to prevent the escape of contami
nants . The ventilation system will include roughing filters and a bank of 
h igh-eff ic iency par ticulate air (HEPA) filters , for an estimated overall de
contaminati on fac tor of 100 0 .  

The sequence of retr ieval activities i s  shown i n  Figure 9-18 . The build
i ng will be erected on an asphalt pad extending f rom a waste-storage pad. 
Most of the so il cover will be removed from the area to be covered by the 
bui lding . Af ter the building has been moved over th is area , the remainder of 
the soil , the polyvinyl sheeti ng ,  and the plywood cover will be removed . 

The retr ieval equ ipnent ( fork l ift and front-end loader ) will have environ
mentally isolated cabs with self-conta ined breathing-air  supplies . The breath
ing a i r  w i ll maintain a posi tive air  pressure inside the cab to preclude the 
inleakage of possibly contami nated air . Preliminary calculations indicate i t  
w i ll not b e  necessary to provide shielding for the retr ieval workers;  however , 
if  required , removable shields will be mounted on the equipment .  

The was te contai ners will be i nventor i ed and examined to confirm the i r  
i ntegr ity. Any breached conta iners will be placed in a waste-transfer con
tainer and loaded i nto a transfer veh icle . For k lifts will remove the i ntact 
conta iners from the stacks and place them into the transfer vehicle . The 
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F igure 9- 1 8. Block diagram for the retrieval of stored 
TRU waste. 

waste w i ll be transferred from the retr ieval building to the processing plant 
in low-speed semitra ilers pulled by a conventional tractor over committed 
roadways w ithin  the Radioactive waste Management Complex . The van bodies of 
the tra ilers will be designed to resist rupture in the event of an acc ident . 

Dur ing loading or unloading , the body of the tra iler will  be mated and 
sealed to an air lock entrance , thereby forming an airtight extens ion of the 
air lock . Contamination of the exter i or of the veh icle is not expected . 

9 . 8 . 2 . 2  Environmental Effects of Retr ieval 

The rad iological eff ec ts of retr i eving the stored waste will be l imi ted • 
because i t  is intended that the stored TRU waste be fully contained at the time 
of retr ieval . However , for bounding the effects of poss ible releases , it was 
asslDlled that 1% of the conta iners will have been breached before retr ieval 
begins and 0 . 1% of the radioactivity in each breached container will be 
released into the retr ieval building , with 0 . 01% of the released radioactivity 
becoming resuspended . Table 9-69 shows the average release rates , the maximum 
levels of so il contamination from releases , and the present radionucl ide 
concentrations in INEL so ils f rom natural background radiation and a tmospher i c  
fallout due to weapons testing .  The latter are several order s of magnitude 
higher than those proj ec ted to result f rom retr ieval operations . 
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The maximum annual rad iation-dose cormnitments for any per son not involved 
in the operation and for the population wi thin 50 miles of the retr ieval 
fac ility are compared in Table 9-70 with doses rece ived from natural back
ground radiation.  In calculating the maximum individual dose commitment , i t  
wa s assumed that the person re sides at the point of maximum airborne concentra
tions throughout the year . The assumptions , support ing data , and deta ils of 
the dose-commi tment and r is k  calculations surmnar ized here are to be found in 
the deta iled report (DOE, 1979a ) . 

As shown in Table 9-70 , both ind ividual and populat ion dose commitments 
f rom routine releases dur ing retr ieval will be several orders of magni tude 
lower than doses rece ived from natural background rad iat ion . 

The nonradiological effects of retr ieval will be those assoc iated with a 
cormnitment of manpower and the use of other resources ( Table 9-71) . Ne ither 
the constr uction nor the operation of the retr ieval fac ility will measurably 
increase the tota l dust emissions at the INEL. The overall effect on land use 
will be to restore the area now used for waste storage with in the RWMC to its 
once-vegetated state--a beneficial effec t .  

The resources used are not insign i ficant , but the ir use will not place any 
stra in on e ither the local or the national economy . Other effects , such as 
water use and sanitary-waste d isposal , will be in proportion to the employment 
levels. 

Table 9-69 . Compar ison of Soil Contamination Resulting from Routine Releases 
Dur ing Retr ieval Operations with Ex i sting Natural and Fallout 
Concentrations of Radionuclidesa 

Maximum Present concentra-
cumulative tion in INEL soil 

Average release concentration ( natural and fall-
rate from bu ilding in soil ou t contr ibutions)  

Nucl ide (pC i/sec ) (nC i/m2 ) (nCi/m2 ) 

Pu-238 2 . 2  x 10-4 4 . 8  x 10-S 0 . 15 
Pu-23 9 1 . 8  x 10-4 4 . 1  x 10-5 (b)  
Pu-240 4 . 3  x 10-S 9 . 5  x 10-6 (b )  
Pu-241 8 . 2  x 10-4 1 . 4  x 10-4 (c )  
Pu-242 1 . 0  x lo-9 2 . 4  x 10-10 (c )  
Am-241 7 . 2  x 10-4 1 . 6 x 10-4 0 . 3  
Cm-244 9 . 8  x 10-6d 1 . 7  x 10-6 (c )  

U- 233 7 . 8  x 10-6d 
1 . 8  x 10-6 (c )  

aoata from the deta iled repor t (DOE, 1979a) . 
bThe to tal concentration of these two nuclides is 1 . 1  nCi/m2 . 
CNot measured.  
dThis table lists nuclides ( uranium-233 and cur ium-244 ) not listed for 

contact-handled TRU wa ste in Appendix E.  The append ix descr ibes typical waste 
from the Rocky Flats Plant , whereas the waste stored at the INEL, though pr i
mar ily Rocky Flats waste ,  has come from other sources as we ll . The quanti
ties of the se nuclides are small and are cons idered only in the analysis 
pres ented in th is section and in Appendix N. 
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Table 9-70 . Dose Conani tments from Routine Releases Dur ing 
Retr ieval Operations 

Organ or 
tissue 

Whole body 
Lung 
Bone 
Liver 
Kidney 

Max imally exposed 
per son (mrem) b 

2 . 4  x 10-11 
4 . s  x lo-7 

4 . 6  x lo-7 

3 . 4  x lo-7 

1 . 6  x lo-7 

Population within 
50 miles (man-rem) C 

2 . 9  x 10-10 
4 . 1  x lo-6 
4 . 2  x lo-6 
3 . 1 x lo-6 

i.  s x lo-6 

aoata from the detailed repor t (DOE, 1979a) . 
bThe annual whole-body dose from natural background 

radiation is 1 50 mrem. 
CThe annual whole-body dose rece ived by this populat ion 

(assumed to be 1 36 , 000 per sons in 198 5 )  from natural background 
radiation is 2 x 104 man-rem.  

Table 9-7 1 .  Resources Used in Waste Retr ievala 

Constr ucti on per iod,  months 
Average number of construction 

wor kers 
Pieces of heavy equipment used 
Diesel fuel used , gallons 
Particulate emi ssion s ,  pounds 

Operations per iod,  year s 
Number of workers 
Estimated annual payroll 
Diesel fuel used , gallons 
Elec tr icity use , kW-hr/yr 
Par ticulate emissions,  lb/yr 

9 

50 
10 
54 , 000 
59 00 

10 
39  
$6 24 , 000  
88 , 000  
600 , 0 00 
9500 

aData from the deta iled repor t (DOE, 1979a) . 

9 . 8 . 2 . 3  Radiolog ical Risk to the Public from Retr ieval Ope rations 

A number of potential accidents were considered in conrrection with re
tr ieval , including a fire in the retr ieval building , the dropping of a waste 
conta iner dur ing handling ,  and the puncture or crushing of a conta iner by re
tr ieval equ ipment . For the dominant accidents , Table 9-72 swmnar izes the 
calculated dose commitment and r isk for the ind ividual rece iving maximum 
exposu re and for the public within 50 miles.  (Risk is defined here as the 
SO-year dose commitment multiplied by the annual probability of the acc ident. ) 

A number of abnormal events , generally related to natural disasters , could 
also affect the wa ste in the retr ieval bu ilding . Examples are ear thquakes , 
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tornadoes ,  volcanic ac tion ( the RWMC lies at the edge of a volcanic r ift 
zone ) , and aircraft impact .  These abnormal events would not be a result of 
retr ieval operation s ,  because they could occur even if  the waste were left  as 
i s ;  therefore , they are not d iscussed fur ther here . They are taken up in 
Append ix N as events that may affect the stored waste if  no '!'RU-waste reposi
tory is bu ilt and the wa ste is left at the INEL. Compar ison with results 
g iven there shows that the rad iation dose from such natural disasters could be 
or ders of magn itude higher than that for the wor st acc ident listed in 
Table 9-7 2 .  

9 . 8 . 2 . 4  Hazards to Worker s Dur ing Retr ieval 

Hazards to workers can be cla ss i fied as radiological and nonradiological.  
The former are due to the radioactivity of  the waste � they consist of  hazards 
associated with normal operations and hazards associated with accidental 
release s .  The nonrad iological hazards are those that could exist even if the 
wa ste were not contaminated with radionuclides ( e . g . , fa lls and electr ical 
shocks) . A number of measures will be taken to hold these occupational 
hazards within normally accepted levels . 

The rad iat ion levels to wh ich wor kers are exposed will be monitored by 
health-physics per sonnel ;  radiat ion doses will be held to levels as low as 
prac ticable by following spec ified procedure s .  The daily and accumulated 
doses will be moni tored . 

To min imize the possibility of contamination ,  retr ieval workers will wor k 
in dust- tight enclosures , will wear protective clothing , and will be provided 
with respi ratory protection as needed . Wor ker s will be surveyed frequently 
whenever the possibi lity of external contamination ex ists . Bioassays will be 
per formed per iod ically . 

In add ition ,  continuous-air- sampling and radiation-monitor ing instruments 
in the work areas will promptly detect and annunciate abnormal or acc ident 
cond itions . Spec ial procedures will be established for evacuating people , 
controlling the spread of contamination ,  and correcting accident conditions. 

Preliminary calculations indicate that , dur ing normal operating cond i
tions , unsh ielded operators retr ieving stored waste will receive radiation 
doses ( an est imated maximum of 0 . 3  rem per year ) that are well below the 
e stablished limits for radiation workers ( 5  rem per year ) . Opera tors have 
been plac ing wa ste into storage on the TSA for 9 year s without rece iving 
exposures near the radiation-wor ker l imi ts . 

Some of the worker doses re sult ing from acc ident cond itions can be est i
mated by compar ison with the public-r isk re sults in Sect ion 9 . 8 . 2 . 3 .  The 
maximum ind ividual doses given there can be used as estimates of wor ker doses 
for accidents in which sign i ficant quantities of radionuclides would escape 
from the fac ility.  

Other acc idents in wh ich wor kers could rece ive significant doses while 
inside the bu ilding were also examined . For example , accidental inhalation 
expos ure could occur i f  a box were dropped and breached simultaneously with a 
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Table 9-72 . Summary of Dose Commitments and Risks from Acc idents Dur ing the 
Retr ieval of Stored TRU Wastea 

Maximally exposed per son 
SO-year dose commitment ( rem) Risk (rem/yr ) 

Event Whole bodyl:I Bone Lung Whole body Bone Lung 

Fire 3 x lo-7 3 x lo-4 4 x lo-4 2 x lo-10 3 x lo-7 4 x lo-7 

Container 
drop 3 x lo-12 5 x lo-9 7 x lo-9 3 x lo-14 5 x lo-11 7 x lo-1 1 

Poeulation in 1985 
50-year dose commitment (man-rem) Risk (man-rem/;i::r )  

Event Whole body� Bone Lung Whole body Bone Lung 

Fire 3 x lo-4 4 x lo-1 8 x lo-1 3 x lo-7 4 x lo-4 8 x lo-4 

Container 
drop 6 x lo-9 7 x lo-6 1 x lo-5 6 x lo-11 7 x lo-8 1 x lo-7 

aoata from the deta iled repor t (DOE, 197 9a) . 
bThe 50-year who le-body dose from natural background radiation is 7 . 5  rem . 
cThe 50-year population whole-body dose from natural background rad iation 

is 1 x 106 man-rem. 

fa ilure of the wor ker ' s  environmental cab. The airborne radioactivity was 
est imated to be lo-12 cur ie per milliliter . An operator would rece ive a 
maximum permiss ible body bu rden from a breached box in approx imately 4 0  
minutes  and from a breached dr um i n  1 0  hours .  The wor ker s would be expected 
to evacuate the bu ilding within minute s .  

The number of nonrad iological inj ur ies that retr ieval wor ker s might incur 
was est imated by compar ing the operations involved in retr ieval wi th s imilar 
operations in other industr ies for wh ich occupational inj ury rate s are ava il
able. The resul ts ind icated an estimated e ight nonradiological inj uries dur ing 
the 10-year retr ieval campaign . One add itional inj ury might be expec ted dur ing 
the constr uction of the retr ieval fac ility . In addition to these normal non
rad iological hazard s ,  spec ial nonrad iological hazards may be assoc iated with 
the retrieval of the stored waste ,  wh ich may conta in P':frophor ic mater ials and 
toxic chemi cals . 

9 . 8 . 2 . 5  Costs of Retr ieva l 

The cost estimates presented here and in Append ix N include capital costs , 
operating and ma intenance costs , and the cost of decontamination and decomm is
sioning . The est imates are not considered budgetary cost estimates because 
they are based on a preconceptual design . Uncerta inties of as much as a 
factor of 1. 5 are not unusual in th is type of estimate , but this degree of 
accu racy is considered suffici ent for the present study . The costs are based 
on 1979 dollar s .  
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The est imated costs of retr ieving the stored waste that will have been 
accumula ted to 198S are as follows (DOE, 1979a) : 

Capital 
Operating and maintenance 
Decontamination and decommissioning 
Total 

9 . 8 . 3 Proce ssing for Reposi tory Acceptance 

Millions of 
1979 dollars 

9 
20 

1 
30 

For purposes of this study , it was assumed that a processing fac ility will 
be constr uc ted near the TSA to prepare the waste for shipment to the WIPP .  
The proce ssing methods studied were ( 1 )  slagg ing pyrolysi s ,  ( 2 )  repackag ing 
the waste in SS-gallon drums ( reduc ing the size of large i tems as necessary) , 
and ( 3 )  overpack ing . Also stud ied in connection with overpack ing was the 
possibi lity of shipping the wa ste as i s .  

9 . 8 . 3 . 1  Plant and Operations 

Slagging pyrolysis 

A block flow diagram for slagg ing pyrolysis is shown in Figure 9-19 . A 
slagging un it with a da ily feed rate of about 16 tons of waste and 2S tons of 
makeup so il was assumed . The bu ild ing would be designed with three separa te 
air  z ones,  each equipped with i ts own ventilation system to maintain progres
sively lower pressures between the outside atmosphere and the innermost zone , 
which would include the wa ste-proce ssing areas . All air  removed by the venti
lation systems would pass through appropr iate HEPA filtration systems . 

Retr ieved wa ste would be transferred from the TSA to the receiving airlock 
of the proce ssing plant . All operations in the plant , from the entry of waste 
through the airlock to final packaging , would be remotely controlled . After 
being mon itored for contamination , incoming waste conta iners would be emp
tied .  The waste would be spread on a conveyor belt and inspected for hazard
ous mater ials.  

The wa ste would be blended to ach ieve some uniformity of the feed 
mater ial.  Makeup so il (a ssumed here to be l . S  pounds per pound - waste ) 
would be aflded to fac ilitate the formation of a glasslike slag c · inimum 
leachab ility. Coal and wood chips would be added to the waste t provide 
supplementary fuel and to inc rease the porosi ty of the feed mater ial . The 
molten slag would be poured into mold s ,  cooled , and packaged into steel drums , 
which would be labeled and loaded into A'l'MX ra ilcars for shipment to the WIPP 
reposi tory . The expected ra te for shipment dur ing the 10-year processing 
per iod is 190 ra ilcar s per year . 

An offgas-treatment system for the slagging inc inerator would be employed 
to limit the releases of particulates ,  aerosols ,  and volatile compounds to 
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Figure 9- 19.  Block diagram for processing TAU waste by 
slagging pyrolysis. 

levels complying with standards set by the Environmental Protection Agency , 
the DOE, and other government agenc ies .  

Repackaging only 

In a fac ility designed for the purpose , the waste would be sorted as neces
sary to comply with the WIPP acceptance cr i ter ia,  reduced in size as necessary,  
packaged in new SS-gallon dr ums , and prepared for sh ipment . The drums would 
ca'lform to Department of Transpor tation (DOT) Spec ification 17C and would be 
li ned with 90-mil-thick , r ig id ,  h igh-density polyethylene . A block flow dia
gram of the process is shown in Figure 9-20 . The drums would be loaded into 
ATMX ra ilcar s for shipment to the WIPP . The expected shipment rate dur ing the 
10-year campa ign is 268 ra ilcars per year . Th is estimate is based on the 
conservative assumption that the volume of the packaged waste would be 80% of 
that in the or iginal conta iner s .  

The preceding d iscussions of cer ta in aspects of slagg ing pyrolysis--the 
control of environmental releases ,  remote operation s ,  and the entry of waste 
into the fac ility--apply to the repackag ing method as we ll . 

A concept was also considered in wh ich the waste would be repackaged , as 
j ust descr ibed , in the retr ieval bu ilding , rather than in a separate repackag
ing fac i li ty.  Th is concept was not developed because ( 1) the inclusion of 
size-reduction equipment would result in a build ing too large to be readily 
movable and ( 2 ) the amount of elec tr ical power required for the size-reduction 
equipment and for addit ional ventilation equipment would probably be too great 
to be suppled by mobile diesel genera tor s .  
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F igure 9-20. Block diagram of the repackaging-only process. 

Because sor ting of the waste is not included , it is not certain that 
s imply overpacking the waste containers would comply with the WIPP acceptance 
cr iter ia.  Never theless , overpacking is d iscussed here as a minimum-processing 
method . 

Three alternative assumptions were made about the extent of the contamina
tion that might be found on the outside surface of the retr i eved conta i ners 1  an 
overpacking method was developed for each assumption . The first assumption was 
that 10% of the waste conta i ners would be contaminated as a result of container 
deter ioration . In reality , fewer than 10% of the containers ,  i f  any , are ex
pected to be contaminated at the time of retr ieval . The second a ssumption was 
that all the waste conta iners would be contaminated . This highly unlikely sit
uation was stud i ed  only as a limiting , worst-case example .  The thi rd a ssump
tion wa s  that none of the waste conta iners would be contaminated.  The three 
methods developed for the three a ssumptions are , respective ly , ( 1 )  retr ieve , 
survey for exter ior contamination , overpack waste conta iners as necessary (as
sumed to be 10% ) , and ship to the repository7  ( 2 )  retr i eve , overpack a ll wa ste 
containers ,  and ship to the repository7  and ( 3 )  retr ieve and ship as is to the 
repository ,  af ter surveying for external contamination . 

A small addition would be permanently attached to the retr ieval building 
to house the survey and overpack operations . Vent ilation provi ded by the 
heating , ventilation ,  and air-condition ing system of the main retr ieval build
ing would keep a s ubatmospher ic pressure within the add ition .  
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Any SS-gallon steel drums that require overpack ing could be inserted into 
83-gallon drums or steel boxes . Waste in wooden boxes , with or without f iber
glass re inforcement , would probably be overpacked in steel boxes .  OVerpacks 
for the waste in steel bins would probably be larger steel bins . Workers per
forming the overpack operations would wear protective clothing and air masks .  

The waste conta iners and overpacked containers would be transferred on a 
flat-bed truck from the overpack addition to the railcar-loading station for 
shipnent to the WI PP. For the methods with 1 00 % ,  10% , and 0%  overpack , the 
number s of ra ilcar s sh ipped annually would be 175 , 140 , and 136 , respectively , 
during the a ssumed 10-year campa ign . It is conce ivable that the campa ign could 
be completed in as li ttle as 3 years . However ,  the limited number of suitable 
ra ilcars that may be ava ilable for shipping the waste would make th is shor ter 
campa ign unli kely . 

9 . 8 . 3 . 2  Environmental Effec ts of Process ing 

The radiological impact of processing operations will result from two 
sources of airborne rad ioactive effluents : ( 1 )  contamination generated when 
mater ial is be ing sor ted , reduced in size , or packaged and ( 2 )  offgas from the 
slagg ing-pyrolysis process . Before release from the slagging-pyrolysis fac il
ity , these streams will pass through HEPA f ilters with an estimated decontam
ination fac tor (OF) of 106 and offgas-treatment systems with a OF of 10 8 . 
For the repackag ing fac ility ,  the OF is  assumed to be 106 , and for the over
packing add ition ,  103 . 

One consequence of the airborne effluents will be the gradual bu ildup of 
released radioactiv ity in the environment . Table 9-73 surranar izes the average 
release rate s ,  the maximum levels of soil contamination , and the present radio
nuclide concentration in INEL so ils from natural backg round rad iation and at
mospher ic fallou t .  The implications of these estimates can be understood in 
the context of the resul ting radiation-dose commitments . The maximum radiation
dose conunitments rece ived annually from airborne effluents by any ind ividual 
and by the population within 50 miles of the proce ssing fac i lities are pre
sented in Table 9-74 . As shown there , both ind ividual and population annual 
dose conunitments f rom processing faci lities would be several orders of magni
tude lower than doses presently rece ived from natural background radiation .  

The nonradiological effects of waste processing would be limi ted essen
t ially to those assoc iated with a conunitment of manpower and the use of other 
re sour ces . A sununary listing of the resources used and of the particulate 
emissions is given in Table 9-7 5 .  

The increment in par ticulate emissions from the construction and operation 
of any of the processing fac ilities would not be measurable , nor would it 
cause current limits to be exceeded . 

The impac t on local corranun ities , par ticularly Idaho Falls , where two- thirds 
of the wor k f or ce are e xpected to live , would probably be felt most in the 
schools , wh ich are already operating near capac ity because of recent growth in 
the area . 
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Table 9-73 . Compar ison of Soil contamination Resulting from Routine Releases 
Dur ing Fac ility Operations with Existing Natural and Fallout 
Rad ionuclide Concentrationsa , b  

Present concen-
Max imum cumulative tration in INEL 

Average release rate concentration in soil ( natural 
from J2lant ( pCi/sec ) soil (nCi/m2) and fallout 
Slagging Slagging contr ibutions ) 

Nuclide pyrolysis  Repackag ing pyrolysis Repackag ing (nCi/m2 ) 

Pu- 238 1 . 1  0 . 15 0 . 38 0 . 053 0 . 15 
Pu-239 0 . 85 0 . 12 0 . 32 0 . 04 4  (C ) 
Pu- 240 0 . 21 0 . 028 0 . 077 0 . 01 (c )  
Pu- 241 3 . 9  0 . 53 1 . 1 0 . 16 (d) 
Pu-242 5 . o  x lo-6 6 . 9  x lo-7 1 . 9  x lo-6 2 . 6  x lo-7 (d) 
Am-241 3 . 3  0 . 47 1 . 2  0 . 17 0 . 3  
Cm-244 0 . 047  0 . 0 0 6 5  0 . 0 14 0 . 0 0 19 (d) 

U-233 0 . 046 0 . 0052  0 . 0 17 0 . 0 019 (d)  

aoata from the deta iled repor t (DOE , 1979a) . 
bAverage release rates from the overpacking fac il i ty would be orders of 

magn itude lower than those f rom the repackaging fac i lity � they would be 
ind istingu ishable addit ions to the values given for retr ieval in Table 9-70 . 

cThe total concentration of these two nuclides is 1 . 1  nCi/m2 . 
dNot measured . 

Table 9-74 . Dose Conunitments from Routine Releases from Process ing 
Fac ilitiesa , b  

Maximally exposed 198 5  population within 
person (mrem) C 50 miles (man-rem) d 

Organ or Slagging Slagging 
tissue pyrolysi s Repackaging pyrolysis Repackag i ng 

Whole body 1 . 9 x lo-7 2 . 6 x lo-8  2 . 3  x lo-6 3 . 2  x lo-7 

Lung 3 . 5  x lo-3 4 . 9 x lo-4 3 . 3  x 10-2 4 . 5  x lo-3 

Bone 3 . 6  x lo-3 5 . 0  x lo-4 3 . 3  x 10-2 4 . 6  x lo-3 

Liver 2 . 7  x lo-3  3 . 7  x lo-4 2 . 5  x 10-2 3 . 4  x lo-3  

Kidney 1 . 3  x lo-3 1 . 8  x lo-4 1 . 2  x 10-2 1.  7 x lo-3  

aData from the detailed repor t (DOE , 1979a) . 
bDose corranitments from the overpack ing facility would be orders of mag

n itude lower than those from the repackaging fac ility�  they would be i nd is
tingu ishable additions to the values given for retrieval in Table 9-70 . 

cThe annual whole-body dose from natural background radiation is 150 
mrem . 

dThe annual whole-body dose to this population from natural background 
rad iation is 2 x 104 man-rem . 
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Table 9-7 5 . Nonradiological Effects of waste Processinga 

I tem 
Slagging 

pyrolysi s  

CONSTRUCTIOO 

Duration , months 20 
Average number of constr uction 

wor kers 275 
P ieces of heavy equipment used 30 
Diesel fuel used , gallons 360 , 000 
Par ticulate emissions , pounds 40 , 000 

OPERATION 

Duration , year s  
Workers 
Estimated annual payroll , million $ 
Electr icity use , m illion kW-hr/yr 
Coal used , tons/yr 
Wood chips used , tons/yr 
D iesel fu�l , gal/yr 
Particulate emi ssions , lb/yr 

10 
195 
3 . 3  
24 
4000 
6000 
80 , 000 
0 . 03 

aData f rom the deta iled repor t (DOE, 197 9a ) . 

Over
Repackaging packi ngb 

18 

200 
20 
220 , 000 
24 , 000  

10  
40 
0 . 64 
3 
0 
0 
0 
0 

0-6 

0-5 
oc 

0-5000 
0-500 

10 
0-12 
0-0 . 19 2  
0-0 . 1  
0 
0 
0 
0 

bThe ranges of values for over pack entr ies reflect the ranges of 
eff ec ts fran 0% overpacking to 100% overpacking . 

�he overpacking addi tion would be constructed as part of the 
retrieval fac il ity .  

The plant will occupy a maximum of about 1 . 4  acres , the ar ea of the 
slagging-pyrolysis plant . Constr uction and operation would r esult in devegeta
tion of this ar ea . The area has ,  however ,  already been disturbed and is no 
longer in i ts natural state . 

9 . 8 . 3 . 3  Radiologica l  Risk to the Public  from Waste Processing 

In evaluating the dose commi tments and r isks fran was te processing , poten
tial accidents such as f i res , explosions , spills of loose waste , and breaks in 
process lines were considered . The proj ected effects of t he dominant accidents 
are surmnar i zed in Table 9-76 . 

The discussion of wa ste disr uption by natural disasters (e . g . ,  ear thquakes 
and volcanoes ) in Section 9 . 8 . 2 . 3  appli es to was te processing as well . 
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Table 9-76 . Summar y  of Dose Commi tments and Risks from Acc idents Dur i ng 

the Proce s s i ng of S tored TRU Was tea 

Ha x imall):'. e�osed �er son 
50 -year dose conunitment ( rem) R i s k  ( rem/):'.r )  50-year dose conun i tment 

Event a Who le bOdy 

F i r e  4 x l o -9 

Explosion 
w i th f a i l ed 
con f i nement 4 x lo-5 

F i re 

Explos i on 

Dropped 
conta iner 

Nat u r a l  
background 
rad i a t i on 
( 1  yea r )  

2 x 10-9 

8 x lo-9 

3 x 10- 12 

7 . 5 

Bone Lung 

1 x lo-6 1 x lo-5 

7 x 10- 2 1 x 10-1 

2 x lo-6 4 x lo-6 

1 x lo- 5 2 x lo-5 

6 x lo-9 8 x lo-9 

aoata from the deta i l ed repor t (DOE, 1979a ) . 

Whole body 

4 x l o - 1 1  

4 x 10- 10 

2 x 10- 1 1  

8 x 10- 1 2  

3 x lo-14 

Bone Lung Whole body 

SLAGGING PYROLYSIS 

1 x lo-8 

1 x lo-7 

x lo-8 

x 1 0 -8 

6 x 10 - 1 1  

1 x 10-7 8 x lo-6 

1 x lo-6 0 x 10-2 

REPACKAG ING ONLY 

4 x lo-8 

x lo-8 

OVERPACKINGb , c 

8 x 10- 1 1  

3 x lo-6 

x 10-5 

6 x lo-9 

1 x 106 

boata are g i ven only for the ove r pack ing method that leads to the largest dose and r i s k .  

Bone 

1 x 10-2 

100 

4 x lo-3 

2 x 10-2 

8 x lo-6 

Poeu l a t i on in 1 9 8 5  
(man- rem) 

Lung 

2 x 10-2 

200 

8 x lo-3 

4 x 10-2 

2 x lo-5 

R i sk 
Whole body 

8 x lo-8 

0 x lo-7 

x lo-8 

2 x lo-8 

6 x lo- 1 1  

(man-rem/):'.r ) 
Bone 

1 x lo-4 

1 x lo-3 

4 x lo-5 

2 x lo- 5 

0 x lo-8 

Lung 

2 x lo-4 

2 x 10-3 

0 x lo-5 

4 x lo-5 

2 x lo-7 

C i t  wa s assumed tha t the data for a f i re in the overpack i ng fac i l i ty would be the same as for a f i re dur ing ret r i eva l (Table 9-72 ) . 



9 . 8 . 3 . 4 Hazards to Wor ker s Dur ing Process ing 

The general d iscu ssion in Section 9 . 8 . 2 . 4  on the potential hazards to 
wor ker s and preventive measures applies to process ing as well . The occupa
tional haz ards of the overpacking operations would be e ssentially the same a s  
those for the retr ieval operations .  All operations in the slagg ing-pyrolysis 
fac i lity or the repack ag ing-only fac ility would be remotely controlled, i nclud
ing much of the ma intenance . The doses received by wor ker s dur ing normal 
operation are expected to be well below the allowable limits . 

On some occasions , ma intenance wor kers would be required to enter contami
nated areas of the slagg ing-pyrolysis or pack aging-only fac i lities . They 
would probably wear plast ic bubble suits , supplied with breath ing air  from a 
central source.  Under normal cond itions , and under most accident cond itions 
as we ll ,  the external and internal radiation exposures of these wor kers would 
be we ll below radiation-worker limits . However ,  damage to the bubble suit 
could result in contamination of the wor ker . A maximum a ir borne contamination 
level of abou t 1 x lo-12 cur ie per milli liter could exist .  A wor ker would· 
rece ive a maximum permissible body burden in such an atmosphere only if he 
rema ined in the cell for about 40 minu te s ,  breath ing contaminated air . 
Evacuation within a matter of minu tes is expec ted . If  the bubble-su it damage 
were cau sed by a pointed or j agged object ,  the wor ker ' s  sk in could also be 
purx:tu red. Contamination could thereby be deposi ted beneath the ski n .  Any 
puncture inj ury under these cond it ions would receive spec ial med ical attention . 

Workers could also be exposed to the consequences of the accidents d is
cussed in Section 9 . 8 . 3 . 3 , involv ing re leases of radionuclides to the outside 
envi ronment of the processing plant . The doses rece ived are expec ted to be 
similar to those listed for the maximally exposed per son . 

The numbers of nonrad iological inj ur ies susta ined by workers dur ing the 
10-year campa ign are estimated to be 75 for slagg ing pyrolysis , 8 for repack
aging only ,  and 0 to 2 for overpacking . In add ition , the numbers of inj ur ies 
expected to occur dur ing plant construction are , respectively , 14 , 9 ,  and O .  

9 . 8 . 3 . 5  Costs of Processing 

The costs of process ing the stored TRU waste that will have accumulated at 
the INEL by 1985 were e st imated by the methods descr ibed in Section 9 . 8 . 2 . 5 .  
The results are summar ized below ( DO E ,  1979a) . 

Cost (millions of 1979 dollars)  
Slagging 
pyrolysis Repackag ing Overpack inga 

capital 372 109 1 
Operation and ma intenance 226 92 1-14 
Decontamination and 

decommission ing 37 11 0 . 1  

Total 6 35 212 2-15 

aThe ranges of costs for overpack ing cover the ranges of the three 
methods stud i ed .  
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9 . 8 . 4 On-Site Transfer , Handling ,  and Loadout for Shipment to the Reposi tory 

9 . 8 . 4 . 1  Operations 

The procedures for handling waste conta iners dur ing retr ieval are de
scr ibed br ie fly in Section 9 . 8 . 2 . 1 ,  wh ich also discusses the methods for trans
fer r ing the conta iners from the retr ieval building to the process ing plant . 
The overpack ing methods would requ i re transfer of the waste containers to a 
ra ilcar-loading dock , rather than to a separate processing fac ility .  The 
handling procedures to be followed in the proce ssing plant are br iefly dis
cussed in Section 9 . 8 . 3 . 1 . 

9 . 8 . 4 . 2  Environmental Effec ts 

Vehicular no ise and emissions assoc iated with on-site waste transfer would 
be both small and isolated . The number of wor kers requ ired for these act ivi
ties would also be small . The Rad ioactive Waste Management Complex already 
has i ts own ra il siding , and extending it would not involve significant effor t 
nor use add itional acreage outs ide the Complex . 

No releases of radionuclides are expected dur ing wa ste transfer from the 
retr ieval building to the processing plant . Releases resulting from the hand
ling of containers inside these bu ildings are included in the analyses of 
Sec tions 9 . 8 . 2 . 2 and 9 . 8 . 3 . 2 .  

9 . 8 . 4 . 3 Radiation Risk to the Public 

The rad iation-dose commitments and r isks calculated for handling and trans
fer acc idents inside the retr ieval and proce ssing facilities were cover ed in 
the analyses of Sections 9 . 8 . 2 . 3  and 9 . 8 . 3 . 3  (Tables 9-72 and 9-76 , respec
tively) . The radiation-dose commi tments and r isks to the public would be small 
in compar ison with those from other accidents ( e . g . , fires)  that could occur 
dur ing retr ieval and proce ssing . 

Table 9-77 swmnar izes acc idents and inc idents that have occurred since 1970 
dur ing the handling of '!'RU waste at the Radioactive Waste Management Complex . 
Approximately 88 , 00 0  conta iners have been handled in that time . Only one of 
the events l isted led to the release of radioactive ma ter ial ,  and no contami
nation was found on the wor kers . 

Dur ing transfer from the retr ieval building to the processing plant or to 
the ra ilcar- loading dock , the waste ma ter ial would be contained within at least 
two bar r ier s .  Although the transfer veh icle could become involved in an acc i
dent ( for example , a rollover accident or a collision with another vehicle ) , 
the expected frequency of such acc idents is low . There would be few , if  any , 
other vehicles on the commi tted roadway used by the transfer vehicle , and the 
speed of the veh icle would be limited to 20 mph by a governor . The veh icle 
would be designed for extra stability against rollover . 

The estimated dose commitments and r isks from the acc idents that might 
involve the transfer vehicle are given in Table 9-78 , which also includes the 
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Year 

1975 

1976 

1978 

Table 9-77 . Acc idents or Incidents in TRU-Waste Handling at the 
Rad ioactive Waste Management Complex Since 1970 a 

I ncident 

Internal pressure generated in 
solid- sewage-sludge drum, causing 
bulging of lid . Drums were re
packed in overpack conta iner s .  

Partial dr um penetration by for k
lift.  No breach of i nner liner . 

Drum penetration by for kli f t .  A 
small portion of contents was 
spilled onto the cargo conta iner 
floor . 

Effects 

No release of radioactive 
ma ter ial . 

No release of radioactive 
mater ial . 

Small amount of local contam
ination ,  wh ich was immediately 
contained . The drum was over
packed . There was no airborne 
activity . Thorough survey 
af ter reconta inment found no 
residual contamination .  

aData from the deta iled repor t (DOE , 1979a) . 

estimated dose commi tments and r isks for accidents that could occur dur ing the 
on-site por tion ( about 7 miles)  of the rail shipping route to the repository . 
S uch accidents might i nclude dera i lments , collisions , and f i re s .  

Acc idents or inc idents that have occurred since 1 9 7 0  dur ing TRU-waste sh ip
ment f rom the waste generators to the INEL are listed in Table 9-79 . None of 
these events resulted in a release of radioactive mater ial . 

9 . 8 . 4 . 4 Hazards to Workers 

The hazards to wor ker s dur ing on-site waste transfer and handl ing have 
been i ncluded in the d is cussions of both retr ieval and processing hazard s .  
The preventive and protective measures aga inst radiolog ical hazards would be 
the same as those d iscu ssed in Section 9 . 8 . 2 . 4 .  

Under normal cond itions , wor kers operating the transfer vehicles would be 
exposed to min imal haz ards . Under acci dent cond itions , the operators could be 
exposed to the small amounts of radioactive mater ial that might escape from 
the vehicle . These exposures are expec ted to be smaller than those that could 
occur in other waste-management operations . 
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Table 9 - 7 8 . S ununary of Dose Conuni tments and R i s k s  f r om Acc i dents D u r inq 
the Transfer of S tored TRU Wa ste and Dur i ng the On-S i te 
Por t i on of Sh ipment to the Repos i tor y 

Max ima lly exposed per sona 
5 0-;:Lear dose commi tment ! rem) 

Acc ident Whole body5 

Transfer acc identC 2 x lo- 8 

Transfer acc i dentC 
w i th f i r e  2 x lo- 6 

Sh ipment acc identsd 

S l agged wa s te 8 x 1 0- 1 1  

Overpack ed and re-
pack aged wa s tee 8 x 10- 10 

5 0-;:Lear dose 
Whole body!: Acc ident 

Transfer acc identC 

Tran s f e r  acc identC 
w i th f i r e  

Sh ipment acc i dentsd 

5 x l o - s  

s x lo- 3 

S l agged wa ste 2 x lo- 7 

Overpac k ed and re-
pac k aged wa stee 2 x lo- 6 

Bone Lung 

3 x lo- s 6 x lo- s 

3 x lo- 3 6 x lo - 3  

1 x l o- 7 2 x lo- 6 

1 x lo- 6 2 x lo- 6 

Popu l a t i on 
commi tment !man- rem) 

Bone Lung 

6 x 1 0 - 2 1 x 1 0 - 1 

6 1 x 10 1 

2 x lo- 4 

2 x lo- 3 4 x lo- 3 

aoata from the de ta i l ed repor t (DOE , 1 9 7 9 a ) . 

R i sk ! remi:Lrl 
Whole body Bone 

2 x l o- 14 3 x 1 0 - 1 1  

6 x lo - 1 3 9 x 1 0 - 10 

1 x 10- 19 2 x 1 0 - 16 

1 x 10- 1 8  2 x lo- 1s 

i n  1 9 85 
R i s k  !man- remi;:Lr ! 

Whole body Bone 

s x 10- 1 1  6 x l o - 8 

i x io- 9 2 x lo- 6 

3 x 10- 1 6 

3 x l o - l s  3 x 10- 1 2  

Lung 

6 x 1 0 - 1 1 

2 x lo- 9 

4 x lo- 16 

3 x lo- 1 s 

Lung 

1 x l o - 7 

1 x 1 0- 12 

s x 10- 1 2  

bThe 5 0 -year who l e-body dose commi tment f r om nat u r a l  backg round rad i at ion i s  7 . 5  r em . 
cThe da ta g iven are for transfer f r om the retr ieval fac i l i ty to the proces s i ng 

fac i l i ty .  For t r ansf er to the ra i l car- load i ng dock , the acc i dent dose would be u nchanged 
and the r i s k  'M'.:>uld change by less than a fac tor of 4 .  

dAcc idents occurr i ng in on- s i te por t i on of sh ipment to the r epos i tor y .  
eThe da ta g i ven are for the 0 %  and 1 0 %  overpack me thod s .  The other proc e s s i ng 

methods would result in doses and r i sks d i f f er i ng by l e ss than a f a c tor of 3 .  
fThe S O-year whole-body popu l a t i on dose commi tment from na tura l bac kground rad i a t ion 

is 1 x io 6 man- rem.  

9 . 8 . 4 . 5  costs 

The costs of hand l i ng the conta iner s ,  load ing i n ,  loading out ,  and tran sfer 
f rom the r e tr i eval a r ea to the proce ssing plant are included in the costs of 
retr ieval and proc e s s i ng ( Sec t ions 9 . 8 . 2 . 5  and 9 . 8 . 3 . 5 ) . The costs would be 
only a few per cen t ,  at most ,  of the total cost of r e tr ieval and proce s s i ng .  
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Table 9-79 . Acc idents or Inc identsa Since 1970  Dur ing Sh ipments 
of Waste to the Radioactive waste Management Complex 

Date 

March 1970 

June 1971 

August 197 3 

March 1976 , 
September 
1976 

Location 

Blackfoot , Idaho 

Unknown 

Blackfoot , Idaho 

Unknown 

9 . 8 . 5  Conclu sions 

Inc ident 

Seal missing on a truck 
trailer 

Evidence of f i re on piggyback 
tra iler inside ATMX car : 
charred wood , not known 
whether there were s igns 
of f i re on containers 
themselves 

Derailment dur ing switching 
of ATMX car 

Evidence of hard humping 
of ATMX car : some wooden 
block ing was broken , and 
four or five was te 
containers were dented 

Effects 

Load intact , no 
other problem 

No breach , no 
release 

No release , no 
apparent damage 

No breach , no 
breakage 

The effec ts in Idaho of re tr iev ing , process ing , and sh ipping the stored 
TRU waste would be min imal . The largest radiolog ical impac ts from normal oper
ations would be dose corranitments of 3 . 6  x lo-6  rem (bone)  and 1 . 9  x lo-10 

rem (whole body) for the maximally exposed individual and 3 . 3  x lo- 2  man-rem 
( bone )  and 2 . 3  x lo-6  man-rem (whole body) for the surrounding population , 
per year of operation (Table 9-74 ) . From hypothetical accidents , the maximum 
dose corrani tments would be 1 x lo-1 rem ( lung) and 4 x lo- 5  rem (whole body ) 
for the max imally exposed ind ividual and 200  man-rem (lung) and 8 x lo-2  

man- rem (whole body) for the surrounding population (Table 9-76 ) .  The maxi
mum radiological r isks from hypothetical acc idents would be 1 x lo-6 rem per 
year ( lung) and 4 x lo-10 rem per year (whole body) for the maximally ex-
posed ind ividual and 2 x lo- 3  man-rem per year ( lung ) and 8 x lo-7 man-rem 
per year (whole body) for the surrounding population (Table 9-76 ) .  The radio
log ical effects of all of these exposures would be far smaller than the 
corresponding effec ts f rom natural backg round radiation .  Nonradiolog ical 
environmental effects would be limited to relatively minor commitments of 
manpower and other resources.  
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10 Unavoidable Adverse Impacts 

• 10 . l  CONSTRUCTION 

The impac ts of constr uc ting the WIPP at the Los Medanos site will be like 
those of other large bu i ld ing proj ec ts . They include increased no ise levels 
near the site , increased air pollution from earth-moving and veh icular activ
ities , and the d i sr uption of ex isting land uses on the s i te and along new road 
and utility r ights-of-way . 

Approximately 224 acres will be removed from rangeland and wildlife hab
i tat dur ing both the constr uc tion and the operational phases of the plant . An 
add it ional 878 acres will be temporar ily d isrupted dur ing construction . The 
deta ils o f  ac reages committed are g iven in Section 9 . 1 . 1 .  Scaled qua i l ,  mourn
ing dove , and mule deer will lose some habitat , but extens ive areas of simi lar 
hab i tat ex ist throughout the region .  S imilar ly , the loss of ind ividuals of 
the more sedentary spec ies ( e . g . , rodents , lizards) dur ing construction will 
have little impact on the population of these species in the area . The s i te 
and most areas in wh ich land will be disturbed are rangeland where 6 0  to 6 4  
ac res per an imal-year has been an acceptable g raz ing capac ity .  However , the 
recent average dens ity of gra z ing on the lands at and around the site has been 
about one head per 100 acres . Therefore,  the loss of g raz ing land will mean a 
reduc tion in gra z ing capac ity' of about 11 animals . 

Most of the constr uc tion workers are expected to reside in Car lsbad and 
Hobbs ,  New Mex ico . Al though some of the workers will be drawn from the local 
labor force,  many work ers will move into the area to work on the proj ec t ,  in
creasing the demands on existing commun ity services and commun ity resources . 
In Car l sbad a temporary housing shor tage may develop : it would be met by the 
development of tra iler par ks or other temporary accommodat ions .  In Hobbs the 
capac ity of the school system is now expected to be exceeded by 198 3 :  if a 
major frac tion of the constr uc tion wor kers choose to live in Hobbs , the capac
i ty may be exceeded 1 year ear lier . Highway use in Eddy and Lea Counties will 
increase becau se of the commuting of construction wor ker s and the transpor t of 
constr uc tion mater ials . 

These impac ts of the influx of construction wor kers will require increases 
in public expend itures : operating costs w i ll increase . Because revenues nor
mally lag beh ind expend iture s ,  local governments may exper ience some shor t
term problems in meeting the demands for public services . The communities , 
however , are already capable of plann ing to meet these impacts , wh ich will be 
mitigated or o ffset by increased tax revenues ,  decrea sed unemployment ,  and 
h ighway ilprovements assoc iated with the construction of the plant . Section 
9 . 6 . 6  d iscu sses the Federal a ss istance prog rams that may be ava i lable to local 
governments in areas selec ted for Federa l projec ts ,  such as the WIPP , to 
mitigate adver se sOc: ioeconomic e ffects . 
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10 . 2  OPERATION 

Dur ing the operational phase of the WIPP proj ect, awroximately 224 acres 
of land will remain unava ilable for rangeland and wildlife habitat.  The im
pacts of th is removal are d iscu ssed in Section 10 . 1 . 

The mined-rock pile will grow and become a more obvious feature of the 
landscape . Rainwater falling on it will d issolve some salt and ster ilize the 
soil under the pile and in the surrounding ditch . Some salt will be blown 
onto the surrounding land and may cause changes in vegetation. 

The main access to the plant will be U . S .  Highway 62-180 . Traffic levels 
will increase, but th is highway ' s  capacity will be adequate both for the work 
force and for trucks transporting waste to the plant. Certa in segments of the 
road to Hobbs to the ea st of the site may need to be upgraded. 

The increase in the population of the area will result in an increased 
demand for pr imary health care . current physician-to-population ratios are 
not at reconmended levels,  although hospital fac ilities are adequate . 

The development of the site and facilities will hinder or deny the future 
recovery of potash and oil and gas in the inner zones beneath the site . These 
impac ts are d iscussed in Sections 9 . 2 . 3  and 11 . 1 .  

The operation of the plant will release some radioactivity. The greatest 
annual dose oonmitment is to the bone and is estimated to be 6 . 5  x lo-6 rem 
(0 . 0065t of annual background radiation) for an ind ividual living at the James 
Ranch . 

The transpor tation of wa ste to the plant will expose people near the trans
portation rou tes to

-
radiation .  The average radiation dose received by these 

people will be a small fraction of the natural background dose 1 furthermore , 
it will be a small fractioo of the limits reconaended for the protection of 
the general public from all sources of radiation other than natura l and medi
cal source s.  

Th e maximum credible dose would be received by a hypothetical person who 
is at the side of the road and at the side of the ra ilroad as every sh ipment 
passes. That person would receive an annual dose of 1 . 5  x lo-4 rem, 0 . 15t 
of the dose delivered by natural background radiation. 

The final shutdown of the plant will narrow the economic base of nearby 
commun ities.  

10 . 3 LONG-TERM IMP.ACTS 

The ooly certain loog-term impact of the WI PP  proj ect ts the residual d is
turbance of the surface after the WIPP is closed and the sur face structures are 
razed .  The 1060 acres d isturbed dur ing constructioo and operatioo will prob
ably always show some slight sign of previous activities there . The wa ste that 
is emplaced underground is not expected to release any radioactivity 1 it will 
therefore produce no loog-term radiological impac t .  Nevertheless , future gov
ernments may feel an obligatioo for loog-tera mooitor ing .  
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10 . 4  COMPARISON OF ALTERNATIVES 

Unavoi dable adverse impacts are most clear ly defined for alternative 2 ,  the 
author ized alternative , because it is the only action alternative that has been 
studi ed  in deta il and w ith a spec ific site in mind.  Unavoi dable adverse im
pacts assoc iated with the other two action alte rnatives are simi lar but not 
identical . S i nce alternatives 3 and 4 involve dec isions not to select a spe
c ific  alternative site or fac ility at th is time , the compar ison of environ
mental impac ts is based on gener ic estimates rather than spec ific evaluations . 
The selection of alternat ive 3 or 4 could allow such spec ific compar isons at a 
later date . Add itional envi ronmental documentation would be required for site 
selection and repos itory constr uction under alternatives 3 and 4 ,  including 
any h igh-level-wa ste repos i tory at the Los Medanos s ite . 

Table 4-13 compares the environmental impacts of alternatives 3 and 4 to 
the impac ts of al ternative 2 .  All the alternatives would produce some phys
ical impac ts of construc tion . The pr inc ipal differences depend more on the 
choice of a host rock than on the choice of an alternative . The choices that 
lead to the use of salt enta il more impacts from their  mined-rock piles be
cau se salt is very soluble in water . The choices also d iffer in the deg ree to 
wh ich they lead to interference with the exploitation of mineral resources . 
It a�ears at present that alternative 2 enta ils more inter ference with min
era l resources than do alternatives 3 or 4 ,  so long as the site chosen in 
those two al ternatives is elsewhere than in the Delaware basin . However , the 
mineral resources of the Los Medanos site are comparatively we ll known ; there 
can be no a ssurance that any alternative will be free of inter ference w ith 
minera l resources .  In alternative 3 ,  impacts a t  a spec i f ic site would be 
greater due to the combi nation of h igh-level-waste and TRU-was te d isposal. 
However , these effec ts would be reduced on a national basis because of the 
economy ga ined by combining fac i lities.  

S imi lar unavoidable adverse soc ioeconomic impacts , wh ich are pr imar ily 
related to the constr uction wor k force , would be induced by a ll of the alter
natives.  

Unavoidable transpor tation impac ts would be  induced by all  alternative s .  
The impac ts of normal accident-free transportation would d iffer from site to 
site , depend ing on each site ' s  location in relation to the sources of waste . 

Long- term unavoi dable adverse impacts , consist ing as they do only of long
term influences on the use of land and possibly of continued inte rference with 
access to mi neral resources , would be i nduced in d ifferent degrees by a ll al
ternatives and by all cho ices of host rock . 

Even though deta iled information on the impacts of alternatives 3 and 4 is 
not ava ilable , evaluations re lated to commercially generated radioactive waste 
(IX>E, 1979 , 1 980 ) provide a ssurance that min imal environmental impacts , compar
able to those determined for alte rnative 2 ,  would re sult from repos itor ies at 
other site s .  Thn s ,  all alternative s ,  other than alternative 1 ( no  action) , 
are pred icted to have impac ts that are small both in the shor t term ( dur ing 
constr uction and ope ration) and in the more-d istant future . None of the ac
t ion alternatives are so clearly super ior environmentally to the others that 
they are preferred on the bas is of le sser unavoi dable adverse impacts.  
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1 1  Irreversible and Irretrievable Commitments of Resources 

11 . 1  LAND USE 

If the WIPP is construc ted at the Los Medanos site in southeastern New 
Mex ico, aA;>rox imately 2 24 acres of land will be occupied by sur face faci lities 
for the duration of operations . This land includes 30 acres for the sur face 
storage of exce ss mined salt and aA;>rox imately 112 acres for the roads and 
ra ilroad . After plant decommiss ion ing , most of th is 224  acres will be re
stored to i ts or iginal contours and permitted to revert to i ts natural state . 
Full recovery of the area is expec ted to require several decades.  

These predic tions of land-use commibnents a sswne that the sur face fac i li
ties will be razed dur ing decommissioning . If  instead they are mothballed , 
the land they occupy and the associated access roads will remain committed for 
an indefinite time thereafter . 

11 . 2 DENIAL OF MINERAL RESOURCES 

As discussed in Sec tion 9 . 2 . 3 ,  the development of the WIPP will deny ac
ce ss to portions of local deposits of hydrocarbons and potash minerals , at 
least temporar ily .  The ITK)St significant of these minerals is langbein ite , an 
ore that is r i ch in pota ssium and magnesium and has commercial- value as a chem
ical fertili zer . In the Un ited States langbeinite is found only in the Car ls
bad Potash Mining Distr ict ,  where the resources will probably be depleted in 
less than 46 years .  Accord ing to the U . S .  Bureau of Mines , the langbeinite 
K2o reserve at the Los Medanos site is 4 . 4  mi llion tons � th is is equivalent 
to 15 years ' production of s uch ore at Car l sbad . Thus , the development of the 
WIPP will require an ear li er transit ion to other chemi cal fertilizer s .  Stud
ies per formed to date indicate that the langbe in i te reserves within control 
zone IV (73%  of the total reserves at the site) could be mined by conventional 
techn iques without a ff ecting the integr ity of the WIPP repos i tory . Accord
ingly ,  the DOE may allow min ing of th is langbeinite . I t  is  not clear , however , 
what the consequences of mining langbe inite from the inner control zones would 
be , although the matter is being studied . 

The Los Medanos s ite over lies about 45 billion cubic feet of natural gas 
and 120 , 000  barrels of distillate . These a!TK)Unt to about 0 . 0 2% and 0 . 0003%  of 
the U . S .  reserves of natural gas and d i sti llate, respectively . The exi stence 
of the WIPPf doe s not necessar ily preclude access to the under lying hydrocar
bons permanent ly . The natural gas within control zone IV can be extrac ted 
without threaten ing the integr ity of the repos itory�  the DOE may allow dr i ll
ing for natural gas in th is area . The natural gas with in the inner control 
zones can be recovered by slan·t-hole (dev iated) dr illing from control zone IV 
at an ac:X3 itional cost estimated at $Zl million .  
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11 . 3  RESCXJRCES FOR WIPP CONSTRUCTION 

As d iscu ssed in Section 9 . 2 . 2 ,  the following resources will be required 
over the 4 . 5-year construction per iod of the WIPP : 

Resource 

Concrete (por tland cement) , barrels 
Steel , tons 
Copper , tons 
Aluminum, tons 
Lumber , board-feet 
Water , million gallons 
Electr ic ity , million kilowatt-hours 
Propane, gallons 
Diese l  fuel ,  million gallons 
Gasoline, gallons 

Site and 
pre liminary

design validation 

5 , 000 
220 
None 
None 
None 
3 . 5  
1 . 5 
None 
700 , 000  
50 , 000 

Full
construction 

total 

125 , 000 
15' 000 
150 
200 
500 , 000 
22 
4 
140 , 000 
1 . 5  
9 40 ' 000 

None of these amounts will exceed 1% of the u. s .  production over the con
struction per iod. 

11 . 4  RESOURCES FOR WIPP OPERATION 

As d iscu ssed in Section 9 . 3 . 3 ,  the following resources will be used by the 
plant dur ing its operation :  

• 

Electr ical power ,  kilowatts 
Diesel fuel , gallons per day 
Gasoline , gallons per day 
Water 

Gallons per day 
Acre-feet per year 

20 , 000 
400 
14 0 

25 , 000 
20 

These modest requirements will not significantly affect the local or re
gional ava ilability of these resources . 

In add ition ,  the transpor tation of waste to the WIPP will use some fuel .  
According to Section 6 . 7 . 3 ,  tr ucks will travel about 280 , 000 miles per year 
and railcars about 400 , 00 0  miles per year in. moving th is wa.g.te.. This trans
portation will use about 100 , 000 gallons of diesel fuel per year • 
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11 . 5  RESCXJRCES USED AT 'lllE IDAHO NATIONAL �GINEERING LABORATORY 

As d iscu ssed in Sections 9 . 8 . 2 . 2  and 9 . 8 . 3 . 2 ,  the follc:Ming re sources w ill 
be used at the Idaho National Eng ineer ing Laboratory ( INEL) in retr iev ing the 
TRU wa ste f rom i ts present storage and prepar ing it for sh ipping to the WIPP ,  
assuming process ing by slagg ing pyrolysis : 

Resource 

Construction per iod 
Pieces of heavy equ ipment 
Diese l fue l ,  gallons 

Operational per iod 
Electr ic ity , 

k ilc:Matt-hours per year 
Diesel f ue l ,  gallons 

per year 
Coal , tons per year 
Wood ch ips , tons per year 

Retr ieval 

9 months 
10 
54 , 0 00  
20 years 

600 , 0 0 0  

88 , 0 0 0  

Proce ssing 

10 years 
30 
36 0 , 000  
10  years 

24 , 000 , 000  

80 , 00 0  
4 , 0 00  
6 , 000  

The use of  these re sources in  I daho will not a ffect the ir local or regional 
ava ilability.  

11 . 6  COMPARI SON OF ALTERNATIVES 

The resources needed are most clear ly de fined for alternative 2 ,  the au
thor ized alternative , becau se it is the only alternative that has been studied 
in deta il and with a spec ific s i te in mi nd .  I r reversible and i r retrievable 
conunitments of resources for the other two ac tion alternatives are similar but 
not identical . 

Land is a resourc e .  Its use for alternative 2 amounts to 224  acres .  This 
is a long-term commitment in the sense that the land occupied by the plant and 
the roads and ra ilroad to it will not return to the cond ition they are in now 
for a very long t ime ( decades) . The amount of land used for alternative 4 
should be about the same . Combining a TRU-waste repos itory with a h igh-level
wa s te repository in alternative 3 would mean an overall decrease in the amount 
of land used of about 40% becau se there would then be one repos itory rather 
than two. 

The quantity of resources used for construction and operation in alte rna
t ive 2 is tabulated in Sections 11 . 3  and 11 . 4 .  The quantity of resour ces used 
for alternative 4 shou ld be abou t the same . The quantity of resources used 
for alternative 3 ,  like that of the land needed , would be decreased for the 
combined repository .  
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The resources used in transpor ting waste to a repository other than one in 
southeastern New Mexico depend on where the repository is . For instance, the 
distance from the INEL to a basalt repository at Hanford is much smaller than 
the d istance to the WIPP, but the d istance to a dome-salt repository in Texas , 
Louisiana ,  or Mississippi is somewhat greater . 

Finally ,  the quantity of resources used to retrieve the waste from storage 
at the INEL and prepare it for shipment to a repository is the same regardless 
of which actiai al ternative is chosen. 
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12 Relation to Land-Use Plans, Policies, and Controls 

12 . l  EXI STING LAND-USE PLANS , POLICI ES ,  AND CONTROLS 

As descr ibed in Sec tion 8 . 1 ,  17 , 200 acres of the site for the author ized 
alternative , the WIPP fac i lity in southeastern New Mexico, are Federal land, 
176 0  acres are State land , and none is pr ivate land . All this land is pres
ently leased for g razing ,  25% is s ubj ect to potash leases,  and 35% is subj ect 
to hydrocarbon lease s ,  with some overlap (Table 8-2 ) . 

There are no State, county , or local land-use policies,  plans , or control s 
on th is land . There is a " State of New Mexico Policy on Nuclear Waste Dispos
al , "  but it does not explic itly refer to the use of the land itself . 

The Federal land is administered by the Bureau of Land Management (BIM) of 
the U . S .  Depar tment of the Inter ior :  the State land is admin iste red by the 
Commiss ioner of Public Lands of the State of New Mexico . Other Federal and 
some State agencies have jur isd iction over cer ta in of the re sources in these 
land s .  These inc lude the U . S .  Geological Survey , wh ich admin isters the devel
O:Elllent of mineral re sources by issuing dr i lling permi ts and approvals for 
exploration and min ing , and the New Mexico Depar tment of Game and Fish , which 
promulgates hunting regulations· for all lands in the State , including Federal 
land s .  

The proposed land-withdrawa l area i s  within the BIM ' s  East Eddy Planning 
Un i t .  The BIM manages land under its control by means of a formal land-use 
plann ing system. For th is planning un it , the BIM has completed a Un it Re
source Analysis , wh ich identifies inventor ies , problems , cond itions , use , and 
management potent ials . Th is information is be ing used to develop a Management 
Framewor k Plan (MFP) ind icating dec isions on the coord inated management of 
re sources and broad-based func tional gu idelines for the entire planning un it . 
The tentative MFP gu idelines state that the BIM will 

1 .  Encourage explorat ion for oil and gas and for potash . 

2 .  Re str ict or control other sur face u ses that ccxiflict with oil  and ga s 
or potash development . 

3 .  Manage in tensively for recreational uses . 

4 .  Encourage livestock use and management ,  developing Allotment Manage
men� Plans (AMPs) for the un it.  ( The James Ranch , encompa ssing the 
sou thern 65% of the proposed withdrawal area , is already party to an 
AMP : the Crawford Ranch is not . ) 

The National Histor ic Pre servation Act of 1966 (16 USC Section 470-70n) , 
Execut ive Order No. 1159 3  (Federal Register , Vol .  36 , p .  8921,  1971 ) , and Pub
lic Law 93-291 (May 24 , 197 4 )  are related to the preservation of cultura l ,  
h i stor ic ,  ar chaeological , and ar ch i tectural resources . There will be no con
flict with these requirements , because all construction and other activit ies 
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that will disturb the surface are preceded by archaeological surveys that 
guide the preservatiai of these resources.  

As stated in deta il in Chapter 14 , the activities of the WIPP project wi ll 
comply with all applicable Federal , State, and local requi rements for protect
ing the environment.  

12 . 2  COMPATIBILITY OF '!HE WIPP PROJFX:T WITH EXISTING LAND-USE PLANS 

The BIM policies and plans encou rage exploration for hydrocarbons and 
potash and also encourage recreation and well-managed grazing to the extent 
that they do not caiflict with mineral exploration. 

Section 9 .2 . 3 describes the oil and gas resources of the WIPP site and the 
extent to which the author ized alternative caiflicts with their exploration. 
It is clear that the withdrawal of the Los Medanos site from mineral explora
tiai and development is incompatible with the goal of encouraging exploration 
for oil and gas .  However , the existence of the WIPP does not necessar ily 
preclude access to these resources permanently . The OOE may allow dr illing 
for natural gas in control zone IV. Reserves in the inner control zones may 
eventually become ava ilable for exploitation through the use of such tech
niques as slant-hole dr illing from control zone IV or by a future relaxation 
of the controls now thought prudent for the area. 

The potash resources and the extent of conflict with them are also de
scr ibed in Section 9 . 2 . 3 .  The WIPP proj ect caiflicts with the -BIM ' s  goal of 
encouraging the exploration of these resources . It is possible , however , that 
mining of the potash , which is 300 feet above the waste-emplacement level , 
will eventually be found compatible with the WIPP proj ect.  

Because of  site-exploration e ffor ts , the road network in  the area has 
already been expanded from about 8 mi les of low-quality road by adding 30  
miles of new caliche-surf aced road. The new roads are already allowing more 
recreational use , princ ipally for hunting . In this respec t ,  therefore ,  the 
WI PP proj ect is compatible with BIM plans to encourage recreation.  

Cattle grazing is rx>w permitted by the BIM at an estimated six head per 
square mile ai the Federal lands within the WI PP site .  The u . s .  Department of 
Energy (OOE) intends to allow graz ing to continue at this stocking rate (or to 
adjust to BIM future practices) except for 670 acres devoted solely to the 
plant and an additional 390 acres required dur ing construction. In this re
spect ,  the WIPP proj ect is s lightly incompatible with BIM plans for graz ing . 

12 . 3  COMPARISON OF ALTERNATIVES 

In the lack of specific si tes for use in alternatives 3 and 4 ,  li ttle can 
be said about the extent to which those alternatives will or will not be com
patible with existing land-use plans , policies,  and controls. 
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At th is time the Hanford Site in the State of Wa sh ington and the Nevada 
Test S i te are be ing considered as areas that might conta in acceptable sites  
for high-leve l-waste repos itor ies . At these, two places , the que st ion of  land
use policy has already been decided :  the land is to be used for DOE purposes .  
Thu s the use of e ither place would be compat ible with existing land-use plans , 
policies,  and controls .  

Salt domes are be ing invest igated in Texas , Lou is iana , and Mississipp i .  
The land there i s  u s ed  much more intensively than the land i n  southeastern New 
Mexico , for the most par t  for farming and forestry . The use of land in these 
sta tes could therefore be much le ss compatible with ex isting land-use plans , 
polic ies , and controls than the use of land in New Mexico. 
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13 Relationship Between Short-Term Uses and Long-Term Productivity 

The WIPP will potentially provide a repository for isolating transuranic 
wastes f rom the biosphere for thousands of year s .  As such , it will a fford 
long-term protec tion to the public from the radioactivity conta ined in trans
uranic waste generated in national defense prog rams . In the short term, the 
WIPP will offer an oppor tunity for exper iments related to the d isposal of 
h igh-level radioac tive waste : the k nowledge and exper ience ga ined from th is 
oppor tunity will advance the state of the ar t of wa ste disposal in bedded 
sal t .  These missions s upport national defense and energy policies ( IRG ,  1979 : 
OSTP, 1978 ) • 

Use of the Los Medanos site in southeastern New Mexico for a transuranic
waste reposi tory would h i nder bhe extraction of mineral re sour ce s .  The types 
and quantities of these resources are discu ssed in Section 9 . 2 . 3  in the con
text of regional and national reserves . The under lying natural gas can be 
recovered by ver tical and deviated dr illing in control zone IV. It may 
eventually be poss ible to extract over lying potash minerals ,  but since studies 
of this prospec t have not been completed,  the recovery of these minerals 
cannot be a ssured. 

Approximately 224 acres of land that is currently rangeland and wildli fe 
habitat w ill be used for sur face faci lities , road s ,  a ra ilroad ,  and the mined
rock pile. After decommission ing , wh ich may take place severa l decades after 
the fac i lity is bu ilt ,  most of th is area will be graded to help it return to 
its natural state . However , the time required for the disturbed area to re
cover is expec ted to be several decade s .  

The impac ts on long-term productivity o f  the other two act ion alternatives 
would depend on the s ite that is chosen . At Hanford and the Nevada Te st S i te 
the land is not farmed or gra zed by domestic animals.  Areas being considered 
for bedded-salt repositor ies are in ar id regions generally u sed for grazing . 
Land in the southeastern Un ited States  is often considerably more productive 
than land in the West . A dome-salt repository would d i sturb less land than a 
basalt or granite repos itory and as much land as a shale repos itory (DOE, 
1 9 79 , p .  3 . 1 . 107 ) . However ,  the land in areas  considered for a dome-salt re
pos itory is more intensively used . Thus ,  the net impact on productiv ity of a 
dome-salt repository could be g reater than that of a reposi tory in the other 
med ia. Impac ts on long-term productivity will be examined in other env iron
mental documents if al ternative 3 or 4 is selec ted. 
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14 Enyironmental Permits, Approvals, Consultations, and Compliances 

14 . 1  INTRODUCTION 

Th is chapter examine s the permits , cer tif ications , license s ,  and other 
aA;)rovals that may be requ i red by the Federal Government or by the State of 
New Mexico for the waste Isolation Pilot Plant (WIPP ) . The emphasis is on the 
envi raunental-quality-control requi rements of laws and regulations in the areas 
of a ir quality, water quality , the disposal of solid and hazardous wa ste s ,  the 
p rotection of cr itical wildlife hab itats , and the preservation of cultural 
re source s .  

The health and safety aspec ts of the handling of radioactive mate r ials , the 
transport of radioactive mater ial s ,  and a s sociated activities governed by the 
Atomic Energy Act of 1954 as amended (40  USC 2011 et seq . )  and re lated leg isla
tion are outside the scope of th is chapter and are covered elsewhere in th is 
document.  However ,  the radiation-protec tion requirements of the State of New 
Mexico are d is cu ssed here.  

This discu ss ion does not expli citly address the environmenta l permit re
qui rements for the rema ining two ac tion alternative s .  The Federal permit re
quirements would be near ly identical in any case , except that the repos itory 
constr uc ted under alternative 3 would be licensed by the U . S .  Nuclear Regula
tory Commission .  The spec if ic state permi t requirements would vary, depend ing 
on the location of the site .  The environmental documentation for alternative 
3 would be prepared in accordance with the strategy set forth in the U. S .  
Depar tment of Energy (DOE) statement o f  position on the Nuclear Regulatory 
Commission ' s  Proposed Rulemaking on the Storage and Disposal of Nuclear Wa ste 
( DOE ,  1 980 ) . 

The leg is lative and regulatory requirements directed at protecting the 
qua lity of the envi ronment a lmost always addre ss particular components of the 
env ironmen t:  a ir , water , land , wildli fe,  and the li ke.  A number of actions 
attendant on the WI PP proj ect are governed by more than one set of regula
tion s .  For example , a sanitary landfill or a mined-rock pile must meet cer
tain requi rements of the Re sources Conservation and Recovery Act ,  the Clean 
Water Act, the Clean Air Ac t, the Endangered Spec ies Act, and the Histor ic 
Preservation Ac t ,  among other s ,  at the Fede ral level . There are often paral
lel requirements at the State level .  

The DO E ,  a s  a Federa l agency , i s  required to comply with a number of en
vir aunental requi rements under var ious Federal laws . The Federal requi rements 
include , but are not limited to , those under the seven laws and one executive 
order d iscu ssed next.  

National Env ironmenta l Policy Act (NEPA) (42  USC 4321 et seq. ) ,  This Ac t 
requi res " a ll ag encies of the Federal Government" to prepare a deta iled state
ment on the environmenta l effects of proposed "major Federa1. ·ac tions signifi
cantly a ff ecting the quality of the human environment . "  In compliance with 
NEPA , the DOE fi led with the Env ironmental Protection Agency ( EPA) and cir
culated to the public in Apr il 1979 a draft environmental impact statement 
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(DEIS) on the Waste Isolation Pilot Plant. It is now filing and circulating a 
final envi raunental impact statement (FEIS) for th is proposed Federal action. 
The ·draft statement was issued before the Council on Environmental Quality 
(CEQ) Regulations on Implementing National Environmental Policy Act Procedures 
(40 CPR 1500-1508 ) became effective on July JO , 1979 . Therefore,  the DEIS wa s  

prepared, submitted, and circulated i n  compliance with the preceding CEQ 
guidelines as implemented by regulations issued by the Energy Research and 
Developnent Admin istration, the predecessor of the DOE ( 10 CFR 7 ll ) . The FEIS 
complies with the present CBQ regulations to the extent practicable . 

Executive Order 12088 (October 13 , 1978) . This Executive Order of the 
President of the United States requires every Federal agency to comply with 
applicable pollution-control standards established by, but not limited to, the 
following Federal laws : 

• Toxic Substances Control Act (15 use 2601 et seq. ) 

• Federal Water Pollution Control Act ( 33 use 1251 et seq. ) 

• Public Health Service Act, as amended by the Safe Dr inking Water Act 
( 42 USC JOO (f)  et seq . ) 

• Clean Air Act ( 42 USC 7401 et seq. ) 

• Noise Control Act ( 42 USC 4901 et seq. ) 

• solid waste Disposal Act (42 use 6901 et seq. )  

The Executive Order also requires Federal compliance with Section 2174 (h) of 
the Atomic Energy Act of 1954 (42 use 202l (h) ) .  

Enviraunental Quality Improvement Act ( 42 USC 4371 ) . The pr imary purpose 
of this Act is to author ize an Office of Env ironmental Quality to staff the 
Council on Enviraunental Quality (CEQ) • Another purpose of the Act is • to 
assure that each Federal Department and Agency conducting or suppor ting public 
wor ks activities which affect the environment shall implement the policies 
established under an existing law . • 

Clean Air Act (42 USC 7401 et seq. ) as amended by the Clean Ai r Act Amend
ments of 1977 (PL 9 5-95) . Section 118 provides for the control of a ir pollu
tion by Federal facilities. It requires that each Federal agency , such as the 
DOE, having j ur isdiction over any property or fac i lity that may result in the 
discharge of air pollutants , comply with •all Federal , State , interstate , and 
local requirements• with regard to the control and abatement of air pollu
tion .  Th e  DOE intends to CXllllPlY with all such requirements and will no t  seek 
any exemptions that otherwise might be granted. 

Federal Water Pollution Control Act, as amended by the Clean Water Act of 
1977 (33  USC 1251 et seg. ) .  Section 3 13 governs the control of water pollu
tion from Federal fac ilities. Like Section 118 of the Clean Air Act,  it re
qui res all branches of the Federal Government engaged in any activity that may 
result in a discharge or: runoff of pollutants , defined to exclude mater ials 
regulated under the Atomic Energy Act of 1954 , to comply with Federal , State , 
interstate ,  and local requirements . 
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Resource Conservation and Recovery Act of 1976 (42 USC 3251 et seq. ) . 
Th is Act governs the d isposal of solid and hazardous wastes . It does not 
apply to any activity or substance that is regulated by the Atomic Energy Act 
of 1954 ( 42 USC 2011 et seq . ) .  In other words,  the d isposal of radioactive 
waste is governed not by th is leg islation but by the Atomic Energy Act. Since 
there are no plans to treat, store,  and d ispose of hazardous waste (as will be 
defined by EPA regulations scheduled for mid-1980 )  at the WIPP ,  Subchapter C 
(Hazardous Wa ste Management) will not apply to the proj ect. However , the DOE 

will comply with the solid-waste-disposal requirements of Pederal ,  State , and 
local agencies . 

Noise Control Act of 1972 (42 USC 4901 et seq. ) . Section 4 of this Act 
directs all Federal agencies " to  the fullest extent within the ir author ity" to 
carry out programs with in the ir j ur isdiction in a manner that furthers a na
tional policy of promoting an enviraunent free from no ise that j eopardizes 
health or welfare . The DOE will comply with such requirements to the fullest 
extent possible . 

Endangered Spec ies Act of 1973 (16 USC 15 31 et seq. ) . Action has been 
tak en by the OOE to comply with th is law by insur ing that any action pertain
ing to the WIPP will not jeopard ize the continued existence of any threatened 
or endangered species or their  habitats .  

The DOE will comply with the applicable State environmental-control re
qui rements whether or not it is specifically directed to comply under Federal 
leg is lation . 

In order to determine the environmental requirements with wh ich the WIPP 
proj ect must comply , representatives of the following Federal and New Mexico 
State agenc ies were interviewed in person or by telephone in May and June of 
1979 : 

Federa l 

Bureau of Land Management 
Environmental Protec tion Agency (Regions VI and VIII)  
F ish and Wildlife Service 
Her itage Conservation and Recreation Service 
Advisory Council on Histor ic Preservation 

State 

Depar tment of Energy and Minerals 
Depar bnent of Game and Fish 
Depar tment of Natura l Resources 
Environmental Improvement Divis ion ,  Depar tment of Health and Environment 
New Mexico Her i tage Prog ram 
New Mexico Histor ic Preservation Program 
Office of State Attorney General 
Office of State Eng ineer 
State Inspec tor of Mines 
State Land Conunission 

The sections that follow sununar ize the Federal and New Mexico requirements with 
whi ch the WI PP proj ect will comply where the requi rement is applicable to ac
tions being undertaken by the project.  
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14 . 2  FEDERAL AND STATE PERMITS AND APPROVALS 

14 . 2 . 1 H istor ic Preservation 

No particular permits , certifications , or approvals are required relative 
to histor ic preservation.  However , the DOE must provide an opportunity for 
c0111Dent and consultation with the Advisory Counc il on Histor ic Preservation as 
required by the H istor ic Preservation Act of 1966 ( 16 USC 470 (f )  et seq. ) .  
Section 106 of the Act requires Federal agencies with j ur isdiction over a 
Federal • undertaking• to provide the Council an opportunity to conment on the 
effect that activity might have on properties included in , or eligible for nom
ination to, the National Register of Histor ic Places . 

Executive Order 1159 3  of May 13 , 1971 ,  requires Federal agencies to locate , 
inventory , and nominate properties under the ir j ur isd iction or control to the 
National Register if the properties qualify.  Until this process is complete , 
the agency must provide the Advisory Council an opportunity to conment on the 
possible impacts of proposed ac tivities on eligible properties . 

The DOE is complying with the requirements of the National Histor ic Pres
ervation Act. As a result , the New Mexico State Histor ic Preservation Offi
cer at Apr il 28 , 1978 , reconmended to the Her itage Conservation and Recreation 
Service of the Department of the Inter ior that the central 4 square miles of 
the WIPP site with the 33 archaeological sites then k nown be considered eligi
ble for nomination to the National Reg ister as an "archaeological distr ict. • 
On May 24 , 1978 , the Secretary of the Inter ior determined that these 4 square 
miles were eligible for nomination to the National Reg ister . (The correspon
dence is reproduced in Append ix I . ) Thus the DOB is within the purview of 
recent regulations on the protection of histor ic and cultural properties (36  
CFR 800 1 Federal Re_gister , VO! . 44 , p.  6 068 , January 30 , 1979 ) . Under the 
regulations , the DOE will be required to determine any possible adverse ef
fects on the archaeological sites that are elig ible for nomination to the Na
tional Reg ister . The DOB will also continue to consult with the ·state Histor
ic Preservation Officer and the Advi sory Council in order to reach agreement 
on the measures to be employed to avoid, mitigate , or minimize any such poss i
ble adverse e ffects . For the site and preliminary-design validation (SPDV) 
phase of the WIPP project, the DOE has submitted detailed plans for mitigating 
impacts at archaeological sites . The New Mexico State H istor ic Preservation 
Officer has agreed that these procedures •are adequate to mitigate direct and 
indirect adverse effects • • •  on sign ificant cultural resources . •  (See let
ters of April 10 , and May 8 ,  198 0 , in Appendix I . )  Later submittals will be 
made for the total WIPP fac ility .  

14 . 2 . 2  Hazardous-Waste Disposal 

Subchapter C of the Resource Conservation and Recovery Act (RCRA) of 1976 , 
c ited above, provides for hazardous-waste management.  As already pointed out ,  
radioactive-waste _management i s  governed by the Atomic Energy Ac t  and the re
lated regulatory framework� 
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The de finit ion of a ( nonrad ioactive) hazardous waste under the RCRA is as 
fo llows : 

The te rm "hazardous waste" means a solid waste , or combination 
of so lid waste ,  wh ich because of its quantity ,  concentration, 
or physica l ,  chemical ,  or infec tious characte r istics may--

(A) cause,  or s ign ificant ly contr ibu te to an increase in mor
ta lity or an increase in ser ious irreversible , or incapa
c itating reversible illne ss �  or 

(B} pose a substantial present or potential hazard to human 
health or the environment when improper ly treated , stored , 
transpor ted , or disposed of , or otherwise managed . 

The EPA published guide lines and regulations for the d isposal of hazardous 
wastes ( 40 CFR 250 ) in the Federal Reg ister on May 19 , 198 0 .  It has not been 
absolutely determined f rom the regulations whether the proposed mined- rock 
p ile might be considered a hazardous waste under some condit ions . Accord ing 
to EPA ' s  cr iter ia for what const itu tes a hazardous wa ste , th is is un likely.  

If any d isposal of solid waste or mining waste in the WIPP qualif ies as a 
" hazardous waste management ac tivity , "  the DOE will comply fully with the 
regulations promulgated by the EPA . 

New Mexico enac ted a Hazardous Waste Act ( Sec tions 7 4- 4-12 to 7 4-14-12 ,  
NMSA, 1978)  and adopted hazardous-wa ste regulations in 1977 . "Hazardous waste• 
is defined by the Sta te as follows : 

Sulfur ic ac id or any mixture conta ining sulfur ic ac id or any 
chemical intended for d isposal which is corros ive to l iving t i ss ue ,  
toxic , sub j ec t  to bioconcen tration i n  biolog iea1 systems , carcino
g eni c ,  te ratog en ic , mutag en ic ,  and which is l isted in Section 102 of 
these regulat ions , or any chemical wh ich may inj ure human health or 
property as a proximate result of d isposal because of its quantity , 
concentration or chemical character istic s .  

The term " hazardous waste• does not i nclude any rad ioactive 
components of any substance . ( &nphasis added . )  

The New Mexico Act does not apply to rad ioac tive wa ste , mine-processing 
waste , or mi ll-processing waste , nor does it apply to any noncommercial d is
posal of any hazardous wa ste. 

At pre sent , it appears that there is only a slight poss ibility that any of 
the WI PP ac tivities would be s ubj ect to e ither Federal or State regulations on 
hazardous-waste d isposal .  This will be clar ified when the EPA issues its 
final guide lines and regulations . 
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14 . 2 . 3  Endangered Species 

The Endangered Spec ies Act does not require a permi t ,  cer t if ication , li 
cense, or other formal approval . What it ddes requ i re is a " Sec tion 7 consul
tation . • Section 7 of the 1978 Amendments to the Act requires the following : 

All • • •  federal agencies shall , in consultation with and with the 
ass istance of the Secretary,  utilize the ir author it ies in fur therance 
of the purposes of th is Act by carrying out prog rams for the conser
vation of endangered spec ies and threatened spec ies .  • • •  Each fed
eral agency shall , in consul tation with and with assistance of the 
Secretary, insure that any ac tion au thor i z ed ,  funded , or carr ied out 
by s uch agency • • •  does not j eopardize the continued existence of any 
endangered spec ies or threatened spec ies or result in the destruction 
or adverse mod ificatia'l of habitat of s uch spec ies wh ich is deter
mined by the Secretary , after consultat ion as appropr iate with the 
affected State s ,  to be cr itical . • • • ( Empha s is added . )  

In order to comply with the Sec tion 7 consultation requirements , the DOE 
has a sked the U . S .  F ish and Wildlife Service for a list of endangered and 
threatened spec ies so that it can be determined whether such spec ies are known 
to have a cr itical habitat on or in the vicinity of the WI PP site .  Five spe
c ies have been identified as poss ibilit ies : two bird s ,  a ferret,  a fish , and a 
cactu s .  (See letter dated November 15 , 1979 , in Append ix I . )  A biological 
assessment of impacts on these spec ies has been prepared ; it has been deter
mined that none have the necessary habitat near the site .  

The State o f  New Mexico has a "cooperative agreement" with the U. S .  Fish 
and Wildl ife Service that author izes the State to a ssume management responsi
bilities for endangered spec ies on the " Federal list . "  In addition , the New 
Mexico Wildlife Conservation Act of 1974 (Sections 17-2- 37 through 17-2-46 , 
NMSA , 197 8 )  empower s  the State Game and Fish Commiss ion to draw up a State 
l ist of endangered species with appropr iate regulations . 

The New Mexico Her itage Prog ram was started several years ago as an off ice 
with in the Game and F ish Depar tment . A major function of the Her i tage Section 
is to mainta in an up-to-date compute r ized listing of rare and endangered spe
cies of an imals on a county-by-county basis.  The Her i tage Section has been 
consulted with regard to rare and endangered animals or plants on the New Mex
ico l ist that may be k nown to have a cr itical habitat on or near the site .  
Although there have been sighting s  of several rare or endangered bird and 
an imal spec ies al or near the s ite ,  the s ightings e ither were before 1960 or , 
i f  later than 196 0 , are unve r if i ed  records.  

Consul tatial on poss ible rare or endangered spec ies is  continuing with 
both the U . S .  Fish and Wildlife Service and the New Mexico Her itage Program. 

14 . 2 .4 Righ ts-of-Way 

As discussed in Chapter 8 ,  the WIPP s ite would occupy 18 , 960  acres .  Ap
prox ima tely 17 , 200  acres of the land to be used a re cur rently under the j ur is
diction of the Bureau of Land Management (BLM) ; 176 0 acres are State land s .  
Right-of-way permits must be obta i ned f rom the BLM fo= any r ights-of-way re-
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quired before the actual withdrawal and for any needed r ights-of-way on BLM 
land outside the boundar ies of the site. 

Title V of the Federal Land Policy and Management Act of 1976 (43 USC 176 1 
et seq. ) governs r ights-of-way for pr ivate and governmental entities across , 
under , or over BLM lands.  Right-of-way permits would be needed for pipelines , 
elec tr ic transmissial lines,  telephone lines, and access roads.  The regula
tions per ta ining to r ights-of-way are conta ined in 43 CFR 2800 . 

The IX>E is also consulting closely with the BJ:ltt on other aspects of the 
WIPP project and its potential environmental consequences . 

14 . 2 . S  Water Quality 

Sec tion 402  of the Clean Water Act is the basis for regulations control
ling d ischarges of pollutants into navigable waters of the Un ited State s :  the 
National Pollutant Discharge Elimination System (NPDES) . The discharges regu
lated by the NPDES are those descr ibed as point sour ces . 

There will be no discharges from point sources into navigable waters under 
any of the defin itions of that term. It is highly improbable that any d is
charge could result from a 10-year-recurrence ra in. If such a possibility 
ex ists , then "best management practices" will be employed to eliminate such a 
possibility. 

Consultation with respect to any possible need for an NPDF.S permit will 
continue with Reg ion VI of the EPA. 

Water quality in New Mexico is regulated by the Water Quality Divis ion of 
the Envi raunental Improvement Div ision with in the Department of Health and 
Environment.  The author ity for the regulatory program is conta ined in the New 
Mexico Water Quality Act (Sections 74-6-1 to 74-6-4 , 74-6-6 to 74-6-13 , NMSA, 
1978 )  and the Water Quality Control Commission Regulations,  as amended in 1977 . 

The regulations requi re a Notice of Intent to D ischarge to be filed with 
the Water Quality Division.  The notice would apply to any quantity of a dis
charge unless it is from a sewage system rece iving 2000 gallons or less of 
liquid wastes per day . A d ischarge plan must be prepared and approved if the 
d ischarge may move directly or indi rectly into groundwater . Thus , the pr i nci
pal test is the effec t of the discharge on groundwate r .  

A Notice of Intent to Discharge a nd  add itional information have been filed 
with the State to cover the WIPP SPDV prog ram. Later submittals will be made 
for the complete WIPP repository. The Water Quality Division will be con
sulted to clar ify all necessary compliances . 

14 . 2 . 6  Air Quality 

The purpose of the EPA regulations for the prevention of significant deter
ioration ( PSD) is to protect the clean-a ir areas of the nation from the deg ra
dation of air quality. The PSD requirements are based on the 1977 Amendments 
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to the Clean Air Act. The Act establishes a class ification system for areas 
where air  qua lity is better than that required by the national ambient a ir
quality standards and limi ts the permitted incremental increases in pollutant 
concentrations . 

In regard to the WIPP , the only regulated pollutant that could be of con
cern with respect to PSD requi rements is total suspended particulates (TSP) . 
However , the potential emissions of particulates from the WIPP are estimated 
at about 100 tons per year (Section 8 . 7 . 5 ) . Thus the WIPP would not qualify 
as a "major stationary source• for which a PSD permit would be required. 

Not all of the WIPP site is a cl�an-air area with respect to total sus
pended par ticulates.  A por tion of Air Quality Control Region 155 ,  which in
tersects the WIPP site, has been designated by the state as a nonattainment 
area for particulates ;  that is , the particulate concentrations in this area 
are believed to exceed the national ambient a ir-quality standards .  Th is des
ignation was approved by EPA Region VI .  

Information has been submitted to the State to establish that the WIPP 
site is not itse lf in a nonatta inment area for TSP. Even if it should be de
termined, as is likely ,  that the WIPP proj ect will be exempt from a PSD per
mit ,  the DOE is conmitted to employ the best ava ilable control technology for 
salt mining and storage so that it will not violate e ither the Class I or the 
Class II increment for par ticulates.  

New sources of air pollution are governed by the New Mexico Air Quality 
Control Act (Sections 64-2-1 to 74-2-17 NMSA, 1978)  and the New Mexico Ai r 
Quality Control Regulation 100 , as amended . A New Source Permit must be ob
tai ned if it is demonstrated that a fac ility will emit an air contaminant 
that,  lll'lcontrolled,.  would result in emissions greater than 10 pounds per hour 
or 25 tons per year . Under the regulations , "air contaminant• i ncludes par
ticulate matter , dust , fumes , and radioact.ive mater ial . 

Under the 1979 amendments to the New Mexico Air Quality Control Act,  a 
source that would require a permit is any air-contaminant-emitting structure , 
building , equipnent, installation, operation ,  or combination thereof . The 
proposed construction of two shafts and an lll'lderground exper imental facility 
(the SPDV program d iscussed in Section 8 . 2 . 1) qualifies as such a source , as 
hourly or annual par ticulate emissions would exceed the amount specified. A 
permit application has been filed with the state to cover the SPDV program . A 
later application will be filed to cover the total facility . 

14 . 2 . 7  Radiation Protection 

The Ne.J Mexico Radiation Protection Act (Sections 74-3-1 to 74-3-16 , NMSA ,  
1 978 ) is  not a imed at d isposal fac ilities for transuranic waste . Instead, the 
Act is intended to apply to the use and licensing of x-ray-generating devices, 
laboratories , medical fac i lities , pharmacies ,  industr ial radiography , and well 
logg ing . The Act also includes uranium-mill licensing , since New Mexico is an 
Agreement State under Section 274 of the Atomic Energy Act of 1954 . 
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As a disposal site for rad ioactive waste generated in national defense 
prog rams , the WI PP is exempt under Section 12-9-8 , wh ich provides--

The Rad iation Protec tion Act shall not apply to the transpor tation 
of any radioactive mater ial in conformity with regulations of the 
Depar tment of Transpor tation or other agency of the federal govern
ment having jur isd iction ,  or to any mater ial or equ ipment owned by 
the United States and be ing used , stored or transpor ted by or for the 
Un ited States or any department, agency or instr umentality thereof , 
except to the extent required or permitted by the author ity and con
trol of such mater ials or equ ipment . 

The Rad ioactive Waste Consultation Act (Chapter 377 , Laws of 1979 )  was enacted 
at the fir st session of the New Mexico 1979 leg islature . The Act establishe s 
a Rad ioactive Waste Consultation Task Force and a jo int inte r im leg islative 
committee k nown as the Radioac tive Waste Consultation Committee . The Act 
exempts weapons-grade mater ial and other radioactive mater ial that is inc i
dental to re search under the exclu s ive control of the Uni ted State s .  

However , the Rad ioac tive Wa ste Consultation Task Force is empowered to 
negotiate for the State with the Federal Government in all areas relating to 
the sit ing , licensing , and operation of new Federa l disposal facilities for 
h igh-level rad ioac tive wa ste , transuran ic waste ,  or low-level waste .  

The 1979 sess ion of the New Mexico leg islature also enacted the Nuclear 
Waste Transport Act (Chapter 377 , Laws of 1979 ) , which preempts local govern
ments in New Mexico from pre scr ibing cond itions for the transportation of 
radioactive wa ste on h ighways by g iving exclu s ive jur isd iction to the Environ
mental Improvement Board . The Act spec ifically exempts "weapons grade mater ial 
which is under exclus ive control of the Un ited States . "  

14 . 3  CONSULTATIONS 

In add ition to the regulatory agencies listed in Section 14 . 1 ,  the DOE 
has contac ted the following agenc ies in developing var ious por tions of the 
envi ronmental impact statement : 

New Mexico Highway Department 
Federal Aviation Admin istration 
U . S .  Depar tment of Agr iculture , Soil Conservation Service 
U . S .  Geolog ical Survey 
U . S .  Army Cor ps of Eng ineers 
Car lsbad , New Mexico, mun ic ipal author ities 
F.ddy County , New Mexico , au thor ities 
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The DOE has also consulted the following agenc ies, organizations , and 
officials about the construction and operation of the WIPP and its implica
tions on the development of the area : 

Organization or offic ial 

Amer ican Assoc iation of State Geologists and the 
Geological Review Group, U . S .  Geological Survey 

Toney Anaya , former New Mexico Attorney General 
Jerry Apodaca, former New Mexico Governor 
Cali fornia Energy Resources Conservation 

and Development Conunission 
Pete Domen ic! ,  U. S .  Senator , and staff 
Robert Ferguson, former New Mexico Lt. Governor 
Walter Gerrels , Mayor of car lsbad 
Br uce King ( now Governor of New Mexico) 
National Academy of Sciences 
New Mexico Advisory Committee on the WIPP 
New Mexico Energy Resources Board 
New Mexico Governor ' s  Technical Excellence 

Conmittee--Subcommittee on Radioactive Wastes 
New Mexico Leg islative Committee on Energy 
New Mexico Senate Conservation Committee 
Harr ison Schmitt, U. S .  Senator , and staff 
Southeastern New Mexico Economic Development 

Division 
U . S .  Department of Justice 
U . S .  General Accounting Office 
U. S .  Nuclear Regulatory Commiss ion 
U. S .  Office of Management and Budget 
U. S ;  Office of Science and Technology Policy 
Utilities waste Management Group 

In addition , a Federal-State-Local Review Group has been established and 
has met numerous times . This g roup consists of representatives of the fol
lowing : 

Federal Agencies 

Army Corps of Engineers 
Bureau of Land Management 
Bureau of Mines 
Department of the Inter ior 
Enviraunental Protection Agency 
Federal Aviation Administration 
Federal Energy Admin istration 
Federal Highway Admi nistration 
Federal Ra ilroad Admin istration 

Fish and Wildlife Service 
Geological Survey 
Mine safety and Health Administration 
National Park Service 
Nuclear Regulatory Commission 
Occupational safety and Health 

Administration 
Soil Conservation Service 
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State of New Mexico 

Department of Health and Social 
Services 

Off ice of the State Geolog ist 
Oil and Gas Conservation Cormniss ion 
State Engineer ' s  Office Energy Re sources Board 

Env ironmental Improvement 
Agency 

New Mexico Energy Institute 

State Highway Department 
State Planning Off ice 

State of Texas 

Governor ' s  Ener gy Advisory Counc il  
Rad iation Control Agency 

Eddy County 

Eddy County Commission 
State Senator from Eddy County , Joseph Gant 

C ity of Car lsbad 

Depar tment of Development 

Other 

Weste rn Inter state Nuclear Board 

The DOE has prov ided $ 2 . 6 million to the State of New Mex ico for the En
vironmental Evaluation Group ( BEX; ) to per form an i ndependent techn ical review 
of the WIPP for the State of New Mexico . The group is study ing health , safe
ty , and environmental impac ts , as we ll as mitigation methods . It is repor t ing 
its find ing s to the New Mexico Env ironmenta l Improvement Division , the Secre
tary of Health and Environment ,  the Gover nor , and the DOE. The State will use 
the E:EX; ' s  find ing s as a major por tion of its input to the State consultation 
and cooperation process and to guide i ts own j udgment of the overall mer its 
and desirability of the WIPP . 

14 . 4  PUBLIC PARTIC IPATION 

The WIPP dec isionmak ing process has provided a number of oppor tunities 
for public comment and pub lic involvement . The draft environmental impact 
statement of Apr il 1979 was made available to numerous  ind iv iduals and pr ivate 
organ izations that requested an oppor tun ity to comment on the sta tement . 
Notices of the ava ilability of the statement were published in English and 
Span ish , and spec ial e ffor ts were made to notify i nd ividuals and organizations 
who , by the ir demonstrated interest or activity , could be expected to be in
terested in the WI PP .  The t ime p rovided for comment on the draft statement 
was extended to 141 day s .  
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Six public hear ings on the proposal were held in Idaho, New Mexico, and 
Texas as  follows : 

Lcx:ation 

Idaho Falls , Idaho 
Albuquerque , New Mexico 
Car lsbad , New Mexico 
Odessa , Texas 
Hobbs , New Mexico 
Santa Fe, New Mexico 

Date 

June 5 ,  1979 
June 7 and 8 ,  1979 
.June 19 , 1979 
October 1 ,  1979 
October 2, 1979 
October 5 ,  1979 

At these hear ings,  167 per sons presented oral statements . In add ition,  97 let
ters were received as part  of the record of public conunent. 

Chapter 15, " Public and Agency CoI!lllents , •  suI!lllar izes the issues ra ised in 
the C'Onanents received--whether in wr iting or in ora l  statements--from Federal ,  
State, a nd  local agencies a nd  from the public.  I t  also tells h ow  th is final 
environmental impact statement has been revised in response to these comments . 
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--------------

1 5  Public and Agency Comments 

Th is chapter d iscu sses the substantive comments made by pr ivate citizens 
and government reviewers on the WIPP draft environmental impact statement 
(DEIS) .  It al so provides the dec isiaunakers with the information they need to 
consider responsible oppos ing viewpoints. 

Comnents on the DEIS were obtained from the public , c itizens groups , and 
9overnment agenc ies dur ing 7 days of public hear ings  and a 14 1-day* wr itten
oomnent per iod. Public hear ings were held in Idaho Falls , Idaho7 Albuquerque 
( two days) , Santa Fe , Car lsbad , and Hobbs , New Mexico 7 and Odessa , Texas. A 
total of 167 per sons presented oral statements on the WIPP proj ec t .  Ninety
three letters , several longer than SO pages,  were received dur ing the wr itten
oomnent per iod .  Table 15-1 (page 15-65) lists the per sons who presented oral 
statements at the public hear ing s ,  and Table 15-2 (page 15- 7 0 )  lists the per
sons , groups , and agencies that submitted wr itten comments . 

Var ious agenc ies of the New Mexico State government,  particularly the 
Envi raunental Evaluation Group ( EEX; ) , provided comprehensive reviews of the 
DEIS.  The m:x; ,  funded by the U . S .  Department of Energy (DOE) , is part of the 
Envi raunental Improvement Division of the New Mexico Department of Health and 
Environment--the agency charged with the pr imary responsibility of protecting 
the health of the citizens of New Mexico . The mission of the EEX3 is to con
duc t  an independent technical evaluation of the potential effects of the WIPP 
repository on public health and safety. 

The Hear ing s Panel** at the last three public hear ing s held in Odessa,  
Hobbs , and Santa Fe submitted a report descr ibing significant issues ra ised at 
those hear ing s .  The panel commented on the major problem areas in the DEI S ,  
sumnar ized issues ra ised a t  the hear ings , and made some substantive sugges
tions . Th is repor t has been inc luded in the discuss ions in th is chapter and 
is reproduced in full in Append ix Q.  

*The DOE notice of ava ilability of the DEIS was published in  the Federal 
Register on Apr il 18 , 1 9 79 (Vol . 44 , p .  23117 ) . Th is not ice allowed a 79-day 
wr itten-comment per iod ( through July 6 ,  1979 ) . On July 2 ,  1979 , the DOE pub
lished a supplemental notice that the wr itten-comment per iod was extended to 
September 6 ,  1979 (Federal Register , Vol .  44 , p. 38620 ) for a total of 14 1 
days . However ,  all wr itten comments rece ived through the end of the public 
hear ings (October S ,  1979 ) were considered in this final env ironmental impac t 
statement (FEIS) . 

**The panel for the hear ings consisted of Robert w. Hamilton , Vinson and 
Elkins Professor of Law at the Un iversity of Texas School of Law, the presid
ing off icer 7 Dr . John Cumber land , Professor of Economics at the Un iversity of 
Maryland 7 and Dr . I rwin c .  Remson , Professor of Applied Earth Sci ences and 
Professor of Geology at Stanford University . 
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To put all the conunents in an easily access ible form, each oral statement 
( recorded by a certified stenographer) and letter was analyzed in detail , and 
conments on specific issues were identified. Each distinct conunent was cate
gor ized by up to three keywords (Table 15- 3 ,  page 15-75)  and placed into a 
computer ized indexing system to fac ilitate the rapid retr ieval of all comments 
dealing with a spec ific topic (e. g . , transportation accidents) .  Th is system 
allowed the preparers of this FEIS to consider all comments received on a 
topic while revising the parts of the docwnent dealing with that topic. 

To consolidate the voluminous response to the DEIS,  the comments have been 
g rouped into 30 maj or issues that cover all the substantive comments r ece ived. 
Each of these issues deals with one or more different topics ,  which are listed 
in th is chapter as part of the d iscussions of the 30 issues . Th is chapter 
SlDllllar izes the issues and the responses of the DOE to the comments . The com
plete responses have been prepared as changes to the text of the DEIS 1 they 
therefore appear in the main text of the FEIS .  For example , the State of New 
Mexico conmented that emergency-response procedures dur ing transportation 
accidents were not adequate ly addressed in the DEIS.  In response to this 
connent, a new section ( Section 6 . 11)  has been prepared to d iscuss the current 
status of emergency preparedness and the DOE' s  conunitments relative to the 
WI PP proj ect. 

This chapter is divided into 31 sections.  Each section summarizes one 
issue 1 it descr ibes the co11111ents rece ived on the issue , sununar izes the DOE ' s  
response , and gives re ferences to the sections of this FEIS in which the reso
lution is re flec ted . Sections 15 . 1  through 15 . 8  d iscuss the scope and the 
objec tives of the WIPP projec t1 the benefits , costs , and schedule alterna
tives 1 compliance with environmental regulations 1 the sui tability of salt as a 
d isposal medium1 and the se lec tion of the Los Medanos site .  

Sections 15 . 9  through 15 . 13 d iscuss the geologic and hydrologic suitability 
of the Los Medanos site , including the related is sues of conflicts with natur
al resources , borehole location and plugging , and long-term waste isolation .  
Sections 15 . 14 through 15 . 2 1  d iscuss the design and operation of the WIPP 
facility ,  i ncluding waste character istics and processing , exper imental pro
g rams , routine releases,  the radiological effects of operational accidents, 
waste retr ievability , and decommissioning and long-term moni tor ing . Sec
tions 15 . 2 2  and 15 . 2 3  discu ss the transportation of waste to the WIPP under 
normal and accident conditions . I ssues attendant to the operation of the WIPP 
and the transpor tation of waste ( i . e . , emergency-response planning , secur ity, 
insurance and liability , and the health effects of rad iation exposure) are 
d iscussed in Sections 15 . 2 4  through 15 . 27 .  

Sections 15 . 28 ,  15 . 29 ,  and 15 . 30 d iscuss socioeconomics , archaeological 
resources , and ecology and land use . Section 15 . 3 1  discusses the comments 
that dealt with topics considered to be outside the scope of the FEIS .  For 
example , comments on the advantages and disadvantag£s of pursuing a license 
from the U. S .  Nuclear Regulatory Commission (NRC ) , the advantages · and d isad
vantages of the expanded use of nuclear energy , the preferred procedure for 
Sta te involvement in the WI PP proj ect, and s imilar topics are referenced in 
this chapter but are not treated elsewhere in the text. Comments dealing 
str ictly with the previously proposed emplacement of spent fuel are d iscussed 
br iefly in Sec tion 15 . 3 1 . 7 .  
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Table 15-4 (page 15-76 ) lists the substantive issues and the letters and 
oral statements providing comments . 

Append ix P of th is document reproduces in full the comments rece ived from 
var ious Federal agenc ies and the cover letters from all official responses 
from the var iou s states .  Copies of all corranents received , including the tran
scr ipts of the pub lic hear ings , are ava ilable for inspection at each of the 
DOE public reading rooms listed at the beg inn ing of Append ix P .  

15 . 1  SCOPE AND OBJEX:TIVES 

The issue of the scope of the WIPP projec t ,  its programmatic objectives , 
and i ts relation to the recommendations of the Interagency Review Group ( IRG ) 
on Nuclear Waste Management was commented on in 11 letters  and 4 ora l  state
ments . The comments are summar i z ed  below 1 a response to each issue is also 
provided . 

1 .  Issue . The der ivation of the prog rammatic objec tives is not expla ined. 
The stated programmatic obj ec tives have no clear policy bas is .  

• The Natural Resources Defense Counc il (NRDC) said that there i s  no 
log ical der ivation of the prog rammatic obj ect ives in the DEIS , and the 
stated programmatic obj ectives are used to j ustify proceed ing with the 
WI PP proj ect at the Los Medanos s i te .  

• The NRDC sa id further that programmatic obj ec tives should be der ived 
f rom the national wa ste-management poli cy ,  which wili be e stab lished by 
the President on the basis  of recommendations presented in the IRG re
port and other documents . 

• The Southwest Research and Information Center ( SWRIC) and the State of 
California sa id that the alternatives are based on prog rammat ic obj ec
t ives , wh ich is unacceptable . The NRC does not accept the programmatic 
ba s is f or a compar ison of alternative s .  

Response . The programmatic obj ec tives outlined in Sec tion 2 . 3  of the DEI S 
were der ived pr imar ily f rom the IRG report .  Th is mater ial has been e l iminated 
from the FEI S  as inappropr iate in a document concerned with environmenta l 
matters . Prog rarmnatic considerations related to the WI PP proj ect and the 
National Waste Terminal Storage (NWTS ) program descr ibed in Chapter 2 reflect 
the President ' s  prog ram for the management of radioact ive wa ste . 

2 .  Issue . �he U . S .  Department of the Inte r ior (DOI ) asked that the impac t 
sta tement expla in the role of the WIPP proj ect in relation to the nationa l 
waste-management program. It sa id that the WIPP projec t  should be evaluated 
in light of the IRG repor t .  

Response . The WIPP projec t  is not part of the NWTS program for the disposal 
of commerc ia lly generated h igh-level waste (HLW) , but the NWTS program has 
prov ided informat ion for evaluating the alternatives to the WIPP . The site 
and p reliminary-design va lidation ( SPDV) prog ram for the WI PP fac i lity and 
other WIPP exper iments could provide useful data for the NWTS program. With
out licensing and an intermediate-scale fac i lity ( ISF) for spent fue l ,  the 
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au thor ized WIPP facility does not fulfill 
waste repository reconmended by the IRG . 
structed at the WIPP site , the site could 
conmerc ial-Hlllf repository .  

all the objectives for an early TRIJ
If a TRU-wa ste reposi tory is not con
be considered for a future licensed 

3 .  Issue .  The BIS should clearly state the relative impor tance of the 
prog ranmatic obj ectives . 

• The NRDC and the State of california sa id that the prograDDatic objec
tives should not be weighted equally but rather should stress environ
mental protec tion and safety. These objectives must recognize the un
cer tainties regarding d isposal in geologic media. 

Response . In the mater ial eliminated , the overall goal " to isolate wastes 
safely" dominated. The prog ranmatic obj ectives were not of equal weight.  

4 .  Issue . The EIS should clear ly define the scope of the WIPP project. 'l'be 
scope should be changed. 

• The scope of the project without the intermed iate-scale facility ( ISP) 
for spent fuel should be defined. Governor King of New Mexico said 
that,  without an ISF , the urgency of the WIPP diminishes . Similarly, 
the NRC stated that the prog ranmatic advantages of WI PP diminish 
without an ISP .  

• The development o f  the WIPP for TRIJ-waste disposal only will no t  facil
itate the development of HIM repositories . The Environmental Protec
tion Agency (EPA) sa id that data acquired from the WIPP may not be 
applicable to other media, although the WIPP should provide valuable 
gener ic data- on waste disposal in salt.  

• The Sierra Club said that the scope of the proj ect as stated is too 
large for the status of present knowledge on radioactive-waste disposal. 

• Several groups and per sons said that the area of land occupied by the 
WIPP proj ect seems suspiciously large for the scope of the project. 

Response . The scope of the WI PP proj ect, as now author ized, is given in sec
tion 2 . 1 .  Not including an ISF reduces the prograDDatic and potential 
techn ical bene fits of the proj ect. The DOB agrees with the EPA that the WIPP 
program may not produce large quantities of data applicable to other media, 
but it could provide useful gener ic data on waste d isposal in salt.  

The FEIS descr ibes the environmenta l  impac ts of the WIPP projec t  as author
ized.  Any change in the plans descr ibed in th is FBIS that would increase the 
magnitude , significanc e ,  or duration of adver se environmenta l  consequences 
would require additional envirCN1ental evaluation.  

5 .  Issue . Industry representa tives said that successful waste disposal 
hinges on institutional iaaues and that the data acquired frCll the WIPP would 
be useful in the management of other hazardous waste , not necessar Uy radi� 
ac tive. 

Response . As discussed under itema 2 and 3 above, the construction and opera
tion of a TRO-wa9te repository would produce useful data for planning , des ign
ing ,  and operati.19 geologic repositor ies for radioactive and nonradioactive 
waste ( see Section 3 . 6 . 2 ) . 

15-4 



15 . 2 BENEFITS , COSTS , AND SCHEDULE 

The bene fits ,  costs , and schedule for the WI PP proj ect rece ived attention 
in 23 letters  and 19 ora l  statements . The substantive issues ra ised are sum
mar i z ed below and a response to each issue is provided. 

1 .  Issue . The DEIS should compare the r isks of the WIPP , and radioactive
waste-d isposal in gene ral , w ith other r isks accepted by society . The Atomic 
Industr ial Forum spec ifically asked for a compar ison of radioactive-waste
d isposal with the d isposal of toxic and hazardous nonradioact ive wa ste . 

Response . The FEIS  provides input to the dec is ion on wh ich of the alterna
t ives developed in Chapter 3 is most appropr iate .  While a compar i son of the 
r isks enta iled by the WIPP with other r isks accepted by soc iety could provide 
perspective , the r isks of developing the WI PP ,  or other proj ects for the d is
posal of rad ioactive wa ste , are independent of these other r isks accep,ted by 
society . Accord ingly , a compar ison of these r isks is not i ncluded. 

2 .  Issue . The Amer icans for Rat ional Energy Alternatives (ARFA) , the South
ea stern New Mexico Economic Development D istr ict ,  and a few pr ivate citizens 
said that the DEIS concentra te s on adverse environmenta l impacts and under
estimates the socioeconomic and institutional benef i ts that may accrue f rom 
the development of the WIPP fac ility.  ARFA also said that the adverse effec ts 
of delaying the proj ect are not addressed. 

Response . The EIS genera lly concentrates on adverse impac ts because they are 
the envi r onmental cost of the WIPP p roj ect.  Nevertheless,  positive impac ts on 
the local economies and institutional ga ins from each of the alternatives are 
addressed . 

3 .  Issue . The cost of the WIPP is very h igh , espec ially in compar ison with 
the much lower cost of leaving the waste at the Idaho National Engineer ing 
Laboratory ( INEL) . 

• The NRDC requested consideration of the cost of proceed ing prematurely 
with a proj ect that may not be techn ically feasible . 

• The Sierra Club , the State of Cali fornia , and other groups and persons 
sa id  that the cost of delay does not justify proceed ing w ith the WIPP 
now . Using inflat ion to ar tific ially increase future costs is not rea
listic : constant dollars must be used for mean ingful cost compar isons . 

• The NRC requested that the der ivation of the cost of delay be repor ted . 

Response . The DOE ag rees that the monetary costs o f  proceed ing with the WIPP 
fac ility would be h igh when compared with the costs of reta ining the waste in 
sur face storage at the INEL . However ,  the alternat ive of no action is unac
ceptable in the long te rm . The costs of d isposal in the first HLW repos itory 
are le ss than those of d isposal in a separate reposi tory .  

The major ity o f  the techn ical commun ity believes that the technology exists to 
proceed in a step-w ise conservative fash ion with isolating waste in a geo
logic repos itor y .  Proceed ing with the SPDV program would reduce the r isk of 
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a premature expenditure of funds,  whether alternative 2 ,  3 ,  or 4 was impl�
mented and the Los Medanos site was to be considered further . 

The cost of stopping and restarting the WIPP proj ec t  is given in the DEIS as 
$278 million1 all but $ 25 million of th is is due to inflation (at 8 % ) . 

4 .  Issue . The cost of a repos itory in an alternative geologic medium could 
be much lower . 

The NRC requested that a quantitative cost-benefit analysis of all alterna
tives be i ncluded , noting that the alternative that combines a TRU-waste and 
an HLW repos itory (alternative 3 in the FEIS) would produce a large cost sav
ings.  

Response . Because bedded salt is a "soft" rock that can be mined by continuous
mining methods , the cost of 1 a  repository in an alternative medium like granite 
or basalt ( "hard" rocks that must be blasted) may , in fact ,  be higher than the 
cost of a repository in salt .  No savings would be expected from abandoning 
the WIPP proj ect and proceeding with an alternative site for a dedicated TRU
waste repository .  As ind icated in Section 4 . 3 ,  combining TRU-waste and HLW 
repos itor ies could result in a construction-cost savings of 7% to 17% and in 
an operating-cost savings of 10% to 20 % ,  in compar ison with the costs of sepa
rate fac ilities. 

5.  Issue . The emphasis placed on removing waste from the INEL should be 
changed .  The State of Idaho encouraged the DOE to minimize the delay in re
moving waste from the INEL , whereas the NRDC saw no urgency in removing the 
waste f rom I daho. 

Response . The imped iments to removing waste from the INEL revolve around 
institutional and prog ranmatic issues currently being resolved through compre
hensive national program planning .  It is not clear that the allocation of 
add itional resources could effect an ear lier removal of TRU waste from the 
INEL in a fashion consistent with national policy . 

6 .  Issue .  The WIPP should not proceed until the resear ch for several 
candidate sites is completed. 

Response . Alternatives 3 and 4 involve a delay in the demonstration of the 
d isposal of defense TRU waste until several candidate sites are identified and 
char ac te r i.z ed .  

7 .  Issue . The New Mexico Department o f  Finance and Admin istration and 
several public-interest groups questioned the timing of the WIPP when compared 
with the timing of current research studies . 

Response . The WI PP proj ect is an extension of the ongoing resear ch studies in 
salt . Because waste would not be received at tha WIPP fac ility before 1986 , 
the resear ch studies cr itical to the WIPP operation (e . g . , demonstration of 
retr ievability) will be completed before the time their results would be 
needed. The resear ch studies cr itical to long- term waste isolation ( e .g . , 
borehole plugg ing) can be expected to be completed before WIPP deconanissioning 
(about the year 20 10 ) . 
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15 . 3  ALTERNATIVES 

Among the issues that elic i ted the greatest response to the DEIS was the 
d iscuss ion of alternatives to the proposed action identified in that document 
( i . e . , constr uc tion of the WIPP reposi tory in southea stern New Mexico for the 
d isposal of defense TRU waste , for the disposal of up to 1000 assemblies of 
spent fuel in an !SF in the WI PP ,  and for exper iments with h igh-level waste) . 
S ince the DEIS was publi shed , leg islat ive action and Presidential policy have 
made the inclusion of an ! SF as a part of the WI PP proj ect infeasible as a 
near-term option ( Sec tion 15 . 3 1 . 7 ) . Comments on the issue of alternat ives 
aR'eared in 36 letters and 28 oral statements 1 they can be g rouped into 6 
categor ies and are summar ized below. A response to each issue is also 
provi ded . 

1 .  Issue . The DEIS does not adequately j ustify proceed ing with the WIPP 
proj ect now . S i nce al ternative s i tes in other geologic media have not been 
examined to the same degree as the bedded salt of southeastern New Mexico, a 
r igorous exami nation of impacts,  as required by the National Envir onmental 
Policy Act ,  has not been per formed . 

• The NRDC and several other groups and persons recommended research in 
cand i date sites in other geologic med ia before proceeding with a 
rad ioactive-waste repos itory .  Quali fications and selection cr ite r ia 
need to be established fi r st so that a technically conservat ive course 
of ac tion , including a compar ison of med ia and site s , can be pur sued . 

• The Sierra Club sa id that studies of alternative med ia and s i tes are 
not suff ic iently advanced to allow an adequate compar ison of alte rna
tives . 

• The EPA sa id that insufficient alternatives for TRU-waste disposal in 
other media are presented to meet the requi rements of the National 
Env ironmental Poli cy Act .  

• The U . S .  Depar tment of Health , Education and Welfare recommended in
cluding a summary ma tr ix of the environmental impacts of the alterna
tives . The State of New Mexico and the SWRIC sa id that the DEIS d id 
not present a compar ison of alternatives based on envi ronmental consid
erat ions as required by the Act .  

• The State of New Mexico reque sted an analysis and compar ison of the 
impacts of transpor tation for alternative site s .  

• The S tate o f  Colorado sa id that the WIPP project appears to be proceed
ing too quickly and that add it ional research is required before pro
feeding . 

• The NRC sta ff , say ing that the DEIS does not present the basic informa
tion need� for a rea sonable comparat ive a ssessment of alternatives , 
recommended a r igorous comparative analysis . The NRC concluded that ,  
without an urgent need for geologic d isposal o f  the TRU waste a t  the 
INEL , the DEIS fails to make a strong case for proceed ing with the WIPP 
before the analyses of alternative geologic media and alternat ive s i tes 
are completed . 
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• The DOI character ized the DEIS as inadequate because of the omission of 
a credible d iscussion of alternative geologic media. 

• The SWRIC said that possible sites in dome salt, basalt,  granite , tuff , 
shale , other rock s ,  deep ocean sediments , as well as other d isposal 
technolog ies have not been adequately evaluated and that the FEIS 
should present a very thorough d iscussion of the problems and possibil
ities of var ious alternative disposal methods and sites.  

Response. As indicated in the introduction to Chapter 4 ,  the alternative of 
constructing and operating the WIPP at the Los Medanos site for demonstration 
d isposal of defense TRU waste and for research and development with defense 
high-level waste is the most thoroughly studied of all the alternatives con
sidered. Wh ile the NWTS program is advancing the state of knowledge on other 
sites in alternative med ia (Section 2 . 2 . 4 ) , at present it is necessary to rely 
on gener ic information in evaluating the enviraunental impac ts of alternatives 
3 and 4 .  These gener ic data , particularly the DOE draft environmental impact 
statement on the management of comne.rcially generated radioac tive waste , form 
the basis for the compar ison of environmental impacts of alternatives in Chap
ter 4 .  

Lacking identification and environmental analyses of spec ific alternative 
sites , the analyses of alternative 2 focus on the acceptability of the Los 
Medanos site for the WIPP mission rather than its compar ison with other 
sites.  Alternatives 3 and 4 both provide for a compar ison of the Los Medanos 
site with two other sites at a future date . Implementation of e ither alterna
tive would require new EISs for site banking and selection. Only sites with 
favorable character istics , comparable to those of the Los Medanos site , would 
be considered for selection in e ither of the delay alternatives ( 3 or 4 ) . 

2 .  Issue . Until more research on the behavior of radioactive waste in geo
logic media can be performed, the WIPP should serve a research function only 
and not include the long-term d isposal of radioactive waste . 

• The State of Ohio recomnended designing the WIPP only for contact
handled TRU waste , and ,  if results prove satisfactory ,  later adding the 
capability for d isposing of remotely handled TRU waste. 

• The State of Flor ida and several groups expressed their support for the 
WIPP as a research-and-development fac ility only . The Sierra Club 
added that the scope of the WIPP proj ect is too large for the present 
state of the art .  

• The NRDC ,  
i ncluding 
ity only. 
media for 

the State of cali fornia ,  and an industr ial group recamnended 
the alternative for WIPP as a research-and-development facil

The NRDC suggested further that an evaluation of alternative 
th is fac ility also be included. 

Response . A d iscuss ion of the options ava ilable for implementing the research
and-development mission of the WIPP has been added to ..... the FEIS. (Section 3 . 6  . 2 ) . 
The greatest drawbacks of the stand-�lone research-and-development facility 
are the fa ilure to provide for the d isposal of the TRU waste in Idaho and the 
h igh cost J surface fac ilities, shafts, and much of the underground area { i . e. , 
main entr ies and dr ifts) would be required whether a permanent repository or a 
stand-alone exper imental fac ility is constructed. Because the WIPP project 
includes in itially retr ievable storage for all TRU waste and only short-term 
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exper iments with defense high-level waste , the WIPP is  a conservative step in 
the management of rad i oac tive waste . 

The question of developing re search-and-development facilities in other geo
logic media is not covered in the WI PP FEIS . These faci lities are be ing con
sidered in the NWTS program. 

3 .  Issue . The WIPP project should proceed as outlined in the DEIS . Less 
ambitious al ternatives,  such as the no-action alternative , are not acceptable 
becau se they will not serve to advance the state of the art for radioac tive
waste management .  

• The State of Alaska,  the Atomic Indu str ial Forum, and another indus
tr ial g roup expressed su:ppor t for the WI PP proj ect as outlined in the 
DEIS because th is alternative will advance the state of the art for 
radioactive-wa ste management . 

• Other industr ial groups sa id that the Los Medanos site is acceptable 
and the WI PP proj ect should proceed. 

Response . Alternative 2 is consistent with leg islative au thor ization . Leg is
lative action has e l imi nated from th is alternat ive the near-term option of an 
intermed iate-scale fac ility for spent fue l .  The preferred alternative is to 
combine WI PP ac tivities with the fi r st ava ilable HLW repos i tory ,  wh ich is 
consistent with the President ' s  program. 

4 .  I ssue .  The WI PP proj ect should proceed a s  a long-term reposi tory for de
fense TRU waste and as a faci lity for exper iments with defense high-level 
waste .  The proposal for includ ing up to 1000 assemblies of spent fuel from 
commerc ial reactor s should be withdrawn , and no conunercial waste should be 
emplaced in the repos itory . 

• The Amer icans for Rational Energy Alternat ives and an ind iv idual recom
mended replac ing the spent fuel with defense h igh-level waste . 

• The Southeastern New Mexico Economic Development Distr ict expressed 
s u:pport for the WI PP as a defense-waste reposi tory and a small facility 
for exper iments with conunerc ial high-level waste . 

• The State of California sa id that the operation of a TRU-waste repos i
tory in conj unc tion with a research-and-developmen t fac ility would 
a:ppear to provide useful des ign information and operating exper ience . 

Response . The au thor ized WIPP mi ssion includes the demonstration of the dis
posal of de fense TRU wa ste and an exper imental faci lity for high-level defense 
wa ste . A conservative step is being taken in that shor t-term exper iments with 
defense h igh-level waste would be per formed before developing a full HLW 
repositor y .  

S .  Issue . Several conunentor s argued that the DEIS failed to treat a number 
of rea sonable alternative s .  

• The SWRIC and the NRDC reconunended examining alternatives for a stand
alone resear ch-and-develo?t1ent faci lity ( see i tem 2 ) , for an un licensed 
repos itory,  and for an intermed iate-scale facility for spen t fuel in 
the fi r st ava ilable HLW repository . 
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• The NRC recommended that the r isk presented by the no-action alterna
tive be clar ified and that the mer i ts of emplacing TRU waste in the 
first ava ilable HLW repos itory be reevaluated. 

• The NRC and three per sons requested further analysis and d iscussion of 
the alternatives to geologic disposal . Specific methods mentioned 
i ncluded ej ection into space, d isposal in deep ocean sed iments , and 
controlled surface storage.  

• Two comrnentors sa id that the alternative of using the Nevada Test Site 
as a repository site was not addressed. 

Response . Chapters 2 and 3 of the DEIS have been restructured, and additional 
information is provided in the FEIS to define more clear ly the available al
ternatives . Chapter 2 SWllllar izes the process that led to the Los Medanos site 
in southeastern New Mexico. Chapter 3 i ncludes d iscussions of alternative 
d isposal methods ( e . g . , ejection into space,  disposal in deep ocean sedi
ments) , alternative media,  al ternative sites in bedded sal t ,  and alternative 
sites in the Delaware basin.  

The Nevada Test Site is being considered as a potential repository site under 
the NWTS program . 

The present author iz ing legislation does not permit the consideration of li
censing the WI PP. 

6 .  Issue . The reasons for selec ting the WIPP projec t  as the preferred alter
native in the DEIS are not clear . 

• The NRC asked for an explanation of why DEIS alternative 6 (FEIS alter
native 4 ) , which involves delaying the constr uction of a TRU-waste 
repository wh ile other site-qualification studies are conducted in 
al ternative media, is not preferred .  

• The NRC sa id that a repository site in basalt may be more attrac tive 
because of the g reatly reduced probability of deep exploratory dr illing 
in the future . Conversely , an industr ial commentor suggested evaluat
ing a long-term dr illing-intrusion scenar io for other media as well .  
One person said that , since the transportation routes from Idaho to 
Hanford, Washing ton, are much shorter than those to the WIPP, the Han
ford site should be preferred. 

Response . Alternative 2 is now termed the author ized alternative. Alterna
tive 3 is 'the preferred alternative ; it is the one that is consistent with the 
President ' s  statement of February 1 2 ,  198 0 .  

15 • 4 CONTilIDED WASTE STORAGE AT THE m.ASJ NATIONAL � mEERING IABORATORY 

Comments on the continued storage of defense '!'RU waste at the Idaho Na
tional Engineer ing Laboratory ( mEL) were presented in 10 letters and 9 oral 
statements . These comments are SUlllllar ized below. A response to each issue is 
also provided. 
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1 .  Issue . The NRDC said that there is no near-term need to build an ultimate 
d isposal fac ility for the TRU waste stored at the INEL� the State of California 
agreed , stating that the risks of proceeding too quickly with permanent waste 
d isposal without evaluating other alternatives far outweigh the r isks of leav
ing the waste in Idaho for the time being . 

The Sierra Club and two per sons said that the INEL TRU waste shou!d be left in 
inte r im storage because a considerable amount of money could be saved by leav
ing the wastes in Idaho and formulating a permanent solution. 

Response . As discussed in Sec tions 1 . 4  and 4 . 1 ,  and Append ix N ,  the environ
mental consequences of continued TRU-waste storage at the INEL are not sign if
icant in the short term. The radiological consequences of continued waste 
storage under routine and accident conditions are smaller than those of cor
respond ing cond it ions dur ing TRU-waste transpor tation and dur ing WIPP opera
tions (Sections 4 . 1  and 4 . 2 ) , barr ing a natural catastrophe like a volcanic 
eruption at the INEL . 

The total cost for any of the options for improving waste conta inment and 
continued waste storage at the INEL (Appendix N ,  Section N . 3 . 5 ) is le ss than 
that of constructing and operating the WIPP fac ility (Section 9 . 4 . 1 . 1 ) . How
ever , these costs are for inter im storage,  whereas the cost of the WIPP is for 
demonstration d isposal .  Continued waste storage at the INEL presents unaccept
able long-term r isks . 

2 .  Issue . Governor Kirk and u . s .  Senator McClure of Idaho and three other 
per sons said that the facilities at the INEL are inappropr iate for long-term 
storage because of the proximity of important aquifer systems and the possi
bilities of natural (volcanic) events or intrusion by people . 

• Of particular concern to these commentor s is the disposal of the TRU 
waste that was bur ied at the INEL before 1970 . 

• The NRC and an industr ial representative recommended that other sce
nar ios for rad ioactivity-release mechan isms at the INEL be cons idered. 
All wastes ,  including the buried waste , should be removed . 

• The State of Oh io said that leaving the waste in Idaho would contr ibute 
little to solving the problem of radioactive-waste management.  

• An industry g roup recommended examin ing the e ffec ts of deter iorating 
waste conta iners at the INEL . 

Response . In the long term, continued waste storage at the INEL presents 
unacceptable enviraunental r isks ,  pr incipally because of the potential for 
volcanic events and human intrusion (Section 4 . 1  and Appendix N) . More 
detailed Cflalyses of the consequences of the var ious alternatives are being 
per formed by the DOE, to be included in an environmental impact statement for 
the long-term management of the TRU waste bur ied at the INEL. 

In 197 0 ,  the Atomic Energy Commission , a predecessor of the DOE, stated its 
intention to remove the TRU waste at Idaho, and th is remains one of the DOE ' s  
near-term obj ec tives.  The waste conta iners in storage at the INEL are deteri
orating with t ime,  and a long delay in retr i eving these conta iners would 
create the need for repackag ing more of the waste . No sign ificant conse
quences of waste-container deter ioration are seen in the near terr . 
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3 .  Issue . The NRDC and the SWRIC recommended that the FBIS include a 
realistic evaluation of the time requi red for prepar ing the TRO waste stored 
in Idaho for shipment and how this time requirement relates to the various al
ternatives considered, particular ly those involving delay . 

Response . The time required for prepar ing the INEL TRO waste for shipment 
deperds on the degree of waste processing . If the dec ision is made not to 
process TRO waste before shipment to the WIPP ,  the waste would be available 
almost i.Jtmediately .  DOE schedules show that waste-processing facilities could 
be constructed at the INEL by 1985 1  hence, processed waste would be available 
in 1986 . It is not possible to predict delays , if any, in these schedules .  

15 . 5  COMPLIANCE WITH 'm E  NATIONAL ENVIRONMENTAL POLICY ACT 

The compliance of the WI PP DEIS with the National Environmental Policy Act 
(NEPA) was commented on in 13 letters and 2 oral statements . The CCGlllents are 

sunmar ized below. A response to each issue is also provided. 

1. Issue . The DEIS does not comply with NEPA requirements because the alter
natives are inadequately evaluated. 

• The NRDC sa id that the DEIS does not meet NEPA requirements because it 
does not present consequence analyses for alternative sites . 

• The DOI , the SWRIC , the Sierra Club , and the State of californ ia said 
that alternatives are not evaluated on an environmental basis. 

• The NRC said that a proper NEPA analysis requires a •r igorous compari
son of the long-term impacts of TRO-waste repositor ies at alternative 
sites• and that the NRC does not accept the progranaatic basis for 
selecting an alternative. 

Response . The DOE recognizes that studies of the Los Medanos site are much 
further along than those of other sites . A con;>rehensive assessment of long
term waste isolation has been performed only for the WIPP at the Los Medanos 
site .  A mathematically r ig orous compar isai of alternative sites is not avail
able, and gener ic data must now be used. Selection of e ither of the delay 
alternatives (3 or 4 )  would allow th is r igorous compar i son, as site-specific 
long-term waste-isolation assessments would be per formed for other sites. 

The results of the WI PP long-term wa ste- isolation assessment demonstrate that 
the long-term radiological consequences of the WIPP repository at the Los Me
danos site are insign ificant. Since alternatives 3 and 4 are dec isions not to 
select a site or define a spec ific facility at this time ,  the compar ison of en
vironmental impacts is based on gener ic estimates rather than specific evalua
tions . The draft EIS on the Management of COllllercially Generated Radioactive 
waste and the Statement of Positioo of the Department of .Bnergy on Proposed 
Rulemaking on the Storage and DisPosal of Nuclear waste provide assurance that 
minimal environmental impacts, comparable to those deter•ined foe alternative 
2 ,  would result from repositor ies at other sites. The available alternatives 
to the author ized WI PP proj ect are developed in Chapter 3 ,  and their 
environmental impacts are examined in Chapter 4 .  
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2 .  Issue . The DOI and a citizens group sa id that compliance with NEPA is 
que stionable because the format of the DEIS is confusing and d i sorganized and 
the language is too technical . The DOI added that environmental impacts 
should be better identified and quantified .  

Response . Many sections of the FEIS have been reorganized to clarify the 
information presented and to make the document more readable . A glossary is 
provided with definitions of technical and unfami liar terms . 

3 .  I ssue .  The DEIS does not comply with NEPA because it does not adequately 
address var iou s impacts and mitigating measures for the proposed WIPP project.  

• The State of  New Mexico said that the d iscu ssions of  transpor tation ,  
emergency response , and soc ioeconomics were inadequate and stated that 
supplements to the DEIS should be prepared . 

• The State of New Mexico and the EPA sa id that conanitments to mitigation 
measu res are inadequate . 

Response . The spec ific areas of concern of the State of New Mexico have re
ce ived added attention in prepar ing the FEIS .  The analyses of the potential 
consequences of wa ste transpor tation and soc ioeconomic impacts have been re
fined and clar ified in the FEIS (Chapter 6 and Section 9 . 4 ,  respectively) . 
Discu ss ion of the issue of emergency-response planning has been added in Sec
tions 6 . 11 and 8 . 12 .  

The DOE commitments to measure s that will avoid or mitigate potential adverse 
impacts are deta iled in Section 9 . 6 .  Th is section br ings tog-ether in one 
place information repor ted in var ious sec tions of the DEI S .  

15 . 6  REGULATIONS GOVERNING THE WI PP REPOSITORY 

Comments on var iou s regulatory aspects of the WIPP proj ec t were rece ived 
i n  11 letters and 7 oral statements . These comments are swmnar ized below .  A 
re sponse to each issue is also provided . In addition , comments received in 
six of the wr itten letters and six of the oral statements dealt with the regu
lations govern ing the transpor tation of rad ioactive waste . These comments are 
d iscussed in Sec tion 15 . 22 .  

1 .  Issue . The DOI and severa l public-interest groups said that the develop
ment of the WI PP proj ect mu st take into account EPA regulations for radioactive
wa ste repositor ies . Since the EPA regulations have not yet been promulgated , 
the WI PP proj ect may need to be delayed unt il they become available . 

Response . The design of the WIPP to date has been consistent with the EPA 
draft cr iter ia for radioac tive wastes publ ished in the Fede ral Register on 
November 15 , 1978 . If  alternative 2 is chosen , the WIPP design will be mod i
fied as necessary to comply with legally applicable EPA r ules and regulations 
promulgated in the future . 

2 .  Issue . The State of New Mexico said that the construction , operation , and 
decommission ing of the WI PP repos i tory should be performed in compliance with 
all applicable env ironmenta l  regulations of the State of New Mexico. 
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Response . As descr ibed in Chapter 14 , the WIPP project would canply with all 
applicable State enviraunental regulations.  

15 . 7  SALT-BED SUITABILI'l'! 

Eighteen letters and 16 oral statements ra ised the issue of the general 
suitability of any salt deposits for waste disposal ,  not specifically the salt 
at the Los Medanos s ite. The conments that referred specifically to the suita
bility of the Los Medanos site are discussed in Sections 15 . 9 ,  15 . 10 ,  and 15 . 11 .  

1 .  Issue.  Several conmentors ,  including the S tates of  New Mexico and Cali
fornia,  the NRDC, and the SWRIC , raised questions about the suitability of 
salt as a host rock for radioactive waste .  Some o f  these a nd  other collBllentor s 
sa id that salt has many disadvantages as a disposal medium: h igh solubility7 
low capacity for radionuclide1 sorption1 uncertain ionic transport 1  loss of 
mechanical strength, particularly on exposure to heat1 plasticity1 corrosive
ness 1 and the release of water on exposure to heat. 

• The DOI pointed out that areas conta in ing salt deposits often contain 
minerals and hydrocarbons , which may attract dr illing or mining . 

• Several groups and persons said that the suitability of salt has been 
questioned by the National Academy of Sciences , the U . S .  Geological 
Survey (USGS) , and the EPA. 

• A few groups said that waste conta iners emplaced in the salt of the 
Asse repository in Germany show corrosion . 

Response . The analyses in the DEIS and the FEIS address the effects of these 
general d isadvantages at the Los Medanos site.  Instead of relying on the 
generic properties of bedded salt, however , the analyses use the specific 
character istics of the Los Medanos site and the surrounding area . The unfa
vorable properties cited by the conmentors would be more ser ious if water en
tered the repository or if the heat and radiation emitted by the emplaced 
waste were to weaken the salt. Of these two poss ibilities , this impact state
ment treats only the first--water intrusion--in deta il (Section 9 . 7 . 1 )  because 
TRU waste does not produce enough heat or radiation to weaken the salt bed. 
Section 9 . 7 . 2 . 1  descr ibes the minor effects expected from heat 1 it reports 
calculations of upper bounds to those effects . Also ,  Section 9 . 7 . 3  discusses 
br iefly some other e ffects that might be important in a repository for high
level waste . 

The general objection that salt deposits are sometimes near mineral resources 
is evaluated in th is document as it applies specifically to the Los Medanos 
site ( sec tion 9 . 2 . 3 ) . 

The corrosion observed in the Asse repository is not severe enough to affect 
the retr ievability of contact-handled waste over the per iod required for the 
WIPP repository. As explained in Section 9 . 7 . 3 . 3 ,  retr ievability is the prin
cipal rea son  for requiring that the waste conta iners resist corrosion after 
emplacement .  

2 .  Issue . The NRC said that one advantage of salt as a disposal medium is 
its minability without explosives 1 mining in alternative geologic media, such 
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as shale, gran ite , and basalt , would require the use of explos ive s .  Min ing 
w ithout explosives will produce le ss fractur ing of the med ium. 

Response . The advantage that salt min ing does not require the extensive use 
of explosives is recogn ized .  As pointed out in Sections 8 . 2 . 1  and 8 . 2 . 2 . 2 , 
e lectr ically powered continuous-min ing mach ines would develop most of the 
underground working s .  

15 . 8  SITE SEL:Er:TION 

S i te-selecti on cr iter ia and the s i te-selection process were addressed in 
14 letters  and 10 ora l  statements . These issues are summarized below . A 
response to each issue is also provided . 

1 .  Issue . The NRC said that the site-selection cr ite r ia were der ived afte r  
the s i te was selec ted . The Sier ra Club and the SWRIC a sser ted that the site
selection cr iter ia were formulated to fit the Los Medanos site after it was 
sel ec ted. 

Response . The text descr ibes the site-se lection process as it happened ( Sec
tion 2 .2 ) . There were no Federal regulations establish ing cr i ter ia for 
se lec ting a site for a rad ioactive-waste repos itor y ,  but there were informal 
cr i ter ia (Append ix D ) . 

2 .  Issue . The SWRIC said that the site-selection cr ite r ia were mod if ied 
dur ing the selection process to f it the Los Medanos s i te .  

Response . The required distance from deep dr ill holes was reduced from 2 
miles to 1 mile midway in the process ( Sec tion 2 . 2 . 3 ) . The 2-mile d istance 
wa s or ig inally established pend ing further study . When calculations became 
ava i lable on d issolu tion around an open borehole, it was found , as ind icated 
in the text , that a much smaller distance would be suff icient .  

3 .  I ssue . Several cormnentors said that the s i te-selection cr i ter ia are 
inadequate . 

• The NRC , the DOI , and the NRDC suggested that one of the cr ite r ia 
should be a compar ison of alternative sites and med i a .  

• The NRC suggested the following : cr ite r ia 2 and 9 ( se Table 2-2)  
should consider future exploration,  cr i ter ion 5 should consider future 
increases in dissolution rates as a result of changes in the climate , 
and cr i ter ion 9 should consider future g rowth as well as the present 
P0"1lation .  The NRC a lso suggested that NRC power-plant-s iting 
cr i ter ia be considered. 

• The DOI rec0Im1ended rev iewing the site-selection cr ite r ia by the sys
tems approach. 

• TWO groups and one per son said that political exped iency is not a valid 
site-selection cr i ter ion .  
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Response . The NRC ' s  suggestions are dealt with as follows : Future exploration 
for minerals at the site is d iscussed in Sections 9 . 2 . 3 . 7  and 9 . 6 . 5 .  The 
possible consequences of that exploration, if not done with care , are dis
cussed in Section 9 .  7 . 1 .  As to changes in the rate of advance of the d issolu
tion front , the present estimates in Section 7 . 4 . 4  are based on geologic evi
dence that spans several pluvial cycles and hence includes the effects of 
changes in climate . The suggestion that future as well as present populations 
be considered is valid, although extrapolation into the future is very uncer
ta in1 the subject is referred to in Append ix H ,  Section H . 8 . 2 . Finally , the 
NRC power-plant-siting cr iteria are only partly applicable 1 power plants and 
deep geolog ic waste repositor ies are not alike. 

Compar ison with alternative sites has been made insofar as present knowledge 
permits (Chapter 4 ) . Demand for a more deta iled compar ison represents a pref
erence for alternative 3 or 4 and a rej ection of alternative 2 .  

4 .  Issue . The NRC asked for a better explanation of the site-selection proc
ess and especially of the site-elimination stage . 

Response . The cr iteria and the process that led to the selection of the Los 
Medanos site are d iscussed in Section 2 . 2 .  

5 .  Issue . The NRDC and other commentors said that some of the site-selection 
--

cr iter ia are not met by the Los Medanos site.  

• The mineral potential at  the site conflicts with the low-mineral
potential cr iterion .  The NRC said that stage 3 , site studies , should 
involve a compar ison of alternative site s ,  which was not done. 

• The Sierra Club suggested that three of the five IRG Subgroup report 
guidelines may not be satisfied : s imple hydrologic system, high 
sorptive capacity in the host rock , and due consideration of mineral 
resources. 

Response . Some of the cr iteria are not fully met ,  but these cr iteria are 
statements about desi rable, rather than obligatory, factor s .  For example, one 
of the cr iteria that was not str ictly followed was the avoidance of mineral 
resources . It is a purpose of th is EIS to disclose this ccnflict fully,  so 
that it can be considered in the decision of whether to proceed with the WIPP 
at the Los Medanos site .  As to the two other IRG Subgroup guide lines , the DOE 
disagrees with the Sierra Club . The hydrologic system is as simple as any 
real hydrologic system is ever apt to be 1  indeed, the DOE considers the hydro
logic system of the Los Medanos site one of its advantageous features .  High 
sorptive capacity is desirable along the entire path of potential transport 
into the biosphere , the main part of wh ich in this case is not salt 1 this 
guideline is well met by the Los Medanos site .  

6 .  Issue . The State of New Mexico recommended that other Jtgencies and ex
perts conment on the site-selection · cr iteria.  

Response . Many groups and organizations have 
cr iter ia and have come up with . similar lists . 
lists and 51 related papers has been prepared 
Evaluati<Xl Group. 
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7 .  Issue . Severa l commentor s ,  espec ially the EPA , requested that the FEIS 
clar ify the adequacy of the s i te and the selection proce ss .  

• The EPA said that the low population density of the area is an advan
tage for the Los Medanos s i te .  

• Two industr ial representatives said that the Lo s  Medanos site appears  
sat isfac tory for isolating waste .  

• One per son asser ted that the DEIS does not suppor t site suitability .  

Response . The Los Medanos s i te has not been fina lly selected . Th is FEIS 
provides input to dec is ions on further investigation of the Los Medanos site 
by exploratory shaf ts and underground faci lities to ver ify i ts adequacy . 

15 . 9  GEDLOGIC SUITABILITY OF THE LOS MEDANOS SITE 

Comments on the geologic char acter istics of the Los Medanos s i te--such as 
faulting , se ismic ity,  salt impurities , and climatic changes--were received in 
24 letters and 9 oral sta tements . These issues are summar ized below . A 
re sponse to each issue is also provided . 

1 .  I ssue . several conunentors requested that the FEI S  present more deta ils on 
the geology and geochemistry of the salt depos its .  

• The New Mexico Environmental Evaluation Group requested that the FEI S 
present a more deta iled analysis of the effec ts of the presence of 
impur ities like clay , anhydr i te ,  and polyha l i te on the phys ical , hydro
logic , thermal , and strength characte r istics of salt.  

• The S ta te of New Mexico also sa id that additional geochemical interac
tions must be considered if significant chemical and mineral impurit ies 
are present.  

• The NRC recommended the inc lusion of a map showing the sa lt mines in 
the area that were examined to check subsur face cond it ions . 

Response . The geochemistry ( inc luding the effec ts of impur it ies) of salt 
deposi ts and the interaction of salt with waste (and the eff ec ts on repos i tory 
proper ties) continue to be areas of investigation .  The informat ion given in 
the DEIS on these subj ec ts has been updated in this FEIS  ( Section 9 . 7 . 3 ) . 
These subjec ts are more impor tant for heat-produc ing h igh-level waste , where 
the interac tions are expec ted to be more s ign ificant than for TRU wa ste . A 
par t  of the WIPP program is the in-situ exper imenta l invest igation of these 
effects .  

The general locations of potash mines with in 10 mi les of the center of the Los 
Medanos s i te are shown in Figure H-4 of Append ix H. Years of exper i ence by 
potash companies and investigator s in var ious agenc ies ind icate the continu ity 
and predic table g entle str ucture of the McNu tt Potash Zone . 

2 .  Issue . Several groups and persons requested that the presence of faulting 
and an ant icline system at and near the s i te be more clear ly d iscussed . 
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• The SWRIC sa id that the presence of faulting renders the site unsuit
able for waste d isposal . 

• The NRDC sa id that faulting may provide pathways for brine intrusion. 

Response . Section 7 . 3 . 5  d iscusses the previously inferred fault and anticline 
at the 1'¥)rthern edge of control zone II and includes more recent data. 

Hypotheses about salt d issolution by water penetrating through fractures are 
addressed in Section 7 . 4 . 4 .  

3 .  Issue . The NRC , the State of Flor ida , and several c itizens groups and 
ind ividuals suggested that tectonic stability may change with time 1 they 
requested a d iscuss ion of the effects of possible changes on the long-term 
integr ity of the repository .  In add ition, the NRC requested that the FEIS 
address long-term effects of the maximum credible earthquake. 

Response.  The tec tonic stability of  the site is  d iscussed in  Sections 7 . 3 . 2  
and 7 . 3 . 5 in terms of the nature and the age of tectonic and nontectonic 
str uctures at and around the site .  The se ismologic information presented in 
Section 7 .3 . 6 ind icates that the site is in an area of low seismic ity. Ex
pected changes at the Los Medanos site are outlined in Section H . 8 . 4  of Ap
pend ix H .  

4 .  Issue . Several commentors requested a clarification or reevaluation of 
the se ismic ity of the site . 

• The NRC and several persons suggested that the reg ion of the site may 
not be as se ismically inactive as indicated 1 greater activity is sug
gested by the 1978 earthquakes in nearby areas of Texas . 

• The NRC requested a d iscussion of the plate tec ton ics of the region . 

• The NRC sa id that the FEIS should justify ignor ing the assumption that 
minor shocks are associated with human activity .  

• The EPA requested a discussion o f  the poss ibility of induced se ismic 
activity fran the Brantley Dam Reservoir . 

• The NRC requested a more deta iled discuss ion of how seismic survey 
lines were selected and data used. 

• The State of New Mexico requested more information on several anomalous 
features identified during the se ismic surveys . 

• The NRC also suggested that a broader map of earthquake activity be 
presented to indicate the relative inactivity of the site region. 

Response . The se ismicity of the site is discussed in section 7 . 3 . 6 , including 
the h istor ical and geologic record of earthquakes and d isplacements . The site 
is 1'¥)t completely ase ismi c 1  the network of seismic stations around the Los 
Medanos site has recently been enlarged in order to improve the data base for 
the slight activity in the Central Basin platform. Section 7 . 3 . 6  also dis
cusses th is implication in some deta il , and the assumptions concerning it have 
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been clar ified. Any se ismic activity induced by the development of the Brant
ley Dam proj ect would probably be masked by se ismicity induced in the region 
by water flood ing for secondary oil recovery. Only barely detectable ground 
motion would be expected at the Los Medanos site.  

5 .  Issue . The NRC requested m:>re information on underground seismic effects 
and provisions for underground se ismic instrumentation .  

• The NRC sa id that an impact assessment i s  difficult without information 
on underground se ismic effects , such as those expected in the mined 
shafts . 

• Several cormnentor s  requested information on the effects of seismic 
r upture on g roundwater , natural-gas deposi ts , and the integr ity of the 
repos itory. 

Response . Sec tion 7 . 3 . 6 addresses the seismicity of the site , including a 
probabilistic analysis of the levels of ground surface motion .  Section 
9 . 5 . 3 , 1  presents an assessment of the potential seismic effects on both 
sur face and underg round str uctures . The deta ils of the se ismic moni tor ing 
system to be employed at the site are being developed 1 currently available 
information on se ismic mon itor ing and expec ted underground instrumentation is 
g iven in Append ix J ,  Sections J . 1 . 1  and J . 2 . 1 .  

Section 7 . 3 . 5  reviews the geo�ogic data that demonstrate the lack of sur ficial 
faulting with in 5 mi les of the Los Medanos site . The effects of hypothetical 
faults connecting aquifers and the repository are addressed in Section 9 . 7 . 1 . 

6 .  Issue . The NRC , the DOI , the States of New Mexico and California,  and sev
eral g roups and per sons asked that the FEIS d iscuss and evaluate the effects 
of long-term climatic changes , such as future glac iations , global cooling , and 
carbon dioxide warming on geologic processes (e. g . , salt-d issolution rates) .  
The EPA sa id that the FEIS should indicate that Pleistocene Rocky Mounta in ice 
sheets did not extend into New Mexico, and thus glaciation does not appear to 
threaten the integr ity of the site .  

Response . The geolog ic character istics of the Gatuna Formation (Section 7 . 3 . 4 )  
indicate the lack of glacial activity at the Los Medanos site dur ing the 
Pleistocene , and Section 7 . 4 . 4 descr ibes the effects of the Ple istocene (Gatuna 
time) climatic changes on the rate of d issolution . 

7 .  Issue . The DOI requested that the FEIS discuss the poss ibility of discov
er ing valuable fossils , especially in the Rustler Formation , and methods to 
preserve them. The National Paleontological Soc iety suggested that , if fos
sils were found, a paleontolog ist be consulted and significant fossils 
collected . 

Response . As discll$sed in Section 9 . 2 . 1 ,  valuable fossils have been found in 
the lower Rustler Pormation- in Texas .  Fossils are likely to be found only 
dur ing the excavation of the shafts , if then. If any are found , paleontolo
g ists from State or regional institutions will be called in and consulted 
concerning possible salvage operations . 
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15 . 10 HYDROLOGIC SOITABILIT! OP 'DIE I.OS MEDANOS SITE 

The hydrologic character istics of the Los Medanos site and the effects of 
certa in hydrologic features on the suitability of the site were among the 
issues that elic i ted the greatest response. Connents were rece ived in 24 
letters and 21 public statements . The issues are SUJ11Dar ized below. A re
sponse to each issue is also provided. 

l .  Issue . Numerous camentor s ,  including the Hear ings Panel , requested more 
information on the sur face-water bodies in the region to allow an adequate 
evaluation of the impacts on local water resources . 

• The State of New Mexico requested further evaluation of surf ace rurv::>f f 
and a descr iption of existing and planned water-resource development in 
the area, including use downstream from Malaga Bend. 

• The EPA suggested including a discussion of the potential for flash 
flooding and an evaluation of its effects on the repository. 

Response . The area of the Los Medanos site contains no surface-water bod ies 
that warrant investigation . A low-flow investigation of Hill Tank Draw, 
dra ining west into Nash Draw, is being conducted by the U . S .  Geological Sur
vey . To date ,  estimates of peak flows have not exceeded 2 cubic feet per 
second . Planned wa te r-resource development downstream from Malaga Bend is 
very marginal because of the poor quality of water and the low groundwater 
levels. The effects of flash flooding are restr icted to the Pecos River flood 
plain 14 miles from the site . Local sheet flooding is of minor concern be
cause of the very permeable so ils and the lack of significant drainage fea
tures . Add itional protection to sur face fac ilities could be provided by the 
construction of diversion channels or levees . 

2 .  Issue. The DOI and several persons, particular ly west Texas residents , 
sa id that the groundwater-monitor ing system should be capable of monitor ing 
the contamination of all potentially affected aqu ifers both dur ing reposi tory 
operation and after decoaaissioning. These same west Texas residents sa id 
that, if surface-water or g roundwater systems are polluted by the WIPP through 
the releases of salt ex radionuclides,  the DOB must be responsible for the 
replacement of local water s upplies . 

Response . A monitor ing program to observe changes in groundwater head and 
water quality would be part of reposi tory operation and decommissioning. 
Observation holes would be located at strategic locations around the Los Me
danos site and along the most likely flow path. A descr iption of the hydr� 
logic studies performed to date and an outline of further monitor ing are 
presented in Appendix J. 

3. Issue . The EPA requested that the PBIS address the potential for hydr� 
logic changes and the transport of leached mater ials to Carlsbad Caverns . 

Response . There is essentially no likelihood that leached mater ials will 
reach Carlsbad Caverns because of a groundwater barr ier along the axis of the 
Pecos River and the direction of groundwater flow in shallow and deep aqui
fers . The data obtained to date show that the shallow-aquifer systems above 
the salt flow southwesterly toward Malaga Bend , where groundwater discharges 
along the Pecos River . The deep aquifers flow northeast toward the capitan 
reef at very low flow rates.  
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4 .  Issue . The NRC , the EPA , the State of New Mexico ,  and other commentors 
sa id that the presence of h igh-pressure br ine pockets in the formation immedi
ate ly below the repos itory threatens the integr ity of the repository.  They 
reque sted a more complete d iscussion of the or igi n ,  evolution , occurrence ,  and 
potential hazards of the br ine pockets . 

Response . The d iscussion of br ine pockets in Section 7 . 3 . S  ( there called 
br ine reservoir s )  has been expanded . Br ine pockets have been encountered in a 
number of bor ings near the Los Medanos s i te .  These br ine pockets have all 
occurred in the Castile Formation below the proposed repository hor izons . 
There are var ious theor ies about their or igin and evolution.  Generally , the 
controlling fac tor s are the compos ition and the previous sedimentat ion rate of 
the overburden as well as the age and the geologic h istory of the a ffected 
formations . The br ine pockets encountered in the Delaware basin have been 
a ssociated with geolog ic str uctures in the Castile Formation and are concen
trated in a belt of de formation along the Capitan ree f .  The castile Formation 
at the Los Medanos s ite is essentially flat-lying , so that the probability of 
a pressur ized Castile br ine pocket at the site appears small . Even if such a 
br i ne pocket were to be present , the 7 00-foot layer of evapor i tes between the 
repository level and the Castile ind icates that the br ine pocket would have no 
e ffect on the repos itory .  

The maximum pre ssure i n  such pockets i s  the overburden pressure ; more usually 
the pressures are 80% to 90%  of overburden pressure . Dr i lling through br ine 
pockets at these types of pressures would produce difficult problems , but 
these problems can be managed through care fully planned engineer ing prac
tices.  Technique s for pred icting encounter s  with rese rvoir s are being evalu
a ted and tested ; they include the use of se ismic,  geophysical , geochemical , 
and geolog ic data . 

5 .  Issue . The EPA , the NRC , the State of New Mexico ,  and other commentor s 
sa id that one of the ma j or problems with the Los Medanos s i te is salt d is
solution and its potential effects on the integr ity of the repos itory.  The 
corrments requested that the FEIS include the following : 

• More information on the processes and the rates  of deep dissolution , 
ind icating the uncerta inties regarding salt-d issolution rates and in 
par ticular discuss ing salt dissolution below the site . 

• The potential e ff ec ts of boreholes (particular ly old, forgotten, and 
poss ible improperly plugged hydrocarbon-exploration holes) , wells , 
changes in hydrologic cond itions , and mi neral-exploration activities on 
salt-d issolution rates in the vic in ity of the site . 

Response . The d iscu ssion of d issolution in Section 7 . 4 . 4  has been ex tensively 
revised and updated . The effects of boreholes are addre ssed in Sections 
8 . 11 . 3  and 9 . 7 . 1 .  Section 7 . 4 . 2  descr ibes the potentiometr ic heads and other 
hydrologic data used to assess the effects . 

6 .  I ssue.  The State of  New Mex ico, the Sierra Club ,  the SWRIC , and other 
cornmentor s sa id that brecc ia pipes in the area may be deep-dissolution fea
tures that may provi de pathways into the reposi tory .  These commentors re
quested :roc>re data on the or igin , evolution , occurrence,  and potential hazards 
of breccia pipes . 
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Response . Brecc ia pipes are reviewed in Section 7 . 4 . 4 .  Studies of the hydro
logic character istics of brecx:ia pipes are continuing . 

7 .  Issue . The State of New Mexico, the NRC ,  and numerous other commentors 
requested an a ssessment of the effects of climatic changes on the hydrologic 
character istics of the site because climatic changes are probable dur ing the 
very loog time required for waste isolation. These changes could a ffect the 
hydrologic cond itions , such as salt-dissolution rates , at the Los Medanos 
site ,  thus threatening the repository. 

Response . Recharge areas for groundwater systems pertinent to the site are 
thought to be located northwest of the capitan reef and southwest over the 
Capitan reef .  Climatic changes that would increase the current annual precip
itatioo twofold or threefold would not ai;:preciably affect the present trans
port in aquifers unless the physical makeup of the geologic strata is also 
dra stically changed . The aquifer systems are ar tesian ( under pressure) and 
separated from each other by large thicknesses of impermeable rock . The in
cremental increase in head resulting fran climatic changes would not change 
appreciably the hydrologic conditions beneath the repository .  The possible 
e ffects of future climatic changes oo the hydrology will be investigated 
further when recharge and discharge areas are verified and the hydrologic 
regime is more fully charac ter ized .  

8 .  Issue . Many spec ific cormnents made by the State of New Mexico, the EPA , 
the DOI , the NRC, and others suggested that the d iscussioo of regional and 
site groundwater hydrology for aquifers above and below the bedded salt is 
inadequate for assessing the impacts of potential releases of radioactivity .  
Examples include the following : 

• The hydrologic modeling appears to have large uncertainties . 

• The FEIS should descr ibe the regional extent of the Dewey Lake Red 
Beds,  wh ich are sa id to function as a confining feature . 

• The potential e ffects of the Brantley Dam oo groundwater systems should 
be evaluated. 

• The FEIS should tell how the information on porosity and hydraulic 
conductivity was quantified and descr ibe these terms quantitatively for 
var ious formations . 

• A more deta iled analysis of the Bell canyon and the Rustler aquifers is 
needed to determine the potential for well-water contamination . 

• The calculated wa ter velocities in the Rustler Formation should be 
checked.  

• More information is  needed to suppor t the assessment that groundwater 
is der ived fran rainwater 1 the age of the groundwater should be estab
lished . 

• The hydrology should be character ized more completely to answer the 
questioo of radionuclide retardation. 
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Response . The hydrologic models used to character ize the Los Medanos site are 
based on data der ived f rom in-situ borehole te sting in over 70 wells that 
penetrate the aquifers of concern . The hydraulic potential , hydraulic conduc
tivity ,  and storage capac ity of the Magenta and Culebra aquifers of the Rus
tler Formation and the Rustler-Salado inter face have been determined at 21 
locations around the center of the site .  These parameters were determined 
using conventional production and slug-test methods .  The current estimate for 
porosity is based on tracer tests per formed at the Gnome s i te near ERDA-10 7 
th is estimate will be updated as results become ava ilable from two-well tracer 
tests be ing conduc ted at four locations around the WI PP s i te (H2 , H4 , H5 , and 
H6 ) . Natura l bounda ry cond itions for the Magenta and Culebra aquifers include 
the Pecos River to the west and southwe st, an ea st-west groundwater d ivide 
north of the Hobbs h ighway (U. S .  Highway 62/18 0 ) , and a southeast-northwest 
d ivide paralle ling a natu ral r i dge southea st of the s i te .  These boundar ies do 
not allow effects on we st Texas groundwater , although west Texas surface wate r 
( the Pecos River) could be affected by releases at the Los Medanos site .  

The Dewey Lake Formation is indeed a confining bed (Section 7 . 4 . 2 ) . The for
mation is present throughout the region and has been found in every borehole 
dr illed in the Los Medanos area. 

The effects of the Brantley Darn on the groundwater systems beneath the s ite 
wi ll be neglig ible because of its location upstream of Car lsbad , New Mex ico , 
and outs ide the Cap itan reef .  Groundwate r grad ients near the darn s ite are 
southea st toward the edge of the Capitan reef shelf , then to the east from the 
Los Medanos site . The consequences of tectonic movement due to filling and 
emptying the darn will be mi nor and probably will be mask ed by se isrnicity in
duced by water flood ing for secondary oil recovery. 

The Be ll Canyon aqu ifer is d i fficult to charac ter ize because of the small 
number of boreholes that have been dr illed to these depths for hydrolog ic 
i nvestigations . The basis for quant ifying the properties of the Bell Canyon 
aqu ifer has been the work of Hiss (197 5 ) 7 results from holes that have been 
te sted si nce are in ag reement with Hiss ' results . In sununary ,  flow in the 
Bell Canyon is to the nor theast away from the Los Medanos site , with ground
water veloc ities of abou t 0 . 1  foot per year . The Bell Canyon br ines have a 
potential sur face throughout the Delawa re basin that approx imates the Rustler
Salado inter f ace , proh ibiting water-well contamination above these levels.  
There are no known bor eholes that penetrate into the Bell Canyon or below for 
dome stic , agr icultu ral , or livestock use . The aqu ifers in the Rustler Forma
tion have been extensively invest igated in and near the s ite because of their 
role as the most likely pathway to the biosphe re if there were a breach of the 
repos itory .  The data discussed i n  Sec tions 7 . 4 . 2  and 7 . 4 . 3  show a large var i
ation f rom place to place , as is to be expec ted . However , calculations using 
a nonadsorbing-par ticle track ing model ind icate a path length of 15 to 20 
miles and f travel t ime of a�roxirnately 40 , 0 00 years if the mean poros ity is 
10% . The par ticle ve loc ities could be larger if  the mean poros ity were smal
ler , owing to s ubstantial f r acture permeabi lity . The completion of the two
well tracer tests will answer some of the questions about the degree of frac
ture permeability . 

Stable-isotope analyses ( Lamber t ,  197 8 )  show that the groundwater in the Santa 
Rosa,  the Ru stler , and the Capitan Formations comes from ra infall . The only 
age dating of groundwaters has been from the Capitan reef ( Section 7 . 4 . 2 ) . 
The ages of other formation water s are being measured. 
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9 .  Issue . Several residents of Texas asked that the region studied in the 
g roundwater-hydrology analyses be extended to include aquifers used for wa ter 
supply in west Texas . 

Response . The response in item 8 above indicates that nuclide migration from 
the WI PP,  even if the repository were breached, would not affect the aquifers 
important in west Texas . 

15 . 11 �OURCB CONFLICT 

The issue of re source cooflict at the Los Medanos site elicited coments 
in 21 letters and 12 oral statements . The comments are swmnarized below. A 
response to each issue is also provided. 

1 .  Issue . The NRC , the DOI , the Sierra Club , and several other commentors 
said that cooflict with resources should be considered at the site-selection 
level.  Gener ic problems concerning the presence of resources may be limited 
to salt deposits 1 for example ,  basalt sites are not likely to be explored for 
o il and gas .  Salt is also a resource that may be used in the future . 

Response. Resources,  especially potash and hydrocarbons,  were considered at 
an early stage of site selection. The repos itory was located between possible 
trends for hydrocarbon productioo and outside the Known Potash Distr ict.  Sub
sequent evaluation for both resources has resulted in the estimates g iven in 
Sections 7 . 3 . 7  and 9 . 2 . 3 .  If  permitted by the DOB, dr illing and mining in 
control zone IV would allow 53t of the natural gas to be produced and est of 
the potash reserve to be mined ( 100% of the sylvite and 73t of the langbein
ite�Table 9-19 ) . - The scenar ios in Section 9 . 7 . 1 . 6  ind icate that dr illing for 
gas and mining for potash by unsuspecting people in the future would present 
little or no radiation hazard to the surrounding population. Although the 
potential for breaching a repository by dr illing may be greater in sedimentary 
basins than in other geologic setting s ,  no location is inmune to such hazards, 
and all sites must be evaluated for such breaching possibilities . Even basalt 
flows have been dr illed to explore the sediments beneath them. The potential 
for the salt itself b ecoming an exploited resource was considered and d is
missed. There are vast quantities of salt in this country that are closer to 
markets . The salt at the Los Medanos site bas no nearby market and cannot 
compete economically with salt from other reg ions .  

2 .  I ssue .  The Sierra Club, the NRDC ,  a nd  numerous other groups a nd  persons 
said that the denial of resources,  in particular hydrocarbons and potash, is 
of ma j or  concern, and a waste-repository site should be located in an area 
where this problem does not ar ise. 

Response . No gas and very little potash need be denied by the presence of the 
WI PP .  The amount of resources so denied has no national s ignificance , the 
impacts of such denial are discussed in Section 9 . 2 . 3 .  A.,Jla.lt repository is 
considered desirable because of the favorable character istics of salt 1 the Los 
Medanos site minimi zes the conflict with mineral resources wh ile satisfying 
other site-selectioo cr iteria of h igher pr ior ity .  The long-term radiolog
ical effects of human intrusion into the WIPP repository are addre ssed in 
Section 9 . 7 . 1 1  these e ffects are seen to be insignificant when compared to 
radiation doses received from natural background sources. 
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3 .  Issue . The amounts of hydrocarbon and potash reserves at the Los Medanos 
site should be clar ified .  The values used for reserves and re sources should 
be expla ined . Reserves should be estimated , assuming changes in pr ice struc
tu re . The NRC and the DOI in part icular made many spec i f ic comments concern
ing the inadequate and inconsistent pre sentation of information on resources 
�nd reserves . 

• The uncer ta inties in the hydrocarbon study should be clarified . More 
data are needed on the hydrocarbon resources in the Pennsylvanian sys
tem .  

• The FEIS should ind icate that oil-and-gas companies are interested in 
dr i lling in the southwestern part of the s i te ,  as indicated by the 
leases in the area .  

• The Gulf Oil  Company sa id that the hydrocarbon resources were under
estimated. 

• The NRC made many add it ional spec ific comments on hydrocarbon estimate s .  
It requested a prec ise de fin ition o f  hydrocarbon reserves and re sources , 
an eva luation of the potential for hydrocarbon reserves in the strati
g raphy of the Los Medanos site and in combination stratig raph ic
struc tural traps , an explanat ion of why the quantity of natural gas 
per we ll is estimated to be 1 . 33 to 2 . 09 b i llion cubic feet when the 
New Mexico Bureau of Mines and Mineral Resources estimates a range of 
3 . 2 to 7 . 2 b i llion cubic feet,  a just i f ication of per-well reserve 
estimates in light of unequal well spac ing ,  data on other hydrocarbon 
resource zones (as in the 1976 S ipes ,  Williamson, and Aycock study ) , 
and a clar ification of the long-term relative impor tance of the hydro
carbon resources at the Los Medanos s i te .  

• The potash reserves should be descr ibed accord ing to standard defini
tions , s uch as the resource cr i ter ia of the U . S .  Geolog ical survey or 
the U . S .  Bureau of Mine s .  

• The langbeinite-reserve est imate should be rev ised to reflect recent 
USGS e st imates (made after the open-f i le report used as a reference in  
the DEIS ) , wh ich suggest that the WIPP area may represent 20%  of the 
total U . S .  langbe in i te reserves , not 11 . 6 % .  

• The DOI sa id that the Car lsbad Potash Distr ict conta ins 1 . 4  billion 
tons of langbeinite resources at 6 . 6 %  K20 we ighted-average grade . 

• The FEIS should descr ibe how Agr icultural and Industr ial Minerals ,  
Inc . , defines the langbeinite resource and reserve values presen ted in 
i ts repor t ,  wh i ch is c ited in the DEI S .  

Response . The d iscuss ions of hydrocarbon and potash reserves in Sections 
7 . 3 . 7  and 9 . 2 . 3 have been updated and rewr i tten . New est imates of the value 
of the hydrocarbon potential have been prepared 7 they reflect the pre sent and 
expec ted pr ice str ucture and, in particular , address the revenues lost by the 
State of New Mexico.  

4 .  Issue . Several commentor s ,  spec ifically the State of New Mexico and the 
DOI , a sk ed that the FEIS  clar i fy the du rati on of re source den ial in all con
trol zones at the Los Medanos site . In wh ich control zones will resource 
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denial be temporary or permanent? If potash mining is allowed in zone IV, 
more than one-quarter of the langbe in i te  may be denied by leaving pillars to 
control subsidence. 

Response . Dr illing for oil and gas may be permitted with the approval of the 
DOE in control zone IV. Deviated dr illing to tap the deep gas potential under 
zones I ,  II , and III may also be permitted , provided the hole is deeper than 
the castile Formation before crossing into the vertical proj ection of zone 
III . The mining of potash may be permitted in zone IV using mining techniques 
presently employed in the Carlsbad Potash Distr ic t .  I f  allowed, there would 
be no restr iction on the secondary mining of pillars in this zone. Future 
studies may indicate that the mining of potash in the inner zones represents 
no hazard to the repos itory.  Since that cannot be insured a pr ior i ,  at 
present no potash mining is to be allowed in the inner zones.  

" 
5 .  Issue . The State of New Mexico and other COJ11Dentors requested information 
on the present and proj ec ted economic (dollar) values of the mineral resources 
and reserves at the Los Medanos site·. They said that the DEIS downplays the 
loss of revenues from present reserves1  the FEIS should include a cost-benefit 
analysis compar ing the WIPP and the lost resources . 

• The revenues lost by mineral-lease condemnation should be estimated . 

• Included in this analysis should be losses in State and local tax 
revenues (production taxes and corporate income taxes) , losses in 
employment ,  and losses in business income from business in the State 
with connections to the mineral and oil industr ies . 

• The State of New Mexico requested repayment for State revenues lost by 
resource denial . 

• The cost differences resulting from changes in economic and soc ial 
str uctures or improved mining methods should be evaluated. 

Response . Estimates of mineral-resource economics have been prepared by 
k nowledgeable consultants . Hydrocarbon values have been updated to consider 
present and future pr ice schedules. An estimate of the revenues that might be 
lost to the Sta te  of New Mexico by resource denial has been added to sec-
tion 9 . 2 . 3 .  

6 .  Issue . The FEIS should consider the socioeconomic impacts of resource 
denial in the area 1 for example, if the construction and operation of the WIPP 
could shorten the life of langbeinite production in the carlsbad area by about 
5 years,  the ramifications on the socioeconomics of the area must be evalu
ated . 

Response . The denial of the langbein ite contained in zones I ,  I I ,  and III  
would possibly result in adverse socioeconomic impacts more than 20  years in  
the future . These impacts , if  they occur , would be more than offset by the 
bene ficial socioeconomic effects of the repository .  

7 .  Issue . The Americans for Rational Energy Alternatives and a potash-company 
representative said that the DEIS overestimates the impacts of resource denial 
and requested descr iptions of alternative mineral resources . The developnent 
of improved mining techniques could allow the recovery of more minerals . 
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Response . Estimating future needs and extraction techniques is  a diff icult 
and imper fect ar t .  The FEIS intentionally presents a view that tends to over
emphasize  the resource conflict.  The United State s  has other potash resour
ces ,  which ,  if developed by solution-min ing techn iques , will far exceed the 
resources present in the Car lsbad Potash Distr ict .  

8 .  I ssue .  The presence of mineral resources at the Los Medanos site is a 
threat to the long-term integr ity of the repos itor y .  EPA' s dra ft cr iter ia for 
r ad i oact ive-wa ste d isposal say that institutional controls over the site 
should not be relied on for more than 10 0 year s .  These cormnents suggest that 
the FEIS should 

• Consider the impacts of exploration and recovery in the future , when 
institutional repository controls are lost but the waste rema ins haz
ardou s .  

• Deta il DO E  restr ictions and standards for continuous or dr ill-and-blast 
mining and oil-and-gas production in control zone IV. 

• Descr ibe the nature , scope , and schedule for evaluating the poss ibility 
of mineral explo i tation in control zones I ,  I I , and I I I . 

Response . These concerns have been par tly addressed in the answers  to items 2 
and 5 .  The issue of poss ible haz ards due to human actions in the future is 
addressed in Section 9 . 7 . 1 .  � lack of resources does not protect a repos i
tory f rom human intrusion in the future .  In fac t ,  the duration of  isolation 
may depend more on the effec tiveness of active and passive institutional 
controls than on the i ncentive to explore a particular area at depth . A sys
tem of such institutional controls is included in the WIPP design ( Section 
8 . 11 . 4 ) . 

9 .  Issue . The FEIS  should consider the effects of underground m1n1ng opera
tions s�ch as secondary hydrocarbon recovery , saltwater d i sposal ,  and solution 
mi n ing outs ide control zone IV (and thus outs ide DOE control) on the long-term 
integr ity of the repository .  

Response . It is not cons idered likely that secondary recovery will be attrac
t ive for hydrocarbons near the Los Medanos s i te .  Even if s uch methods were 
employed , the only significant effec t  would be the poss ible induction of se is
mic events of small magn itude . The design and operation of the reposi tory are 
such that small seismic shocks will not present a hazard , and no long-term 
j eopardy to the reposi tory is likely . No long-term haz ards will result f rom 
the d isposa l of sa ltwater or from solution min ing if they are conducted out
side control zone IV • 

. ;J.5 . 1 2  BOREHOLE LOCATION AND PLUGGING 

Five comments were r ece ived on borehole location and plugging . They are 
swrmar ized below . A response to each issue is also provided. 

1 .  I ssue .  The EPA and the NRC sa id that the problem o f  inadequate borehole 
detection is not addressed : a deta iled descr iption of a procedure to locate 
all boreholes should be presented . 
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Response . As discussed in Section 2 . 2 . 3  and Appendix o ,  one of the cr iteria 
governing the selection of the Los Medanos site was the absence of nearby 
dr ill holes into the salt. Part of the site-selection process was therefore a 
thorough search for boreholes over the New Mexico portion of the Delaware 
basin. Exploratory dr illing in the basin began only a few decades ago, after 
government agencies had begun careful recordkeeping based on str ict requi re
ments for the reg istration of dr ill holes.  For this reason, accurate , com
plete records of dr illing in the Delaware basin were ava ilable for the site
selection process . These records were easy to ver ify because the revegetation 
of dr ill sites is slow in the ar id climate of southeastern New Mexico1 simple 
aer ial surveys reveal the locations of boreholes dating back to the earliest 
dr illing in the area. Searches of official records and actual field surveys 
have located all the boreholes near the Los Medanos site . 

2 .  Issue .  The Sierra Club and another group noted that no spec ific program 
for borehole plugging is given. The NRC suggested that the potential hazards 
be minimiz ed by an adequate sealing program. 

Response . A program for improving the methods of sealing boreholes is under 
way (Section 8 . 11 . 3 ) . If the WIPP is constr ucted, the holes and shafts will 
be sealed by the techniques developed in that program when the facility is 
deconunissioned . The DOE intends to seal all nearby deep dr ill holes . 

3 .  Issue . The EPA requested a d iscussion of the effects of subsidence on 
borehole and shaft sealing s .  

Response . The total subsidence that will occur over the WIPP repository will 
range from less than 1 . 6  feet to zero over an area of less than 1000 acres 
( Section 9 . 7 . 2 . 2 ) . This gentle var iation in elevation is not expected to open 
sealed boreholes in the area, as the design of such seals would have to accom
modate these types of d isplacement.  According to the analysis of scenar io 2 
in Section 9 . 7 . 1 ,  however ,  even fully open boreholes ,  whi ch  are not likely to 
result from e ither seal failure or subsidence,  would not breach the repository 
severely enough to deliver ser ious radiation doses to people . 

15 . 13 LONG-TERM WASTE ISOLATION 

The long-term isolation of radioactive wastes in the WIPP repository ra ised 
cormnents in 18 letters  and 13 oral statements . The New Mexico Environmental 
Evaluatiai Group and the NRC each forwarded numerous substantive conanents . 'l'he 
cormnents have been categor ized below. A response to each issue is also pro
vided. 

1.  Issue . Not all credible mechanisms and events by which the emplaced waste 
could reach the biosphere have been examined in the DEIS1  further analyses are 
required. 

• Two oommentors sa id that the salt itself is a resource that is likely 
to be extrac ted by solution mining after the loss of institutional 
controls . (One oonmentor , in response , sa id that such a scenario in 
southeastern New Mexico is unreasonable . )  
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• The NRC recommended the examination of a scenar io in wh ich salt disso
lution and other events would lead to massive subsidence at the WI PP 
site .  

• The NRC sa id that the maximum cred ible ear thquake a t  the Los Medanos 
site should be examined for the poss ibi lity of i ts causing a release of 
rad ionuclides from the emplaced waste . 

• The EPA suggested a scenar io that causes changes in g roundwater flow 
patterns resulting in radionuclide releases to Car lsbad Caverns . 

• The New Mexico Envi ronmental Evaluation Group ,  the Governor ' s  Adv i sory 
Committee on the WIPP , the EPA, and a public- interest group all said 
that the WI PP long-term safety a ssessment should include a scenar io in 
wh ich a pressur i z ed br ine pocket in the repos itory dissolves wastes and 
is then connec ted to the sur face through a dr i lled borehole or the 
mass ive fractur ing of over burden rock . 

• The New Mexico Governor ' s  Adv isory Committee on the WI PP r ecommended 
includ ing a scenar io in wh ich the collapse of a breccia pipe developing 
through the repos i tory resul ts in ma ss ive fractur ing and releases of 
radioactivity . 

Response . The discuss ion of cred ible mechanisms by wh ich emplaced waste could 
reach the biosphere has been somewhat expanded in the FEIS .  The rea sons for 
believ ing that solution min ing is either unlikely or will not affec t  the re
posi tory a re deta iled in Section 9 . 7 . 1 . 6 :  a partial analys is of a br ine-pocket 
scenar io is presented in Section 9 . 7 . 1 . 3 .  The br ine-pocket scenar io proposed 
by the conunentors was j udged to be h ighly unlikely , based on the patterns of 
occurrence of br ine pockets and the small chance of acc identally establishing 
a connec tion between the repository and the sur face . All k nown ar tesian br ine 
pockets are below the Salado . 

Some results of parametr ic studies with the hydrolog ic models have been in
cluded to show that flow through the repos i tory after a liquid-breach event is 
limited by the transmissivity of the aquifer to wh ich the flow is directed : 
these studies s upport the be lief that the liquid-breach scenar ios typify the 
consequences of many d ifferent breaches caused by geolog ic phenomena and human 
ac tiv i ties (Append ix K ,  Section K . 2 . 2 ) . I t  is beli eved that the consequences 
of mass ive subsidence at the site are bounded by the consequences of scenar io 
4 ( Sec tions 9 . 7 . 1 . 3  and 9 . 7 . 1 . 4 )  and that the consequences of a brecc ia-pipe 
intrusion are simi lar to the consequences of scenar io 1 ( Sections 9 . 7 . 1 . 3  and 
9 . 7 . 1 . 4 ) , in wh i ch a hydraulic commun ication is a ssumed between the Be ll Can
yon aquifer and the Rustler aquifer s .  The hydraulic head of the Bell Canyon 
aqu ifer is too small to allow d i r ect releases of br ine to the sur face under 
the present hydrolog ic reg ime . 

The underground effec ts of earthquakes would be less severe than surface ef
fects dur ing the operational phase ( Section 9 . 5 . 3 . 1 ) : the effects on a back
filled and closed mine would be even less severe . 

The transport of rad ionuclides to Car l sbad Caverns by groundwater flowing 
through the WIPP repos itory is physically imposs ible under the pre$ent hydro
logic reg ime . The e stab l ishment of such a flow would requi re a vertical d is
placement of the site re lative to the Caverns by mor e than 1000 feet.  Typical 
t imes for reg ional uplifts of th is size are on the order of 100 , 000 year s .  
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2 .  Issue . The scenar ios examined in the DEIS do not account for all credible 
inter faces between the geosphere and the biosphere and radiation-dose pathways.  

• The NRC, the EPA, and the New Mexico Environmental Evaluation Group 
suggested analyzing the radiation doses that would be incurred if a 
water well downstream of the WIPP . repository should extract waters from 
the Rustler Formation after a breach -in the reposi tory. 

• The NRC and the New Mexico Environmental Evaluation Group both recom
mended that the evaluation of dose pathways from releases at Malaga 
Bend be based on the assumptions that the contaminated water in the 
Pecos River is used for irr igation and the released nuclides accumulate 
in the sed iments of the r iver and along the shore .  

• The NRC a nd  the New Mexico Environmental Evaluation Group reconmended 
that population doses from the modeled scenar ios be repor ted.  

Response . Two recomnendations of the comnentors are being adopted : The radi
ation doses incurred by the use of we ll water taken downstream from a breached 
repository are being analyzed, and the consequences of using contaminated 
Pecos River water below Malaga Bend for irr igation are being studied.  These 
scenar ios involve a second unlikely event {e .g . ,  the use of saline water for 
domestic purposes)  in addition to the very conservative breaching events pos
tulated. For th is rea son, they do not represent what are considered potential 
impacts for purposes of the FEIS.  Continuing evaluation of all aspects of the 
long-term integr ity of the WIPP fac ility is an integral part of the WIPP proj
ect.  Accordingly , calculations for these events are under way and will be in
cluded in amendments to the WIPP Safety Analysis Report .  

The NRC reconmendation that the population doses resulting from all scenarios 
be repor ted has not been fully adopted for the foll0111ing reason : There is no 
cred ible basis for estimating the population doses that would result from the 
use of contaminated resources when there is a large uncertainty in future 
demand and use patterns .  Resources like water , air , and certa in minerals are 
of th is nature . The best that can be done is to estimate the dose delivered 
to a local,  maximally exposed individual . Certa in food crops intended solely 
for human consumption may , on the other hand, be used as a vehicle for esti
mating population doses independently of demographic assumptions.  Population 
doses are being estimated in the two new scenar ios mentioned above to the 
extent possible, but it is not feasible to make population-dose estimates for 
all scenar ios. 

3 .  Issue . The computer codes and data used in the WIPP long-term safety as
sessment have not been validated and may be inappropr iate. 

• The State of New Mexico recommended an independent analysis of the 
scenar ios for liquid breach and transport . One coDDDentor sa id that h is 
analyses suppor t the WIPP assessment. 

• The Sta te  of California noted that the radionuclide-transport codes 
used have not been ver ified with field data. The NRC said that the 
code used by Intera Environmental Consultants has not been formally 
approved by that agency , and the EPA asserted that the Intera model , as 
used, was inappropr iate.  
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• The State of New Mexico recormnended that the FEIS be more explicit 
about the hydrologic data used in the modeling , stating that the reex
amination of several parameters may be appropr iate . Simi larly ,  the EPA 
s uggested that the FEIS expla in the er ror s  inherent in the hydrolog ic 
modeling . 

• A cormnen tor from the SWRIC suggested using the data from underground 
nuclear-weapons detonations in salt for the WIPP long-term wa ste
isolation assessment .  

Response . The computer codes used to calculate the re lease of radionuclides 
f rom the WI PP repos i tory and the code used to calcula te nuclide transpor t in 
the saturated zone have not been validated by compar isons with field exper i
ments ; ne ither have these codes (or any other s  for th is purpose) r ece ived 
formal approval in regulatory guides .  The codes used to estimate the rad ia
tion doses to human organs , g iven radionuclide exposure levels , are current 
industry standards and appear to be generally accepted .  Further documenta
tio� is given in a 1978 report by Tor res and Balestr i  ( see References for 
Chapter 9 ) . 

The error s inherent in hydrolog ic modeling with the Intera codes are poten
tia lly of three k i nds : (1 )  conceptual error s  in model formulation,  leading to 
incorrect or incomplete descr iptions of the physical phenomena being modeled ; 
( 2 )  coding and typog raph ical errors ar ising in the model ' s  implementation ; and 
( 3 )  a choice of model parameter s  that is biased or otherw ise inappropr iate for 
the actual phenomena be ing modeled. Regarding errors of type 1 ,  the regional 
hydrologic model and the rad ionuclide-transpor t model are descr ibed in Appen
d ix K ( see in particular Sections K . l  and K . 2  and the refere�ces c i ted there
in) . One poss ible conceptual error might be the assumption of porou s-med ia 
flow in the Ru stler aqu ifer s ,  as opposed to fractured-med ia flow in whole or 
in part .  The hydrolog ic ev idence as of January 1978 genera lly suppor ts the 
a ssumption of porous-media flow. 

It is poss ible but unlikely that error s of type 2--cod ing and typograph ical 
errors--were involved in the calculations for the WI PP long-term safety as
sessment .  Before accepting any re sults , the model calculations were all 
check ed aga inst order-of-magn itude estimates made by two independent analysts 
in order to catch implementation error s . Only one such error ( ar is ing from a 
mislabeled data tape) turned up .  In add ition ,  the sta ff o f  the New Mexico 
Env ironmental Evaluation Group made a par tial ana lysis of the scenar ios for 
liquid breach and transpor t,  u sing simple approximations to the equations of 
the Intera models and to the hydrologic parameter s  taken from the DEI S .  The 
results of th is i ndependent study were in sat isfac tory agreement with the 
results of the calculations supplied in the DEIS . 

In regard � errors of type 3 ,  it is believed that data from f ield measu re
ments have adequately characterized the ranges of the relevant hydrolog ic 
parameters ( see Table K-2 ,  Append ix K) and that values on the conservat ive 
s ide of these ranges ·bave been used for the rad ionuclide-transpor t calcu
lations . The e ffects of uncerta inty in hydrologic pa rameters on the 
rad ionuclide-transpor t pred ictions have been addressed in Section 9 . 7 . 1 .  

The ava ilable data f rom the Gnome site ,  the s i te of an underg round nuclear 
detonation in a sa lt bed , have not proved useful for assessments of long-term 
wa s te isolation . The borehole and cavity at that site have recently been 
filled ,  and further stud ies there are not expec ted .  
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4 .  Issue . The duration of .isolation before direct access to the repository 
by exploratory dr illing must be reassessed in conjunction with the long-term 
institutional controls to be used at the site . 

Response. In the scenar io for direct access to the waste by exploratory 
dr illing (scenario 5 ,  Sec tion 9 . 7 . 1 . 5 ) , the earliest penetration is assumed to 
occur 100 years after closure . A 100-year penetration time is consistent with 
draft regulations for the disposal of spent fuel and of high-level and trans
uranic wastes that are currently under review by the EPA. 

The mineral resources at the Los Medanos site could make future human intru
sion somewhat more likely. The d i rect and indirect consequences of the most 
likely form of human intrusion ,  exploratory dr illing ,  are nevertheless small . 
These consequences are d iscussed in Section 9 . 7 . 1 . 5 . 

5 .  Issue . The waste form, waste composition, and expected leaching rates must 
be clar ified and possibly reassessed. 

• The EPA suggested address ing how the expected release rates in the long
term scenar ios d i ffer with the var ious waste forms being considered. 

• The NRC noted that leakage from exper imental wastes in the short term 
could affect the TRU-waste leaching and nuclide-transport rates in the 
long term. Such effects need to be factored into the analyses.  

• The NRC and other conmentors a sked that the selection of nuclides used 
in the �eling be clar ified in the EIS .  

• The EPA said that the oxidation-reduction state o f  the groundwater 
could make the actinides much DK>re DK>bile , thereby resulting in larger 
nuclide releases to the biosphere. 

• The NRC reconmended examining the selective leaching of nuclides when 
the emplaced wastes come into contact with water . 

• The State of New Mexico and an individual both sa id that the waste 
containers will not present an e ffective waste-release barr ier in the 
long term. The State further questioned the effects on other con
tainers and the salt if some waste escapes .  

Response . The form and the composition of the TRU waste to be emplaced in the 
WIPP repository are descr ibed in Section 2 . 3  and Appendix E of the !"BIS .  The 
asswaptions made about waste forms and leaching rates for the purpose of mod
e ling long-term impacts are stated in Section 9 . 7 . 1 . 3 .  The radionuclides used 
in the long-term safety assessment are listed in Table 9-59 . The bases for 
choosing these nuclides are g iven in Appendix E :  in Table B-1 for contact
handled TRU waste and in Table E-3 for reDK>tely handled TRU waste under •ex
pected average• cond itions.  The WI PP  repository will cont:Hft· no h igh-level 
wa ste over the long term.  

Data on the rates at  wh ich radionuclides might be  leached from the assumed 
waste forms are not ava ilable-a fact that forced the use of the •as-rapid-aa
sa1t• leaching hypothesis for all nuclides considered in the scenar io analyaea 
for the DEI S .  Th is conservative hypothes is has been retained i n  calculations 
for the !"BIS .  The most recent calculations of the rates of radioactivity 
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re lease in each scenar io account for the solub i l i ty limi t s  of the d i fferent 
n uc l i des in br i ne ,  but not the i r  leach r a te s ,  wh i ch rema in unk nown . The lat
ter ca lculation s  were no t  f i n ished iP t ime for publication in the FEIS . 

The wa s te con ta i ners are i ntended to f ac i l i ta te hand li ng a nd s torage a nd a r e  
not i ntended a s  long-term bar r iers to the re lease o f  wa ste . Acc idents i nvolv
i ng wa ste con ta i ners are analyz ed in S ec ti on 9 . 5 . 1  of the FEI S . The e f f ec ts 
of such acc idents on und isturbed conta iner s and the sur r ound ing salt are not 
analyz ed the r e ,  but it is be l i eved that the e f f ec ts can be min imi z ed by decon
tami nat i ng and repack ag i ng damag ed mater i a l . In th is regard , cer ta i n  decon
tami nat i on fluids are k nown to accelerate the mob i li z at i on of r ad i onuc li des 
and wou ld have to be used care fully i n  clean i ng up afte r  an acc iden t .  Al
though some l oca l i z ed mob i li z ation of nuc li des might be poss i b l e ,  it would 
requ ire enormou s volumes of decontaminat ion fluid to s i g n i f i cantly change th e 
ave r age leach r a tes throughout the repos i tory or to mod i fy the ad sor p t iv i ty of 
nuc l i des on the surrou nd i ng host roc k s .  

The i nfluence o f  the oxidat ion-reduc tion state o f  groundwa te r on the distr ibu
t i on c oe f f ic i en ts of the several impor tant nuc l i des is be l i eved to be i ncor
por a ted in the coeff i c ients chosen in Table K-3 of Appendix K .  A number of 
the se c oe f f ic i ents have been measured at Sand i a  National Labora tor i e s , u s i ng 
si te- spec i f i c  rock mater ials and br i nes . 

6 .  I ssue . Several corranentor s ,  p a r t i cular ly pr iva te per sons a nd pub l ic
i nterest g roup s ,  expressed the opi n ion that the unc e r ta in t i e s  in pred icti ng 
cond i t i ons over many thou sands of years are so g r eat that a l ong - term wa ste
iso lat ion assessment is not mea n i ng ful . S imi lar ly ,  many per sons and groups 
exp re ssed the opi n i on that the WI PP long- term a ssessment u ndere st ima te s { some 
sa id overestimate s )  the long-term r is k s  presen ted by the repos i tor y .  

• The NRC r ecorranended expand i ng the d iscu ss i ons of the scenar i os to make 
them mor e ea s i ly unde r stood . I t  also asked for informat ion on the 
der i va t i on of the scenar i os and on the i r  u nce r ta i nt ie s .  

• Some per sons l i v i ng i n  we st Texas we re par t icula r ly conc erned that 
r ad ionuc l i des f rom the WI PP repos i tory might eventua lly po l l u te the i r  
groundwa te r supply . 

Response . The long-term wa ste - tsolation asse ssments per formed for the WIPP 
repos i tory i n  both the DEI S and the FEI S analyz ed a sp ec tr um of acc i dent sce
na r ios only to estab l i s h  some per spec tive on the l i k ely future impac ts of the 
p roposed ac t i on .  The consequences a ttend i ng each scenar io should be reg arded 
as be ing typ ica l of future impac ts shou ld these acc idents occur ; they are not 
i ntended as p r ed i c t i ons of everyth i ng that w i ll or w i ll not happen . Accord
i ng ly , the scenar io ana ly s i s  is useful and mean i ngful only to the extent that 
it contr i bu tes to dec i s i ons concern i ng the means of impact mi t igation and to 
dec is ions on alternative s .  The scena r io analyses say noth i ng abou t the long
term r isk {p roba b i l i ty t imes consequence s) of the WI PP proj ec t . The analyses 
presented in Sec tion 9 . 7 . 1 postulate events that repre sent very conse r va t ive 
e s t imates of what could happen i n  the long term . Thu s , a p robab i l i ty of 1 i s  
imp l i c i t ly assumed . A n  ana lysis o f  expected probab i l i t ies would most l i kely 
reduce the r ad i at i on exposure r i sks fom the rad i a t i on exposure consequences 
repor ted . 

The d iscuss ion of scenar ios i n  Sec tions 9 . 7 . 1 . 3 ,  9 . 7 . 1 . 4 ,  and 9 . 7 . 1 . S  of the 
FEI S  ha s been s impl i f i ed i n  some cases a nd expanded in other s  in order to 
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increase clar ity. Documentation of the hydrologic models used in the four 
liquid-breach scenar ios and a study of uncer ta inties involved in the WI PP
site-spec if ic modeling of hydrology were not completed at the publication of 
the FEIS .  

Rad ionuclides from the WIPP repos itory could pollute Texas groundwater sup
plies only if they are released to the aquifers of the Delaware Mountain Group 
below the repos itory.  The na tural water veloc ities in these aquifers are so 
low ( le ss than 0 . 1  foot per year)  that it would take at lea st 25 , 000 years for 
the nuclides to reach the Capitan Format ion nor theast of the site . Beyond the 
Capitan, potential routes for the mig ration of g roundwater are not cer ta in ,  
but some routes appear to connect with aquifers i n  Texas .  The most likely 
releases would be into the Magenta or the Culebra aqu ifers in the Rustler 
Formation above the repos itory.  Under the present hydrologic reg ime , flow in 
the Rustler aquifers is generally to the southwe st and into the Pecos River 
near Malaga Bend . 

15 . 14 PLANT DESIGN AND OPERATIONS 

Colllllents on var ious design and operational aspects of the WIPP fac i lity 
were received in 11 letter s  and 4 oral statements . Most of the comments came 
f rom the EPA , the NRC , and the State of New Mexico . The comments are summa
r iz ed  below . A response to each issue is also provided . 

1 .  Issue .  The DEI S lacks commi tments to des ign measures and operating proce
dures that would reduce or eliminate adverse env ironmental impacts . Th is was 
a pr ilnary conment of the EPA . 

• The State of New Mexico requested that the des ign of the salt-storage 
pile i ncorporate features to mit igate its potential adverse e ffects on 
a ir quality , water quality ,  and soils and vegetation .  

• Several conmentors reque sted design information and commitments for 
long-term institutional controls ( i . e . , site marker s ,  record ma inte
nance , g roundwa ter mon itor ing) after WI PP decommissioning . This issue 
is d iscussed in Sec tion 15 . 21 .  

• To min ilni z e  effec ts on vegetation and wildlife,  the State of New Mexico 
and an industr ial COlllllentor s ugge sted that only the min imum area re
quired for constr uc tion be cleared and that all water impoundments be 
fenced. 

• The NRC requested an examination of alternatives to the proposed r ights
of-way. 

Response . The discuss ion of the var ious design features and construc tion 
practices i ncorporated into the WIPP des ign to mit igate adverse environmental 
impac ts has been reorgan ized and brought together in Section 9 . 6 .  This sec
tion conta ins the DOE commitments to mitigating measures ,  includ ing those 
related to protecting and restor ing disturbed areas , reduc ing pollution , pro
tecting ar chaeological resource s ,  min imiz ing the denial of re sources , m1n 1m1z
ing adverse soc iocultural effec ts ,  and minimi z ing the consequences of trans
por tation and operational accidents . 
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2 .  Issue . The NRC , the State of New Mexico , and an industr ial representative 
sa id that the FEIS should clar ify the WI PP design bases with regard to natural 
events like ear thquakes , tornadoe s ,  dust storms , and flood s .  

Response .  General information on the e ff ec ts o f  natural events i s  given i n  
Sections 7 . 3 . 6  and 9 . 5 . 3 .  The WIPP design base s  with re spec t to ear thquakes , 
tornadoes , du st storms , and floods are d iscu ssed at leng th in the Safety 
Analysis Repor t .  

3 .  Issue . The NRC , the State of New Mexico , and several per sons requested 
that the FEIS clar ify the amounts of waste to be rece ived , i ts source s ,  and 
the re lation of these waste volumes to the underground repos itory area and to 
the sur face f ac i lities . 

Response . Information on the sources and quantit ies of waste to be received 
by the WI PP has been clar i fied in Section 2 . 3 .  The waste volumes and type s 
planned for the WIPP are consistent with an underground repository of about 
100 ac res and with the planned sur f ace fac i lities . 

4 .  Issue . The NRC sa id that the design of the WIPP fac ili ty does not use the 
"multiple-barr ier concept" as current ly interpreted by that ag ency . 

Response . The WIPP relies on the tota l geolog ic system to prov ide a ser ies of 
barr iers aga inst b reach ing and the release of rad ionuclide s .  These barr iers 
include the th ick , hydrolog ically isolated salt bed s �  the tectonically stable 
area : the extremely low hydrolog ic-transport capabi lities of the water-bear ing 
strata � and the sorptive capac ities of the Rustler dolomites .  

5 .  I ssue .  The State of New Mexico and an industr ial corranentor sa id that the 
a ir-quality and no ise impac ts of constr uction and operation need to be cla r i
fied .  

Response . Add itiona l information on the a ir-quality and no ise impacts dur ing 
constr uction and operation is p rovided in Sections 9 . 2 . 1  and 9 . 3 . 1 . 

6 .  Issue .  The NRC and the New Mexico Env ironmenta l Evaluation Group 
requested more information on the occupational safety of worker s ,  especially 
with regard to rad iation exposure s .  

· 

Response . The occupational safety of the wor ker s under both normal and acc i
dent cond itions is d iscu ssed in Sections 9 . 3 . 2 . 2  and 9 . 5 . 1 , respectively . 
Th is information is a sununary of that prov ided in the Safety Analysis Repor t .  

7 .  I ssue .  The NRC and one per son asked for a d iscussion of the local impac ts 
of resources ( lumber , water , elec tr ic ity , and fuel) consumed dur ing the con
str ix: tion clnd operation of the WI PP ,  saying that the water consumption re
por ted in DEIS Sec tion 9 . 1 . 2 . 1  appeared to be underestimated.  

Response . As d iscussed in Sections 9 . 2 . 2  and 9 . 3 . 3 ,  the consumption of build
ing mater ials , water � fue l ,  and elec tr ic ity dur ing WIPP construction and oper
ation is not expec ted to cause sign i f icant local impac ts . 
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15 . 15 WASTE FORM 

Comnents concerning the waste-form and waste-acceptance cr i teria were pre
sented in 10 ora l  statements and 19 letters . Most commentor s were pr imarily 
concerned with the lack of final waste-acceptance cr iter ia and the effects of 
final cr iter ia on the acc ident scenar ios . The comments are swmnarized below. 
A response to each issue is also provided. 

1 .  Issue . Many commentors sa id that the FEIS must include the final waste
acceptance cr iter ia and descr ibe the TRU-waste forms more fully. 

• The NRC requested that the FEIS provide more deta ils on waste packaging 
and engineered barr iers . Waste packaging dur ing transportation is 
discussed in Sec tion 15 . 2 2 .  

• The NRC and the New Mexico Governor ' s  Advisory Committee on the WIPP 
said that the waste-acceptance cr iter ia assumed in estimating the 
environmental impacts of shipping and handling TRU waste are not 
conservative because there is a possibility that TRU waste will not 
conform to the assumed cr iter ia.  

• The NRC sa id that the waste should be nondispersible and should include 
no combustible matter . 

Response . The final waste-acceptance cr iteria for the WIPP were formulated 
after the DEIS was issued J they are d iscussed in Section 5 . 1  of the FEIS.  
These cr iteria have not changed significantly from the interim cr iteria re
ported in the DEIS , but more prec ise definitions can now be given. The defi
nitions of the WIPP waste-acceptance cr iteria in the FEIS are technically 
correct J they have been rewr i tten in simpler language to clar ify them for the 
lay reader . 

The quality-ass urance system to insure that the shippers of waste to the WIPP 
str ictly comply with the waste-acceptance cr i ter ia will be ava ilable before 
the start of WIPP operations . TRU-waste process ing is being considered as a 
method to insure that the cr iter ia are met. 

2 .  Issue . The State of New Mexico requested that the FEIS repor t the results 
of the gas-generation studies and more clearly define gas-generating waste. 

Response . The studies of gas generation in contact-handled waste have been 
markedly advanced since the DEIS was published. These later results are d is
cussed in Section 9 . 7 . 3 . 1  of the FEIS . The conclusion of these analyses is 
that there is little probability of repository fa ilure from overpressur ization 
at the gas-generation rates allowed by the waste-acceptance cr iteria.  

3 .  Issue .  The NRC , the DOI , and the State of New Mexico said that the FEIS 
should say what waste forms will be used in the exper imental programs . 

Response . The source and the cha·racter istics of the h igh-level waste to be 
used for the WIPP exper iments have not yet been defined. Section 5 . 1 . 3  de
scr ibes a reference defense h igh-level waste from the Savannah River Plant , 
spiked with cesium-137 to increase its radioactivity and heat output . This 
wa ste, as descr ibed, is believed to be representative of the h igh-level waste 
to be employed in the WIPP exper iments . Once the high-level-waste source (s )  
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and characte r istics are established , add itional analyses will be performed . 
If  sign ificant new information is developed that is relevant to the environ
mental concerns , the FEIS  will be supplemented . 

4 .  I ssue . The EPA requested that the FEIS  address waste-form changes with 
time and the e ff ec ts of these changes on the long-term impacts . 

Response. Because of the conservative bounding assumptions made in the long
term analyses ( Section 9 . 7 . 1 . 3 ) , the spec ific waste form and its changes over 
t ime will not i ncrease the consequences reported in Sections 9 . 7 . 1 . 4 ,  9 . 7 . 1. 5 ,  
and 9 . 7 . 1 . 7 .  In other word s ,  no cred it is taken in the analyse s  for the re
s istance to release provided by the waste form1  it is a ssumed that the waste 
d issolves with the salt and that the only limitations on solubility are those 
related spec ifica lly to the sal t .  

15 . 16 SLAGG ING PYROLYSIS AND OTHER WASTE-PROCESSING METHODS 

Five oral sta tements and five letters ra ised the issue of wa s te-proce ssing 
methods ,  par ticular ly slagg ing py rolysis . These comments are summar ized below. 
A response to each issue is also p rovided. 

1. Issue . Severa l  persons sa id that slagg ing py rolysis results in adverse 
envi raunental impac ts,  i ncluding the release of radioactive mater ials (plu to
nium may escape from the HEPA filters)  with consequent health effec ts ,  thermal 
pollution,  and psychological stre ss on local residents . 

Response . The environmental impac ts of a slagg ing-pyrolysis fac ility are 
currently be ing analyz ed . Any proposal to constr uct s uch a f ac i lity would 
have to meet the requirements of the National Env ironmental Policy Act ,  in
cluding review by government agencies and the public.  

Any method for process ing the stored TRU waste before shipment to the WIPP 
would result in the release of rad ioac tive mater ials ( including plutonium) 
dur ing normal operations . However ,  the magnitude of the release must be con
sidered in order to put th is subj ect into perspective . Section 9 . 8  of the 
FEIS d iscusses the projec ted re leases from the slagg ing-pyrolysis fac ility .  
The contr ibution o f  slagging-pyrolys is emissions to the rad iation exposure of 
the surround ing population is expec ted to be neglig ible . 

The heat released to the envi ronment by the slagging-pyrolysis operation could 
range from about 15 mi llion to 40 mi llion Br itish thermal un its per hour , 
depending on the waste-proce ssing rate and the operating parameters . The 
total heat flow would be equivalent to that produced by the engines of about 
60 automobiles trave ling at 55 miles per hour . No a�reciable environmental 
e ff ec ts ( e . g . , local weather eff ec ts ,  impac ts on flora )  would be expected from 
thermal emissions th is small . 

The closest res idence would be about 11 mi les away . As already mentioned , 
operational emissions would be min imal . Even for the wor st-case acc ident 
examined , the maximum ind ividual dose commitment for a member of the public is 
0 . 1  rem .  Th is dose commi tment is le ss than that rece ived annually f rom nat
ura l  background radiat ion . All of these factor s should min imize  any psycho
logical stress on local residents . 
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2 .  Issue . A few persons said that the slagging-pyrolysis fac ilities should be 
located near the waste source � unstabilized waste should not be transpor ted. 
Conversely , others recormnended that these facilities be located at the WIPP 
site.  

Response . The location of a slagging-pyrolysis facility is being evaluated , 
and, if a proposal to constr uct such a plant is made, alternative locations 
will be evaluated in an environmental impact statement . 

An envir�ental impact statement on the long-term management of bur ied TRU 
waste at the INEL is being prepared . (For a discussion of the TRU waste that 
is bur ied or stored at the INEL, see Section 2 . 3 . )  One of the dec isions being 
addressed in that document is whether a slagging-pyrolysis facility for the 
INEL waste should be located at the INEL or at a repository site ( e . g . ,  the 
WIPP) . Such factors  as env ironmental effects , shipping safety , logistics , and 
cost are being evaluated. Some minimal processing ( e .g . , overpacking or re
packag ing) of the stored waste1 before shipment might be necessary if the 
slagging-pyrolysis fac ility were located at the repository .  Also, waste 
processed by slagging pyrolysis would be safer than unprocessed waste in the 
event of a shipping accident.  

3.  Issue . The NRC requested that the FEIS compare slagging pyrolysis with 
other waste-processing methods and provide more information on waste inc inera
tion and immobilization processes and the properties of their products in an 
appendix. 

Response . Append ix F of the FEIS provides information on each of the proces
sing techniques considered for TRU waste .  The document referred to there 
provides more deta iled information. 

4 .  Issue . The EPA reconmended using soil contaminated with TRU waste in the 
slagging-pyrolysis process ( in which soil must be added to waste in a ratio of 
1 . 5 : 1) . 

Response . Soil contaminated with TRU waste is being cons idered for makeup 
mater ial in the slagging-pyrolysis process . 

5 .  Issue . The State of cali fornia said that the DEIS incorrectly stated the 
volume of INEL bur i ed  TRU waste that will result from slagging pyrolysis . The 
volume-reduction ratio from the incineration process is assumed to be 2 : 1 . 
Th is ratio is not tr ue for mater ials like soil , whi ch  constitute 3 . 75 million 
of the 6 . 2 5  million cubic feet of waste and contaminated soil that would re
quire processing if a decision is made to retrieve the bur ied waste at the 
INEL . Thus ,  about 5 million cubic feet of waste will result from slagging 
pyrolysis , not the 3 million cubic feet reported in the DEIS.  

Response . The overall volume-reduction factor for the slagging pyrolysis of 
the INEL bur ied waste is 2 . 6 : 1  (Table 2-3 ) . The volume-reduction ratio for 
the process was not assumed to be 2 : 1 . Rather , the overall volume-reduction 
ratio was calculated fran the ratios estimated for var ious components of the 
feed stream. 

An estimated · 3 . 75 mi llion cubic feet of contaminated soil lie around the 
bur ied INEL TRU waste . The present analysis of stored-waste processing is not 
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based on using 3 . 75 mi llion cub ic feet of contaminated soil as makeup soil;  
the e stimated amount of  mak eup soil for processing the stored waste is  only 
1 . 35 mi llion cubic feet.  

Furthermore ,  the makeup so il will undergo a sign if icant volume reduction in 
slagging pyroly s is .  The estimated density of the soil used i n  the proce ss is  
80 pounds per cubic foot .  The slag product,  wh ich comes pr imarily from the 
so il ,  has a measured dens ity of 175 pounds per cubic foot . Thus,  the makeup 
so il itself would undergo a volume reduction of about 2 . 2 : 1 . 

15 . 17 PLANNED EXPERIMENTAL PROGRAMS 

Fifteen letters and 11 oral statements commented on the exper imenta l pro
g rams planned at the WI PP repos itory .  These comments are summar ized below.  A 
response to each issue is also prov ided . 

1 .  I ssue .  The State of Flor i da said that the inclusion o f  exper imental pro
grams contrad icts the cla im that the techniques necessary for radioactive
wa ste d isposal at the Los Medanos s i te are ava ilable. 

Response . The in-situ exper iments will resolve some rema in ing technical is
sues on h igh-level waste ,  many of wh ich have been ra ised by public and insti
tu tiona l concern . The bound ing assessments in Section 9 . 7 . 1  show that , even 
with the wor st of the uncerta inties that rema in,  the TRU wa ste in the reposi
tory will not threaten the sa fety of the publi c .  

2 .  Issue.  Two g roups expressed the opinion that the exper imental prog rams 
are too dangerou s and should not be included ; one suggested that the results 
of West German exper iments at the Asse reposi tory be used rather than r isk 
further exper imenta tion at the WI PP .  

Response . The planned exper iments present no greater r isk or consequences 
than those routinely encountered in the defense industry , wh ich produces the 
waste to be used in the exper iments . The German program does not address , 
e ither in scope or in scale, the requi rements of defense-waste isolation .  

3 .  Issue .  The State of New Mexico and other commentor s requested that the 
obj ectives , nature , and duration of the exper imental prog rams be clar ified. 
The NRC , the State of Alaska,  and others requested that the FEIS d iscuss the 
long-term use of exper imental areas with in the repository and the retr ievabil
ity of exper imental waste . 

• The NRC recommended that the in-situ exper iments on actin ide mobility 
be at lea st as extensive as the laboratory exper iments because the 
in-sitp results will be more valuable . 

• The EPA, the Atomic Industr ial Forum, and U . S .  Senator McClu re of I daho 
sa id that the exper imenta l programs will provide valuable data for 
future waste-d isposal prog rams , although some information will not be 
appli cable to other sites or other med ia . 

• The NRDC recommended compar ing the exper imental prog ram with approaches 
descr ibed by the Amer ican Physical Soc iety and the California Energy 
Commission .  
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• The NRC suggested including a sunmary of the results of the exper iments 
in Proj ect Salt Vault and a d iscussion of how those results will affect 
the programs at the WIPP. 

Response . The descr iption of the exper iments in the FEIS has been expanded 
( Section 8 . 9 ) , and subsequent documents will elaborate th is descr iption.  
Stud ies of  actinide mobility now under way in the laboratory will be  augmented 
by larger-scale laboratory stud ies in the near future and by later in-situ 
exper iments . The large-scale laboratory wor k will be extensive enough to 
bound the results of the in-situ work1  for th is reason, it will not be neces
sary to repeat all the laboratory wor k in the underground exper iments . The 
basic approach to the exper iments outlined is compatible with the reconmenda
tions of the American Phy sical Soc iety and the california Energy Commission. 

4 .  Issue .  The Hear ings Panel , the New Mexico Environmental Evaluation Group, 
and the IX>I ind icated that the FEIS should provide more details on the waste 
to be used in the exper imental prog rams . One group suggested using only high
level waste from the INEL , and not conmercial spent fuel.  

Response . The FEIS contains new details on the waste to be used in the exper
iments ( Section 5 . 1 . 3  and Table E-4 in Appendix E) . Spent fuel is no longer 
planned for use in the exper iments . 

5 .  Issue . The NRC requested that the FEIS provide j ustification for claiming 
that no envi ronmental impacts will result from the exper imental prog ram. 

• The State of New Mexico asked that the environmental effects of the 
exper imental prog ram be defined. 

• The EPA sai� that not enough information was provided in the FEIS to 
allow an evaluation of the impacts of the exper imental program. 

• The NRC stated that the exper iments may provide a pathway for water 
mig ration or may i ncrease the r isk of mechanical failure, particularly 
from thermal testing . Therefore , potential long-term effects on repos
itory integr ity should be considered. 

• The NRC also requested that the FEIS consider acc ident scenarios invol
ving the transportation of h igh-level waste. 

Response . In discuss ing the environmental impacts of the exper imental pro
g ram ,  th is FEIS analyzes the impacts that might ar ise from h igh-level waste 
dur ing normal transportation to the plant ( Sec tion 6 . 7 ) , from severe accidents 
dur ing transportation ( Section 6 . 8 ) , and from severe accidents at the plant 
( Sec tion 9 . 5 . 1 ) . Th is waste will exert no long-term impacts because it will 
be removed before the plant is decommissioned. As explained in Section 8 . 9 . 5 ,  
each exper iment with high-level waste will have its own safety plan, the moni
tor ing that will be a necessary part of the studies will further insure that 
the exper iments do not breach the repository. 
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15 . 18 ROUTINE OPERATIONAL RELEASES 

Comnents on the routine releases of radioact ive and other mater ials from 
WIPP operations were rece ived in nine letters and six ora l  statements . These 
comnents are sununar ized below.  A response to each issue is also provided . 

1 .  Issue . Routine releases may be a long-term problem because of bioaccumu
lation .  'Ib is concern was expressed by the New Mexico Environmental Evaluation 
Group , the EPA, and a c itizens group . 

Response . The significance of the bioaccumulation of radionuclides routinely 
released was a ssessed by analyzing a scenar io in wh ich 25 years of released 
nuclides accumulate in the vegetation around the WIPP and a range fire re
leases these isotopes ( Section 9 . 5 . 3 . 4 ) . 

2 .  Issue . Several conunentor s asked for a clarification of the routine ��-

releases . 

• The NRC reconunended giving a numer ical est imate and the basis of the 
e stimate for the max imum routine releases . 

• Several ind ividuals and groups sa id that re leases will occur even with 
the best filters and that routine releases of tr itium and radon must be 
clar ified . 

• The New Mexico Env ironmental Evaluation Group requested cla r if ication 
of the results of routine releases of hydrogen, he lium, and hydrogen 
chlor ide gase s .  

• The NRC a lso sa id that the DEIS states i n  Append ix G that X/Q values 
were calculated with the MESODIF model : therefore the descr ipt ion of 
the AIRDOS-II  X/Q rou tine should be replaced with a summary of MESODIF.  

Response . The conunents a sking for a clar i fication of the routine releases 
have been addressed in Sec tions 8 . 6 ,  8 . 7 . 5 ,  and 9 . 3 . 2  and in Append ix G. The 
X/Q values calculated with MESODIF are among the inputs to AIRDOS- I I .  MESOD IF 
is descr ibed in Append ix H ,  Sec tion H . 4 . 4 .  

3 .  I ssue . The NRC requested that the FEIS  d iscuss releases via liquid 
pathways .  

Response . No waterborne d ischarges are expected from the WIPP repos itor y .  
Furthermore,  becau se of ( 1 )  the h igh net water loss (prec ipitation minus evap
oration) , ( 2 )  the impermeability of the rock strata , and ( 3 )  the depth of the 
uppermost water-bear ing stratum (more than 500 feet) , there is no significant 
probability of contaminating groundwater from any other routine releases from 
the WI PP.  The reposi tory itself is isolated f rom any water-bear ing rocks by 
more than 1300  feet of impermeable evapor ite strata . There is no sur face 
water in the site area : the nearest perennial surface-water stream , the Pecos 
River , is 14 miles from the site , and no integra ted dra inage system connects 
the s i te with the r iver . Thus there is e ssentially no like lihood that routine 
re leases from the WIPP repos itory will affect sur face waters , and releases via 
liquid pathways were therefore not examined . 
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4 .  Issue .  The IX>I sa id that a discuss ion of the impacts of routine releases  
on the biosphere ( i . e . , wildlife, plants , soil,  and wa ter ) is  requi red. 

• The State of New Mexico sa id that routine releases of radioactivity 
will adversely a ffect future rad iocarbon dating of archaeological arti
fac ts .  

Response . The analysis of impacts of routine releases from the WIPP repos i
tory ( �ection 9 . 3 .2 )  concentrates on the effects on human populations . In 
this case , the releases are so low and the calculated exposures so small that,  
by extrapolation, no sign ificant impacts on the biosphere are expec ted. The 
results of the analyses in Section 9 . 5 . 3 . 4  suggest that,  at the release rates 
expected ,  s ign ificant bioaccumulation will not occur . The problem of radio
nuclide contamination of archaeological sites will be addressed in the spec i
fic plans to mitigate e ffects on archaeological resources to be submitted to 
the State Histor ic Preservation Officer and the Federal Advisory Counc il on 
Histor ic Preservation. 

5 .  Issue . Conunentors also requested that the FEIS clarify the systems that 
will be used to mal i tor routine releases.  

• The Department of Health , Education and Welfare requested information 
on the routine mal itor ing of dr inking water and food. Several conunen
tors ,  par ticularly Texas residents , requested a more complete system to 
mal itor releases in the groundwater systems . 

• The department also requested a discuss ion of the radiation-protection 
cr i ter ia , including a d iscussion of the range of acceptable doses . 

Response . The operational radiation-monitor ing system to be employed for the 
WIPP repository is descr ibed in Append ix J ,  Section J . 2 . 6 . Th is moni tor ing 
system includes measurements of the radiation levels in dr inking water ,  food , 
and other environmental indicator s (e . g . , soil , wildlife ) . The deta ils of 
th is monitor ing program are reported in the WIPP Safety Analysis Repor t.  

It may not be  possible or reasonable to sat isfy the spec ific requests for 
monitor ing expressed by the residents of west Texas . There are no groundwater 
flow paths to the southeast into Texas and, even if there were , the ground
water veloc ities in the water-bear ing strata are such that no contaminants 
would be seen for tens of thousands of years .  

The FEIS repor ts the radiation doses expected under normal and acc ident condi
tions in relation to background exposure and health effects . The radiation
protec tion cr iteria,  which in part account for these expected doses ,  are dis
cussed at length in . the Safety Analysi� Report .  

15 . 19 OPERATIONAL ACCIDENTS AT 'DIE WIPP FACILITY 

Seventeen letters and six oral statements conunented on the analyses of 
environmental impacts from acc idents occurr ing dur ing plant operations . These 
conments are sunmar ized below. A response to each issue is al so provided. 

1 .  Issue . The acc idents selected for analysis may not represent the wor st
case events , and add itional accidents should be evaluated . 
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• The EPA and the NRC both suggested that the FEI S  examine the radiolog i
cal impac ts of a range f i re after the bioaccumulation of radionuclides 
rou ti ne ly re leased dur ing plant operations . 

• The EPA also recommended examin ing the effects of a se ismic event on 
wa ste conta iners  stored underground . 

• The NRC further recommended analyz ing a large f i re in wh i ch the HEPA 
filters  catch fire and emit radiation .  

Response . The IX>E is conti nuing the evaluation of potential acc i dents dur ing 
operations , par t icular ly in the course of developing the Safety Analysis Re
por t .  In that repor t ,  acc idents are classified as (1 )  those of "moderate 
frequency , "  wh ich may occur once per year : ( 2 )  those that are " infrequent, " 
wh ich may occur once dur ing the total operating lifetime : and ( 3 )  " limiting "  
events , wh ich are not expec ted to occur but are included i n  order to estimate 
the wor st poss ible consequences .  Th is work was reevaluated for the FEI S .  

The DOE has analyzed a range fire that releases radionuclides that had become 
biologically accumulated in plants around the reposi tory . The analysis is 
repor ted in Sec tion 9 . 5 . 3 . 4 .  

All exper imental and empir ical data rev iewed to date ind icate that ear thquakes 
in  the area of the Los Medanos s i te would not result in ground accelerations 
that could cause the ruptur ing of waste conta iner s ( Sec tion 9 . 5 . 3 . 1 ) . Accord
ingly , the se ismic scenar io s uggested by the EPA is considered incred ible and 
is not inc luded . 

An event in wh ich the HEPA filters burn and emi t  radiation is also not cred
ible f or the WI PP repos i tory,  because the HEPA filters are not located near 
any areas in wh ich a cred ible fire from another source could occur and the 
required ma intenance schedule will preclude the buildup of par t iculate matter 
on the filters . 

2 .  Issue . Some assumptions made in the acc ident analyses are not conserva
t ive and should be rea ssessed . The EPA r ecommended that the postulated sur
face fire in the contac t-handled-waste area be assumed to last longer than 1 
hour . 

Response . The potent ial sources and durations of sur face fires were assessed 
in developing the Safety Analy s is Repor t .  The result is that a fire last ing 
for no more than 1 hour still appears to be the best estimate . Mor e conserva
t ive , wor st-case events are evaluated in that repor t .  

3 .  Issue . Numerou s add itional calculations are needed to fully assess the 
impac tf of operational acc idents on the operational wor k force . The New Mexi
co Env ironmenta l Evaluation Group listed numerous radiation doses that should 
be calculated and repor ted in the FEI S .  

Response . The wor ker-dose calculations requested by the New Mex ico Env iron
mental Evaluation Group were considered in developing the Safety Analy s is 
Repor t :  a sunmary of the information presented in that repor t is presented in 
Sections 9 . 3  and 9 . 5 for normal and acc ident cond itions , respectively . 
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lS . 2 0  WASTE RETRIEVABILITY 

Comnents on the iss ue  of waste retr i evability were rece ived in 17 letters 
and 9 ora l  statements . Several of these oonments related to the retr ievabil
ity of spent fuel for reprocessing ,  because the d isposal of spent fuel is no 
longer a part of the WIPP mission ,  these oonments are not discussed here . The 
issue of emplacing spent fuel in the WIPP is d iscussed in Section lS . 3 1 . 7 .  
The comments are sunmar ized below. A response to each issue is also provided. 

1 .  Issue .  The NRDC and other groups and persons sa id that certa in character
istics of salt, such as plasticity , corrosivity, and loss of streng th, which 
may make it undesirable for permanent d isposal , will inhibit waste retr iev
ability. 

Response . var ious properties of salt would complicate retr ieval ,  spec ific 
provisions are being made in the planning and design of the retr ievability 
feature to account for them ( Section 8 . 10 ) . 

2 .  I ssue .  Several connentors said that the t ime per iod dur ing which 
retr ieval is to be possible should be reevaluated . 

• The DOI , the Atomic Industr ial Forum, and other connentors said that 
the retr ieval per iod for the TRU and exper imental high-level waste must 
be clar ified.  

• The NRC sa id that the waste should be mainta ined in  a retr ievable mode 
for the life of the repository and for SO years after it is closed and 
deconrnissioned . 

• The State of Alaska and several groups and persons said that the waste 
should be maintained in as retr ievable a mode as possible because bet
ter means of wa ste disposal may become available in the future . 

Response .  The planned time per iods for waste retr ievabi lity from the WIPP 
repository are as follows : With in S years after the first emplacement of each 
k i nd  of TRU waste (contact and remotely handled) ,  separate dec isions will be 
made about the retr ieval of each kind of waste . If the decis ion is made to 
retrieve i t ,  S to 10 add itional years would be required for the actual removal 
operation . These time per iods have been clarified throughout the FEIS . Even 
after th is planned retrieval period, the emplaced waste could be retrieved by 
existing technique s .  Retr ieval after the fac ility is closed would be much 
more expensive, but the decision to deconmission would not be made until there 
would be reasonable assurances that the facility was suitable for a permanent 
repository . The NRC sta ff position (draft of 10 CFR 60 ) that high-level waste 
should be retr ievable for a per iod of SO years after a geologic repository is 
closed has not been clar ified in terms of specific requi rements . All h igh
level waste to be used in the WIPP exper iments will be retr ieved at the end of 
the exper iments . 

3 .  Issue . The New Mexico Environmental Evaluation Group, the NRC ,  the New 
Mexico Governor ' s  Advisory CoDIDi ttee on the WI PP ,  the SWRIC ,  the Sierra Club, 
and others requested that the !'EIS further clar ify the details of 
retrievability , including the costs of alternative d isposal methods for 
retr ieved wastes , cr iter ia , procedures,  logistics, and hazards .  
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Response . The discuss ion of wa ste retr ievability has been expanded in the 
FEIS. ( Section 8 . 10 )  to show more clear ly the methods and equi];lllent to be used . 
Th is discu ss ion inc ludes the DOE commitment to demonstrate retr ievability 
before any waste is emplaced in the WI PP . 

15 . 21 DEX::OMMISS IONING AND IDNG-TERM M:>NITORING 

Comnents on the decommission ing of the WIPP reposi tory and the long- term 
inst itutiona l control programs to mon itor potential releases and prevent in
trusion were made in 22 letters and 10 oral statements . These statements are 
SUJlll\ar ized below . A re sponse to each issue is also provided. 

1 .  I ssue . The State of Oh io and other comrnentors sa id that the d iscu ssion of 
decommission ing is too vague and should be rewr itten to include more spec ific 
plans : decommissioning under a var iety of circumstances should be addressed. 

• The State of New Mexico requested that the FEIS clar ify what will be 
done with the salt pile af ter decommi ssion ing , saying that all d is
turbed areas should be reclaimed and revegetated . 

• The State of New Mexico reque sted a d iscu ssion of the possible uses of 
the WIPP site afte r decommission ing . 

Response . The d iscu ssion of decommission ing in Sections 8 . 11 . 1  and 8 . 11 . 2  has 
been expanded and clar if ied . At th is time in the development of the WIPP 
p roj ect, it is not possible to de fine the specific procedu res to be employed 
in decommission ing the repository.  All decommiss ioning activities will be 
carr i ed  out in compliance with the applicable environmental regulations in 
force at that future time . It wou ld be expected that the site-restorat ion 
prog ram would i nclude reg rading and perhaps i nclude revegetating . 

2 .  Issue . The NRC requested a discuss ion of the ultimate disposal of retr iev
able exper imental wa ste and contami na ted ma ter ials . 

Response . See item 1 above . 

3 .  Issue . Becau se the greatest uncerta inties concern ing repos itory per form
ance come af ter decommissioning , several comrnentors ,  includ ing the Hear ing s 
Panel,  the NRC , the New Mexico Env ironmenta l Evaluation Group , the DOI , the 
EPA , and the mux::: , sa id that the FEIS should d iscuss the long-term controls ,  
includ ing ac tive and pass ive institutiona l controls , and clar ify the time 
per i od and the area over wh ich institutional controls will be ma inta ined . 

• The DOI sa id that rad ioac tive wa ste must be isolated for per iods of up 
to 2 50 , 0 00 years and that the DEI S d id not present a cred ible d iscus
sion of the expertise necessary to charac ter ize s ite integr ity for such 
a long per i od .  

• The State of New Mexico requested a discussion o f  institutional controls 
beyond 100 yea r s .  

• The NRDC requested clar if ication of the means to prevent intrusion , and 
the NRC ask ed about prov isions to mitiga te accidental intrusion s .  In 
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add it ion , the FEIS should clar ify wh ich agency is responsible for · con
trol and how damages will be compensated for if there should be an 
acc idental intrusion . 

• The EPA suggested that the intrusion scenar ios discussed in Sec-
tion 9 . 7 . 1 . S  should consider that controls can fa il as well as be lost 
and that, although knowledge of the repository may not be lost , intru
sion could occur because of complacency or avar ice. 

Respa!se . A new Sec tion 8 .11 . 4  discusses the conceptual design of the active 
and passive institutional controls that would aid in reducing the probability 
of accidental human intrusion . Such controls include site marker systems and 
long-term record-ma intenance systems . The integrated ins_titutional control 
system would probably remain effective for a time period of 100 to 400 years.  

4 .  Issue . The DOI sa id that the probability of intrusion, and therefore a 
problem with long-term control , is particularly great at the Los Medanos site 
because of the hydrocarbon, potash , and salt resources at the site .  The po
tential for intrusion because of resource demand is high . 

Response . The DOE has analyzed the effectiveness of an institutional-control 
system in precluding acc idental human intr usion . The conclusion is that the 
likelihood of human intrusion is pr inc ipally related to the effectiveness of 
site mar ker s and record maintenance , not to the incentive to exploit the re
sources of an area . Physical and wr i tten evidence of a geologic repository 
will deter WlControlled exploitation of minera l resources for a long time. 
Accordingly , well-conce ived institutional-control systems at the Los Medanos 
site would be expected to reduce the probability of accidental intrusion to 
levels like  those in  basalt and other media. 

S .  Issue . The DOI requested an assessment of the Los Medanos site and all 
other alternative d isposal media and methods in terms of the possibility of 
intrusion and the ma intenance of long-term controls . 

Response .  See i tern 4 above. 

6 .  Issue . The SWRIC and other commentor s said that , as part of the institu
tional controls , a long-term mon i tor ing system should be set up to monitor the 
integrity of the geologic med ia and the waste-storage conta iners.  Several 
Texas c itiz ens and government officials par ticularly requested effective moni
tor ing of groundwater systems to detec t any radioactive contamination . 

Response . The deta ils of the active institutional controls at the Los Medanos 
site have not yet been established . It is reasonable to assume , however , that 
these institutional controls will include the mon itor ing of repository per
formance with respect to waste isolat ion . 

15 . 22 TRANSPORTATION 

One of the issues provoking many comments on the WIPP DEIS was the trans
portion of radi oactive mater ials to the WIPP reposi tory. The transportation 
issue was ra ised in 36 letters and 36 oral statements . The public expressed 
great concern about transportation safety , the probability and sever ity of 
transpor tation acc idents , and the transpor tation routes . The State of New 
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Mexico requested a supplement to the DEIS that would d iscuss State-spec ific 
transpor tation issues . Questions regard ing transpor tation acc idents are d is
cussed in Sec tion 15 . 2 3 .  General comments on transpor tation are listed be
low .  A response to each issue is al so provided. 

1 .  Issue . Twenty commentor s noted that the impacts of wa ste transpor tation 
are not analyz ed for specific transpor tation rou te s .  

• The States of New Mexico and Texas , the EPA , the SWRIC , and other corn
mentors ask ed that waste-transpor tation rou tes be spec ified and sug
gested that analyses of the impacts of transpor tation be based on these 
spec ific rou te s .  

• The Hear ings  Pane l urged that the FEIS con ta in all ava ilable new data 
on transpor tation rou te s .  

• The Hear ings  Pane l and the New Mexico Governor ' s  Adv isory Committee on 
the WI PP recommended that a cost-bene fit analys is of the var ious poten
ti al routes be per formed . 

Response . The safety of rad ioac tive mater ials is insured by the packag ing 
used to transport them. Design cr i ter ia for these packagings are not depend
ent on spec ific road cond it ions : sa fety is insured for any road cond it ion . 
Average road cond itions are therefore sui table for analys is . The analyses 
g iven in the FEIS use average_ data , bu t the discuss ion of probable routes in 
the vic in ity (with in 200 miles) of the site has been expanded ( Section 6 . 4 ) . 
In developing operational plans for the WIPP the costs and benefits of poten
tial spec ific routes will be examined, e ither explicitly or implicitly ,  by the 
IX>E and the wa ste carr ier . 

2 .  Issue . The DOI , the NRC , the EPA , and the SWRIC said that the EI S should 
d iscuss the probabi lity and potential impac ts of intentional destr uctive ac ts . 

• The EPA sa id that the impac ts of an intentional destructive ac t are 
potentia lly severe and may be more ser ious than the impac ts calculated 
for the acc ident scenar ios descr ibed in the DEI S .  

• The Hear ings Panel reque sted support for the sta tement that wa ste pack
ages do not make attrac tive targets for sabotage . 

Response. It is not poss ible to pred ict the probability of an intentional 
destructive ac t.  Impac ts calculated for such acts are pre sented in  Sec tion 
6 . 10 .  

3 .  Issue . Several corranentor s ,  includ ing the SWRIC , stated their belief that 
existing t�anspor tation regulations are inadequate to insu re pub lic safety . 

• The State of New Mexico reque sted that the transpor tation reg ulations 
govern ing wa i;; te sh ipments to the WI PP be more clear ly defined in the 
FEIS.  

• The Hear ing s  Pane l requested analyses of  accident consequences when 
transpor tation regulations are not followed . 

Response . The IX>E believes that the current transpor tation regulations are 
adequate to insure public safety . In sh ipping waste from the Rocky Fla ts 
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Plant to the Idaho National Eng ineer ing Laboratory ( the waste to be eventually 
delivered to the WIPP) , there has been rx> release to the environment from any 
abnormal occurrence dur ing shipment .  Such a proved record suppor ts the ade
quacy of the regulations. 

4 .  Issue . Several persons and groups,  particularly the SWRIC , said that 
transportation packagings are inadequate to protect public health and safety . 
The SWRIC and others asserted that the Super Tiger was rx>t able to pass the 
regulatory tests . The SWRIC and several per sons also sa id that the transpor
tation impacts calculated in the DEIS are rx>t acceptable because they are 
calculated for packagings that do not yet exist. 

Response . The assertion that the Super Tiger has rx>t passed the regulatory 
tests is not correc t .  A descr iption of the tests used to certify the Super 
Tiger and a rebuttal of the assertion are given in Section 6 . 3 .  The packag
ings that w i ll probably be used for transporting waste to the WIPP are be ing 
designed at this time . Consequently ,  the analysis for the P'EIS assumes that 
the packagings w ill be no better than the min imum regulatory requirements. 
Th is assumption is conservative because the packag ings will undoubtedly exceed 
the minimum requirements . 

s .  Issue . The State of New Mexico and many groups and persons requested that 
the FEIS addre ss  radiation doses and subsequent health e ffects for transporta
tion wor kers and for the people who live along transpor tation routes.  Several 
New Mexico residents requested that the analyses consider the effects of psy
cholog ical stress on the people living along transportation route s .  

Response. Doses were calculated for transpor tation crews and for the public 
as well as for a worst-case ind ividual who would be very close to all the 
shipnent paths and exposed to all shipnents to the WIPP (Section 6 . 8 ) . A 
limited survey of residents in the vicinity of the WIPP site revealed concern 
about the safety of repository operations and transpor tation (Section 9 . 4 . 3 . 1 ) . 
It is , however , not possible to quantify such psychological stress in terms of 
health e ffects in a regional population. 

6 .  Issue . The State of New Mexico and several residents of the s ite region 
sa id that the roads that may be potential routes to the site are in poor con
d ition ,  particular ly those near the site .  

Response . Some roads in the Los Medanos area that could be used as routes for 
transporting waste are in poor cond ition and upgrading of these roads may be 
desirable. As d iscussed in I tem 1 above, the road cond itions do not affect 
the safety assessment for waste transport7 safety is insured through the design 
of wste packaging s .  

7 .  Issue . Several states (New Mexico, Nevada , Colorado, Utah, Missour i ,  and 
Texas) expressed concern over waste transpor ted through tfte1ll and ·said they 
would like to participate in dec iding whi� transportation routes are se lected 
for transporting waste to the WIPP .  

Response . under proposed DOT regulations for the highway routing of radio
active materials , states have the prerogative of specifying preferred routes 
through their j ur isdictions . The IRG has also recommended to the President 
that ra il-routing policies be reviewed. Routing is d iscussed in Section 6 . 4 .  
See also i tea .1 above. 
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8 .  Issue . The State of New Mexico, the NRC , and the Hear ings  Panel requested 
that the transpor tation analyses consider special measures for transpor tation ,  
such a s  DO E  convoys or escor t s .  

Response . Spec ial measure s like convoys or escor ts are not required at pres
ent ; the DOE does not be lieve they are necessary to insu re public safety. 

9 .  Issue . The State of New Mexico and several groups sa id that the FEIS 
should d iscu ss transportation costs.  

Response . The costs of sh ipping contac t-handled TRU waste to the WIPP and the 
costs of clean ing up af ter acc idents are estimated in Sections 6 . 6  and 6 . 8 . 5 , 
re spec tively . 

10 . Issue . A few groups sa id that the transpor tation distance should be one 
of the s ite-selection cr iter ia ; the total transpor tation d istance should be 
mi nimi zed.  

Response . Routes to the WIPP cannot be spec ified by the DOE� however , dec i
sions about rou ting should cer ta inly cons ider min imiz ing transport d istances . 
See Sec tions 6 . 1  and 6 . 4 .  

11 . Issue . The New Mexico Env ironmental Evaluation Group requested that the 
FEIS de fine the responsibilities of sh ippers,  carr ier s ,  and government agen
cies.  

Re sponse . The responsibilities of sh ipper s ,  carr iers ,  and governmen t regula
tory agenc ies are descr ib ed in Section 6 . 2 .  

15 . 2 3  TRANSPORTATION ACCIDENTS 

I ssues about transpor tation acc idents were ra ised in 14 oral statements 
and 14 lette r s .  The probability of acc idents and the ir consequences were of 
particular concer n .  Other general issues conce rn ing the transportation of 
waste are discussed in Sec tions 15 . 2 4 ,  15 . 2 5 ,  and 15 . 26 .  Comments on acc i
dents are d iscu ssed and summar iz ed here . A response to each issue is al so 
prov ided . 

1 .  Issue . Several commentor s ,  includ ing the State of New Mexico and the 
SWRIC , sa id that the transpor tation-accident probabilities used are inadequate 
because they do not account for the spec ific highway and railbed cond it ions 
that might be encoun te red on potential routes to the WI PP repository.  

• Several groups and persons asserted that the probabilit ies of transpor
tation acc idents we re undere stimated . 

• The Hear ings  Panel strongly recommended that the FEIS clar ify the prob
abi li ties of transpor tation acc idents and the probabi lities of the 
consequences est imated for these acc idents . 

• The State of New Mexico recommended that speci fic routes be examined to 
identify potential problem areas in transpor t ing waste to the WIPP 
repos itory . 
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Response . The safety of rad ioactive-mater ial transport is pr imar ily insured 
by the packagings in wh ich the mater ials are shipped . The regulations of the 
U . S .  Department of Transportation provide spec ific design cr ite r ia for packag
ing s 1  these regulations are very str ingent and make no assumptions about spe
c ific road or ra ilbed ex>nditions . Consequently , an env ironmental-impact anal
ys is can be performed on a gener ic bas is with national accident stat istics .  
Furthermore , the probabilities o f  accidents that ,  like those analyz ed in the 
FEIS , have severe consequences and low probabilities change very li ttle from 
reg ion to reg ion . Thus ,  the predictiQns of impacts would not change much if 
the analyses were performed for specific routes . A d iscussion of waste trans
por t with in 200 miles of the Los Medanos site has been added (Section 6 . 4 ) . 

The section d isC.'Ussing the impacts of transportation accidents was reorganized 
to emphasize the probabilities of the scenar ios descr ibed. The discuss ions of 
accident probabilities were expanded and clar ified (See Section 6 . 8 ) . 

2 .  Issue . The assumptions u� to evaluate the impacts of transportation 
accidents are not conservative and must be revised to reflect worst-case 
cond itions.  Other acc ident scenar ios should also be evaluated. 

• The EPA suggested that the atmospher ic diffusion cond itions assumed in 
the acc ident scenar ios are not worst-case ex>nd it ions . 

• The EPA further noted that the • 1arge population center " used to assess 
population doses dur ing transportation acc idents is not as large as 
some urban centers that lie along probable transportation routes (e . g . , 
Denver or Dallas) . 

• The NRC recon:mended that the waste generated in dismantling and decom
missia'ling be included in the transportation impact analyses to enhance 
conservatism .  

Response . The assumptions used in the transportation-accident analysis of the 
DEIS were conservative , and they have now been made more conservative by 
treating the source of radioactive-mater ial release not as a point source at a 
fixed d istance above the ground, as in the DEIS,  but rather as a d ispersed 
source that extends from the ground up to the height of the point source in 
the DEI S .  The e ffect of this change is to increase the maximum ground-level 
exposure of the public and the maximum dose that an ind ividual person could 
rece ive. calculations were also made for intentional destr uctive acts and for 
the exposure of emergency worker s .  

The largest c ity for wh ich a transportation accident was calculated was Albu
querque, which is as big as any c ity along the routes from the INEL to the 
WIPP except Denver and Salt Lake City .  calculations for one of these would 
have given a larger population dose, but not proportionately larger because 
the additional people exposed would be in the fr inges of the field .  Doses to 
maximally exposed ind ividuals would remain the same. 

3 .  Issue . Radiolog ical pathways other than inhalation should be evaluated. 
Both the EPA and the NRC suggested that the rad iation doses rece ived by eating 
contaminated food and dr inking contaminated wa ter should be examined . 

Response . Should an accident as severe as those postulated in the FEIS occur , 
the DOE will take action to insure that contaminated water or crops are not 
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ingested by the public.  Th is ac tion might include confiscat ing crops , quaran
tining cropland , or mon itor ing water supplies . The precedent for consider ing 
such action , discussed in Section 6 . 8 ,  is establi shed in the NRC ' s  f inal envi
rcxunental impact statement on the transportat ion of radioactive mater ial by 
a ir and other modes (NUR&;-017 0 ) . 

15 . 24 EMERGENCY-RESPONSE PLANNING 

Conunents concern ing the lack of an emergency-response plan in the DEIS 
were r ece ived in nine letters and seven oral sta tements . 

1 .  Issue . All of the 16 commentor s sa id that the evacuation plans and emerg
ency med ical procedures to be followed in transpor tat ion or operational acci
dents should be delineated . Governor King of New Mexico requested a supple
ment to the DEIS on th is issue . 

• The States of New Mexico and Texas , the Depar tment of Health , F.ducation 
and We lfare , the SWRIC , the Amer icans for Rational Energy Alternat ives , 
and other groups and persons sa id that the FEIS should clar ify State 
and Federal j ur isd ictions and re spons ibilitie s ,  coord ination between 
State and Federal agenc ies and local med ical fac ilities ,  tra ining pro
g rams for emergency-response per sonne l ,  prov isions for necessary equip
men t ,  and the capability of State hospita ls to handle problems related 
to acc idents . 

• The clar ification should cover the area near the Los Medanos s ite and 
areas along transpor tation route s .  

Response . Discuss ions of the status of emergency-response plans for both 
transpor tation and plant-operation accidents have been included in the FEIS  as 
Sections 6 . 11 and 8 . 12 . 1 ,  respec tively . At th is stage of the WI PP projec t ,  
these spec ific emergency-response plans have not yet been establ ished , and 
there fore only general information and the DOE' s commi tments to complete these 
plans are i ncluded . The Safety Analysis Report d iscu sses site emergency
response plans in greater deta il and will inc lude the final spec ific proce
dures when they are developed . The transpor tation and operation plan w i ll 
descr ibe deta iled emergency-response plans for transpor tation accidents . 

15 . 25 SECURITY AND SAFD3UARDS 

Cormnents on the secur ity of the WIPP site and the transpor tat ion of wastes 
were rece iveq in 12 letters and 4 oral statements . The comments are sununar ized 
below . A response to each issue is also prov ided . 

1 .  I ssue .  Several pe( sons and groups , includ ing the SWRIC , sa id that the EIS 
should addre ss the r is k s  and consequences of sabotage , hijack ing , and terror
ism dur ing the transpor tation of wa stes and the secur ity prov isions to prevent 
such ac ts . 

• The EPA , the DOI , and the New Mexico Env ironmental Evaluation Group 
sa id that the hazards resulting from an act of sabotage or terror ism 
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are potentially severe and could create more ser ious situations than 
conceivable tr uck or train wrecks . 

• '!'he NRC sa id that Section 6 . 8  of the DEIS does not accurately descr ibe 
the results of the 1978 Ducharme study on the transpor tation of radio
nuclides in urban environs . Sabotage consequences are underestimated. 

Response . The concern expressed over the r isks and consequences of intention
iJllY destructive acts dur ing the transpor tation· of wastes to the WIPP has 
resulted in the DOB' s  reevaluation of the topic . The d iscussions and analyses 
in Section 6 . 10 respond directly to the comments ra ised . 

2 .  Issue. Several per sons and groups reque sted that the EIS d iscuss the 
saf4!(Juard requirements for the WIPP repository and the impacts of such 
safeguards, esp,cially in light of the poor record of the nuclear industry . 

Resf(!\Be •  Similar ly ,  information on the secur ity and safeguards provided at 
the WIPP site has been added as Section 8 . 12 . 2  of the FEIS . The WIPP-site 
secur ity plan is still in the development stage1 the information provided in 
Section 8 . 12  is general in nature but will be updated in the Safety Analysis 
Repor t .  For obvious reasons the deta iled site secur ity plan will remain 
confidential . 

15 . 26 INSURANCE AND LIABILITY 

Bight letters and nine oral statements ra ised the issue of insurance cover
age and liability in operational or transpor tation accidents . This issue is 
sUDDar ized below. 1\esponses also are provided. 

1 .  · Issue . 'l'he PBIS should address the liability resulting from the loss of 
life or property as a result of accidents at the WI PP site or dur ing transpor
tation. It should discuss the extent of Federal and State liability and eval
uate the adequacy of the Pr ice-Anderson Act. 

Insurance coverage under the Pr ice-Ander son Act is inadequate . The New Mexico 
Attorney General ' s  office maintains that the Act leaves gaps in the protection 
afforded New Mexico citizens and the State of New Mexico and identifies four 
key istuesa ( 1 )  the potential liability of the State of New Mexico, ( 2 )  the 
ava ilability to the State of Federal indemnification for any such liability,  
(3 )  the types of nuclear accidents for which Federal indemnification would be 
ava ilable, and ( 4 )  obstacles to financial redress for an injured party .  

• The PBIS should ·identify all the costs that will be incurred by the 
State for insurance coverage. 'l'he FEIS should discuss the State ' s  
liability responsibility.  

• Information should be provided on liability for the Q;>A-tamination of 
regional hydrologic syste• by WIPP operations .. 

• Liability issues in relation to transpor tation should be clar ified. 

Response . 'J.'he Price-Anderson Act is designed to insure that the public will 
be protec ted· in the eYent of a nuclear accident connected with a facility 
operated or licensee! by the Government . The WI PP fac ility would therefore be 
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covered by the provisions of the Act.  The provis ions of the Act are very 
broad, and considered with its •omn ibus prov isions , •  the Act appears to cover 
transpor tation acc idents that occur on the way to or from indemnified facili
ties like the WI PP ,  as we ll as ope rational 'accidents not related to the WI PP .  
The exac t coverage provided by the Ac t  i s  open to legal interpretation . Sec
tion 6 . 12 ha s been added to th is FEIS to g ive the opinion of the DOE legal 
staff on th is matter .  

lS . 2 7 HFALTH EFFEX::TS OF I.OW-LEVEL RADIATION 

The que stion of the health e ffects of low-level radiation, in the WIPP 
projec t and in the nuclear industry in general,  rece ived a great deal of at
tention in the comments on the DEIS . A total of 23 oral sta tements and 17 
letters inc luded comments on th is issue . The comments are summar ized below. 
Responses al so are provided . 

1 .  Issue . The DEIS doe s not re flect the r isks involved in exposure to radia
tion ,  tend ing to avoid the issue entirely . 

• Many commentor s ,  par ticular ly severa l physicians , said that the DEIS 
d istor ts the health ramifications of developing the WI PP proj ect by 
compar ing rad iat ion doses with annual average background exposures or 
SO-year dose commi tments from backg round exposur e .  The descr iption of 
exposure to radiation as a percentage of background , wh ile technically 
accu rate and gene ra lly accepted , tends to mask the harmful effects of 
background radiation . Such dose-re lated data should be translated into 
expec ted health effects, the total number of incremental cancers , work
day s los t ,  hospital day s ,  and shor tening of li fe . Comments on th is 
issue we re also made by the New Mexico Environmental Evaluation Group ,  
Governor Br uce King , the Hear ing s Panel ,  the EPA , and other s .  The EPA 
s uggested using the EPA conver sion factor of health effects per mil lion 
man-rem . The Env ironmental Evaluation Group suggested using models of 
r isk coefficients developed by var ious standards-setting organ izations . 

• The Env ironmenta l Evaluation Group , the NRC , and several ind ividuals 
sa id that , in making compar isons with doses delivered by natural back
ground rad iation , simi lar time per iods should be used ; for example , 
doses in which rad iation is absorbed over 1 year should only be com
pared with the dose rece ived from natural background radiation in 1 
year , not SO year s .  

• Severa l other per sons and groups sa id that radiation exposure should 
not be conver ted to health e ffects or cancer s .  

Response . There is a great deal of technical controver sy over the health 
e ffects of low- level rad iation, pr imar ily because the effects of radiation at 
low doses are almost imposs ible to separate from simi lar effec ts exerted by 
other agents in the environment.  No un iver sally accepted epidemiolog ical 
studies of populations exposed to low-level radiation have been successfully 
completed . In response to th is concer n ,  Appendix 0 has been added to d iscu ss 
the curr ent knowledge of the health effects of exposure to low levels of radi
ation . The radiation doses reported in the FEIS are compared with the doses 
rece ived from na tural background rad iation , and the reader is referred to 
Appendix 0 for in formation on health e ffects . 
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2 .  Issue . The DEIS ignores the fact that large quantities of radioactive 
waste would be transported to, and emplaced in,  the WIPP repository , thereby 
presenting a significant increase in the risk of cancer mortality and 
morbid ity along transportation routes and in the vicinity of the WIPP si te .  

• The total radiation exposure of the U . S .  population from waste trans
portation and emplacement should be stated. 

• The EPA, the NRC , and several persons requested clarification of the 
radiation doses rece ived by transportation workers. under normal and 
accident cond itions . 

Response . Evaluations of the potential consequences of handling large quanti
ties of radioactive mater ials must consider not only the • source term• (mate
r ial quantity and rad ioactivity) but also the pathways by wh ich such mater ial 
could reach people. Radiation exposures of the public under both normal and 
acc ident conditions have bee� examined in the FEIS (transpor tation : Sections 
6 . 7  and 6 . 8 7  plant operations: Sections 9 . 3 and 9 . 5 7  long-term safety: Sec
tion 9 . 7 . 1 ) . These analyses take into account the source terms for the var i
ous wastes and the pathways through which radiation doses are rece ived by 
people. Further analyses of radiation-dose consequences are included in the 
Safety Analysis Report .  

15 . 2 8  SOCIOEJ:ONOMICS 

The socioeconomic impact of the WIPP proj ect evoked considerable response . 
Many persons , including some in the immed iate area , expressed concern over the 
possibility of a boau-and-bu st cycle and the potential effects on employment, 
hou sing , population , soc ial services , cultural aspects ,  and the quality of life 
in the area . The comnents made in 17 letters and 31 oral statements are sum
mar ized below. A response to each issue is also provided . 

1.  I ssue.  The analysis of  potential socioeconomic effects should include a 
review of the statewide and national impacts attr ibutable to the proposed 
proj ect . The EPA, the Resource Economics Group of the University of New Mexi
co ,  and the State of New Mexico all comnented on this issue. The State of New 
Mexi90 requested a complete presentation of the costs and benefits of the WIPP 
repos itory on a statewide basis . 

Response . The FEIS conta ins a short statewide economic-impact analysis (Sec
tion 9 . 4. 1 . 5 ) . Th is analysis shows that some statewide impacts will be felt 
beyond Eddy and Lea Counties . In the total statewide economy , however ,  these 
effects will be min imal . 

In terms of effects on the national economy, the economic impacts of the con
str uction and operation of the WIPP are generally too small to be analyzed. 
Although the national program for the management of commercial radioactive 
waste (Section 2 . 2 . 4 )  will have a larger national impact ,  its effects are 
outside the scope of the FEIS . 

2 .  Issue . Some comnentor s ,  inc luding the State of New Mexico, the SWRIC , and 
several groups and per sons, felt that employment and population impacts were 
underestimated . A smaller number , inc luding the Amer icans for Rational Energy 
Alternatives , felt that the impacts had been overestimated. Most comnents 
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perta ined to a boom-and-bust cycle , the in-migration projections , and the low 
unemployment ra te in  the pr imary area of impact--Eddy and Lea Counties . 

The Resource Economi cs Group of the Un iversity of New Mexico and the State of 
New Mexico sa id that in-mig ration was severely underestimated , resulting in 
i ncorrect estimates of its effec ts .  Becau se the local labor market is  rela
tively tigh t,  less than 50% of the jobs will be f illed by local labor instead 
of the 50% assumed in the DEIS . Housing-constr uction wor ker s  are no t  included 
in the population estimates . 

Response . Since the DEIS wa s issued, significant changes have been made in 
the schedule and the scope of the WI PP (Section 2 . 1 . 2 ) . These changes have 
reduced the peak leve l of employment dur ing the construction phase of the proj
ect.  New impact calculations show no boom-and-bust cycle.  

A review of the presently ava ilable occupations in the area in relation to 
future needs and a review of the e ffects of past proj ec ts on labor-force 
ava ilability and in-migration were also per formed for the FEIS .  The FEIS 
conta ins the same migration coe fficients used in the DEIS , as the reviews 
showed them to be reasonable for simi lar large construc tion proj ects in the 
Rocky Mountains and the Southwestern Un ited State s .  

3 .  Issue .  Several commentor s ,  par ticularly res idents of the area near the 
site ,  were concerned about the possibility of a boom-and-bust cycle dur ing the 
construction of the proj ec t .  There were several closely re lated conunents , 
particular ly by the S tate of New Mex ico , that short-term inflation ,  t ighter 
hou sing , and a stra in on commun ity social services were not given proper at
tention in the DEI S .  

Response . The question of the effect of inflation dur ing large construction 
proj ec ts needs a s ubstantial amount of resear ch . I t  is appar ent that a large 
construc tion proj ec t in a very spar sely populated area produces some local 
inflation . The amount of inflation in the economic areas in wh ich inflation 
occurs depends on several fac tor s ,  includ ing population density, the size and 
the type of the proj ec t ,  transportation fac i lities,  manufac tur ing fac i litie s 
for products , reac tion of the local economy , etc . The FEIS does not contain 
answers to a ll these questions . The DOE has i ssued to the State of New Mexico 
and the Un iversity of New Mexico a grant for a soc ioeconomic analysis that 
will i nclude a review of potential impac ts due to inflation .  

4 .  Issue .  Several commentor s ,  including the SWRIC and the State of New Mex
ico, d isag reed with the input-output procedure used in calculating the socio
economic impac ts of the WI PP proj ec t .  Some technical comments concerned the 
trea tment of the government sector in the input-output model , the unsoph isti
cated methods used in analyz ing fiscal and infrastruc ture impacts,  and the 
i nherent we•k nesses in the use of input-output models .  The EPA sa id that the 
primary area of impac t covered by the input-output procedure was too small . 

Response . Several c�anges were requested in the economic modeling processes . 
Sane of the requested changes ,  however , would lead to spur ious results . One 
oomnent , concern ing the i nclusion of the government sec tor in the modeling 
process , was accommodated ( see Append ix L) . The techniques used to measure 
f iscal e ff ects on cormnuni ties were somewhat mod ified for the FEIS , even though 
the methods used in the DEIS were more soph isticated than the methods 
contained in most FEIS s .  
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In th is FEIS ,  no attempt was made to split the modeled economic system into 
the very small economic entities suggested in several comments . The small
ness of the economy in the two-county area would not allow further disaggrega
tion to the degree needed to satisfy the requests . 

5 .  Issue . The issue elic iting the most comments on soc ioeconomics was the 
lack of sociocultural analysis in the DEI S .  A number of commentors ,  including 
the State of New Mexico , the SWRIC , and several persons , felt that the impacts 
on certain cultural aspects , such as community and services and the quality of 
life in the area, had not been proper ly analyzed and were potentially severe . 
Many of these comments specifically mentioned the small towns (Loving , Jal , 
and Malaga) within 40 miles of the site . 

Several commentors requested a d iscussion of the psychological stress of the 
WIPP projec t  on area residents and those along transportation routes .  

Response . A sociocultural analysis was under taken for the FEIS that included 
d iscussions with approximately 200 residents in the general area of impact 
(portions of Eddy and Lea Counties) . The results of the sociocultural analy
sis are reported in Section 9 . 4 . 3 . 1  and in Append ix H ,  Section H . 2 . 2 .  

6 .  Issue . According to the Resource Economics Group, the State of New Mex
ico , the SWRIC , and others ,  the current housing situation in the area and the 
potential impact on housing were not given proper attention . No mitigating 
action was suggested for reliev ing the housing shor tages expected dur ing WIPP 
constr uction .  

The Colorado Division of Planning said that new growth should be planned to be 
energy e ffic i ent . 

Response . The housing situation in the general area of impact has changed 
sign ificantly dur ing the last 2 years , ma inly because of h igh interest rates 
and the r is ing costs of mater ials . The housing descr iption was completely 
reviewed and updated for the FEIS (Section 9 . 4 . 5  and Appendix H, Section 
H . 3 . 3 ) . 

7 .  Issue . The SWRIC , the State of New Mexico, and several persons felt that 
the potential effects of the WIPP proj ect on tour ism were not properly 
analyzed .  

• The storage of radioactive mater ials could have a potentially ser ious 
e ffect on tour ism, whi ch represents a substantial portion of the 
economic base in the area . 

• Moreover , crowded conditions dur ing the construction of the WIPP could 
result in a short-term decline in tour ist traffic within the area, thus 
hurting certa in tour ist-related businesses.  

Response .  Tour ism is a vital part of the economic base of the Car l sbad area . 
Most of it is attracted by the carlsbad caverns National Park southwest of the 
C i ty of Carlsbad .  It i s  difficult to determine how the WI PP proj ect would 
affect tour ism in the area , but past exper ience in New Mexico has shown that 
the existence of nuclear weapons laborator ies and a tomic energy research es
ta blishments - has not h indered tour ism. Although an acc ident with radioactive 
mater ials has the potential for damaging tour ism in the area , the d istance 
from the site to the national park (more than 50 highway miles) makes a long
term e ffect unli.l(ely. 

15-56 



8 .  Issue . The State of New Mexico ,  the Resource F.conomics Group , the SWRIC , 
and others said that the socioeconomic- impact analy s is conta ined in the DEIS 
did not present enough deta il . These comments mentioned such issues as the 
i ncreasing demand depos i ts and savings depos Lts from businesses and employees , 
the potential effect on small businesses in the area,  and the costs of devel
oping a subd iv ision.  

Response . The soc ioeconomic analysis conta ins a degree of deta il appropr iate 
to the expec ted deg ree of impact . Small deta ils of the effects on savings 
depos its , ind ividual small businesses ,  costs of developing subdivis ions , etc . , 
are not warranted . 

9 .  Issue . The DOI and several persons were concerned with the ava ilability 
of , and the impact of the WI PP proj ect on , recreational fac i li t ies in the 
are a .  The DEIS d id not conta in plans for the expansion of recreational faci l
ities or a ssoc iated costs . It was said that the i ncreased population would 
stra in existing reg ional fac ilit ies such as Lake McMillan , Laguna Grande de la 
Sal ,  and Car lsbad Caverns . 

Response . The impac t of the WIPP proj ec t  on recreational fac ilities is ex
pected to be min imal . Except f or sw imming pools in  Car lsbad and campsi tes , 
the recreational fac ilit ies currently ava ilable in the area are considered to 
be adequate , and a new S tate park in  Hobbs w i ll alleviate the shortage of 
campsite s .  Deta iled plann ing of new fac ili t ies is outs ide the scope of the 
FEIS . 

10 . � · The DEIS d id not estimate the effects of the WIPP proj ec t on prop
erty values near the s i te or along the transportati on rou tes . Dr . Cumber land 
of the Hear ing s  Pane l suggested that the Government should consider compensat
ing those people along transpor tation rou tes or near the s i te who w ished to 
move becau se of fear of the WIPP proj ec t .  

Response . The FEIS does not conta in an analy s is of the e ffects on property 
values near the site or along transpor tation route s .  Most of the proper ty in 
the immediate area of the proposed s i te is admin istered by the Bureau of Land 
Management .  The nearest center of commerc ial activity and residential popula
tion is Loving , more than 23 h ighway miles f rom the s i te .  The DOE has issued 
a grant to the State of New Mexico and the Un iversity of New Mexico for a 
study that will address some a spects of th is subj ec t .  

11 . Issue . Although two c it ies , Car lsbad and Hobbs ,  were analyzed for im
pac ts f rom the proj ect , the commun ity closest to the site ,  Loving , was not 
analyz ed .  The SWRIC and several persons commented on this issue . 

Response . The FEIS d iscu sses both the ex i sting cond it ions in the commun ity of 
Lov ing and the pred icted impacts there . The analysis was completed to the 
same level of deta il as that provided for Hobbs and Car lsbad , the two cities  
that will rece ive the pr imary impact ( Section 9 . 4  and Append ix H ,  Section H . 3 ) . 

15 • 2 9 ARCHAEOLOGY 

Comments on the archaeolog ical resources at the Los Medanos site were 
submi tted in four letters and one oral statement . They are summar ized below .  
A response to each issue i s  also provided . 
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1 .  I s n uc . The Sta tea of New Mexico and Vermont sa id t h a t  th� D JU S  rlnes no t 
---

conta in s1,1ffic ient ar chaeolog ical information to permit an eva l uation of thP. 
signif icance of the archaeolog ical site s .  

The Sta te o f  New Mexico made the most substantive COl'llllcnts on th is issue . I t  
requested that the following be included : a discuss ion of the cultura l h istory 
of the region 1  more deta il in the s i te descr iptions to permit other reviewers  
to evaluate the significance of  the archaeological site s ,  a spec ific discus
sion and evaluation of the s ign ificance of each s i te ,  and the inclusion of all 
inventory repor ts in an append ix . 

Response . The discuss ion of the archaeology of the LOs Medanos site has been 
expanded , updated , and moved to Append ix H ,  Sec tion H . 1 . 5 .  Because inclusion 
of the archaeology survey repor ts would add cons iderable volume to the FEI S ,  
the results have been su11111ar ized i n  Appendix H.  Copies o f  the survey repor ts 
are ava ilable on request from the DOB. A map (Figure H-2 )  showing the loca
tions of the archaeolog ical s i tws has been added. 

The DOE has complied with the requirements of Sec tion 106 of the Nat iona l 
Histor ic Preser vation Act in determin ing the e lig ibility of archaeological 
sites for inc lusion in the Histor ic Registe r  and has consulted with the Keepe r 
of the Histor ic Reg ister and the New Mexico State Histor ic Preservation Offi
cer . The correspondence with these agenc ies is reproduced in Append ix I .  The 
IX>E will continue to comply with the National H istor ic Preservation Act by 
identifying any add it ional elig ible properties and request ing and implement
ing a consul tation process to mitigate or min imize any adverse impac ts . Both 
of the off icers above will be involved in this process . 

2 .  I ssue . The S tate of New Mexico and the DOI requested that other surveys 
be conducted to further delineate the areas previously surveyed and to prov ide 
data on s i tes in control zones III and IV. 

Response . Further archaeological surveys will be conduc ted throughou t the Los 
Medanos si te ,  includ ing sample surveys in the outer zones III  and IV. Mit iga
tion measures for affec ted sites  discovered dur ing prev ious surveys or in 
futu re surveys will be developed in cooperation with the State Histor ic Pres
ervation Officer and the Adv isory Counc il on Histor ic Preservation . Mit igat
ing measu res to be employed will address the problem of the effects of radio
nuc lide contamination on radiocarbon dating of archaeological site s .  

3 .  I ssue .  The State of New Mexico , the DOI , and an indivi dual asked that 
mitigation measures be clear ly defined for the archaeolog ical site s  discovered 
at the Los Medanos s i te .  The mitigation measures should include the protec
tion of existing site s ;  further deta iled studies of the existing site s ,  in
cluding excavation and accurate dating 7 further surveys of the entire site ;  
and the development of a reg ional cultural history .  

Response . See items 1 and 2 above. 

4 .  Issue .  The State of New Mexico ind icated that a release of radionuclides 
can contami nate archaeological s i tes and r ender radioactive dating methods 
use less . 

Response . See item 2 above . 
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5 .  Issue . The NRC requested a d iscuss ion of unavoidable adver se impacts and 
irre tr ievable and ir reversible conunitments of archaeolog ical resource s .  

Response . The potential impac ts on archaeolog ical resources will be avoided 
or mitigated through consul tation with the Sta te H istor ic Preservation Officer 
and the Adv isory Counc il on Histor ic Preservation and the per formance of an 
accepted impact-mitigation prog ram (Section 9 . 6 . 4 ) . No unavoi dable adverse 
impac ts on these resources will occur . 

15 . 30 EXX>LOGY AND LAND USE 

Comments on ecology and land use at the LOS Medanos site were made in e ight 
letters and six oral statements . In particular , the State of New Mexico made 
extensive spec if ic comnents . The cormnents are summarized below. A response 
to each issue is al so provided. 

1 .  Issue . Two comnentor s requested a clarif ication o f  minor incons istencies 
(e . g . , number of cattle s uppor ted) in land-use data and the min imal impacts on 
land use . 

Response . The inconsistenc ies in land-use data have been cor rected,  and the 
d iscussion of the sign ificance of land-use impacts has been expanded. 

2 .  Issue . The Sta te of New Mexico and the DOI said that the presentation of 
baseline ecolog ical data ( vegetation and wildlife) is inadequate . There are 
inconsistenc ies between some tables and several statements . The discuss ion of 
endangered and threatened species ( designated by the Federal Government or the 
S tate of New Mexico) should be clar ified . 

The S tate of New Mex ico s uggested numerous spec ific changes in Append ix H 
perta in ing to add it ions and delet ions in tables of plant and an imal spec ies 
( e . g . ,  game bi rd s ,  abundance estimates,  and the potential occurr ence of cer
ta in spec ies) • 

Response . Simi lar ly ,  the pre sentation of baseline ecolog ical data (Append ix 
H, Section H .  5) has been reevaluated and upda ted with more recent field data . 
The section on ecology in Chapter 7 (Section 7 . 1 )  has also been expanded . 
Techn ical comnents made by the S tate of New Mexico were re solved in the text 
and Append ix H of the FEIS (Sec tion 7 . 1  and Section H . 5 ) . 

3 .  I ssue . The DOI , the NRC , the S tate of Flor ida , and several per sons sa id 
that the impac ts section is fragmented and over looks some impor tant impacts . 
Ecolog ical impacts resulting f rom such actions as  con str oction ,  salt-dust 
emiss ions , •enc ing , roadways ,  r ights-of-way , and power-line construction 
should be more fully repor ted. 

For example , the DOI ·suggested that roadway impacts should include the loss of 
habita t ,  i nc reased aec idental deaths ,  and the i nh ibition on movement for cer
ta in spec ies . The DOI also sa id that benefits of new vegetation conununities 
along roadways should not be overempha sized and reque sted that the relation of 
impac ts to potential BLM wilderness areas be discussed . 

15- 59 



Response . The d iscuaaion . of environmental iapacts has been restruc tured to 
avoid f ragmentation. Section 9 . 1  has been added to identify the actions that 
may lead to environmental illpacts . All impacts exerted on the biophysical 
envi rauaent &iring construction and operation are discussed in Sections 9 . 2  
and 9 . 3 .  

4 .  Issue . The NRC ,  the OOI , and the State of New Mexico requested that 
mitigation measures be more fully specified. Some examples given were 
revegetation , measures taken in power-line construction to reduce raptor 
deaths ,  and the f encing of water impoundments to protect wildlife . 

Response . In restruc tur ing the presenta tion of impact analyses , a separate 
section (Section 9 . 6 )  on the mitigation of impacts has been prepared. It 
evaluates and discusses most of the aitigation measures suggested in the 
coments. 

15 . 3 1  ISSUE OO'l'SmB 'BIB S::OPB OP '1'BB l!NVIRONM!N'l'AL IMPACT STAT!MBN'.r 

15 . 31 . l  Aff?roval, D isapproval , No Coment 

Some letters and statements did not discuss any specific issues in the 
DEIS but expressed gene ral awroval or d isawroval of the proj ec t .  Three 
letters  and 20 statements expressed general disapproval of the WIPP project 
but ra ised no issues with the DBIS . Nine wr itten letters and 27 oral state
ments expressed approval of the WIPP project, and many of these complimented 
the completeness of the DBIS .  

Some of th e  cxmaent:Ors expressed disapproval o f  the nuclear-weapons and 
the nuclear-power incllstr iea in general. Conversely ,  other co-entors ex
pressed approval of the nuclear industry and indicated the need for nuclear 
weapons for national defense. 

Letters received from 15 State (other than New Mexico) Planning and Clear
inghouse Ag encies and one Pederal agency expressed ne ither awroval nor d iaap
proval of the DBIS but merely acknowledged its receipt and requested a COVL of 
the PBIS.  

These 001111en ts have been recorded but require no formal response by the 
DOB in the PBIS. Copies of the PBIS will be sent to the agencies anl! inl!i
viduals requesting thea. 

15 . 31 . 2  Bias 

'!be issue of bias in the WIPP DBIS was -ra ised in 9 written letters and 10 
oral stateaents . These ooaents can be sumarbed •• followaa 

1 .  The DBIS reflects a bias in favor of nuclear power and radioactive-waste 
isolation and does not pr-.aent the facts in an obj ective aanner . '!'he 
document lack• canc5or concerning the issues and probleu aaeociated with 
the WIPP. 

2 .  The DBIS O'leruipbaaisea negative effects and la overc::onaervative in it• 
presentation of environaental effects. 
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3 .  The proposed WIPP site in New Mexico wa s  selected on the basis of polit ical 
exped i encies . 

4 .  The DO E  should not have wr itten the WIPP. DEIS because the choice of a 
radioactive-wa ste-d isposal site involves a con flict of interest for the 
DOE, wh ich is a promoter of nuc lear energy . 

The IX>E and i ts contrac tors have made every e ffort to be obj ective in the 
preparation and wr iting of the EIS .  Responsible oppos ing viewpoints have been 
care fully considered in the analyses and resolutions of comments made on the 
DEI S .  In prepar ing the DEIS and th is FEIS , the DOE responded to the require
ments of the National Environmental Po licy Act ,  wh ich states that the agency 
propos i ng a major Federal action is the one responsible for the preparation of 
the a ttendant EIS .  

15 . 3 1 . 3  Translation into Span ish and Ind ian Languages 

The translation of the DEI S into Span ish and I nd i an languages was an i ssue 
ra ised in 5 wr itten letters and 11 oral statements.  Because approximate ly 56% 
of the New Mexico population speaks Span ish or one of the Indian languages, 
the DEIS should have been published in Span ish and several Indian languages in 
order to a llow partic ipation by all New Mexico residents . Gover nor Br uce King 
of New Mexico requested a swmnary of the FEIS in Spanish and Indian languages. 

State officials and sociolog ical consultants ind icated that the g reat 
major ity of the people in New Mexico who are literate are literate in Eng lish. 
Consequently , th is FEIS has been published only in Eng lish. A summary of the 
FEIS ,  however , is being published in Span ish and will be distr ibuted by the 
IX>E. Notice of i ts ava ilabi lity will be publ ished in the Federal Reg ister and 
in local newspaper s ,  both in Eng lish and in Spanish . The summary descr ibes 
the author ized WI PP proj ect and al ternatives , the s i te and environmental inter
faces , the transpor tation of wa ste to the site , env ironmental impacts , public 
participation ,  and interagency coord i nation.  

In add it ion ,  the DOE provided a Span ish translator at  the public hear ing s 
cond\X:ted at Ode ssa , Texas ,  and Hobbs and Santa Fe , New Mexico. 

15 . 31 . 4 Licensing 

Thirteen letters  and 12 oral statements ra ised the issue of NRC licensing 
for the proposed WI PP . These comments are summar ized as follows : 

l. NRC licensing should be required for the WIPP regardle ss of the scope of 
the proj ect. 

Governor Bruce King and the State of New Mexico strongly favor the licens
ing of the repository for health and safety reasons desp i te cong ressional 
obj ections to the NRC li cens ing of defense fac ilit ies . Others requesting 
licensing inc luded several c itizens and public- interest groups . 
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2 .  A nonlicensed fac ility represents a major change in the scope of the proj
ect as presented, and a new DEIS should be prepared. 

3 .  NRC licensing is not necessary for the WIPP. 

4 .  The WIPP Hearings Panel reconmended that the DOE consider establishing an 
independent review board for the WIPP project if NRC licensing is not 
performed. 

The author izing legislation requires that the proposed WIPP be developed 
without licensing by the NRC . President Car ter , in h is February 12 , 1980 
message , recormnends that all facilities for the permanent disposal of highly 
radioactive mater ial be licensed. Alternative 3 ,  the preferred alternative , 
provides for the disposal of defense-program waste in an NRC-licensed reposi
tory. The absence of NRC licensing , however , does not mean that the design 
and operation of the WIPP will not be subjected to review by independent 
groups within the DOE--review 1that will insure that all WIPP safety-related 
features are designed, constructed , and operated in accordance with DOE safety 
regulations . Independent reviews of various aspects of the WIPP proj ect are 
also being per formed by the State of New Mexico and the National Academy of 
Sciences . The DOE is funding the State review. 

Finally , it should be noted that licensing by the NRC does not change the 
envi raunental impacts of the WI PP .  

15 . 3 1 . 5  Public Participation 

The issue of public par ticipation was raised in 9 letters and 23 oral 
statements . Most of these conments came from public-interest groups and 
private persons ,  but the State of New Mexico also was concerned about the 
adequacy of the time allotted for public involvement . These conments are 
sunmar ized as follows : 

1.  The time allowed for the public to review a document as  complicated as  the 
WIPP DEIS was inadequate. 

2 .  The public hear ings  were inadequate and were arranged and conducted in a 
manner that inhibited public participation : Not enough time was allowed 
for review before the hear ings1  in order to comment, a swmnary statement 
had to be submitted within a very short time per iod1 the public was not 
adequately notified about the hear ings1  the timing and scheduling discouraged 
public partic ipati on :  and more hear ings in other locations were necessary , 
par ticular ly in locations close to the site , in west Texas, and along trans
portation rou tes . Th is issue received by far the most conments . 

3 .  Public hear ings were conducted well and the opportunity for public partic i
pation was a:A;>reciated. 

4 .  Suppor ting as well as opposing comments should be considered . 

5 .  The DOE is min imizing publicity about the WI PP.  

6 .  How will the DOE respond to the public comments ? 
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Ear ly in the puhl i c  rev iew process for the WIPP DEIS , the DOE recogn i zed 
that the time allotted f or th is review was not suffic i ent . Accord ing ly , the 
wr itten-comment per iod was extended by two mon ths to September 6 ,  1979 , and all 
wr itten comments rece ived through October 5,  1979 , were considered in the 
preparation of the FEI S .  Furthermore ,  the DOE held add itional public hea r ing s 
in Texas and New Mexico near ly six months af ter the release of the DEIS to 
insure that interested per sons had adequate time to rev iew the document and 
voice the ir concerns . Procedu res for the conduct of the hear ings were mod i
fied to permit ora l  sta tements without advance requests or the preparation of a 
wr i tten sumnary statement . 

15 . 3 1 . 6 State Consultation 

The issue of State consultation and cooperat ion for the WIPP project and 
�ste transportation was ra ised in 5 letters and 14 oral sta tements . These 
commen ts can be sumnar ized as follows : 

1 .  Review and concurrence by the S tate of New Mexico is necessary in all 
aspec ts of the WI PP projec t .  Most of the comments on th is issue we re made 
by New Mexico State official s .  In add i t ion ,  the representa tive of U . S .  
Senator McClure of Idaho expressed the view that State consultat ion should 
be required for any proj ect similar to the WI PP .  

2 .  Many per sons and public interest groups sa id that either the State o f  New 
Mexico should have veto power over WI PP or public referenda should be he ld 
in New Mexico to allow the public to voice its opin ions on the WIPP . 

3 .  Several States (Utah , Missour i ,  and Texas) requested State consultat ion on 
the transpor tation of rad ioac tive waste . 

4 .  The Hear ing s Panel asked that the FEIS de fine the role of the State in the 
WIPP projec t .  

Recent leg islation directs the Secretary of Energy to enter into a memor 
andum of understanding with appropr iate offic ials of the Sta te of New Mexico 
regard ing the procedures for "consulta tion and cooperat ion" on the WIPP 
proj ec t .  Th is ag reement is to be entered into by September 30 , 1980 , and 
submitted to Cong ress with in 15 days thereafter . 

15 . 3 1. 7 Emplacement of Spent Fuel in the WI PP Repos itory 

Commenls dealing spec if ically with the rami f icat ions of emplac ing up to 1000 
spent- fuel a ssemblies in an intermed iate-scale fac i lity ( ISF) in the WI PP repos i 
tory were submitted in 2 4  letter s  and 14 oral statements . The comments can be 
sunnar ized a s  follows : 

1.  An ISF is v itally needed and should be included in the WI PP repos itory .  
Without an ISF the WI PP prog ram appears less impor tant . 

• The u . s .  Arms Control and Disarmament Agency stressed the impor tance of 
the proposed I SF to the nonpro liferat ion of nuclear weapons.  
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• The State of Maryland and other commentors emphasized the need of an ISP 
for the continued use of nuclear power . 

• Governor King of New Mexico said that , without an ISP ,  the urgency of the 
WIPP d imin ishes . S imilar ly , the NRC stated that the program advantages 
of the WIPP are diminished without an ISP . 

2 .  In contrast, many conmentors ,  i ncluding u . s .  Senator McClure of Idaho and 
severa l  industr ial groups,  said that spent fuel is too valuable to be 
d isposed of in a geologic repository . At a minimum, the retr ievability of 
spent fuel must be ma inta ined or , preferably , defense high-level waste alone 
should be used. 

3 .  Several conmentor s ( including the State o f  California ,  the NRDC ,  and sev
eral other public- interest groups ) , expressed the opinion that the ISP would 
be premature in the WIPP; more research into radioactive-waste disposal in 
salt is required before an ISP can be considered. An ISP may be more 
appropriate in an HLW repository. 

4 .  The advantages and disadvantages of the oolocation of facilities need to be 
more fully investigated . The EPA explic itly i ncluded th is comment as a 
major issue for the DEIS.  

• The State of Ohio expressed suppor t for colocation , whereas the State of 
California expressed opposition.  

• The NRC stated that the DEIS failed to distinguish adequately between the 
impac ts of a oolocated TRU-waste repository and ISP and those of a 
TRU-waste repository alone . 

5 .  The SWRIC and other public-interest groups expressed concern that the 
inclu sion of an ISP would lead to the eventual constr uction of a reproc
ess ing plant at the WIPP site . 

6 .  The NRDC and private citizens expressed the opinion that the only reason for 
including an ISP in the WIPP was to help the nuclear-power industry , which 
is being affected by state morator iums prohibiting plant construction until 
the waste problem is solved. 

In addition , the NRC and others forwarded deta iled comments on the long
term interaction of spent fuel with the geologic host medium. 

Author izing leg islation limits alternative 2 to radioactive wa ste resulting 
from defense activities and programs . Consequently, comnents on comnercial
spent-fuel d isposal are no longer relevant to the potential use of the Los 
Medanos site for the WIPP proj ect; the i nclusion of an ISP in the WI PP  facility 
is not a reasonable alternative.  If  the Los Medanoa site is proposed as the 
site of a repository for comnercial h igh-level waste, further enviraunental 
evaluation will be required . 
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Sta tement 
index 

number a 

9000 
90 0 1  

900 2  
9003  
9 0 04 
90 0 5  

9 0 06 
9007 
9 0 08 
9009 

9 0 10 
9011 

9 0 12 

9 0 13 
9014 
9 0 15 

9 0 16 
9017 

9018 

9019 

9 0 20 
9 021 
9022 
9023  

9 0 24 
9025 

9 0 26 

9 0 27 
9028 

Table 15 -1 .  Index of  Commentors at  the WIPP DEIS Hear ings 

Name 

Ha ll , Mr . Kirk 
Field , Mr .  Mike 

Merkley , Ms . Ann 
Barrac lough ,  Mr .  J .  T .  
Ritter , Gerald 
Squire , Mr .  Al 

Donnelly , Mr . Denn is 
Hill , Ms . Hazel A .  
Cour tney , Mr . Jack 
Lash,  Dr . Terry 

Goldste i n ,  Dr . George 
Wi lliams , Mr . Kelly 

Ouellette,  Mr . Will 

McDaniel ,  Ms . Jud ith 
Kinney , Mr . Har ry 
Wi lliams , Dr . David C .  

Rodgers , Ms . Sally 
Romero ,  Ms . Ann 

Gordon , Mr . John B .  

Hancock , Mr . Don 

TU rney , Ms . Evelyn 
Dicker son , Ms . Storm 
Toulouse , Ms . Char lotte 
Clar k ,  Mr . Ken I I I  

Grand , Ms . Thora 
Montague , Dr . Peter 

Ne i ll ,  Dr . Robert 

Hafer , Dr . Fr itz 
Keaveney , Mr . Barry 

Hear ing 
Aff iliation locationb 

Governor Evans of I daho ID 
u .  S .  Senator McClure of ID 

I daho 
Nuclear Counterbalance ID  
U. S .  Geolog ical Survey ID 
Atomic I ndu str ial Forum ID  
Westinghouse Elec tr ic ID 

Corporation 
Nuclear Counterbalance I D  

ID 
ID 

Natural Resources Defense AL 
Counc il 

Governor King of New Mex ico 
Amer icans for Rational 

Energy Alternatives 
New Mexico Wildl ife 

Federation 

Amer icans for Rational 
Energy Alternatives 

Fr iends of the Earth 
Nuclear women of New 

Mex ico 
Texas Energy Adv isory 

Counc i l  
Southwest Resear ch and 

Information Center 

Citizens Aga inst Rad io
active Dumping 

Southwest Research and 
Information Center 

New Mexico Environmental 
Evaluation Group 

Nuclear Counterbalance 
Taos Citi zens Together 
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Table 15-1. Index of Conanentors at the WIPP DEIS Hear ings ( continued) 

Statement 
index 

number a 

9029 
9030 

9031 

9032 

9033 
9034 
9035 

9036 

9037 

9038 

9039 
9040 
9041 
9042 

9043 
9044 
9045 
9046 
9047 
9048 

9049 
9050 
9051 

9052 
9053 
9054 

9055 
9056 
9057 
9058 
9060 
9061 
9062 

9063 

Name 

Kitts , Mr .  Michael 
Ahlen , Mr .  Jack 

Ph illips , Mr .  Richard Hayes 

Pratt, Ms . Jud ith 

Eschen, Mr .  Very! 
Yor k ,  Mr .  R. E .  
Hyder , Dr . Char les 

Salazar , Mr .  Nacho 

Williams , Dr . David c .  

Lambert, Mr .  Ray w. 

Grado, Ms . Rosa 
Philbin, Dr . Jeffrey s .  
Bigg s ,  Dr . Frank 
Guinn , Ms. Thora 

Lareau , Mr .  Jim 
Logan,· Dr . Stanley 
Earnest, Mr .  Elbert 
Stoy, Mr. Michael 
Watt , Dr . Bob E. 
Schneider , Dr . Kathleen 

Br iggs ,  Mr . Jack 
Witkop, Mr .  ear l  
Zook , Mr .  Kenneth 

Sherson, Mr .  Marc 
carver , Ms .  Melanie 
McDaniel , Dr . Patr ick J .  

Fox, Mr • Steven 
Silva , Mr .  Lauro 
Cobb, Ms . Sandra o .  
Pr iester , Mr .  David 
Wh i te ,  Mr .  P. L.  
Romine , Mr. Robert 
Hazelr igg , Ms . Deidre 

Davis,  Dr . Theodore 

Hearing 
Affiliation locationb 

Taos C itizens Together AL 
New Mexicans for Jobs AL 

and Energy 
C itizens Against Nuclear AL 

Threats 
New Mexico State AL 

Representative 
Atomic Industr ial Forum AL 
El Paso Electr ic Company AL 
Southwest Research and AL 

Information Center 
Energy Association of AL 

Taxpayers 
Amer icans for Rational AL 

Energy Alternatives 
General Electr ic AL 

Corporation 
AL 
AL 
AL 

Citizens Against Nuclear AL 
Threats 

AL 
AL 
AL 
AL 
AL 

Physicians for soc ial AL 
Responsibility 

AL 
AL 

Citizens Against Nuclear AL 
Threats 

AL 
AL 

Amer icans for Rational AL 
Energy Alternatives 

Texas Attorney General 

Concerned Citizens of 
Cerr illos 

Physicians for Social 
Responsibili ty 

AL 
AL 
AL 
AL 
AL 
AL 
AL 
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Table 15-1 . Index of Commentors at the WIPP DEIS Hear ing s (continued) 

Sta tement 
index 

number a 

9064 
9065 
9 066 
9067 
90 68 

90 69 

9 070 
907 1 
9072 
907 3 

9074 
907 5 
9076 
9077 
9078 
9079 
9080 
9081 

9 08 2  
9083 
9084 

9 085 

9 0 86 
9087 
9 0 88 
9089 
9090 
909 1 
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9 094 
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9 096 
9097 

9098 
9099 

9 100 

Name 

Per kins, Mr . Dave 
Dendahl ,  Mr .  John 
Melf i ,  Ms . Chr ista 
Fleck , Dr . Mar tin 
Williams , Dr . David c .  

Brau s ,  Dr . Anthony 

Deue l ,  Mr . J .  K .  
Sasmor , Ms . Betty P .  
Ray , Ms . Tracy 
Nathanson , Mr .  Jeffrey 

Mulcahy ,  Mr . Terrence 
Simpson , Mr .  Cra ig 
Foster , Mr . D .  Graham 
Baker , Dr . Lou is 
Acuff , Mr . Mar k 
Har r ing ton , Dr . Eldred R.  
Turr ietta, Mr . James 
Sauc ier , Ms . Evelyn 

Wallentinsen, Mr . Derek 
Montenegro , Mr .  
Me lfi , Mr . B i ll 

Naylor , Ms . June 

Denn is , Mr . Martin 
Arenson , Mr .  Michael 
Wi lliams , Mr . Joe 
Redus, Mr .  Michae l 
Mr . Ju lian River ia-deVargas 
Lapz zynsk i ,  Ms . Sally 
Matilda 
Law , Mr .  Tom 
Jensen, Mr . John 
Kleen , Mr .  Reno 
Ger re lls , Mr . Wal ter 
Gerver s ,  Mr .  John 

Stone, . Ms .  Nancy 
Lyon , Mr .  E .  P .  

�Nabb , Mr .  Dan 

Hear ing 
Aff iliation locationb 

Atomic Industr ial Forum AL 
AL 
AL 
AL 

Amer icans for Rational AL 
Energy Alternatives 

Physicians for Soc ial AL 
Responsibility 

AL 
AL 

Taos C itiz ens Together AL 
Southwest Research and AL 

In formation Center 

War Resisters League 

Amer icans for Rational 
Energy Alternatives 

Sierra Club 

Amer icans for Rational 
Energy Alternatives 

F.c tor County , Texas ,  
League of Women Voters 

Mayor of Car lsbad 
New Mexico Rad ioactive 

Waste Consultation Task 
Force 

AL 
AL 
AL 
AL 
AL 
AL 
AL 
AL 

AL 
AL 
AL 

AL 

AL 
AL 
AL 
AL 
AL 
AL 
AL 
AL 
AL 
AL 
CB 
CB 

CB 
Car lsbad Industr ial Action , CB 

Depar tment of Development 
Lea County Industr ial CB 

Development Corporation 
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Table 15-1 . Index of Commentor s  at the WIPP DEIS Hear ings ( continued) 

Sta tement 
index 

number a 

9 101 
9 10 2  

9 103 

9 104 
9 10 5  
9 106 
9107  
9 108 
9 109 
9 110 

9 111 
9 112 
9 113 
9 114 
9 115 

9 116 

9 117 
9 118 
9 119 
9 120 
9 121 

9 122 
9123 
9 124 
9 125 
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9 127 
9 128 
9 129 
9130  

9 131 
913 2  
9 133 
9134 
9 135 
9136 

Name 

Cobble, Mr . S teven B .  
Smi th , Ms . Molly 

Ceniceros , Mr . Leonel 

Watts ,  Mr .  Marvin 
Stages,  Ms . Nancy 
Carrasco, Mr..  Anthony 
Frank , Ms .  Teresa F .  
Bruno ,  Ms . Patr icia 
Ross ,  Ms . Teresa 
Qu itberg , Mr . Leo v .  

Ku r ent, Mr . Mi chael 
Burn s ,  Mr .  E .  B .  
Founta i n ,  Mr . Arthur H .  
Burns , Ms . Isabelle 
Thompson , Ms . Geneva 

Van Dolsen, Mr . Char les 

Kartchner , Ms . Roxanne 
Fox, Mt .  Steven 
Stages ,  Mr . Andrew 
Silva , Mr .  Lauro 
Martinez , Mr . J .  A .  

Hoe llwarth, Mr . Lee w. 
Taylor , Ms . Lynda 
Best , Ms . Alynda 
Lyon ,  Mr • E .  P .  

O ' Chesky , Mr . Fred 

Pr iester , Mr .  David 
Meadows , Mr .  S teve 
Ersk ine, Ms. Midge 
Per r ine , Ms . cather ine 

Hick er son , Mr . A. L. 
Byer ly , Ms .  Olivia 
Roberts ,  Ms . Jewel 
Hi lton , Mr .  Wayne A.  
Aldr idge, Mr . S tephen 
Miller , Mr .  For rest 

Hearing 
Aff i liation locat ionb 

CB 
Citizens Opposed to CB 

Nuclear Waste D isposal 
in New Mexico 

Southern New Mexico Legal CB 
Services 

AMAX Chemical Corporation CB 
CB 
CB 
CB 
CB 
CB 

New Mexico Wild life CB 
Federation 

CB 
CB 
CB 

Sierra Club CB 
Amer ican Indian Envi ron- CB 

mental Counc il 
un ited S teelworkers CB 

Local 183 
CB 
CB 
CB 
CB 

Car l sbad Ne ighborhood CB 
Assoc iation 

CB 
CB 
OD 

Car lsbad Industr ial Action , OD 
Depar tment of Development 

New Mexico Rad ioactive OD 
Waste Consultation Task 
Force 

Texas Attorney General OD 
OD 
OD 

Ector County , Texas , OD 

� l : ; 
r 
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Table 15-1 . Index of Comrnentor s at the WIPP DEIS Hear ing s (continued) 

S ta tement 
index 

number a 

9 137 

9 138 
9 139  

9 140 

9 141 
914 2  
9 143 
914 4  
9 145 
9 146  

9 147 
9 148  
9 149 
9 15 0  
9 151 
9 15 2  
9 153 
9 15 4  
9 155 
9156 
9 157 
9 158 
9 159 
9 16 0  
9 161 
9 16 2  
9 163  

9 164 

9 165 
9 166 
9 167 

Name 

Lyon, Mr . E .  P .  

Levine ,  M s .  Carol 
Gerver s ,  Mr .  John 

Verch insk i ,  Mr . S teve 

Gerre lls , Mr . Wal ter 
Richardson , Mr .  Wi lliam 
Ge iger , Mr . Er ic 
Harmon , Ms . Naomi 
Dowd s ,  Mr . Char les 
Wi lliams , Dr . Dav id C .  

Bernhardt,  Mr . 
Brahe , Mr .  Joseph 
Vondru ska ,  Mr . Thomas 
McGeorge , Ms . Ruth 
Gutsha ll ,  Ms . Shawn 
Ree se , Ms . Bonn ie 
Reese, Mr . Ron 
Kilb r idge , Mr .  Jami l 
Pink ston , Mr . John 
Wellman , Ms . Latifa 
Breslin,  Ms . Car ina 
Dendah l ,  Mr .  John 
Kitts , Mr . Michael 
Fox , Mr .  Steven 
Mi ller , Mr . For rest 
Keaveney , Mr .  Barry 
Gerver s ,  Mr . John 

Lyon , Mr . E .  P .  

S toy , Mr . Michael 
War shawar ,  Mr .  
Hill ,  Ms . Lau ra 

Aff iliation 
Hear ing 

locationb 

Car lsbad Industr ial Action ,  HO 
Depar tment of Development 

HO 
New Mexico Rad ioactive HO 

Wa ste Consultation Task 
Force 

Amer ican Society Aga inst HO 
Nuclear Power 

Mayor of Car lsbad HO 
SF 
SF 
SF 
SF 

Amer icans for Rat iona l SF 
Energy Alternatives  

Lama Foundation 

Lama Foundation 
Lama Foundation 
Lama Foundation 

Lama Foundation 
Lama Foundation 

Taos Citizens Together 

SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 

Taos Citizens Together SF 
New Mexico Radioac tive SF 

Waste Consultation Task 
Force 

Car lsbad Indu str ial Action ,  SF 
Depar tment of Development 

SF 
SF 

Concerned C itiz ens of SF 
Santa Fe 

aNumber code used in computer indexing of commen ts rece ived . 
bKey to hear ing location : ID = Idaho Falls , Idaho , June 5 ,  1979 ; AL = 

Albuquerque , New Mexico , June 7 and 8 ,  1979 ; CB = Car l sbad , New Mexico , June 
9 ,  197 9 ;  OD = Odessa , Texas , October 1 ,  19 79 ; HO = Hobb s ,  New Mexico , 
Oc tober 2 ,  1979 i SF = Santa Fe , New Mexico , Oc tober 5 ,  1979 . 
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Table 15-2 . Index of Commen tor s Submitt ing Wr it ten Conunen ts on the WI PP DEIS 

Lette r 
index 
numbera 

Name or Organ izat ion 

0001 The Paleontolog ical Society ,  National Museum of Natu ral History ,  Mr .  Richard E .  Grant 

0002 State of North Dakota ,  Planning Division 

0003 AI Nuc lear Energy Services, Inc . 

0004 R .  Se itz , Ward County Judge 

0 0 0 5  Env ironmen ta l Coa lit ion on Nuclear Power 

0006 State of Oregon , Execu tive Depar tment , Intergovernmental Rela tions Divis ion 

0007 State of Illino is , Exec utive Off ice of the Governor , Bureau of the Budget 

0008 Mr . Kar l Thomas Feldman , Jr . 

0 009 New Mexico Section ,  Soci ety of Range Management 

0010 State of Nor th Carolina , Department of Administration 

0011 U . S .  Wa ter Resources Council 

0012 Congress of the United State s ,  Hou se of Representatives,  Rep . Kent Hance 

0013 State of South Dakota , Off ice of Executive Managemen t, State Plan-ning Bureau 

0014 Mr .  Rober t Jones 

0015 Pennsylvania State Cl ear inghouse 

0016 CITE , Citi zens for Total Energy 

0017 U . S .  Arms Control and Disarmament Agency 

0018 CE Power Systems , Combust ion Eng ineer ing , Inc . 

0019' State of De laware,  Ex ecut ive Depar tment , Office of Management , Budget and Plann ing 

0020 Ms . El izabeth M.  Cooley 

0021 Ms . Leslie A .  Thomas 
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Table 15- 2 .  Index of Commentor s Submitt ing Wr itten Comments 
on the WIPP DEIS ( continued) 

Letter 
index 
numbera Name or Organ ization 

0 0 22 

0023 

0 0 24 

00 25 

0026 

0 0 27 

0028 

0029 

0030 

0 0 31 

0032 

0033  

0034 

0036 b 

0 0 37 

0038 

0 0 40c 

0041 

0042 

0 0 43 

0044 

0 0 45 

Mr . Paul and Ms . Mi ldred Lusk 

State of Utah , Divis ion of Policy and Plann ing Coord ination 

S ta te of Alask a ,  Office of the Governor , Division of Policy 

Development and Plann ing 

Nuclear Counterbalance 

E .  w. Mitche ll 

TRIAD and Associates , I nc. 

State of Flor ida , Depar tment of Administration , Div is ion of State 

Plann ing 

Ms . Hazel Hill 

State of Mis sour i ,  Off ice of Administration 

Sta te of Indiana , State Board of Health 

Oh io State Clear inghouse 

State of Vermont,  Off ice of the Governor , State Plann ing Off ice 

Ms . Cathy Moser 

Yates County (New Yor k) Plann ing Board 

Mr . Joseph L. Gendron 

Sta te of Rhode Is land and Prov idence Plantations,  Department of 
Admin istration,  Statewide Plann ing Prog ram 

Ar izona State Clear inghouse 

Mr . Ph i llip L .  Boucher 

State of Nevada , Governor ' s  Off ice of Planning Coord ination 

Sta te of Flor ida,  Department of Env ironmental Regulation 

Mr .  Michae l Stoy 

Ly nn R. Chong 
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Letter 
index 
number a 

0048 

0049 

0050 

0051 

0052 

0054c 

0055 

0056 

0057 

0058 

0059 

0060 

0 061 

0062 

0063 

0064 

0065 

0066 

0067 

0068 

0069 

0070 

Table 15-2 . Index of COlllllentors Submitting Wr itten CODlllents 
on the WIPP DEIS (continued) 

Name or Organization 

State of Maryland , Depar tment of State Planning 

State of Texas , Office of the Governor 

Amer icans for Rational Energy Alternatives , Inc . , Nuclear Divis ion 

The Izaak Walton League of Amer ica , Land of Enchantment Chapter 

PLENTY 

State of Kansas ,  Department of Administration , Divis ion of State 
Planning and Research 

Mr .  Mark Johns 

Mr .  John B. Gr iffiths 

Ms . Gladys R.  Winblad 

Mr .  John Camp 

Ms. Barbara Honors 

Natural Resources Defense Council , Inc .  

Westinghouse Electr ic Corporation , PoWe r  Systems Company 

A. P. 

Penberthy Electromelt International,  Inc . 

State of Colorado, Department of Local Affa irs , Divisicxi of Planning 

c. E.  Davis 

Ms . Laura H. Conrw:>lly 

Lowenste in, Newman , Re is , Axelrad, & Toll 

New Mexico Bureau of Mines and Mineral Resource s  

southeastern New Mexico Econoilic Development District 

New York Federaticxi for Safe Energy 

For a Habitable World 
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Table 15-2 . Index of Comnentors Submitting Wr itten Comments 
on the WI PP DEIS (continued) 

Letter 
index 
number a Name or Organization 

0 071 Sierra Club ,  Rio Grande Chapter 

0072 Sierra Club 

0073 Atomic I ndustr i al For um ,  I nc .  

0074 Amer icans for Rational Energy Alternatives , Nuclear Divis ion 

0075 Sta te of New Mexico , Office of the Attorney General , Department of 
Justice 

0076 State of California ,  Energy Resources Conservation and Development 
Comm ission 

0077 Dr . Char les L. Hyder 

0078 Southwe st Research and Information Center 

0079 Sta te of New Mexico , Depar tment of Finance and Administration , 
Plann ing Divis ion 

0080 State of New Mexico,  Environmenta l Eva luation Group 

0 081 Mr . A.  L.  Hicker son 

008 2 Mr .  Mi ke Rodr igue z 

0083 The Honorable Bruce King , Governor of New Mexico 

0084 State of New Mexico, Governor ' s  Adv i sory Commi ttee on WI PP 

0086 State of Mis sissipp i ,  Office of the Governor , Planning and 
Coordination 

0087 Commun ity for Nonv iolent Action 

0088 U . S . Environmental Protection Agency 

0089 Women ' s  Health Service 

0090 State of Georgia,  Executive Depar tment ,  Off ice of Planning and 
Budget 

009 1 U . S .  Depar tment of Health , F.ducation and We lfare 
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index 

Table 15- 2 .  Index of Conmentor s Submitting Wr itten Comments 
on the WIPP DEIS (continued) 

numbera Name. or Organization 

009 2  U. S .  Nuclear Regulatory Commission 

0093 u . s .  Depar tment of the Inter ior 

0094 State of california, Department of Conservation, Division of Mines 
and Geology 

0095 Gulf Oil Explorat¥on and Production Company 

0096 Comnonwealth of Kentucky, Depar tment of Natural Resources and 
Environmental Protection 

0097 Repor t of the Publi c  Hear ing Panel , WIPP DEIS,  Hearings conducted 
at Odessa, Texas (Oc tober 1 ,  1979 ) ; Hobbs , New Mexico (Oc tober 
2 ,  1979 ) ; and Santa Fe, New Mexico (October 5 ,  1979 ) 

0098 Dr . Wi lliam F. Pike 

aNumber designator used in computer indexing program for classifying 
WIPP DEIS conments . 

br.etter number 0035 was a draft of the U. S .  Department of Health , 
Education and Welfare conments later superseded by final CODlllents in letter 
number 009 1.  

CLetters number s  0039 , 0046 , and 0053 were initially assigned in error . 
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'l'.:ibl e 1 5- 3 .  Key wor d s  for C l a ss i f y ing Commen t s  on the WI PP DEI S 

Acc i dents 
Al t e r ua t i v c s  

J\l� rova l  ( p ro j ec t ) 

Ar chaeo logy 

Bac tcr i .:i l  deg r a da t i on 
Bene f i t s  
U i a s  

Boum-t.iu st cy c le 

Dor cholc plugg ing 

Ur inc poc k ets 
C l ima te 
conta i ne t s 
Co Gt 

Dccorrun i s s i on i ng 
De lay 

De s i g n  

D isapp rov a l  ( p roj ec t )  
D is :;o l u t i  on 

Eil r th se l ence 

Eco loyy 

Ed i tor i a l  changes 
Erner gcncy plan 

Employment 

Exper imen ta l prog rams 
Faul l i ng 

Geod is pos a l  s u i ta b i l i t y  

Grou ndwil tcr 

Hea l th e ff ec ts 
Hou G i ng 

INEL ( I daho N a t i on a l  Eng i nee r i ng 

Labot a tor y )  

IRG ( I nte rag ency Rev iew Gr oup on 

Nuclear Wa s te Management) 

! SF ( nt P r med i ale - sca lc fac i l i ty )  

I n st itu t i onal i ss ue s  

I n s u rilnce 
Land u se 

Lang uage t r ans lat i on 
Licen s i ng 

Long - term i solat ion 

Monitor ing 
N EPA comp l i a nce 

No commen ts 
N uc l i de m ig r a t ion 
Ob j ec t i ve s  ( pr og rilmma t i c )  
Ope r a t ions 

Other med i a  

P ub l i c  pa r t ic ipa t i on 
Rad i a t ion 
Reg ulat ion s  
Re lea se s  ( r ou t i ne )  
Re sear ch 
Re so u r c e s  

Re tr i evab i l i t y  
Rou te s 

Sal t-bed su i tabi l i ty 
Sched u l e s  

Scope ( p roj ec t )  

Sec u r i t y  

Se i smic i ty 

S i t e  se lec t ion 

Sl agg ing py roly s i s  

soc ioeconomics 

Spent f ue l  

State consultat ion/coope r a t ion 
S t re ss 

Suppor t i ng ana l y s e s  

Sur f ace wa ter 

TRU wa ste 

T r anspor tat ion 
wa ste for m 
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Table 15- 4 .  Matr ix Identifying Issues Raised by Conanentors on the WIPP DEIS 

Type Of 
Coaaentors Issue coaaent Peder al State and local Individuals and groups 

Scope and obj ect ives Oral 9li26 
9004 , 9012 , 9035 Wr itten 0088,  009 2 ,  0093 0024 , 0040,  0076 , 0083 0059 , 0060,  0071,  0078 

Benefits, costs, and schedule Oral 
9000 , 9125 , 9141, 9018 , 9126 , 9 139 9005 , 9009 , 9027 , 9028 , 9031, 9 045 , 9047 , 9066 , 9068,  9071 ,  9086 , 914 0 ,  9103 Written 0092 0079 , 0083, 0024 , 0063,  0068 0037 , 0041, 0054 , 0059 , 006 2 ,  0078,  0060 , 0085 ,  0043 , 0048 , 0076 0069,  0071 ,  0072,  007 3 ,  007 4 ,  0049 Alternatives Oral 9000 , 9126 9162,  9005 , 9027 , 9040 , 9043 , 9045 , 9046 , 9047,  9050 , 914 2 ,  9159 , 9077 , 9124 , 9140, 9002 , 9054 , 9064 , 908 2 ,  9 158 , 9006 , 9009 , 9019 , 9023,  9025 , 9031 , 9075 

.... 
Wr itten 0088, 0091, 009 2 ,  0094 , 0047 , 0083 , 0079 0009 , 0018 , 0022 , 0037, 0044 , 0049 , 0058 , 

er 
0093 00 24 , 0032 , 004 2 ,  004 3 ,  006 3 ,  0059 , 0060,  006 2 ,  0065 , 0066,  0069,  0070 , 

.., 
0076 , 0084 , 0068 0071, 007 2 ,  0073 , 0078 , 0087 , 0097 

°' 

Continued wa ste storage Oral 9001 9000 
900 2 ,  900 6 ,  9007 , 9019 , 9027 , 9028 , 9045 

at INBL Wr i tten 0088 , 0092 0032 , 0076 
0014 , 0059 , 0060 , 0062,  0070 , 0072 NBPA COllpliance Oral 
9039, 9140 Wr itten 0088 , 009 2 ,  0093 0028, 0076 , 0079 , 0083 0005, 0059 , 0071, 007 2 ,  0078 , 0087 Regulations governing WIPP Oral 
9004 , 9019 , 9031,  9053 , 9107 , 9128 , 9142 

Written 0092, 0093 0043 , 0048 , 0079, 0080 , 0084 0051, 0071, 0078 , 0087 Salt-bed suitabllity Oral 
9009 , 9031,  9035 , 9062 , 907 5 ,  9080 , 9098 , 9029 , 9 101 , 9103 , 9105 , 9 142,  9 149 , 9155 , 9052, 9037 Wr itten 0088, 009 2 ,  0093 0076 , 0079, 0080 0034 , 0037 , 0041 , 0050 , 0051, 0056 , 0058 , 0059 , 0069 , 0072 ,  0077 , 0078 S i te selection Oral 
9009 , 9035 , 9042,  9045 , 9051,  9057 , 9 082 , 
9142 , 9158 , 9162 Wr itten 0088 , 009 2 ,  0093 0032 , 0080 , 0094 0005 , 0058 , 0059 , 0060 , 0071,  007 2 ,  0073 , 0078 



Table 15- 4 .  Matr ix Identi fy ing Issues Raised by Conunentor s on the WIPP DEIS ( continued) 

Type Of Commentors 

Issue comment Fede r a l  State and local Individuals and groups 

Geolog ic s i te su i tab i l ity Oral 9009 , 9031, 9035 , 905 1 ,  9053 9057 , 9 105 , 
9130 , 914 2  

Wr i tten 0012 , 0088 , 009 2 ,  0004 , 0084 , 0079 , 0040 0054 , 0069 , 0077 , 0078 , 0044 , 0001 , 0034 , 
0093 004 3 ,  0067 , 0076 0059 , 0050 , 0097 , 0087 , 008 9 ,  0097 

Hydrolog ic s i te su i ta b i l ity Oral 9058 , 9 127 , 9 139 9031 , 9 124 , 9136 , 9 142 , 9 105 , 9077 , 907 5 ,  
9130 , 9027 , 9025 , 9149 , 904 2 ,  9057 , 9 15 5 ,  
9052 , 9085 , 9 135 , 9002 

Wr i tten 0012 , 0088 , 009 2 ,  0004 , 0043 , 0048 , 0079 , 008 5 ,  0069 , 0059 , 0046 , 0054 , 0073 , 007 8 ,  0058 , 
009 3 0076 , 008 0 ,  0094 , 0067 , 007 2 ,  0012 , 0014 , 0097 

Resou r ce  ccnf l ict Oral 9 139 9015 , 9019 , 9023 , 9 0 3 1 ,  9047 , 9073 , 9084 , 
9098 , 910 2 ,  9107 , 9124 

,_. Wr i tten 0088 , 009 2 ,  009 3 0004 , 0012 , 0032 , 0067 , 0076 , 0037 , 0049 , 0050 , 0059 , 0060 , 0065 , 007 2 , 
l1I 0079 , 0084 007 3 ,  007 4 ,  0078 , 0095 
I 

....J 
....J Borehole loca t i cn  and plugg ing Oral 9 159 

Wr itten 0088 , 0092 000 5 ,  0072 

Long-term wa s te isolat ion Oral 9006 , 9019 , 9031, 9042 , 9035 , 9038 , 9 0 15 , 
9027 , 9044 , 9047 , 9114 , 9146 , 9159 

Wr i tten 0088 , 009 2  0043 , 0076 , 0004 , 0079,  0084 , 0080 0059 , 0074 , 0012 , 0044 , 004 9 ,  0054 , 007 2 ,  
007 3 ,  007 8 ,  0045 

Plant de s ign and ope r a t i ons Oral 9007 , 9025 , 9027 , 9040 

Wr itten 008 8 , 009 1, 009 2 ,  0048 , 006 3 ,  007 9 ,  008 4 ,  009 4 006 0 ,  007 3 

0093 

Waste form Ora l 900 2 ,  9009 , 9016 , 9019 , 9025 , 9027 , 903 1 ,  
9060 , 908 2 ,  9 112 

Wr i tten 0088 , 009 2 ,  009 3 003 2 ,  0043 , 0079 , 0080 0049 , 0050 , 0059 , 0060 , 007 1 ,  007 3 ,  0074 , 
007 8 ,  9024 , 9026 , 9097 , 9122 

Slagg ing py ro ly s is and other O ra l  9002 , 9006 , 9007 , 9031,  9045 

wa ste-process ing methods Wr i t ten 0088 , 009 2 0094 0014 , 0037 

Planned exper imental p rog rams Oral 9001 9 126 9002 , 9004 , 9009 , 903 1 ,  9033 , 9038 , 9052 , 
9053 , 9082 

Wr i tten 0088 , 009 2 ,  0093 0024 , 0043 , 0079 , 0080 , 0084 0005 , 0051 , 0059 , 0060 , 0069 , 007 8 ,  0097 



Table 15-4 . Matr ix Identifying Issues Raised by Commentors on the WIPP DEIS (continued) 

Type of Comentors 

Issue �ent Peder al State and local Individuals and groups 

Health e ffects of low-level Oral 9010 , 9 139 9002,  9027 , 9031, 9037 , 9039 , 9042,  9045 , 
radiation 9047 , 904 8 ,  9050 , 9063 , 9069 , 9070, 909 1 ,  

9 105, 9138, 9 140 , 9144 , 9146 , 9152 , 9162 
Wr itten 0088 , 009 1 ,  0093 0079 , 0080 0005 , 0041,  0049 , 0050 , 0054 , 0057 , 0058 , 

006 9 ,  0072 ,  007 4 ,  008 9 ,  0097 

Socioeconoaics Oral 9032 , 9126 , 9 139 , 9 141 9019 , 9023 , 9027 , 9031 , 903 9 ,  9040 , 9045 , 
9050 , 9052 , 906 2 ,  9069 , 907 4 ,  9075,  908 6 ,  
9087 , 9090 , 9091 , 9094 , 9098 , 9099 , 9102 , 
9103 , 9106 , 9135 , 914 2 ,  914 5 ,  9159 

Wr itten 0088 , 0092,  0093 0043 , 0048 , 0063 , 0068 , 0079 , 0083 , 0014 , 0049 , 0054 , 0070 , 0077 , 0078 , 0097 
008' 

� Archaeology Oral 9027 
U'I Wr itten 0092,  0093 0033 , 0079 
I ...... 

Booloqy and land use CD Oral 9028, 9029,  9031, 9 140 , 9012 , 9150 
Wr itten 0092 ,  0093 004 3 ,  0079 , 0084 0060,  0073 , 0097 

Approval, d isapproval, and/or Oral 9096 , 9 158 9154 , 9156 , 9157 ,  9160 , 916 2 ,  9166 , 9159 , 
no oomaent 9167 , 9149 , 9118 , 9121 , 9132 , 9133 , 9142 , 

9 147 , 9150 , 9 151 , 9 152 , 9029 , 9049 , 9055 , 
9056 , 9063 , 9072 ,  908 3 ,  9089,  9113 , 9034,  
9036 , 9054 , 9064 , 9065 , 9067 , 9078 , 9079 , 
9081 ,  9011 , 9012 , 9013 , 9014 , 9017 , 9020 , 
9021 , 9022 , 9033 

Written 0011 0086 , 0090 , 0030 , 0019 , 0052 , 000 2 ,  006 1 ,  008 2 ,  000 3 ,  0016 , 0008 , 0009 , 0018 , 
0007 , 0006,  0024 , 0047 , 0010 , 0013 , 0026 , 0066 , 0081 ,  0027 
0015, 0038 , 0096 

Bias Oral 9016 , 9019 , 9035 , 9051, 906 2 ,  9073 , 9086, 
909 1 ,  9135 , 9159 

Wr i tten 0043 0041,  0051 , 0054 , 0059 , 0070 , 0071 , 0078 , 
0087 

Language translation Oral 9035 , 9039 , 9051, 9053 , 906 2 ,  9073 , 9086 , 
9090 , 9106 , 9120 , 9123 

Wr i tten 0083 0058 , 0077 , 0078 , 0087 



� 

Table 15-4 . Matr ix Identifying Issues Raised by Commentors  on the WIPP DEIS (continued) 

Type of 
Commentor s 

Issue conaent Peder a l  State and local Individuals and groups 

RoUtine releases Oral 
9010 

9027 , 903 1 ,  9045 , 9047 , 9 130 

Wr itten 0088 , 009 1, 009 2 ,  0079 , 0080 
000 5 ,  0037 , 0060 

0093 

Plant operational acc idents Oral 9010 
900 2 ,  9030 , 9 0 3 1 ,  9038 , 9040 

Wr i tten 0088 , 009 2 ,  0093 0040 , 0076 , 0079 , 0080 , 0084 004 1 ,  0050 , 0060 , 007 1 ,  0073 , 0074 , 0078 

9019 , 9028 , 9031 , 904 1 ,  9050 , 909 3 ,  9 10 1 ,  

.. 
:i.waste retr ievability Ora l  
. 

9 128 , 9 145 

wr i tten 009 2 ,  009 3  
0004 , 00 23 , 0024 , 0032 , 0080 , 0084 0005 , 0012 , 0037 , 005 1 ,  0059 , 0060 , 0069 , 

007 2 ,  007 3 

oecomm i ss i at ing and long-term Oral 9 139 
9006 , 9075 , 9017 , 9019 , 9029 , 9 08 5 ,  9 130 ; 

monitor ing 

9 138 , 9 146 

Wr i tten 0012 , 0088 , 009 2 ,  00 32 , 0076 , 0079 , 0080 , 0084 , 0004 , 0041 ,  0051 , 0054 , 0059 , 0060 , 0078 , 0073 , 

..... 
009 3 0043 , 0048 , 0067 0097 

U1 I 
...J Transportation Oral 

9010 , 9 127 , 9 139 , 9 126 , 9018 9 151,  9 108 , 9 114 ,  9 128 , 9 142 , 9 14 5 ,  9 149 , 

'° 
9159 , 9068 , 9 123 , 9 144 , 9069 , 9019 , 9035 , 

9052 , 9038 , 9047 , 9053 , 9098 , 9 107 , 9 134 , 

900 2 ,  903 1 ,  904 2 ,  9 10 2 ,  9135 , 9016 , 9048 , 

9050 , 9086 , 9091 

Wr i tten 0088 , 009 2 ,  009 3 0004 , 0012 , 0023 , 0030 , 0040 , 0042 , 0014 , 0034 , 0037 , 004 1 ,  0049 , 0050 , 0054 , 

0048 , 006 3 ,  0079 , 0080 , 008 3 ,  008 4 0055 , 0057 , 0060 , 0065 , 0069 , 007 2 ,  007 3 ,  

0094 
0074 , 0077 , 0078 , 0087 , 008 9 ,  0097 , 0098 

Transpor tat ion acc idents Ora l  9010 
9016 , 9019 , 9027 , 903 1 ,  9048 , 9053 , 9086 , 

909 1 ,  9 107 , 9 14 2 ,  9019 , 9 159 , 9042 

Wr i tten 0088 , 0092 0079 , 0080 , 0084 
0034 , 0049 , 0054 , 0057 , 0060 , 0069 , 0074 , 

0078 , 0097 

Emergency- response pla nn i ng Oral 
9 126 , 9 139 

9048 , 9 09 1 ,  9 107 , 9 123 , 9 142 

Wr itten 009 1 
00 23 , 0048 , 0079 , 008 3 

0057 , 007 4 , 007 8 ,  0087 

Secur ity and safeguards Oral 
9 108 , 9138 , 9 14 2 ,  9 159 

Wr itten 00 12 , 0088 , 009 2 ,  0004 
0022 , 004 1 ,  0054 , 0060 , 007 8 ,  0087 , 0097 

0093 

Insurance and liability Ora l  9126 
9019 , 9027 , 908 5 ,  9 10 1 ,  9 10 2 , 9 107 , 9 116 , 

9 138 

Wr i tten 
0048 , 0075 , 0079 , 0083 

00 2 2 ,  0074 , 0078 , 0097 



Table 15-4 .  Matr ix Identifying Issues Ra ised by Conanentors on the WIPP DEIS ( continued) 

Type Of Comlentors 

Issue �ent Federal State and local Individuals and groups 

Licensing Oral 9126, 9 139 9004 , 9009 , 9016 , 9025 , 902 8 ,  9033 , 9 107 , 
9130 , 9136 , 9146 

wr i t ten 0092 0079 , 0080 , 008 3 ,  0084 0049 , 0059 , 007 1 ,  0073 , 0076 , 007 8 ,  008 7 ,  
0097 

... Public participation Oral 9010 , 9032 , 9058 9002,  9006 , 9009 , 9016 , 9019 , 9023 , 9025 , 
"' 9027 , 9028 , 9050 , 9051, 9062,  907 3 ,  908 2 ,  
' 9086 , 9095 , 9106 , 9 12 3 ,  9135 , 9035 CD 0 wr itten 0020 , 0021 , 0025 , 0034 , 0071, 0074 , 0077 , 

0078 , 0089 

State conaul ta ti on Oral 9001 9010 , 9018 , 9 126 , 9 139 , 9163 9091, 9 107 , 9 109 , 9 116 , 9117, 9 119 , 9123 , 
9142 

Wr itten 0030 , 0052 , 0075 0071, 0097 

Inclusion of spent fuel Oral 9001 9143 , 9031, 9033 , 9136,  9002,  9009, 9040,  
9041, 9130 , 9035 , 9042 

Wr itten 0017 , 009 2 ,  0088 0023 , 0032 , 0047 , 0076 , 0094 , 0083,  0018 , 0058 , 0060 , 0062 , 0072 , 0073 , 0009 , 
0043 0027 , 0051, 0059 , 0016 , 0046 , 0077, 0097 



·ac tinide 

activity 

alpha par ticle 

anhydr ite 

annea ling 

anticline 

aquifer 

ar g illaceous 
rocks 

ar tesian 

B ( sh ipment type) 

backg round 
( radiation) 

bank ing 

Glossary 

An element in the ser ies beg inn ing with element 90  and con
ti nuing through element 103 .  All the transu ranic nuc lides 
considered in th is document are actinides . 

A measure of the rate at which a mater ial emi ts nuclear 
rad iation ,  usually g iven in terms of the number of nuc lear 
d isinteg rations occurr ing in a g iven length of t ime . The 
unit of activity used in th is document is the cur ie (Ci ) . 

A positively charged par ticle emitted in the radioactive 
decay of cer ta in nuclide s .  Made up of two protons and two 
neutrons bound together , it is identical to the nucleus of 
a helium atom . It  is the least penetrating of the three 
common types of radiation--alpha , beta , and gamma radiation . 

A mineral cons isting of anhydrous calcium sulfate : CaS04 . 
It  is gypsum without i ts water of hydration and is denser , 
harder , and less soluble than gypsum . 

Or ig inally , to heat and cool aga in  s lowly to sof ten glasses 
or metals . In th is document,  to heat to the point where 
imper fections d isaR>ear . 

A fold of rocks whose core conta ins the stratigraphically 
older rock s 1  it is convex upward. 

A body of rock that conta ins enough saturated permeable 
mater ial to transmit g roundwater and to yield sign ificant 
quantities of groundwater to we lls and spr ing s .  The op
pos ite of an aquic lude . 

Rock s  conta ining apprec iable amounts of clay , espec ially 
s hale . 

Refer s to water confined underground under pressure so that 
it will r ise in a we ll .  Sometimes the word is used to mean 
that the water flows out at the surface , but that ,  str ictly 
speaking ,  is " flowing ar tesian . " 

A class ification ( 10 CFR 71)  of shipments of radioactive 
mater ial depending on the amount of rad ioactivity con
ta ined 1 broadly characte r ized , type B sh ipments conta in 
more radioactivity than type A sh ipments of s imilar rad io
ac tivity and potential hazard . Federal regulations also 
specify standards for the packaging of sh ipments accord ing 
to type . 

Rad iation in the human env ironment from naturally occurr ing 
elements , f rom cosmic radiation ,  and from fa llout.  

A step in  the screen ing process leading to the se lec tion of 
a s i te for an HLW repository . A s i te is banked when, after 
reg ional and area stud ies , the par tic ipants in the sit ing 
process reach a consensus on the adequacy of the site re la
tive to established cr ite r ia .  In bank ing , the IX)E acqu ires 
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bare wa ste 

basalt 

bedded salt 

Bell Canyon 
Formation 

beta par ticle 

biosphere 
transport 
( biotranspor t )  

biolog ical 
ha lf- life 

br ine aquifer 

br ine inclusion 

caliche 

can ister 

Capitan Reef 

Car l sbad Potash 
Dis tr ict 

cask 

an interest in the land sufficient to ma inta in the integ r i
ty of the site through the remainder of the site sel ection 
process . When severa l sites have been banked , one will be 
selected for a license application to the NRC. Banking 
requires that an EIS be prepared . 

High-level waste that is not enclosed in a canister ; such 
wa ste will be used in some exper iments in the WIPP . 

A dark igneous rock usually formed as lava flows. 

Consolidated layered salt separated from other layers by 
d i stingu ishable planes of separation.  

A sequence of rock strata that forms the topmost unit of 
the Delaware Mounta in Group. 

A negatively charged particle emitted in the rad ioactive 
decay of certa in nuclides 1 a free electron • 

• 
In th is document,  movement of rad ionuclides through food 
chains . Used in contrast to geotransport . 

The time required for an organism to eliminate half the 
amount of a radionuclide inges ted or inhaled. 

Same as shallow-dissolution zone . 

A sma ll opening in a rock mass ( salt) conta in ing br ine ; 
also , the br ine included in such an open ing . Some gas is 
of ten present.  

A limy mater ial commonly found in layers on or with in the 
sur face of s toney soils of arid or semiar id reg ions . It 
occurs as gravels , sands,  silts , and clays cemented to
gether by calc ium carbonate ( lime) or as crusts at the sur
face of the soil.  

As used in th is document ,  a conta iner,  usually cylindr ical, 
for remotely handled waste ,  spent fuel , or high-level waste.  
The waste will rema in in  th is can ister during and after 
bur ial . A can ister affords physical conta inment but not 
sh ield ing 1 sh ielding is provided dur ing shipment by a cask . 

A bur ied foss il limestone reef of Permian age that rings 
the De laware Basin except in the south . 

The area east of Car lsbad and north and west of the Los 
Medanos site formally designated by the U. S .  Geological 
Survey as having potentially economic grades of potash 
mineralization . 

A mass ive shipping container providing shielding for highly 
radioact ive mater ials and holding one or more canisters. 
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Castile Formation 

cha in reac tion 

character izat ion ,  
s i te 

ela stic rock 

climax community 

commerc ial waste 

conduct iv ity ,  
hydraulic 

conservative 

contac t-handled 
wa s te 

conta inment 

contamination 

control zone 

A formation of evapor ite rocks ( interbedded halite and 
anhydr ite) of Permian age that immediately under lies the 
Salado Formation in wh ich the WIPP disposal level may be 
bu ilt . 

A reac tion that st imulates its own repetition .  In a fis
sion chain reaction,  a f issionable nucleus absorbs a neu
tron and splits , releasing addit ional neutrons . A f ission 
cha in reaction is self-susta in ing when the number of neu
trons re leased equals or exceeds the number of neutrons 
lost by escape from the system or by non-f ission absorption . 

The process of making geologic and environmental studies to 
identify potential s i te s  for mined geologic reposi tor ies .  
Deta iled site charac ter ization goes fur ther : all addit ion
al data are collected that would be nece ssary if a license 
application is to be submitted.  

Rock made up of brok en fragments of preexisting rocks . 

The fina l  and most stable of a ser ies of biotic communities 
in a s ucce ssion .  It  w i ll rema in relatively unchanged as 
long as climate and phy siograph ic fac tor s rema in constant,  
a ssuming no human inter ference . 

Nuc lear wa ste der iving from commercial sources . These are 
pr inc ipally power reac tors , but also include resear ch labo
rator ies and med ical fac ilit ies . 

See hydraulic conduc tiv ity . 

When used with predictions or estimate s ,  leaning on the 
side of pe ss imism .  A conservative est imate is one in wh ich 
the tmcerta in inputs are used in the way that maximizes the 
impact .  

waste that does not require sh ie ld ing other than that pro
vided by i ts conta iner . 

The retention of radioactivity with in pre scr ibed bounda
r ies,  such as within a waste package . In th is document ,  
usually retention within a system to the exclusion of its 
release to the biosphere in unacceptable quantities or con
centrations . 

Undesirable radioac tive mater ial present on outs ide sur
f ace s .  Th is contamination can be e ither transferable or 
fixed . Rad iation penetrating the walls of a waste package 
f rom within is not contamination .  

At the WIPP , one of four areas of land whose use i s  gov
erned by controls and restr ictions . 
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creep closure 

criticality 

critical mass 

crystalline rock 

Culebra dolomite 

daughter product 

decay ,  
rad ioactive 

decommissiooing 

decontamination 

decon tamina ti on 
fac tor (DF) 

defense wa ste 

De laware basin 

Closure of underground opening s ,  especially openings in 
salt , by plastic flow of the surrounding rock under litho
static pressure . 

The state of a mass of fissionable material when it is sus
ta ining a chain reaction. 

The smallest mass of fissionable mater ial that will suppor t 
a self-sustain ing chain reaction.  The cr itical mass de
pends oo its shape and the nature of the surrounding mate
r ial because these influence the ease with whi ch neutrons 
can escape and the likelihood that they will be reflected 
back in the mass . 

Rock designated as being either igneous or metamorphic , not 
sed imentary: rock consisting wholly of mineral crystals or 
fragments of crystals . 

The lower of two layers of dolomite within the Rustler For
mation that are locally water bear ing . 

A nuclide that results from radioactive decay . Thus 
radium-226 decays to radon-220 , which in turn decays to 
poloo iwn-216 . The radon is the daugh ter of the radium, 
and polonium is its daughter . 

The decrease in the number of radioactive nucle i present in 
a radioactive material due to their spontaneous transmuta
tion . Also, the transmutation of a radionuclide into 
another nuclide by the emission of a charged particle . 

The process of removing a fac ility from operation. It is 
then mothballed , entombed , decontaminated, and dismantled 
or converted to another use. 

The removal of unwanted material ( especially radioactive 
material) from the surface or from within another mater ial . 

The reduction in radionuclide concentration or surface 
level activity resulting from f ilter ing or cleaning, mea
sured as the ratio of activity before and after filtering 
or cleaning . 

Nuclear waste der iving from the manufacture of nuclear 
weapons and the operation of naval reactors . Associated 
activities such as the research carr ied on in the weapons 
laborator ies also produce defense waste .  

An area in southeastern New Mexico and adjacent parts of 
Texas where a sea deposited large thickne sses of evapor i tes 
some 200 million years ago. It is partially surrounded by 
the capitan Reef .  

De laware Mounta in A set of three formations that underlie the castile For-
Group mation at the Los Medanos site .  The uppermost of these is 

the wa ter-bear ing Bell canyon Formation . 
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diapir 

d iffusion,  
atmospher ic 

d iffusion , mass 

d iffusion, 
molecular 

direct-acce ss 
scenar io 

discharge point 
(or area) 

disposal 

dissolution 

dissolution 
front 

distr ibution 
coeffici ent 

dolomite 

dome (breccia 
pipe) 

dome, salt 

dose (radiation) 

A geologic flow structure , e ither a dome or an anticline , 
in which over lying rocks have been r uptured by the flow 
upwards of a plastic core mater ial such as salt . 

Movement of a contaminant due to the cumulative effect of 
the random motions of the air . Equivalent to eddy diffu
sion. 

Same as molecular diffusion .  

Movement o f  a contaminant due to the cumulative effect of 
the random motions of molecules . 

A postulated sequence of events in which rad ionuclides are 
carr ied directly to the surface , such as by means of dr ill
ing .  

In groundwater hydraulics, the point (or area) where water 
comes out of an aquifer onto the sur face. 

In th is document,  permanent disposition of waste in a re
pository . Use of the word "d isposal" implies that no need 
for later retr ieval is expected.  It also implies a minimal 
need for surve illance. 

The process whereby a space or cavity in or between rocks 
is formed by the solution of part of the rock mater ial. 

The boundary of a geologic reg ion within which rock is dis
solving . In th is document , the term particular ly refers to 
the wedge-like leading edge of salt dissolution at the 
inter face between the Rustler and the Salado Formations . 

In an aquifer , the ratio of the concentration of a sub
stance sorbed by the rock to the concentration of the sub
stance rema ining in solution . A large distr ibution coef
ficient implies that the substance moves much more slowly 
than the groundwater . It is measured in units of cm3/g 
or equivalent. 

A sedimentary rock consisting mostly of the mineral dolo
mite : CaMg (C03) 2 . It is commonly found with limestone . 

A type of h ill found near the Los Medanos site f  under at 
least some of these hills lies a roughly cylindr ical volume 
of breccia (rock reconstituted from coarse rock fragments ) .  

A d iapir ic or piercement structure with a central, nearly 
circular salt plug , generally one to two kilometers in 
diameter , that has r isen through the enclosing sediments 
from a deep mother bed of salt .  

A genera l term ind icating the amount o f  energy absorbed per 
un it mass from incident radiation .  

gloss-5 



dose commitment 

dose conversion 
factor 

dose equivalent 

dose equivalent 
commitinent 

dose rate 

dr ift 

emplacement 
med ium 

evapor ite 

exclosure 

fault 

fault tree 

fertile 

fil ter bank 

fissile 

In th is document,  a less formal expression meaning dose 
equ ivalent commi tment .  

A numer ical factor used in converting radionuclide uptake 
( cur ies} in the body to the resultant rad iation dose or 
dose commitment ( rem or man-rem} . 

The product of absorbe<I dose and mod ifying f actors that 
take into account the biological effect of the absorbed 
dose. Wh ile dose includes ally physical factors,  dose 
equivalent includes both physical and biological factors 
and provides a rad iation-protection scale applicable to all 
types of radiation . Units are rem for an individual and 
man-rem for a populatia'l group. 

The total dose equivalent that results from an intake of 
radioactiv' mater ials dur ing all the t ime frau the intake 
to the death of the organism. For people, the dose is usu
ally evaluated for a per iod of 50 years frau the intake.  
Units are man-rem. 

The rate at which dose is de livered . 

A hor izonta l  mine passageway. 

The mater ial in which a repository is built and into which 
the waste will be placed . 

A sed imentary rock composed pr imar ily of minerals produced 
by prec ipitation from a solution that has become concen
trated by the evaporation of a solvent, especially salts 
deposited from a restr icted or enclosed body of seawater or 
from the water of a salt lake .  In addition to halite 
(NaCl} these salts include potassium, calcium, and magne
sium chlor ides and sulfates . 

A biological study site from which grazing and browsing 
an imals are excluded. 

A surface or zone of rock fracture along which there has 
been d isplacement. 

A tree-like cauEJe-and-effect diagram of hypothetical 
events . Analysis of fault trees is used to investigate 
failures in a system or concept. 

Descr ibes a nuclide that can be transmuted into a f issile 
nuclide by absorption of a neutron and subsequent decay . 

An arrangement of air filters in ser ies and/or parallel . 

Descr ibes a nuclide that undergoes fiss ion on absorption of 
neutrons of any energy. 
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fission 

f issionable 

fluid i nclu sion 

for b 

for ced convection 

formation 
( geolog ic )  

ga1t111a rays 

garmia-spectr um 
isotopic 
analy s is 

geothermal 
g rad ient 

geotransport 

getter 

g love box 

g r ad i ent , 
hydraulic 

grad ient , 
thermal 

gross alpha 

The splitting of a heavy nucleus into two approximate ly 
equal par ts , each the nucleus of a ligh ter element , accom
panied by the re lease of a large amount of energy and gen
erally one or more neu trons . Fission can occur sponta
neously , but it usually follows the absorption of neutrons . 

Descr ibes a nuclide that undergoe s  f ission on absorption of 
a neu tron of energy over some threshold energy . 

Br ine inclusion . A small opening in a rock mass ( salt)  
conta ining br ine ;  also the br ine included in such an open
ing . Some gas is of ten also present . 

A non-woody plant that is not gra ss or grass-like.  

Movement of a contaminant under an external in fluence such 
as a d ifference in pressure or an unstable grad ient of den
s ity . Used in contrast to molecular d iffusion.  

The basic rock-stratigraph ic un it in the local class ifi
cation of rocks . I t  con s ists of a body of rock ( usua lly 
sed imentary) generally charac ter ized by some degree of in
ternal l itholog ic homogene ity or d istinctive featu res .  

Shor t-wave leng th electromagnetic radiation emitted in the 
rad ioactive decay

.
of cer ta in nuc li de s .  Gamma rays are the 

same as gammas or gamma par t icles . 

Analys is of the rad ionuc lides present in a sample by meas
urement of the energy spec tr um of the gamma rad iation 
emitted. 

The rate of inc rease of temperature of the earth with 
depth . The approx imate ave rage value in the earth ' s  crust 
is 250c per k ilometer or l . 4°F per hundred feet . 

In th is document ; movement of rad ionuclides through subsur
face soils and rock s ,  espec ially movement with the ground
water . Used in contrast to biotranspor t .  

A mater ial that select ively sorbs and holds part icular nu
clides . 

A sealed box in wh ich workers ,  remaining outs ide and using 
gloves a ttached to and passing through open ings in the box , 
can safely handle and wor k with rad ioactive mate r ials . 

See hydraulic g radi ent . 

See thermal gradient . 

The tota l  rate of alpha par t icle emission from a sample , 
w ithout regard to energy d istr ibution or source nuclide s .  
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gross beta 

Gulf inter ior 
salt-dome 
region 

gypsum 

half- life 

halite 

The total rate of emission of beta particles from a sample , 
without regard to energy d istr ibutions or source nuclides . 

A region in rx>rtheastern Texas,  northern Louis iana , and 
south-central M ississippi containing several hundred sal t  
domes .  Salt domes near or under the Gulf o f  Mexico are no t  
included. (See map i n  Figure B-4 . )  

A mi neral consisting of hydrous calcium sulfate : 
CaS04 · 2H20 •  It is soft and , when pure , wh ite . 

The ti.me required for the activity of a group of identical 
radioactive nuclei to decay to half its initial value. 

The mineral rock salt : NaCl . 

Hanford Site A 580-mi2 DOE reservation in south-central Washington 
near the Columbia River . The nearest c ity is Richland , 
Wash ington . 

head, hydraulic See hydraulic potential . 

health physics The science concerned with the recognition, evaluation, and 
control of health hazards from ionizing radiation .  

high-level waste Rad ioactive waste resulting from the reprocess ing of spent 
fuel . Discarded, unreprocessed spent fuel is also high
level waste . It is characterized by intense , penetrating 
radiation and by h igh heat-generation rate s .  Ev en  i n  pro
tec ti ve canisters , high-level waste must be handled re
motely .  

hor izon In this documen t ,  an underground level .  For instance the 
waste-emplacement hor izon in the WIPP is the level about 
2150 feet deep at wh ich openings would be mined for waste 
d isposal . 

hundred-year 
storm 

hydraulic 
conductivity 

hydraulic 
gradient 

hydraulic 
potential ( or 
hydraulic head) 

A storm that ,  on a statistical basi s ,  is expected to recur 
only once every hundred years . 

A quantity defined in the study of groundwater hydraulics 
that descr ibes the rate at wh i ch water flows through an 
aquifer . It is measured in feet per day or equivalent 
units .  It is equal to the hydraulic transmissivity d ivided 
by the thickness of the aquifer . 

A quantity defined in the study of groundwater hydraulics 
that descr ibes the rate of change of head with distance of 
flow. 

Hydraulic pressure corrected for the potential energy of 
elevation .  I n  an aquifer it i s  equivalent to the h ighest 
level of a column of water that the pressure in the aqui
fer will support.  It is  measured relative to a specified 
level ,  in this document sea level .  
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hydraulic 
transmissiv ity 

hydraulic 
transport 

hydraulics,  
hydrology 

hydrofrac ture 

hydro log ic 
modeling 

in situ 

intensity , 
ear thquake 

Intermed iate 
Scale Fac i lity 
( ISF) 

inter stitial 
br ine 

ion exchange 

irradiation 

isotope 

A quantity defined in the study of ground-wate r hydr aulics 
that descr ibes the rate at which water ma� be transmi tted 
through an aquifer . It is measured in ft /day or equiva
lent uni ts . 

The transpor t of dissolved substances by groundwate r .  

These two terms tend to be used interchangeably , but they 
don ' t mean qu i te the same th ing . Hydraulics is an engi
neer ing d isc ipline : hydrology is the re lated sc ience.  Hy
draulics deals with the flow of wa ter . Hydrology deals 
with water : its proper ties,  circulat ion , and distr ibution , 
f rom the t ime it falls as ra inwater unt il it is returned to 
the atmosphere through evapotranspiration or flows into the 
ocean . 

A process of produc ing underground open ings by injection 
of a fluid (usually water) at pre ssures g reater than the 
we ight of the ove rly ing rock and soil . 

The proce ss of using a mathematical rep resentation of a 
hydrolog ic sy stem ( as embod ied in a computer code) to pre
d ict the flow of groundwater and the movement of d issolved 
substances. 

In the natural or or ig inal posit ion . The phrase is used in 
th is document to d istingu ish in-place exper iments , rock 
proper ties,  and so on , from those in the laboratory .  

A measure o f  the effects o f  an earthquake on humans and 
str uc ture s at a particular place. Not to be confused with 
magn itude . 

A kind of fac ility proposed by the IRG in wh ich the dis
posal of up to 1000 spent fuel a ssemblies wouid be demon
strated . See the IRG ' s  own words in Append ix c .  

Br ine d istr ibuted i n  very small open ings throughout a 
salt mass . 

A phenomenon in wh ich chemical spec ies in one phase or ma
ter ial exchange with s imilar spec ies in another phase.  In 
th is repor t ,  ion exchange usually re fer s to a par ticular 
proce ss in an aqu ifer : the exchange of ions in the water 
for ions in or on the rocks . 

Exposure to any form of radiant energy .  

A spec ies of atom character ized by the number of protons 
and the number of neu trons in its nucleus . In most in
stances an element can exist as any of several isotopes, 
d i ffer ing in  the number of neu trons,  but not the number of 
protons , in the ir nucle i .  Isotopes can be either stable 
isotopes or radioactive isotope s (also called radio i so
topes) . 
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kelvin 

langbeinite 

leaching 

Lemhi Range 

level-line survey 

liquid-breach 
scenar io 

lithostatic 
pressure 

Los Medanos 

Magenta dolomite 

magnitude , 
earthquake 

Malaga Bend 

man-rem 

matr ix ,  waste 

maximally exposed 
person 

A unit of temperature equal to what used to be called the 
degree Centigrade . Abbreviated K.  

A mineral ,  K2M92 (S04 ) 3 , used in the fertilizer in
dustry as a source of pota ssium sulfate . 

The process of ext�acting a soluble component from a solid 
by the percolation of a solvent ( in th is report , wa ter) 
through the solid. 

Mounta ins at the northwest corner of the Idaho National 
Engineer ing Laboratory. 

A cross-country survey in wh ich changes in elevation above 
sea level are very carefully measured. 

A postulated sequence of events in wh ich radionuclides are 
carr ied by groundwater and released.  

Subsurface pressure due to the we ight of  overly ing rock or 
soil.  

In  th is repor t ,  the area in  southeastern New Mexico sur
rounding the site proposed for the WIPP reposi tory of al
ternative 2 .  In Spanish i t  means "dune country, • and has a 
tilde over the n :  Los Medanos . 

The upper of two layers of dolomite within the Rustler For
mation that are locally water-bear ing . 

A measure of the total energy re leased by an earthquake. 
Not to be confused with intensity. 

A sharp bend in the Pecos River 20 miles southeast of 
Carlsbad , New Mexico, and directly east of the town of 
Malaga . The discharge points of the Rustler aquifers  are 
a ser ies of br ine seeps and spr ings near by .  

A unit o f  population dose . 

The mater ial in wh i ch radioactive nuclear waste is encap
sulated . As used frequently in th is document,  the term 
refers to the mater ial , likely to be a gla ss ,  encapsulating 
reprocessed h igh-level waste and contained in a caniste r .  

A hypothetical per son who i s  exposed to a release of rad io
activity in such a way that he receives the maximum possi
ble i nd ividual dose or dose commitment. Th is ,  for instance,  
if the release is  a puff of  contaminated air , he  is  a per
son at the point of largest ground-level concentration who 
stays there during the whole time of cloud passage.  The 
use of th is term is not meant to imply that there really is 
such a person , but only that thought is being g iven to the 
maximum exposure a per son could receive. 
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maximum 
ind ividual dose 

Merca lli 
intensity 

mined mater ials 

mode lling , 
hydrologic 

Nash Draw 

natural 
backg round 
radiat ion 

Nevada Test Site 
(NTS ) 

nuclide 

nuclide inventory 
( r ad i onuclide 
inventory) 

order of 
magn itude 

overcor ing 

over pack 

packer 

The h ighe st dose de livered to the whole body or to an 
ind ividual or gan that a per son can rece ive from a release 
of rad ioac tivity . The hypothetical per son who receives 
th is dose,  the maximally exposed per son , is one whose loca
tion and activities maximize the dose . For instance,  he 
may be at the point of maximwn concentration of a rad ioac
t ive cloud for the whole time it takes to pass . 

A scale of measurement of earthquake intensity .  

The rock salt and other natura l mater ials brought up to the 
g round sur face dur ing mining . 

See hydrolog ic modelling . 

A sha llow 5-mi le-wide valley open to the southwe st located 
to the west of the WIPP reference site .  See map in Figu re 
7-15 . 

Rad iation in the human env ironment from natura lly occurr ing 
elements and from cosmic radi ation .  

An area in Clar k and Nye Counties i n  southern Nevada dedi
cated to the underg round te sting of nuclear weapons . The 
nearest large city is Las Vegas , Nevada . 

I sotope.  

A list of the k inds and amounts of radionuc lides in a 
conta iner or a source.  Amounts are usually expre ssed in 
activ ity un its : cur ies or cur ies per un it volume . 

A fac tor of ten . When a measurement is made with a result 
such as 3 x 107 , the exponent of 10 ( here 7) is the order 
of magn itude of that measurement . To say that th is result 
is known to with in an order of magnitude is to say that the 
true value lies between ( in th is example) 3 x 10 6 and 
3 x los . 

A process for removing waste from its bur ial in salt by 
extracting a cylinder of salt that sur rounds and conta ins 
the wa ste . 

A conta iner put around another conta iner . In the WIPP , 
overp�cks would be used on damaged or othe rw ise contami
nated drums , boxes , and canister s  that it would not be 
practical to decontaminate . 

A dev ice used in dr illed holes to isolate geological strata 
f rom one another in order to carry out hydrolog ic studies 
of par ticular formations . 
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Paradox basin 

Pasquill 
Stability 
Ca tegory 

permeability 

Permian basin 

point source 

polyhalite 

population dose 

potash 

potential , 
hydraulic 

potentiometr ic 
sur face 

qualification, 
site 

rad 

Rad iation 
Protection 
Guides 

radiolysis 

radwaste 

A 10 , 00 0-square-mile area in southeastern Utah and south
western Colorado under lain by a ser ies of salt-core anti
clines . See Figure B-3 .  

Relates atmospher ic stability to the d ispersion of an 
effluent plume . These categor ies range from A (extremely 
unstable : a plume will d isperse rapidly) to G (extremely 
stable : a plume will not apprec iably disperse ) . 

Equivalent to hydraulic conductivity . 

A region in the Central united States where , dur ing Permian 
times 280 to 2 25 million years ago, there were many shallow 
seas that laid down vast beds of evapor ites . The Delaware 
basin is a part of the Permian basin.  See Figure B-1 .  

A source of effluents that is small enough in dimensions 
that it can be treated as if it were a point. The converse 
(not used in this document) is a diffuse source . A point 
source can be either a continuous source or a source that 
emits effluents only in puffs or for a shor t time . 

An evapor ite mineral : K2MgCa2 CS04) 4 · 2H20 .  It is 
a hard, poor ly soluble mineral with no economic value . 

The sum of the radiation doses received by the ind ividual 
members of a population . 

In th is document ,  a potassium compound , espec ially as used 
in agr iculture or industry.  See Section 7 . 3 . 7 .  

See hydraulic potential 

The surface of the hydraulic potentials of an aquifer . It 
is usually represented in figures as a contour map , each 
point in which tells how high the water would r ise in a 
well tapping that aquifer at that point. 

A process roughly equivalent to site characterization .  

A unit o f  absorbed dose . Related to ,  but no t  the same as 
• rem . •  

The officially determined radiation doses that should not 
be exceeded without careful consideration .  These stand
ards,  or iginally set forth by the .. ?C:RP and· the NCRP are now 
part of EPA regulations . They are equivalent to what were 
formerly called Maximum Permissible Exposures.  

Chemical decomposition by the action of rad iation .  

Short for rad ioactive waste . 
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recharge point 
(oc area )  

regulatory 
guide 

rem 

remotely handled 
wa ste 

repository 

reprocess ing 

reserves 

resources 

retr ievable 

r isk 

Rust ler Formation 

Sa lina regi on 

Salado Formation 

Salt vault , 
Proj ect 

In groundwater hydraulics,  the point (or area) where sur face 
wa ter enters an aqu ifer . 

One of a ser ies of official NRC guides prescr ibing standards 
for nuclear fac i lities . They cover a var iety of subj ec ts 
such as what const itute s  acceptable meteorological data or 
acceptable methods for calculating radiation dose.  

A un it of ind iv idual dose equ ivalent .  

Wa ste that requi res sh ielding in  addition to that provided 
by its conta iner in order to protec t people nearby .  

A fac ility for the storage or d isposal o f  rad ioactive waste . 

The process by wh ich spent fuel from a reactor is separated 
into wa ste mater ial and uranium and plu ton ium to be reused 
as nuc lear fuel .  

Minera l resources that c �  b e  extracted profitably by exist
ing techn iques and under present economic cond itions . 

Mineralization that is concentrated enough ,  in large enough 
quantity , and in a physical and chemical forms such that 
its extrac tion is currently or potentially feasible and 
profitable . 

De scr ibes storage of rad ioactive waste in a manner designed 
for recovery without loss of control or release of rad i oac
t iv ity.  

The produc t of probability and consequence .  In this re
por t ,  the radioactive r isk of a scenar io is the population 
dose resulting from that scenar io multiplied by the proba
b i l ity that the scenar io will actually occur . 

The evapor ite bed s ,  inc luding mudstones ,  of probable Per
mian age that immed iate ly over lie the Salado formation in 
wh ich the WIPP disposal leve ls may be built .  

A reg ion in Mich igan , Ontar io,  Oh io, We st Virgin ia , Penn
sylvania , and New Yor k under lain by extensive bedded salt 
of Paleozoic age.  The reg ion is d ivided into the Mich igan 
and Appalach ian basins . See Figure B-2 .  

The evapor i te formation of Permi an age within wh ich wa s tes  
would be  disposed of  in the WIPP repos itory of alternative 
2 .  

A field exper iment carr ied out by ORNL between 1965 and 
1967 in an abandoned salt mine at Lyons ,  Kansas . I ts pur
pose wa s to demonstrate the feasibility and safety of the 
concept of emplac ing h igh-level wa ste in salt,  to demon
strate equipment and techniques for handling packages of 
h ighly radioactive solids ,  and to secure data for the de-
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San Simon S ink 

San s imon Swale 

scenar io 

selection , final  
s i te 

sector , economic 

Se ismic Risk zone 

shaft 

shaft pillar 

shallow
dissolution 
zone 

sorption 

source term 

s ign of an actual d isposal fac ility.  Its  re sults are re
por ted in Bradshaw and McCla in ( i971 ) . 

The centra l ,  most depressed area of San Simon Swale .  
. ' 

A broad depression about 15 miles ea st of the Los Medanos 
site , open to the southeast . See Figure 2-2 . 

A particular cha in of hypothetical c i rcumstances that 
could, in princ iple , release rad ioactivity from a repos i
tory. 

The process of choosing one of several banked sites for an 
Hlli repository .  Th is will include a compar i son of the ir  
env ironmenta l ,  technical , and institutional factors .  The 
result w ill be a license application to be submitted to the 

I 
NRC . 

A d istinctive par t  of the economy of a geograph ical region 
de fined by a standard industr ial cla ss ification scheme. 
One such scheme defines •major " sector s and divides them 
into s ubsector s ;  for example ,  the maj or sector " trade" con
ta ins the sub sec tors "wholesale trade• and • reta il trade . • 
Another cla ss if ication scheme spec ifies "pr imary• and 
" secondary" sec tor s ;  the cr iter ion for inc luding a sector 
in the pr imary cla ssifi9ation is that i ts level of activity 
genera lly not be controlled by the level of economic activ
ity in the reg i on ;  a pr imary industry, in other words ,  pro
duces goods and services for expor t from the reg ion. 

A designation of a geographic region expressing the maximum 
intensity of ea rthquakes that cou ld be expected there.  

A man-made hole , e ither vertical or steeply inc lined, that 
connects the sur face with the underground work ing s  of a 
mine . 

The cylindr ical volume of rock around a shaft from which 
maj or underg round openings are excluded in order that they 
not weaken the shaft .  

Al so called the brine aqu ifer . A zone o f  residual mater ial 
at the inter face of the Rustler and Salado formations left 
a f ter d issolution of the or iginal salt .  I t  i s  h ighly per
meable and conta ins much brine . See Figure 7 . 3 6 . 

The bind ing on a microscopic scale of one substance to 
another ,  such as by adsorption or ion exchange . In this 
dOCUlUent , the word is especially used in the sorption of 
solute s  onto aquifet solids . 

The kinds and amounts of rad ionuclides that make up the 
source of a potential release of rad ioactivity. See nu
clide inventory. 
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spec ific ac tivity 

spent fuel 

storage 

storage pool ,  
spent fuel 

study area 

sylvite 

tec tai ic activ ity 

thermal excur sion 

thermal field 

thermal grad ient 

transmissivity , 
hydraulic 

transpor t ,  
hydraulic 

transuranic 
nuclide 

TRU wa ste 

tuff 

valance state 

Rad ioactivity per unit we ight of radioactive mater ial . 

Nuclear-reac tor fuel that,  through nuclear reactions,  has 
been suff ic iently depleted of fissile mater ial to requ ire 
i ts removal from the reactor . 

Temporary d ispos ition in a repository.  Use of the word 
storage implies k eeping open the poss ibility of retr ieving 
the waste for reprocessing , for moving it elsewhere , etc . 
Storage usually implies the need for continued surve illance . 

A water-fi lled and cooled basin in which spent fuel is 
stor ed before be ing sent away for reproce ssing or d isposal . 

The reg ion about the Los Medanos site studied in the eval
uation of that s i te .  

A minera l ,  KCl , used a s  a fertili zer . 

Movement of the earth ' s  crust such as uplift and subsidence 
and the assoc iated fold ing , faulting , and se ismicity . 

A transi ent change in temperature or in heat outpu t .  

The field or set o f  temperatures throughout a volume . Use 
of the term usually connotes temperatures that d i ffer from 
point to point . 

The rate of change of temperature in the direction of in
creasing temperature.  

See hydraulic transmi s s ivity. 

See hydraulic transpor t .  

A nuc lide with an atomic number greater than that of ura
n ium (92 ) .  All transu ranic nuc lides are produced ar tifici
ally and are rad ioactive . 

Wa ste with a spec ific transu ran ic alpha activity of 10 nCi/g 
or greater . Th is wa ste can vary greatly in its spec ific 
ganma activity . 

A rock formed of compacted volcanic ash and dust . It is 
usually porous and of ten soft.  

The comb ining power of an element as shown by the number of 
un ivalent elements , such as  hydrogen or chlor ine ,  with 
wh ich it will combine . Some elements , inc luding the acti
n i des ,  have several possible va lence state s .  When such an 
element moves to a higher valence state , it is sa id to have 
been oxid ized :  when it moves to a lower state , reduced . 
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waste form 

waste matr ix 

The oond ition of the wa ste . This phrase is used to empha
size the physical and chemical properties of the waste .  

The mater ial that surrounds and oonta ins th e  waste and to 
sane extent protec ts it fom being released into the sur
rounding rock and groundwater .  Only mate r ial within the 
can ister (or drum or box) that contains the waste is con
sidered part of the waste matr ix. 
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'AA<X. 
ACG m  
APX: 
AFR 
AMAD 
AMP 
AMS 
ANSI 
AQCR 
ARFA 
ARMS 
A'l'MX 

AUM 

BBER 

BLM 
BOD 

CAB 
CEX;2 
CFR 
CH 

dBA 
DEIS 
DOE 
DOI 
DOT 

FAR 
ocs 
m; 
EIS 
EMT 
ENMU 
EPA 
ERDA 
ESCNM 
ESSA 

FEIS 
FHA 
FR 
FRA 
PWPCA 
niS 

Abbreviations and Acronyms 

Amer ican Association for Con'tamination Control 
Amer ican Congress of Government Industr ial Hyg ien ists 
u . s .  Atomic Energy Commission 
Away from reactor { spent fuel storage) 
Aerodynamic mean activity diameter 
Allotment Management Plan : a BLM term 
Aer ial measur ing sy stems 
Amer ican National Standards Institute 
Air Quality Control Reg ion {of EPA) 
Amer ican for Rational Energy Alte rnatives 
Aer ial rad iolog ical measurement surveys 
Atomi c munit ions transpor t car {a rail car used for 

transporting CH TRU waste) 
Animal-unit month : a term used by the Bureau of Land 

Management 

Bureau of Business and Economic Research , Univer sity 
of New Mexico 

Bureau of Land Management ,  Depar tment of the Inter ior 
Biolog ical oxygen demand 

Civil Aeronautics Board 
Counc il on Environmental Quality 
Code of Federal Regulations 
Contact handled ; refers to low-level waste not requir ing 

shie lding or the facilities for handling 

Dec ibel 
Dra ft Env ironmenta l Impact Statement 
U . S .  Depar tment of Energy 
U. S .  Depar tment of the Inter ior 
U . S .  Depar tment of Transpor tation 

Env ironmenta l Analysis Record
-
: a term used by the BIM 

Environmental control system 
Env ironmental Evaluation Group , New Mexico 
Environmental Impact Statement 
Emergency med ical technic ian 
Ea stern New Mexico Un iver sity ,  Por tale s ,  N . M .  
U . S .  Env ironmen ta 1 Protection Agency 
U . S .  Energy Research and Deve lopnent Admin istration 
Employment Security Commiss ion of New Mexico 
Environmental Science Services Admin istration { now replaced 

by the National Oceanic and Atmospher ic Administration) 

Final Environmental Impact Statement 
Federal Housing Author ity 
Federal Reg ister 
Federa l Ra ilroad Administration 
{U . S . )  Federal Water Pollu tion Control Admin istration 
Fish and Wi ldli fe Servicel Dep_artment of the Inter ior 
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GAO 
GEIS 
G�MO 

HEPA 
HEW 
HIAP 
HLW 
HUD 

ICRP 
nee 
INEL 
IRG 
ISF 

I.ASL 
Leq 

.MFP 
mgd 
MM 
MTU 

NAAQS 
NAS-NRC 
NCC 
NCRP 
NEPA 
NMBM&MR 
NMDFA 
NMPGF 
NMEI 
NMEID 
NMHD 
NOAA 
NOS 
NPD� 
NRC 
NRDC 
N'l'S 
NUR:OO 
NWS 
NWTSP 

ONWI 

ORNL 
OSTP 
OWI 

PSD 
PL 
ppm 
PWR 

General Accounting Off ice 
Gener ic Envi ronmental Impact Statement 
GEIS on mixed oxide fuels 

High-efficiency particulate air �  a type of filter 
u . s .  Department of Health , Education and Welfare 
Hobbs Industr ial Air Park 
High-level waste 
U.S . Department of Housing and Urban Development 

International Council on Radiological Protection 
International Minerals and Chemical Corporation 
Idaho National Engineering Laboratory 
Interagency Review Group on Nuclear Waste Management 
Intermediate Scale Facility 

Los Alamos Scientific Laboratory , New Mexico 
Probable sound energy average 

Management Framework Plan � a term used by the BUI 
Million gallons per day 
Mod ified Mercalli {scale of earthquake intensity )  
Metr ic tons o f  uranium 

National ambi ent air quality standards 
National Academy of Sciences-National Research Council 
National Climatic Center 
National Council on Radiation Protection and Measurements 
National Envi ronmental Policy Act of 1969 
New Mexico Bureau of Mines and Mineral Resources 
New Mexico Depar bnent of Finance and Administration 
New Mexico Department of Game and Fish 
New Mexico Envi ronmental Institute 
New Mexico Environmental Improvement Division 
New Mexico Highway Deparbnent 
National Oceanic and Atmospher ic Administration 
National Oceanic Survey 
National Pollution Discharge Elimination System 
U . S .  Nuclear Regulatory Commission 
Natural Resources Defense Council 
Nevada Test Site 
Identifier on NRC documents 
National Weather Service; former ly U . S .  Weather Bureau 
National Waste Terminal Storage Program 

Office of Nuclear Waste I solation , Battelle Memorial 
Institute , Columbus , Ohio 

Oak Ridge National Laboratory,  Tennessee 
Office of Science and Technology Policy 
Office of Waste I solation , Union Carbide Corporation , 

Oak Ridge , Tennessee 

Prevention of S ignificant Deterioration (of air quality)  
Public Law 
Parts per million 
Pressur ized-water reactor 
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RCRA 
RH 

RFP 
R.MA 
RPG 
RWMC 

SAR 
scfm 
scs 
SPI 
SPL 
SPDV 
SPSC 
SRP 
SWRIC 

TDS 
TLD 
TRU 

TSA 

T22S , R31 E 

URA 
USAEC 
USBM 
USC 
USDA 
USDI 
US EPA 
USE RDA 
USGS 
USNRC 

WAC SC 
WI PP 
WI SAP 

Resou rce Conser vat ion and Recover y Act of 1 9 7 6  
Remotely handled ; refers to waste requir ing shield ing or 

of waste conta iners  or waste-handling fac i lities 
Rocky Flats Plant , Denver , Colo . 
Recreational mar ket area 
Radiation Protection Guide 
Rad ioactive Waste Management complex at  the Idaho Nat ional 

Eng i neer ing Laboratory 

Safety Ana lysis Repor t 
S tandard cubic feet per minute 
Soil Conservation Service , Department of Agr iculture 
Slagg ing-pyroly s is i ncinerator or inc i neration 
Sound-press ure level 
S i te and Pre l imi nary Design Val idation 
Sou thwe stern Public Service Company 
Savannah River Plan t ,  South Carol ina 
Southwe st Research and Information Center , Albuquerque , N . M .  

Total d issolved solid s  
Thermoluminescent dos imeter 
Transuran ic ;  refers to nucl ides  beyond uranium in the per i od i r  

table 
Transuran ic Storage Area at Idaho Nat iona l Eng ineer ing 

Laboratory 
Townsh ip 22 South , Range 31 East 

Un it Resou rce Ana lysis ; a term used by BLM 
Un ited States  Atomic Energy Conun iss ion 
Un i ted States Bu reau of Mines 
Un ited States  Code (of laws ) 
Un i ted States Depar tment of Agr icultu re  
Un ited States  Depar tment of  the Inter ior 
Un i ted States Env i ronmental Protection Agency 
Un ited States Energy Research and Development Administra t ion 
Un i ted States Geolog ical Survey 
Un ited Stat.es  Nuclear Regulator y  Commi ss ion 

Waste Acceptance Cr i ter ia Steer ing Commi ttee 
Waste Isolation Pilot Plant 
Wa ste I solation Safety Assessment Program 
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