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FOREWORD 

Shortly after the Nat ional Environmental P o l icy Act o f  1969 ( NEPA) wa s enacte d , 

the Atomi c Energy Commi s s i on (AEC) initiated a program o f  preparing environmental 

a s s e s sments and impact statements conc erning ongo i ng acti viti e s  at var i o u s  AEC 

laborator ie s ,  majo r s ite s , and p rojects , inc l u d i ng the Ro cky F l ats P l ant s i te. 

The Energy Reorganization Act of 1 97 4  resu lte d  in the AEC b e i ng d i s s o l ve d and 

its f unct i on s  be ing d i v i de d  among two newly formed agenc i e s . One o f  tho s e  agenc i e s , 

the Energy Re s e arch and Deve l opment Admini stration (ERDA) , as s umed certain AEC 

respon s i b i l i t i e s  on January 1 9 ,  1 97 5 , that i n c l uded operation o f  the Rocky F l ats 

P l ant s ite at Go l den, C o l o r ado . In 1 97 7 , the s e  ERDA re spon s i b i l it i e s  were a s s i gned 

to the Department of En ergy (DOE) , a s  a result o f  the Department of Energy Organizati on 

Act . 

I n  May 1 97 5 , an envi r onmental a s s e s sment o f  the Rocky Flats Plant was prepared 

to d etermine the s i gn i f i cance of the env i ronmental impacts for c ontinued operation 

of the Rocky F l ats Plant. Based on that a s s e s s ment and other re l ated documents , 

ERDA announce d  its i ntent to publ i sh an env i ronmental impact statement ( 4 0 FR 2 4 2 3 4) 

as s e s s in g  the envi ronmental e f f e cts o f  c ont inued operation o f  the Rocky F l ats P l ant 

and invited predraft comments and sugge stions f or c on s i de ration in prepar ation o f  

the draft environmental impact statement ( DEI S , ERDA 1 5 4 5 -D) . Thirty - s i x  responses 

from individual s ,  organizations , and Government agen c i e s  were receive d , and c on

s i dered in the preparati on of the DEI S , and are acknowle dged in the doc ument . The 

DEI S  was i s sued in September 1 97 7  and 29 fo rma l c omment lette r s  were rece ived as a 

re sult o f  pub l i c  review . The draft E I S  analyzed the cumu l ative environmental impact 

a s s o c i ated with c urrent prop o s e d  act ivities and a lternative s to s uch activ ities. 

Noti ce o f  a publi c hearing on th e DEI S  was publ i shed i n  the Federal Regi ster, 

in Ap r i l  1978 ( 4 3  FR 1 7 3 91) . DOE conducted the pub l i c  hearing in Denver on 

May 24  and 25 , 1978 .  The purpose of th i s  hearing was to a f f ord further opportunity 

for pub l i c  c omment and to provide additi onal info rmati on to a s s i st DOE in the review 

o f  the env ironmenta l e f f e cts o f  c onti nued operation o f  the plant . A DOE "Sta f f  

Statement i n  Respo n s e  t o  Comments Re ce ived o n  the DEI S" w a s  i s sued i n  Apr i l  1978 

and made ava i l ab l e  to th o s e  who c ommented on the DEI S  and others . It s ummarized and 

addre s s ed the s ub stanti ve po i nts rai s ed ill the written comments. Spe c i f i c  i s s ue s  

r a i s e d  a t  the hear ing were recorded i n  th e Hearing Trans cript and Reco rd . Cop i e s  o f  

the Hearing Tran s cript and Re cord, wh i ch in clude s the p r e s i ding board ' s  statement 

and the wr itten re sponse s to p a rti c i pants , were di str ibuted to all hearing 

p arti c i pants , and are ava i l able in appropr i ate DOE P ublic Document Rooms. 
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Two previous environmental statements have been issued for certain activities 

at the Plant site. One concerned a new plutonium recovery facility (WASH-1507, 

USAEC, January 1972*); a second concerned land acquisition (WASH-1518, USAEC, 

April 1972). Environmental assessments were also written for the Wind Systems Test 

Center at Rocky Flats and for soil removal of the "lip area." 

This final EIS (FEIS) incorporates a number of changes as a result of the 

comments and suggestions received on the DEIS. The major additions and revisions 

are noted below. 

Volume I, Chapter 2, includes updated information on seismic stability of the 

area and seismic design criteria are presented. A mechanism for dissemination of 

the data from seismic studies in progress is specified. The Plant's personnel 

protection program with respect to nonradioactive materials, Plant secu£ity systems, 

and the emergency plans of the Plant and the State of Colorado are discussed in 

greater detail. Material on the environmental monitoring program has been updated 

to reflect current monitoring and measuring conditions. Discussions of various soil 

sampling methods, plutonium background levels in soil, and plutonium soil standards, 

are presented. A new scientific report is included as Appendix A-2, which provides 

added information on the behavior of transuranics in soil. More detailed information 

on HEPA filter efficiency is also presented. 

The dose calculations in Chapter 3 were extended to include comparisons of 

organ doses to natural background organ doses as well as the dose to the whole body. 

Doses to women and children are considered by exposure pathway as well as those 

for "Standard Man." A detailed presentation on the methodology for dose calculations 

is included as Appendix F. All source terms have been reviewed and revised as 

appropriate. The demography has been reevaluated and dose effects are calculated 

as a function of linear distance (not considering the effects of terrain) to a 

radius of 50 miles from the Plant. 

All credible accident scenarios were reviewed and details updated. A comprehen

sive discussion of genetic and health effects is presented in Appendices G-2 through 

G-4. Also, nonradioactive toxic material spill data is discussed and a maximum 

credible accident for beryllium is postulated. The discussion of transportation 

shipping containers and applicable regulations was updated. A discussion of the 

nuclear materials inventory system was added. 

*Throughout this document, references are noted within parentheses. The author or 
responsible organization is mentioned first and is followed by the publication date. 
All references are identified fully at the end of the section in which they are 
noted. The detailed references are listed alphabetically according to the 
originating organization or by the key author's last name. The publication date 
appears last. 
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Chapter 5 was revised to reflect the effort and cost involved in decontaminating 

soil, both on-site and offsite, relative to various decontamination criteria which 

might be employed. 

Reports and documents included as Appendices to the DEIS, but which are now 

available to the public, are not reprinted as Appendices. Several new Appendices 

have been added. 

To aid the reader in understanding the text, a glossary of terms not in common 

usage by the general public is included. An index has been included to aid the 

reader in identifying topics of special interest. As a further aid to understanding, 

English units of measure have been used, for the most part, throughout this document. 

Exceptions occur in technical discussions in which metric units are more commonly 

used. Volume II contains the detailed technical background on which the conclusions 

in the impact statement are based and Volume III contains the comments received to 

the DEIS with associated responses. 

Numerous references are made herein to ERDA Manual Chapters (ERDAM) which 

continue to serve as appropriate DOE guidelines until superseded by final DOE 

Orders and Manuals. 
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O f f i c e  o f  P reparedn e s s  

The ORNL I so tope Genera t i on and D ep l e t ion Code 

Oak Ridge Nat ional Laboratory 

Oc cupat ional S a fe ty and Heal th Admi n i s trat i on 

phosphorus 

pro t ac t inium 

l ead 

polychl orinated b ipheny l 

picocuri e 

negative l ogari thm o f  the hydrogen ion c oncentra ti on . Ac ids have 
a pH l e s s  than 7; b a s e s  are greater than 7 .  

parts p e r  mi l l ion 

pound s per square inch 

pounds per square inch absolute 

pluton ium 

polyvinyl chlori de 

Re s e arch and Deve lopment 

rad ium 

rubidium 

Radi oac t iv i ty Concen tration Guide ( a  sub s c ript fla "  after RCG repre
sents ai r ;  a sub s cript "w" repre sent s water) . 

roentgen equival en t  man 

Roc ky F l a t s  Area O f f i c e  ( an organizational component o f  DOE) 

Roc ky F l a t s  P l an t  

S a f e ty Anal y s i s  Report f o r  Packaging 

ant imony 

s t andard cub i c  feet per hour 

s tandard cub i c  feet per minu t e  

s e l enium 

s econd 

s i l icon 

tin 

Spe c i al Nuc l e ar Ma terials  

sul fate 

s t ront ium 

suspended s o l i d s  

S a f e  S ecure Tra i l er 

Sma l l  Wind Energy Conve rs ion Sys tem 
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t 

T 

Ta 

T Coli form 

Te 

Th 

Ti 

Tl 

TDS 

TRU 

TSA 

U 

USAEC 

USDA 

USDC 

USEPA 

USGS 

US PHS 

v 

'vi 
wt 'Yo 

Xe 

yr 

Zn 

Zr 

ABBREVIATIONS , SYMBOLS , AND ACRONYMS ( cont inued ) 

metric ton ( tonne ) ; 1000  Kg 

tri t ium ;  also 3H 

tantalum 

to tal coli form 

tellurium 

thorium 

t i tanium 

tha l l ium 

To tal Dis solved Solids 

Transuranium 

Transuran i c  S torage Area 

uranium 

Uni ted States Atomic Energy 

Uni ted S tates Department o f  

Uni ted S tates Department of 

Uni ted States Envi ronmental 

Commi s s ion 

Agricul ture 

Commerce 

Protect ion 

Uni ted States Geo logical Survey 

Uni ted S t ates 

vanadium 

tungsten 

we ight percent 

xenon 

year 

zinc 

z i rconium 

Pub l i c  Heal th Serv i c e  
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GLOSSARY 

The fo l lowing terms are de fined in accordance with the i r  use in this Envi ron

mental Impac t S tatemen t . Alternate definit ions may exi s t  that are no t applicable to 

the intended usage in t h i s  document .  

ac t inide series - A series  o f  heavy radioac t ive metallic e l ements o f  increas ing 
atomic number beginn ing with ac t i n ium ( element numb er 89 ) and progress ing to the 
end of the periodic table . 

ac t iv i ty - A mea sure o f  the rate a t  which a material i s  emi t t ing nuc l ear radi at ions , 
usually g iven in terms o f  the number o f  nuc lear d i s integrat ions occurring in a 
given quan t i ty o f  ma terial over a uni t  o f  t ime . The s tandard uni t  o f  ac t iv i ty i s  
the curie ( Ci ) . 

acute - Occurring over a short period o f  t ime . 

ae rodynamic mean diame ter - The aerodynamic mean diame ter i s  the diameter o f  a uni t  
den s i ty sphe rical part i c l e  which s e t t l e s  in a fluid a t  the same veloc i ty as the 
part i c l e  be ing cons idered . 

air samp l ing - The a c t  o f  collec t ing samples  o f  air to de tec t and measure ai rborne 
radioac t ive or nonradioac t ive sub stanc e s . 

al iquo t - A frac t ion o f  a substance taken for samp l ing purposes . 

al luvium - The materi a l s  eroded , t ransported , and depos i ted by s t reams . 

alpha ac t ivi ty - The ej ec t ion o f  alpha part i c l e s  from the nuc l eus o f  an atom . 

alpha par t i cle - A po s i t ively charged par t i c l e  emi t ted by certain rad ioac t ive mater
ials . I t  i s  made up o f  two neu trons and two protons bound together , henc e i s  iden
tical with the nucleus o f  a hel ium atom . It is the leas t pene trat ing o f  the three 
common types o f  radiat ion ( alpha , beta , gamma ) . 

ambient air - Surrounding air . 

americ ium (Am )  - A synthe t i c  radioac t ive element o f  atomic number 95 ; a transurani c  
nuc l ide rec overed as a by-p roduc t o f  t h e  plutonium recovery proc e s s . Am- 241 decays 
by alpha emi ss ion and has a 434-year hal f- l i fe .  

aqu i fer - A forma tion that contains suffi c i en t  permeab le material to y i e l d  s igni 
fi cant quan t i t i e s  o f  water to wel l s  and springs . 

asphal t pad - An express ion used at the Rocky Flats Plan t  in reference to an on- s i te 
area o f  plutonium- contaminated s o i l  that i s  covered w i th a layer o f  asphal t .  

atomic number - The number o f  protons in the nuc leus o f  an a tom . 

attac k  ( chemi cal ) - Corro s ion c aused by chemical s ;  chemical reac t ion . 

bac kground - Rad i a t ion in man ' s  envi ronment from natural ly-oc curring radioac t ive e l e 
ments and from fal lou t . 

beta decay - Radioac t ive decay in which a beta par t i c l e  i s  emi t ted from the nuc leus . 
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beta particle - An elec tron o f  e i ther pos i t ive or negat ive charge which has been 
emi t ted by an atomi c nuc leus or neutron in a nuc l ear trans forma t ion . 

biota - The flora and fauna o f  a region . 

blowdown - The cont inuous or periodic dis charge o f  a port ion o f  cool ing tower water 
to control the l evel o f  sol ids in the c i rculat ing water . 

book inventory ( B I ) - The inventory re flected by ac count ing records , such as the 
general and sub s i d i ary ledgers ; the amount o f  nuc lear materials shown by the 
records to be present at a given t ime . 

br ique t te - A compac ted ,  o ft en brick- shap ed mass o f  metal p i eces and/or chips . 

burden - The amount o f  a spec i fied radioact ive material or the combined to tal o f  
various radioac t ive mater i a l s  present in an animal or human body o r  organ . 

but ton - A sma l l  ingot or c a s t ing or the me tal res idue from the chemi cal reduc t ion 
proc ess ; usual ly a flat di s k , having a diame ter of a few inches or less ; an ingot 
o f  th is shape and s iz e . 

calc ination - Heating to drive off mo is ture , which resu l t s  in a c hange in the chemi
cal s tate in addi t ion to the phy s i c al s tate . 

c anyon - A l arge , enc losed , heavily shi elded enc losure or room used for pro c e s s ing 
or s toring radioac t ive material s .  

c apab le fau l t  - A fau l t  wh ich has exhibi ted one or more o f  the fol lowing charac ter i s t i c s : 
( 1 )  movement at or near the ground surface a t  leas t once wi thin the past  3 5 , 0 00 
years , or movemen t  o f  a recurring nature wi thin the past  5 0 0 , 000  years ; ( 2 )  mac ro
se ismi c i ty ,  instrument a l ly determined with records o f  suffic i en t  prec i s ion to 
demons t rate a d i re c t  relationship wi th the fau l t ; ( 3 )  a s t ruc tured relat ionship to 
a c apable fau l t  according to charac teris t i c s  ( 1 )  and ( 2 )  l i s ted above , such that 
movement on one could b e  reasonably expec ted to be accompani ed by movemen t  on the 
o ther . 

c arrier precipi tation p roc e s s  - A p roc e s s  for removing an unwanted impur i ty from a 
solut ion by chemical copre c i p i t at ion with ano ther i s otope o f  the same e l ement or 
wi th ano the r elemen t . By such means , sma l l  traces of materi als c an be decreased 
to lower conc entrat ions than by normal direct  chemi cal prec i p i t a t ion . 

chinook winds - Warm , dry winds that descend the eas tern s lope o f  the Ro cky Mountains . 

chroni c  - Occurring over a long period o f  t ime . 

c larifier - Equipment used t o  c lear suspended material from a l i quid . 

c o l i form - A type o f  bac teria normal ly found in the i n t e s t inal t rac t o f  animal s .  
Fecal c o l i form usual ly indicates s ewage pollut ion . 

cons erv a t ive - In app l i c a t ion to ac c i dent analys i s  or dose assessmen t s , a conserva
t ive assump t i on i s  one that t ends to overe s t imate damage , release o f  material , or 
o ther adverse e ffec ts . 

c on t aminant - A subs tance presen t  as an impur i ty in another sub s tance . 

cont inuous air moni tor - An instrument that cont inuously moni tors the a i r  fo r con
t aminants or pol lut an ts .  

contro lled area - Any spe c i fic  area into wh ich entry by per sonnel i s  regu l a ted by a 
physical  barrier or by adminis trative procedure . 

cri t i ca l i ty - A s e l f - sustaining nuc l ear f i s s ion reac tion .  A chain reac t ion . 
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c r i t i c a l i ty acc ident - The unp l anned o r  unexp e c t ed a s s embly o f  a c r i t i c a l  mas s . 

curie ( C i ) - The bas i c  uni t  used to de s c ribe the amount o f  rad i o ac t ivi ty in a s amp l e  
o f  materia l . The curie i s  equal t o  3 . 7  x 1010 d i s integrations p e r  s e c ond . 

daugh t e r  p rodu c t s  - The nuc lides  formed from the radioac t iv e  di s integrations o r  decay 
o f  another nuc l ide , which i s  c a l led the p arent . S ame as decay p roduc t .  

decay p rodu c t s  - The p rodu c t  o f  radioac t ive decay o f  an e l emen t . S ame a s  daughter 
p roduc t .  

decommi s s ioning - The p roc e s s  o f  r emoving a fac i l i ty o r  area from operat i on and decon
taminat ing and/or di spos ing of i t . 

decontamination - The removal o f  unwanted ma terial  f rom the surface o r  f rom w i th i n  
another materi a l . 

degraded - Reduced in comp l exity in r e l at i on to s truc ture o r  fun c t i on , such a s  a 
degraded material . 

demi s te r  - F i l te r  material in a ven t i l a t ion sys tem that p revents drop l e t s  o f  mo i s ture 
f rom coming into con tac t with HEPA f i l ters . 

demographic - The dynamic balance o f  a popu l a t ion den s i ty; the c apac i ty o f  the popu l a 
t i on to expand o r  dec l in e . 

dep l e t ed uranium - Uranium having a sma l l e r  percen tage o f  uranium - 2 3 5  than the 0 . 7% 
found in natural uranium . 

des ign agen c i e s  - Organizations respon s i b l e  for the de s ign o f  nuc l e ar weapons o r  
weapon c omponents . 

des ign bas i s  earthquake - The earthquake magni tude that a building o r  operation i s  
des igned t o  expe r i enc e and surv ive wi thout maj o r  damage . 

d i f fu s i on c a t egories - Proc e s s e s  whereby parti c l e s  o f  l iquids , gase s , o r  s o l ids  inter
mingle as the  resul t  of  the i r  spontaneous movement from a region of  higher to one 
o f  lower conc entrat ion . For examp l e , the d i f fu s i on o f  parti c l e s  f rom a s tack into 
the a i r . ( S ee Pasqu i l l  s t ab i l i ty c la s s e s . )  

d i l a tome try - The me asurement o f  expans ion p ropert i e s . 

d i s integration - Any trans fo rmat i on o f  a nuc leus , whe ther spontaneous o r  induced by 
i rrad i a t i on , in whi c h  p a rt i c l e s  o r  photons are emi t ted . 

d i s integrat ions p e r  minute ( dpm ) - The numbe r  o f  r adioac t ive dec ay even t s  occur r i ng 
p e r  un i t  time ( minute ) .  

do se - A general term ind i c at ing the amoun t o f  energy ab s o rbed f rom inc ident radia t ion 
by a spe c i fied mas s . For sp e c i a l  purp o s e s  it mus t  be app rop r i a t e ly qual i fied . In 
th is Imp a c t  S ta tement i t  re fers spec i fi c a l l y  to the t e rm "dose equivalent . "  

dose commi tment - The integrated do s e  that r e su l t s  f rom an intake o f  radioactive mate 
r i a l  when the dose i s  evaluated f rom the beg inning o f  intake to a l a t e r  t ime ; a l s o  
u s e d  f o r  the long - te rm , integrated do s e  to which people a r e  cons idered c omm i t ted 
b e c ause radi o a c t ive material  has been r e leased to the envi ronment . 

do s e  equivalent - A quant i ty that exp re sses a l l  rad i a t i on on a common s c a l e  for c a l 
culating the e ffec t iv e  absorbed dose . I t  i s  de fined a s  the p roduc t o f  the ab s o rbed 
do s e  in rads and c ertain modi fying fac tors . The uni t  of the dose equival ent i s  
the rem . 
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eco logy - A branch o f  s c i ence concerned with the in terre l at ionships b e tween b i o l og i c a l  
sys tems and the i r  environmen t .  

e c onomic d i s c ard l imi t - That po int a t  which further recov ery o r  recyc l ing i s  no longer 
economi c a l ly feasibl e .  

e co sy s tem - The sum o f  phy s i cal features and biological  sys tems occurring in a given 
area . 

e f fluent - Used or was te gases , l iquids , and sol ids d i s c harged from a build ing , 
vehi c l e  or fac i l i ty .  

e luate - The washings obtained when absorbed mate rial i s  removed by means o f  a 
s o lven t . 

emp i r i c a l  - Orig inated or based on obs ervation o r  experience . 

enriched uranium - Uranium in which the amount o f  one or more f i s s i l e  i s o topes has 
b e en increased above that occurring in nature . 

evapo rator overhead - Vapors dis charged from an evaporator . 

excurs ion - A b ri e f , rap i d , nuc l ear f i ss ion reac tion; s e e  c r i t i c a l i ty a c c i den t . 

exp e c t ed re lease  - S e e  probab i l i ty-weigh ted r e l e as e . 

expo sure - To b e  open to an a c t ion o r  in fluenc e  such as weather , l i gh t , or radiat ion . 

extrus ion - A metal - wo rking pro c e s s  whereby metal , usua l ly at high temperatures , i s  
forced through a hol low d i e , annular d i e , or into a d i e  c av i ty , thereby changing 
the dimen s ions of the s tart ing materi a l . 

fallout - Airborne p ar t i c l e s  containing radioac tive material that descend through 
the atmo sphere and are deposi ted on the earth ' s  surface fo l l owing the detonat ion 
of nuc lear exp lo sive s .  

fau l t  - A tec ton i c  s truc ture along which di f feren t i a l  s l ippage o f  the adj acent e ar th 
ma terials  has oc curred para l l e l  to the fracture p l ane . 

fau l t  tree - An analy t i c a l , tre e - l i ke di agram used to analyz e incon s i s tenc ies  in a 
p rogram or concep t . 

Federal imp a c t  funds - Government funds d i s tributed to local  gove rnmen t s  to o f f s e t  
the impact o f  Federal fac i l i t i e s  in the l o c a l  area . 

fer t i l e  nuc l ide - A nuc l ide c apable o f  b e ing converted to a fi s s i le nuc l i de by 
neutron c apture . 

f i l t e r  bank - An arrangement o f  f i l t er s . 

f i s c a l  year ( FY )  - A l2 -mon th period for handl i ng financial  matters . S ince the 
P l ant ' s  b eginning unt i l  19 7 6 , each new f i s c a l  year b egan on July 1; e . g . , FY 1 9 7 5  
covered the peri od from July 1 ,  1 9 7 4  through June 3 0 , 1 9 7 5 . A change in 1 9 7 6  
resul ted in f i s cal years beg inning o n  O c tober 1; thus , FY 1 9 7 7  extends from Octo
b e r  1 ,  1976  through Septembe r  3 0 , 1 9 7 7 . 

f i s s i l e  mate r i a l  - Mater i a l  c ap ab l e  o f  undergo ing nuc lear f i s s ion by interac t ion 
wi th neutrons of any energy . 

f i s s ion - The s p l i t t ing o f  a heavy nuc l eus into app roximat e ly equa l parts  ( that are 
nuc l e i  of l ighter e l ement s ) ,  ac companied by the release of a l arge amount of ene rgy 
and genera l l y  one or more neutrons . 

f i s s i onab le material - Ma terial  c apab l e  o f  undergo ing nuc l e ar f i s s ion by interac tion 
with fast neutrons . 
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flocculation - The formation o f  aggregated o r  compound mas s e s  o f  partic l e s . 

food c hain - The s equence o f  o rgani sms , inc luding produc ers , c onsumers , and decom
posers , through wh ich energy and mate r i a l s  may move . 

forb - Any herb that i s  not grass o r  grass - l ike . 

forming , a s  a me tal  - Any me tal -working technique whereby me tal  sheet i s  shaped by 
press ing agains t a d i e  with minimal c hange in the thickness of the she e t . 

f r i ab l e  - Eas i l y  c rumb led o r  reduced to powde r . 

gamma rays - E l e c t romagn e t ic rad i a t ion originating from the nuc l eus o f  an atom 
fol l owing a nuc lear tran s fo rmation . 

gamma s c an - E s t imat ing the radioac t ive material  in a s amp l e  by means o f  a survey with 
a d e te c t ion instrument s en s i t ive to gamma rays . 

Gaus s i an - Re l a t ing to the Gaus s i an Law o f  E r ro r . A dev i a t ion o f  measured values 
about a true value . 

gene ric  re l e a s e  - A re l ea s e  to the env i ronment o f  h az ardous mat e r i a l  from a particu
l a r  c l as s  of  sources ( e . g .  f rom a f i l te r  fai lure ) .  

geophy s i c al re frac t ion survey - A survey o f  the geo logical  s t rata underly ing an are a ,  
per formed by ob s e rving the r e frac tion and r e f l ec t ion o f  surface sound wave s . 

glove box - A s e a l ed box in which worke r s , u s ing g love s  at tached to and p a s s ing 
through open i ngs in the box , c an handl e  radioac t ive mate r i a l s  s a f e ly f rom the 
outs ide . 

gradient - The change in quan t i ty per uni t  d i s tance in a particular d i rec t ion . 

gram ( g )  - A me tric uni t  o f  mas s  ( nearly equal to the mass o f  one cub ic c en t ime ter 
of  wate r a t  i t s  max imum dens i ty ) . 

g ro s s  alpha - The total rate o f  alpha partic l e  emi s s ion f rom a s amp l e . 

gro s s  b e t a  - The total  rate o f  b e t a  part i c l e  emi s s ion from a s ampl e .  

hal f- l i fe - The time requi red for the ac tiv i ty o f  a radionuc l i de to decay to h a l f i t s  
value . Hal f - l i fe i s  used a s  a measure o f  the p e r s i s tence o f  radioa c t ive materi a l s . 

heal th phy s i c s  - The s c i ence concerned w i th recogn i tion , evaluat ion , and c ontrol o f  
hea l th haz ards from ioniz ing and non - ioniz ing radi at ion . 

heating degre e - day - A un i t  rep resent ing one degree o f  dec l ination from a given t em 
perature ( usua l ly 6 5  OF ) in t h e  mean d a i ly outdoor temperature . Used t o  e s t imate 
hea t ing requ i remen t s . 

high gradient magne t i c  f i e l d  s eparations - A techn ique deve loped to s eparate para
magne t ic ma terial  from d i amagne t i c  matter by pass ing the mixtur e , in s l urry form , 
through a high grad i en t  magn e t i c  field . 

hot par t i c l e  theory - The theory which holds that the contro l l ing fac tor in rad i a t ion 
do s e  rece ived by a body o rgan ( usua l l y  the lung ) i s  the presence of loc a l ized radi o 
a c t ive ( "hot " )  part i c l e s . 
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hydrogenous - Containing o r  re ferring to hydrogen . 

hydro s t a t i c  s tab i l i ty - pertaining to the cond i t ions under which an obj e c t  in contact 
w i th a fluid wi l l  maintain equi l ibrium . 

induced emp loyment - Support ing employment induced in the surrounding commun i t i es 
that i s  no t direc t ly r e l ated to Roc ky F l a t s  but i s  requi red b e c ause o f  the p re s 
enc e o f  Roc ky F l a t s  employees in tho se commun i t i e s . Primarily s e rvic e - re l ated 
emp loymen t . 

inert atmosphere - A chemic a l l y  unrea c t ive a tmo sphere ; one inc ap ab l e  o f  support ing 
combu s t ion . 

ingo t - A mas s  o f  me tal  c a s t  into a bar o r  o ther convenient shape . 

inhib i tors - Agen ts that s low o r  in t e r fere wi th a chemical  a c t ion . 

inventory di f ference ( ID )  - The a lgebraic d i f fe renc e b e tween the nuc l ear ma terial  
book inventory ( B I )  and a phy s i c a l  inventory ( P I ) . I nven tory d i f ference ( ID )  was 
forme rly r e ferred to as Book Phys i c a l  I nventory D i fferenc e ( BP I D )  and Material  
Unac counted For ( MUF ) . 

ion - An elec t r i c a l ly charged atom o r  group o f  a toms , the e l e c t r i c a l  charge o f  which 
resul t s  when a neutral  atom o r  group o f  atoms gains or l o s e s  one o r  more e l e c t rons . 

ion exchange - Phenomenon by which c a tions o r  anions in one phase exchange with 
spe c i e s  of  l i ke charge ( p o s i t ive o r  negat ive ) in a s econd phas e . 

ion i z ing - Convers ion to the ion i z ed s tate ; c au s ing ions to be formed . 

i r radiated fue l  material  - Reac tor fue l  that has been used in a reac tor so that a 
s ign i fi c an t  f i s s ion p rodu c t  invento ry i s  present . 

irrad i a t ion - Expo sure to any form o f  radi a t ion . 

isople ths - A l in e  on a map conne c t ing po ints a t  which a given variab l e  has a spec i 
f i ed con s t ant value . 

Jul i an days - The consecutive days in a 3 65 - day year ( 3 6 6 - day l eap yea r )  as measured 
f rom J anuary 1 s t .  

Kj e ldahl N - N i t rogen a s  determined by the Kj e ldahl t e chnique o f  analys i s . 

l e aching - The pro c e s s  o f  ext rac t ing a solub l e  component from a mixture by perco l a 
t ion o f  a solven t ( usually water )  through t h e  mixture . 

l i c en s e  - An author i z a t ion i s sued by the Nuc lear Regul atory Comm i s s ion ( NRC ) to a 
person o r  organ i z a t ion to p e r fo rm spec i fied a c t iv i t i e s  pursuant to Ti t l e  1 0 , Code 
of Federal Regu l a t i on s , Parts 3 0 , 40 , 5 0 , and 55 o f  the NRC . 

l ic ensee  - A pe rson o r  organ i z a t ion authorized to conduc t ac t iv i t i e s  under a l i c en s e  
o r  cons truc tion permi t i s sued b y  t h e  Nuc lear Regul atory Comm i s s i on ( NRC ) . 

. 

l i t er ( 1 )  - A me t ric uni t  o f  c apac i ty ; equiva lent to about 1 . 1  quarts  in the Engl i s h  
sys t em . 

load ings ( ea r thquake indu c ed ) - Add i t ional pres sure o r  s t ress  on a s t ruc ture due to an 
earthquake . 
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long l ived - I s o tope s  wi th hal f - l ive s greater than one wee k .  

low l eve l - Containing sma l l  amoun t s  o f  radioac t i v i ty . 

low- l evel  a c t i v i ty - Amount o f  radioac tivi ty that i s  in the range e s tab l i shed for 
bac kground . 

low- l evel  was t e s  - Was te s  that c an b e  d i scharged to the envi ronment wi th assuranc e 
that persons wi l l  no t b e  exposed to concentrat ions in exc e s s  o f  tho s e  presc ribed in 
Chap ter 0 5 24 of the ERDA Manual . 

low spec i fic ac t iv i ty ( LSA) was te - Having a low rate o f  radioac t ive decay . When 
app l i ed to radioac t ive was te managemen t ,  i t  re fers to that was te having l e s s  than 
0 . 1  m i c rocurie o f  plutonium per gram o f  was te ma terial or l e s s  than 3 0 0  micro
curies of  uranium per gram of  was t e  material . 

macroearthquake - Earthquake l arge enough to b e  fe l t ,  i . e . , d e t e c t ed wi thout ins tru
ment s .  

macro invertebrates - Re fers to the spe c i e s  o f  l arger animal s  that l ac k  a backbone and 
inte rnal s k e l e ton . 

man - rem - A uni t  o f  popu l a t ion dose ; o ften the average do s e  per individua l , exp r e s s ed 
in rem , times the populat ion a f fec ted . 

maximum c redib l e  ac c ident - A hypo the t i c a l  acc ident , the r e s u l t  o f  one or more im
p robab l e  even t s , which l eads t27 the mos t  s evere cons equen c e s . Ac c iden t s  with 
probab i l i t i e s  l e s s  than 1 x 1 0  per year are exc l uded from c ons idera t i on in t h i s  
E 1 S . 

maximum perm i s s i b l e  c oncentration ( MPC ) - The great e s t  concen t ra t ion o f  a rad i o 
nuc l ide i n  air or water t o  whi ch a worker or membe r  o f  t h e  general popul a t ion may 
be cont inuous ly expo s ed wi thout exc eeding an e s tab l i shed s tandard o f  radiat ion do s e . 

maximum permi s s ib l e  dose ( maximum perm i s s ib l e  expo sure ) - Tha t  d o s e  o f  ion i z ing rad
i a t ion b e l ow which there i s  no reasonab l e  expec tation o f  r i s k  to human health , and 
whi c h  is below the lowes t  l evel  at which a de fini t e  haz ard is b e l i eved to exi s t . 

maximum p robabl e  acc ident - The acc iden t wi th the highe s t  p robab i l i ty o f  oc currenc e .  

me ter ( m )  - The b a s i c  metric  uni t  o f  l ength . 

m i c roearthquake - Earthquake that c an b e  detec ted only by an i n s t rumen t . 

mi s t  e l iminator - A dev i c e  that remov e s  l iqu id mi s t  o r  drop l e t s  from a gas s tream .  

moderation ( o f  neu trons ) - S lowing down o f  neut ron speed . 

modu l e s  - S e l f - c ontained l aboratory or p ro c e s s  areas , env i ronmental ly i s o l ated from 
one anothe r . 

mul t i p l e  exhaus t f i l t ra t i on - F i l t ra t i on p ro c e s s  in which the exhaus t  a i r  pas s e s  
through s everal f i l ters in serie s .  
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n eu t r a l i z ed ( chemical ) - A chem i c a l  s o l u t ion that i s  neutral ( n e i ther ac i d i c  o r  
b a s i c , i . e . , a p H  = 7 ) . Ac comp l i shed by adding ac id to a b a s i c  solution o r  a base  
to an acidic  s o l u tion . 

neutron - An uncharged e l ementary partic l e  ex i s ting in o r  emi t ted from the atom i c 
nuc l eus . 

neutron absorber - A nuc l ide that interac t s  wi th a neut ron primarily by absorp 
tion , wi thou t the p roduct ion o f  add i t ional neutrons . 

neutron po ison - A s t rong neutron absorber , such as bo ron o r  c admium . 

normal opera t ions - P l anned , rou t ine a c t iv i t i e s , a s  contrasted to acc idents . 

nuc l ear rad i a t ion - Part i c l e s  and e l ec tromagne t i c  energy given o f f  from the nuc leus 
of  an atom . 

nuc l ide - A general t e rm re ferring to the nuc l eus o f  the e l emen t s . Nuc l ides are d i s 
t ingui shed b y  the i r  atomic number , a tomi c  mas s , and ene rgy s t a t e . 

o c cup a t ional expo sure guide - Rad i a t ion exposure l im i t s  e s t ab l i shed fo r p e rsons work
ing in a r ad i at ion - r e l a ted occupa tion . 

one - hundred-year s torm - A s to rm o f  such s everi ty that with a probab i l i ty o f  more 
than . 0 1 per year i t  is unl i ke ly to occ�r . 

oo l i t e  - A rock cons i s t ing o f  sma l l  round grains , usual ly c a l c ium c arbonate , c emented 
togethe r . 

operating bas i s  earthquake - The earthquake magn i tude that an ope rat ion c an exp e r i 
ence and s a fe ly shu t down . 

order o f  magn i tude - An e s t ima te o f  s ize o r  magn i tude exp r e s s ed as a power o f  ten . 

o rgan i c  - R e l a ting to chem i c a l  compounds containing carbon rings o r  chain s . 

o rogeny - The process  o f  mountain bui l ding especially by fo l d ing o f  the earth ' s  
c rus t . 

Pasqu i l l  s t ab i l i ty c l as s e s  - R e l ates a tmo sphere s t ab i l i ty to p l ume dispers ion ac cord
ing to weather cond i t ions ; espec i a l ly surface wind speed , l o c a l  inso l a t ion , and 
v e r t i c a l  temp e rature pro f i l e . Spec i fi c a l l y  t he f o l l owing : 

A-Extreme ly u n s t ab l e  cond i t ions 
B - Moderately uns tab l e  cond i t i on s  
C - S l i gh tl y  unstab l e  condi t ions 
D - Neutral condi t ions ( app l i c ab l e  to heavy ove rcast  day o r  night ) 
E - S l ight ly s tab l e  condi tions 
F -Moderate ly s tab l e  cond i t ions 

phy s i c a l  inventory ( P I ) - The quan t i ty of nuc l e a r  mat e r i a l  wh i c h  is determined to 
be on hand by phys i c a l ly a s c e rtaining its presence us ing techn i ques which inc lude 
s amp l i ng ,  weigh ing and ana lys i s ; a p roc e s s  by whi c h  the quant i ty is d e t e rmined . 

p lenum - A l o c a t ion i n  whi ch a i r  p re s sure w i th i n  an enc l o s ed space i s  greater than in 
outs ide a tmo sphere . Us�a l ly app l i ed to the enc lo sure containing the air f i l ters , 
as f i l ter p l e num . 

p l ume shine - Rad i a t ion exposure received direc t ly f rom a p l ume o r  c loud o f  radioac 
t ive mat e r i a l . 
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p l u tonium ( Pu )  - A heavy , radioac t ive , man -made , metal l ic e l ement w i th atomic numbe r  
94 . I t s  mo s t  important i so tope i s  f i s s i l e  p lu ton ium - 2 3 9 , produc e d  by neutron 
i rrad ia t i on o f  uranium - 2 3 8 . I t  i s  u s ed for reac tor fue l  and i n  nuc l e ar weapon s . 
P l u tonium- 2 3 9  decays by a l pha emi s s ion w i th a 2 . 4  x 1 0 4  year hal f - l i fe and has 
a spon t aneous f i s s ion hal f - l i fe of 5 . 5  x 1 0 1 5  years . 

p o l l u t ant - A contaminant wh i c h , when present  in s u f f i c ient  quan t i ty for a s u f f i 
c i ent t ime , has been d e t ermined t o  b e  harm fu l to t h e  envi ronme n t  o r  t o  peop l e . 

popu l a t ion dose  ( popu l a t i on expo sure ) - The summation o f  indiv i dual rad i a t i on d o s e s  
re c e ived by a l l  tho s e  exposed to the source or even t  be ing considered . 

pre c ip i tat ion proc e s s  - The p ro c e s s  o f  separat ing one or more componen t s  from a s o l u 
t i on by s o l i d i f i c a t ion . 

probab i l i ty - we i ghted r e l e a s e  - The magni tude o f  a r e l e a s e  mul t i p l i e d  by the probab i 
l i ty o f  i t s  occurrenc e .  Al so re ferred t o  a s  " expec ted r e l e a s e . "  

proc e s s  a i r  - Air that  h a s  been expo s ed to rad ioac t ive or o ther con t aminan t s , such  as 
i n  a glove box . 

proc e s s  hood - An enc lo sure having an open front and u s ed to prevent the spre ad o f  
haza rdous contaminat i on .  

puck - A sol i d  ma s s  o f  metal s im i l a r  i n  s i z e  and shape to a hockey puc k .  

rad i a t ion - The e l ec t romagne t i c  ene rgy o r  par t i c l e s  em i t ted a s  a resul t o f  a nuc l ear 
tran s format ion . The t e rm inc ludes alpha and beta par t i c l e s , gamma rad i a t i on , 
X Lay s , neu trons , and c o smic rad i a t ion . Nuc l ear rad i a t ion i s  that emi t ted from 
atomic nuc l e i  in various nuc l ear reac t i on s . 

rad i a t ion pro t e c t i on guide ( RPG ) - The o f f i c i a l l y  d e t e rmined rad i a t i on d o s e s  that 
should no t be exc e eded wi thout c are ful cons idera t i on . The s e  s tandard s , e s t a 
b l i shed b y  t h e  Federal Rad i a t i on Counc i l , are e quivalent  to what w a s  formerly 
c a l l ed the max imum p e rmi s s i b l e  expo sure . 

rad ioac t iv i ty - The property po s s e s s e d  by some e l emen t s  o f  s pon taneous ly emi t t ing 
a lpha or be ta par t i c l e s and s ome t ime s also gamma ray s by the d i s in tegra t ion of the 
nuc l e i  of a toms . 

radioac t ivi ty c oncen t r a t i on gu i de ( RCG ) - The concentrat ion o f  rad ioac t ive m a t e r i a l  
i n  a n  env i ronment that wou l d  resul t i n  do s e s  equal , over a period o f  t ime , to 
tho s e  in the Rad i a t i on P ro t ec t i on Gu i de .  

rad i o l og i c a l  - That wh i c h  invo lves rad i oac t ive or nuclear m a t e r i al s .  

radiome t ri c  analy s i s  - Quan t i t a t ive c hemi c a l  analy s i s  that i s  b a s ed on measureme n t  o f  
the ab so l u t e  d i s i n t egra t ion ra t e  o f  a radio ac t ive compone n t . 

rad i onuc l id e  - A radioac t ive nuc l ide . 

Raschig r i ng - A smal l ,  annul a r , boro s i l i c a t e - g l a s s  cyl inder u s ed as a neutron 
poi son . 

reac t or - A dev i c e  c apable o f  b r inging abou t con t ro l led nuc l e a r  f i s s i on . 

re fe r e n c e  man - T h e  a du l t  m a l e  hav i n g  an a t o m i c a l  a n d  p hy s i o l o g i c a l  cha r a c t e r i s t i c s  
d e f ine d i n  t h e  I C RP Pub l i c at i on 2 3 ,  " Re p o r t  o f  t h e  T a s k  G r o u p  o n  R e f e r en c e  Man , "  
1 9 7 5 . 

re f l e c t i on - The change o f  d i rec t i on o f  l ight , heat , or sound a f te r  s t r i king a 
sur fac e ; the c hange o f  d i r e c t i o n  o f  a neu t ron a f t e r  a col l i s ion wi th a nuc leus . 

r e l e a s e  - The ac t o f  a l l ow i ng contaminan t s  to l eave d i rec t human contro l ; may be 
s c hedu l ed or a c c iden t a l . 
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rem - The uni t  o f  dose equivalent whi ch i s  nume r i c a l ly equal to the abs o rbed dose i n  
rads mul t ipl i e d  b y  the qua l i ty fac to r , the d i s t r ibution factor and any o t h e r  nec e s 
s a ry modi fying fac tors . 

resuspension fac tor - The ratio o f  the concentration i n  a i r , measured at some s pe c i f i ed 
d i s tance above the ground , to that i n  the so i l : 

c oncentration in air  
conc entration in soil  

rever s e  o smo s i s  - A technique used i n  wastewat e r  treatmen t . P r e s sure i s  app l ied to 
the surface of a was t e  solut ion , forc ing pure wate r to p a s s  f rom the solut i on 
through a membr ane . 

r i s k  - P o s s ib i l i ty o f  radiation expo sure to individual s  a s  a result  o f  normal P l ant 
opera tions o r  potential P l ant a c c i dents . 

r i s k  dose - A hypo the t i c a l  do s e  ob tained by assuming that e ach o f  the p o s tulated acc i 
dents o c curs yearly but a t  a magni tude equal to the p robab i l i ty o f  o ccurrence per 
year mul t ipl ied by a maximized e s t imate o f  the magni tude o f  the release ; somet imes 
c a l l ed the expec ted o r  p robab i l i ty-weighted do s e  from a c c i dents . 

roentgen ( R )  - A uni t  o f  expo sure to ioniz ing radiation . One roentgen c orre sponds 
to the release  of ionizat ion of 83 . 8  ergs of energy per gram of ai r .  

ro l l ing , as a metal - A metal -working p ro c e s s  whereby metal i s  c omp r e s sed b e tween 
ro tat ing cyl inders to form a she e t  o r  fo i l . 

safe geometry - A confi guration used to ensure that f i s s i l e  mat e r i a l  i s  r e s t r i c ted to 
a c r i t i c a l ly s a fe shap e  and/or l imi ted to a c r i t i c a l l y  s a f e  quan t i ty . 

safe secure t r a i l e r  ( S ST ) - A spec i a l  trai l e r  for transpo r ting nuc l e ar mat e r i a l s .  

s a feguards - Precaut ionary measures to prevent the unauthorized diversion o f  nuc l ear 
mat e r i al s . 

s a l tation - An abrup t movement o r  tran s i t ion , such a s  the movement o f  s o i l  p a rt i c l e s  
a l ong the ground b y  the ac t ion o f  wind . 

sc rap - Ma terial which c an b e  recyc l e d  for p roduc tive use , and p lu tonium/oraloy 
contaminated material whi ch exceeds the e conomic d i s c ard l eve l . 

s c rubb e r  - An apparatus for r emovi ng impur i t i e s  from a gas s tream . 

secur i ty fence - The h igh , chain - l ink fence that encomp a s s e s  the P l an t ' s  operational 
area and p revents uncontro l led acce s s . 

s e i smi c i ty - The relative magn i tude , frequency , and d i s t r ibution o f  earthquakes .  

s e i smo logy - The s c i ence o f  ear thquakes and a t tendant phenomena . 

shear forming , shear spinning - A metal -working p ro c e s s  whereby a p r e form on a ro t a 
ti ng mandrel i s  forced b y  t h e  ac tion o f  a ro ta ting d i e  t o  e longat e  against  t h e  man
drel wi th an accompanying decrease i n  the th i c knes s  o f  the p r e fo rm . 

shie lding - A b a rr i e r  d e s i gned to protect  p er sons f rom radi ation expo sure . 

shutdown - The c e s s a tion o r  suspension o f  an ac t ivi ty . 

s i ntering - A h e a ti ng ac tion resulting i n  a sub s tanc e becoming a coherent mas s . 
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s i te boundary - The perimeter o f  the Gove rnmen t - owned l and on which the Roc ky F l a t s  
P l an t  i s  located . 

s o l i d  was t e s  ( radioac t ive ) - E i ther s o l id radioact ive was t e  material o r  s o l i d  obj e c t s  
that c ontain radioac t ive material o r  b e a r  radioac t ive surface contamination . 

soma t i c  - Re l a t ing to o r  a f fec t ing the body . 

sorp tion - The binding o f  one sub s t ance to ano ther by any mechani sm , such as ab sorp 
tion o r  adsorp t ion . 

sour c e  t e rm - The quan t i ty o f  radioac t ive materi a l , released in an ac c ident o r  during 
normal opera t i ons , that can subsequently c ause expo sure of personne l . 

s p e c i a l  nuc l ear material ( SNM ) - I n  atom i c  energy l aw ,  this  term re fers to 
plutonium - 23 9 , uranium - 2 3 3 , uranium containing more than the natural abundan c e  
o f  uranium - 23 5 , or any material arti f i c i a l l y  enri ched i n  any o f  the s e  sub s t anc e s . 

spec i fi c  ac t iv i ty - The radioac t i v i ty per uni t  mas s o f  rad i oac t ive material . 

sp i l l  - The acc idental re lease o f  radioac tive material . 

s t ab i l i ty ( atmo sphe r i c ) - A d e s c ri p tion o f  the e ff e c t  o f  atmo spher i c  forces on a par
cel of a i r  fo l lowing vertical di splacement in an atmo sphere o therwi se in hydros t a t i c  
equi l ib rium . I f  the forc e s  tend to re turn the parc e l  to i t s  o riginal l eve l , the 
atmo sphere is s tabl e ;  if the forces tend to move the parc e l  further i n  the d i r e c t ion 
of d i sp lacement ,  the atmo sphere is unstab l e . I f  the air parc e l  t ends to remain at 
its new l eve l , the atmo sphere has neutral s t ab i l i ty .  S e e  Pasqu i l l  s t ab i l i ty 
c l a s s e s . 

s ta c k  - A chimney , vent , o r  p i p e - l i ke opening that exhaus t s  f i l tered a i r  to the 
out s ide atmo sphere . 

s t andard s  - Ac c ep t ab l e  l imi t s  e s tab l i shed by recognized author i t ies . 

s tandby - The s ta tus o f  a fac i l i ty that i s  p l aced in a non - operating cond i tion but i s  
maintained i n  readine s s  fo r operat ion . 

surfac tan t  - A c ompound that a f f e c t s  ( usua l ly reduc e s ) surface tension when d i s s o lved 
in water . 

sur f i c i a l  - O f  or relating to a surfac e . 

swaging - A metal - wo rking proce s s  whereby a rod o r  tube i s  e longated wi th decreas ing 
d i ame t e r  or t apered by the a c t ion of hamme r - l i ke d i e s . 

systemic burden - Amount o f  accumulated rad ioac t ive material wi thin the body . 

t axonomy - Laws and p rinc i p l e s  covering c lass i fi cat ion o f  o rgan i sms . 

t e c tonic - Pertain i ng t o  s truc tures resul t i ng from de fo rmation o f  the earth ' s  c rus t .  

t e l eme t ry - Transm i t t ing the readings o f  ins t ruments to a remo t e  locat ion by means 
o f  wires or radio wave s .  

tert iary age - Des ignat ing the e ar l ier principal divis ion o f  the Cenozo i c  geo logical  
era , of  3 , 0 0 0 , 0 0 0  to 6 5 , 0 0 0 , 0 0 0  years ago , marked by wide spread geographi c c hange s , 
as in the Alp s ; i t  inc ludes the Paleocene , Eoc ene , O l igocene , Miocen e , and P l i oc ene 
p eriods . 

t e r t i ary treatmen t - S ewage treatment b eyond secondary treatment ,  invo lving add i t ional 
c lari fi c a t ion and f i l t ration s teps ; a thi rd treatment . 
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thorium ( Th )  - A natura l ly o c curring radioac t iv e  e l ement w i th a tomi c  number 9 0  and , 
an a tomi c  we ight o f  approx imately 2 3 2 . 

topography - General con figurat ion o f  natural surface features o f  a region . 

total alpha - To t a l  numbe r  o f  alpha par t i c l e s  emi tted by a radioac t ive s ub s tanc e . 

total  long - l ived a lpha ( TLLa ) a c t iv i ty - To t a l  numbe r  o f  a lpha part i c l e s  emi t ted 
by a rad i o a c t ive sub s tanc e , but where the radioac t ive sub s tance has a long 
hal f - l i fe .  

tracers - A foreign sub s tance ,  usua l ly radioac t ive , mixed w i th or a t t ached to a given 
sub s tanc e  so the d i s tribut ion or locat ion of the sub s tance may be de termined . 

transuran i c  e lement - An e l ement with an atomic number greater than that o f  uran ium 
in the periodi c t ab l e ; i . e . , with an atomi c number grea ter than 9 2 . All 1 1  
t ransurani c  e l ement s  a r e  produ.c ed arti f i c a l ly and a r e  radioac t ive . 

transuranium reg i s try - Reg i s te r  o f  peop l e  exp o s ed to transurani c  e l emen t s . 

tri t ium ( 3H )  - A radio ac t ive i s o tope o f  hydrogen with two neutrons and one pro ton in 
the nuc leu s . T r i t ium decay s  by b e t a  par t i c l e  emi s s ion with a. 1 2 . 3  year hal f - l i fe .  

turb i d i ty - A measure o f  the degree to whi ch sediment s  and o ther fore ign mat ter are 
suspended in water c l oudine s s . 

up take - The ab i l i ty o f  a b i o sys tem , such as a p l an t , to absorb radioac t ive material s .  

uran ium ( U )  - A radio a c t ive e l ement with the a tomi c number 9 2  found in na tural 
ores . I t  has an average a tomi c  weigh t  o f  app roxima tely 2 3 8 . The two prin c ipal 
n a tural i s o topes are uranium - 2 3 5  ( 0 . 7% by we ight of natural uranium ) , wh ich i s  fi s 
s i l e , and uran ium - 2 3 8  ( 99 . 3% by we ight o f  natural uranium ) , whi ch i s  fe r t i l e . 
N a tural uranium also inc ludes a minute amount o f  uranium- 2 3 4 . 

val enc e - A p o s i t ive or negat ive number that characterizes the c hemi c al c omb ining 
powe r o f  an e l emen t ; measured by the number o f  a tomi c  bonds formed upon chemi c a l  
c omb ination s . 

vibro s e i s  re fl e c t ion s urvey - A means o f  acqu i ring data for se ismic s tudie s . "Vibro 
s e i s "  i s  a trademark o f  Cont i nental O i l  Company . 

was te - Material  deemed to have no re coverab l e  value , and plutonium/uranium con
t aminated mat e r i al whi ch i s  determined to b e  be low the economic d i s c ard l eve l . 

wa tershed - The area drained by a river sys tem . 

we igh t  percent - Percen tage o f  a material  i n  a mix ture o f  materia l s  determined by 
we igh t . 

wind ro s e  - A d iagram showing the d i s t ribut ion o f  prev a i l ing wind d i r e c t ions a t  a 
given locat ion ; some var i a t ions inc lude wind speed group ings by d i re c t ion . 

wor s t  c a s e  condi tion - The s i tuation or parame ter value o f  a parti cular fac tor 
which l eads to the mo s t  s evere a c c i dent consequen ce s ; for examp l e , i n  the analy
sis of a release  of rad ioac t iv i ty , the wor s t  c ase cond i tion fo r wind d i re c t ion 
i s  to b e  toward the l arge s t  nearby popu l a t ion center . 

X rays - An e l e c t romagne t i c  rad i at ion produced by e l e c t ro n  t ran s i ti ons wi thin the 
a tom and by e l e c tron bombardment .  
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METRIC TO ENGLI SH CONVERS IONS 

E fforts have been made to use Eng l i sh uni ts o f  measure throughout th i s  Envi ron

mental Impac t S ta tement . In some cases , however ,  Me tric uni t s  have been used bec ause 

they are more common to the topic being di scussed . Meteorological data and calcula

tions are examp les of subj ec t areas commonly reported in the Me tric system . To 

a s s i s t  the reader in convert ing from Metric values to the more fam i l i ar Eng l i sh 

values , the fo llowing convers ion table i s  p rovided . 

To Convert from To Mul t iply by 

Calories ( c al )  Btu 0 . 0 0 3 9 7  

Centimeters ( cm )  Inches ( in .  ) 0 . 394 

Centimeters ( cm )  Feet ( ft )  0 . 0328 

Cub ic centime ters ( cm3 ) Cub i c  fee t  ( ft3 ) 0 . 0000353 

Cubic me ters ( m3 ) Cub ic feet ( ft3 ) 35 . 3 14 

Degrees Centigrade ( OC )  Degrees Fahrenh e i t  ( OF )  * 

Grams ( g )  Ounces ( oz )  0 . 03 5 3  

Grams ( g )  Pounds ( lb )  0 . 0 0220  

Kilograms ( kg )  Pounds ( lb )  2 . 204 

Ki lometers ( km )  M i l e s  (mi ) 0 . 62 1  

L i ter ( 1 )  Cub i c  fee t  ( ft3 ) 0 . 0353 

Liter ( 1 )  Gal lons ( gal ) 0 . 2 64 

Liter ( 1 )  Quar ts ( q t )  1 .  0 5 6 7  

Meter ( m )  Feet ( ft )  3 . 28 1  

Me ters per second (m/sec ) M i l e s  per hour ( mi/hr ) 2 . 23 7  

Microns (microme ter or mm ) Inches ( in .  ) 0 . 000039 

M i l l igrams (mg) Ounces ( oz )  0 . 000035 

Mi l l i l i  ters ( ml ) Quarts ( q t )  0 . 00106  

Mi l l i l i ters (ml ) Ounc es ( oz ) 0 . 0 3 3 8  

Mil l imeter (mm )  Inches ( in .  ) 0 . 0394 

Square meter ( m2 ) Square feet ( ft2 ) 10 . 7 64 
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SC IENTIFIC NOTATION 

The convent ional notation , when deal ing wi th very large or very sma l l  numbers i s  

awkward and cumbersome . Wri t ing 0 . 000000000000001 , for examp l e , i s  unde s i rab le as i s  

call ing this number " a  m i l l ionth o f  a bi l l i onth . "  T o  overcome t h i s  problem , a no ta

t i on sys tem in general use throughout the sc i enti fic communi ty has been emp loyed in 

this  Environmental Impact  S tatement . Thi s  system would indicate the above number as 

1 x 10 - 15 . Thi s  notation then c an be converted back to the original number by moving 

the decimal point according to the power of ten . If the power o f  t en is posi t ive , 

for examp l e , the dec imal i s  moved righ t  the number o f  places indic ated by the powe r .  

I f  the power o f  ten i s  negative , the dec imal i s  moved l e f t  the number o f  places 

indicated by the power . An examp le o f  a pos i t ive and negat ive power o f  ten fol l ows : 

1 . 2 5 x 10 5 
= 125 000 

1 . 2 5 x 10 - 4 
= 0 . 000125  

Pre fixes are  often added to uni t s  ( such as curies  or grams ) to indicate the 

magni tude of the value . Pre fixe s used in th i s  Statemen t , the i r  value s , and the i r  

abbreviations are as fo l lows : 

Pre fix Power Value S;ymbol 

mega 10 6 1 , 0 00 , 0 00 M 

kilo 10 3 1 , 0 00 k 

cent i 10 - 2 0 . 0 1 c 

mi l l i  10 - 3 0 . 0 01 m 

micro 10 - 6  0 . 000001 \J 
nano 10 - 9 0 . 000000001 n 

pico 10 - 1 2 0 . 000000000001 p 
femto 1 0  - 1 5  0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1  f 

Thus , 1 ki logram ( kg )  = 10 3 grams = 1 , 0 00 grams 

and 1 microcurie ( \lC i ) = 10 - 6  curie = 0 . 000001 curie 

An abbrevi a t ion used in some tab l e s  for large or small  numbe rs u t i l izes a value 

fo llowed by the l e tter E .  After the E i s  ano ther number ,  which represents a power o f  

10 . The number 1 . 05 5E+3 ( or 1 . 055E3 ) , for examp1 e ,  i s  1 . 055 x 103 . The number 1 . 0 8E - 8 
- 8 i s  identical to 1 . 0 8 x 10 . 

xxxix 





1. 1 INTRODUCTION 

1. SUMMARY 

This Environmental Impact Statement presents an overview of the Rocky Flats 

Plant at Golden, Color ado , and its operat ions , a description of the area in the 

gener al vicinity of the Plant, and an assessment of the actual and potential environ

mental impacts associated with current Plant operations and with alternatives to 

current Plant operations. This EIS is designed to serve as input for DOE decisions 

on the continued oper ation of the Rocky Flats Plant site. The arrangement of this 

information in Chapter 1 corresponds to the order in which the information appears 

in the body of the Environmental Impact Statement. 

The Rocky Flats Plant site is used primarily for producing components for 

nuclear weapons to assist in fulfilling U.S. nuclear weapons production requirements 

which a re imposed on DOE by the Congress and the President. The United States 

defense policy , and nuclear weapons requirements in support of that policy , which 

are established by the President and the Congress , restrict alternatives as to DOE ' s  

weapons production activities. However, the converse is not true. DOE's production 

of nuclear weapons does not foreclose options with respect to the overall U.S. 

national defense progr am. Consequently, decisions on the continued operation of the 

�cky Flats Plant site does not foreclose U.S. options associated with maintenance 

of a nuclear weapons stockpile or a possible nuclear war. Therefore , this Environ

mental Impact Statement focuses on the site specific environmental impacts of 

conducting nuclear weapons production activities at the Rocky Flats Plant and 

alternatives for the conduct of such activities which assess the environmental 

impacts of the U.S. policy to produce nuclear weapons . Meaningful decisionmaking 

on the continued operation of the Rocky Flats Plant site does not require a con

sider ation of issues related to maintenance of nuclear weaoons stockpile or the 

possible effects of a nuclear war. Environmental assessments or impact statements 

have been prepa red for all ma jor facilities in the DOE weapons complex. 

1. 2 BACKGROUND 

To fully evaluate the Plant impact, Chapter 2 presents a detailed description 

of the Plant and its activities. Information concerning the Plant's physical 

char acteristics , demogr aphy , geology , seismology , hydrology , ecology , and meteorology 

is presented. 

�ctivities at the Plant a re divided into those considered ma j or and those that 

are supportive. Major operations involve fabrication and assembly (of olutonium, 
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bery l l ium , uranium , and o ther me ta l s ) ,  plutonium recovery , amer i c ium separation , and 

res earch and deve lopmen t .  Operat ions that suppo rt the maj or a c t ivi t i e s  are tho s e  

tha t have t o  d o  with the control o f  qual i ty , sa fe ty , and maintenance ; u t i l i t i e s  a s  

e l e c t r i c i ty ,  fuel , inert gas , wat e r , and steam ;  and the trans fer or shipping o f  

ma terials and p rodu c t s  t o  and from the P l an t . 

1 . 2 . 1  His tory - Summary o f  S e c t ion 2 . 1  

The Rocky F l a t s  P l an t  i s  a Governmen t - owned and c ontrac tor- opera ted fac i l i ty ,  

wh ich i s  part o f  a nat ionwide nuc lear weapons p roduc t ion c omp l ex . Thi s  fac i l i ty was 

located a t  Rocky F l a t s  after  the U . S . Government dec ided to expand i t s weapons c apab i 

l i ty i n  1 9 5 0 . Thirty- five p o s s ib l e  s i te s  were inve s t i gated b e fore the presen t  s i te 

wa s s e l e c ted . Con s t ruc t ion o f  the fac i l i ty b egan in 1951 , and s tart -up o f  operat ions 

oc curred the fol l owing year . The need fo r new fac i l i t i e s , plus the expans ion and 

upgrad ing of exi s ting fac i l i t i e s , has re sul ted in v i rtually c ont inual c ons truc t ion on 

the P l an t  s i te since 1951 . 

The P l ant was operated for the U . S .  Atomic Ene rgy Commi s s i on from the P lant ' s  

incep t ion unt i l  the AEC was d i s s o lved i n  January 1 9 7 5 , as a result  o f  the Energy 

Reorganizat i on Ac t o f  1974 . The respon s ib i l i ty was a s s i gned at that t ime to the 

Energy Research and Development Admi n i s trat ion , which was subs equen t l y  suc c eeded by 

the Department of Ene rgy ( DOE ) in 1 9 7 7 . The P l ant is opera ted unde r the d i rec t ion o f  

the DOE Albuque rque Operat ions O f f i c e  ( ALO ) . The prime operat ing contractor o f  the 

fac i l i ty from 1951  unt i l  June 3 0 , 1 9 7 5 , was Dow Chemical U . S . A . , an operating uni t  o f  

The Dow Chemical  Company . Rockwe l l  Internat ional wa s s e l e c ted t o  succeed Dow Chem i c al 

U . S . A . , beginning July 1 ,  1975 , as the prime contrac tor respon s i b l e  for operating the 

Rocky F l a t s  P l ant . 

1 . 2 . 2  Plant Desc ription - Summary o f  S e c t i on 2 . 2  

The P l ant i s  a key F ederal fac i l i ty ,  w i th unique proc e s s ing c apab i l i t i e s , for 

the produc t i on of mat e r i a l s  for the nuc l ear weapons program and o ther work directly 

related to na t i onal de fens e . S ome work a t  Roc ky F l a t s , such as Wind Ene rgy Systems 

evalua t i on , is i n  support o f  o ther programs for the DOE and o ther governmen t agenc i e s . 

The P l an t  i s  i nvolved p r imari ly w i th me tal fabrication , as s embly , and chemical p ro c e s s 

ing . There a l s o  i s  heavy emphas i s  o n  produc t ion - related researc h . Produc t ion a c t iv i 

t i e s  inc lude numerous meta lworking , fabrication , and a s s emb ly shop s ; chemi cal  recovery 

and puri ficat ion proc e s s e s ; and assoc iated qual i ty c on trol funct ions . Res e arch 

inc ludes such d i s c i p l in e s' as  chemi s t ry , phys i c s , mat e r i a l s  techno logy , e c o l ogy , 

nuc lear s a fe ty , mechan i c a l  engineering , �ealth phys i c s , envi ronmental s c i enc e s , and 

wind energy . 

The Rocky F l a t s  P l ant i s  located in northern J e f ferson County about 1 6  m i l e s  

northwe s t  o f  downtown Denver . The P l ant s i t e  encomp a s s e s  about 6 , 5 50 acres o f  
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Federally-owned land wi th the maj or s truc tures o f  the P l ant loc a t ed w i thin a s ecur i ty 

fenced area o f  384 acres . The remainder of the land s erves as a buffer zone between 

the cen tral fac i l i ty and the general pub l i c . 

The original P l ant cons i s t ed o f  some 20 s truc tures with about 7 0 0 , 0 00 square 

feet of buil ding floor space . Subsequent cons truc t ion and add i t ions have increased 

the c ap ac i ty to more than 1 . 7  m i l l ion square feet o f  bui lding floor space in over 

100 s t ruc ture s . With the add i t ion of new plutonium recovery and was t e  treatment 

fac i l i ty ,  the total floor space w i l l  exceed 2 . 1  mi l l ion square fee t . 

1 . 2 . 3  S i te Environment - Summary of S e c t ion 2 . 3  

The area in the immediate vicinity o f  the Rocky F lats  s i te i s  primari ly agricul

tural or undeve lop ed . No pub l i c  fac i l i ti e s  or ins t i tutions , such as s choo l s , pri sons , 

or ho sp i ta l s  are loc ated wi thin 5 mi les o f  the P l an t . There are four commerc ia1/ 

indus trial fac i l i t i e s , inc luding Jeffco Ai rpo rt , wi thin 5 mi l e s  of the P lant . Several 

populat ion c en ters are located wi thin 10 miles  with the c lo s e s t  being the sma l l  

communi ty o f  Leyden , 3 . 3  m i l e s  south o f  the P l ant . 

The 1 9 7 7  populat ion l iving wi thin 50 miles o f  the Rocky Flats  P l ant was about 

1 . 8  m i l l i on ,  projec ted to increase to 3 . 5  m i l l ion by the year 2000 . The 1 9 7 7  Denver 

me t ropo l i tan area popula tion was abou t 1 . 5  m i l l ion persons l iving within 50 miles o f  

the Rocky Flats  Plan t . Based upon growth p roj e c t ions used by the Denver Regional 

Coun c i l  of Government s , the Denver- area populat ion by the year 2000 i s  proj ec ted to 

b e  2 . 4  mi l l ion . The area wi thin 5 miles o f  the P lan t had an e s t imated 1 9 7 7  populat ion 

of approximately 4 , 1 00 , i . e . , an average den s i ty of about 52 persons per square mi le . 

Thi s  area population is proj ected to increa se to about 9 , 200 in the year 2000 or 

roughly 188 persons per square mi le . The mo s t  popu lated sec tor i s  to the southeas t , 

which i s  in the direc t ion o f  the c en ter o f  Denver . The 1 9 7 7  e s t imated popul at ion 

b e tween 10 and 50 miles  in thi s  sector was 5 24 , 9 00 . Thi s  number i s  expec ted to 

increase to 1 , 21 2 , 600 by the year 2000 . 

The natural envi ronment o f  the P l ant s i te and v i c i n i ty i s  in fluenced p r imarily 

by i t s  proximity to the Fron t Range o f  the Rocky Mountain s ,  which i s  immediately we s t  

o f  the s i te , and the e l evation o f  the s ite , which i s  approxima tely 6 , 0 00 f e e t  above 

sea leve l .  The surfi c i a l  geology is desc ribed by the t i t l e  given the area , i . e . , 

Rocky Flats . The area con s i s t s  o f  a thin grav e l ly top soi l layer underlain by 20 to 

50 feet o f  thick , coarser , c l ayey grave l .  Thi s in turn i s  underlain by an impermeab l e  

bedrock s truc ture upon which mo s t  o f  the bui ldings ' foundat ions are supported . 

Detailed seismo 1ogic 

s t ruc tures . S tudie s 

the older bui ldings . 

Analy s i s  Repo rts . 

inve s t igations have been undertaken for the mo re recently bui l t  

are s t i l l  underway t o  inve s t igate the s e i smo 1ogic integri ty o f  

The results o f  these s tudies w i l l  b e  incorporated i n  the S afety 
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Area hydrol ogy i s  contro l l ed by a thin grave l ly a l luv i um , whi c h  i s  highly p e r 

meab l e . The re sul t i s  l i t t l e  wa ter retention i n  r h e  s o i l , as i s  evidenced b y  spars e  

vege t a t ion i n  t h e  area . Surface and groundwa t e r  f l ow i s  f rom we s t  to eas t ,  orig ina t ing 

in the F ron t Range mountains . Mo s t  g roundwa ter even tua l l y  surfac e s  to j o in the 

natural s t reams t rave r s ing the s i te and f l owing to Great We s t e rn Reservo i r  o r  S tand ley 

Lake ( s ee F igure 2 . 1 - 1 ) . 

The me teoro logy o f  the s i te i s  charac terized as mi l d ;  howeve r ,  o c c a s i onal hurri 

cane - fo rc e  winds occur a s  a resul t o f  the s i te ' s  proximi ty to the Front Range moun tains . 

Tornadoe s  are rare in t h i s  region , and the damage re sul t ing from individual tornadoe s  

tends t o  be l e s s  than from tornadoe s  i n  t h e  Great P l a in s . Prec ipi tation i s  gene ra l l y  

l i gh t , w i t h  t h e  yearly average being s l igh t l y  ove r 15 . 8  inche s . 

The natural bac kground rad i a t i on l evel  in the Denve r area i s  s omewhat h i gh e r  

than t h e  national ave rage . The sourc e s  o f  natural bac kground rad i a t ion inc lude 

cosmic rad i a t ion and natural ly occurring radioac t ive e lemen t s , such as uranium and 

thorium . 

Man -made re l e a s e s  o f  l ong - l ived radi onuc l id e s , c h i e fly p lutonium , from atmospheric 

weapons tes t ing have depos i ted p luton ium in the so i l . I n  add i t ion , P l ant operat ions 

have increased the p lutonium concentrations in the immed i a t e  vic ini ty o f  the P l an t , 

the main source be ing from d rums that l eaked p lutonium- contaminated o i l  b e tween 1 959 

and 1 9 6 8 . Th i s  resul ted in the di spersal  of abou t 2 . 4  curies  of p lutonium to areas 

outs ide the present site boundaries. 

P l ant and anima l l i fe i s  typ i c a l  of t h a t  found in nearby areas . S everal spec i e s  

o f  smal l mamm a l s  and l arge r  animals  inhab i t  t h e  s i t e . The sma l l  interm i t tent s t reams 

f l owing through the s i te do not suppor t  l arge aqua t i c  cownuni t i e s , bu t a variety o f  

spec i e s  are pres ent because o f  the h igh , natural wa ter qual i ty .  

1 . 2 . 4 Wind Ene rgy Te s t  F ac i l i ty - Summary o f  Sec t i on 2 . 4  

A wind- ene rgy t e s t  fac i l i ty has been c ons t ructed in the northwe s t  corner o f  the 

P l an t ' s  buffe r  zone . The purpose of the fac i l i ty is to te s t  sma l l  wind - energy genera

t ing s y s t em s . Approxima t e l y  450 ac res of land are used and contain meteoro logical 

and t e s t  towe rs , some roads , and s ome ins t rumen t t ra i l e rs . No radioac t ive ma t e r i a l s  

a r e  u s e d  wi th t h i s  p ro j ec t .  A sma l l  poten t i a l  hazard exi s t s becau s e  o f  t h e  po s s ib i l i ty 

o f  a b lade fa l l ing o f f  a wi ndmi l l  during periods o f  high winds . Howeve r ,  be cause o f  

the remo te l o c a t ion o f  the s i te and the con t ro l l e d  ac c e s s  to the area , the p o s s ibi l i 

t i e s  o f  inj ury to personnel  from a maj o r  inc i dent are s l i gh t . 
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1 . 2 . 5 Maj or Ac t ivi t i e s  and Fac i l i t i e s  - Summary o f  S e c t ion 2 . 5  

The chief function at Rocky Flats  i s  the fabrication o f  nuc l ear weapons component s 

ut i l i z ing bo th radioac t ive and nonradioac tive materi a l s . In support o f  the fabrica

t ion , the P l ant p rovides fac i l i t i es fo r the recovery o f  plutonium and amer i c ium from 

waste re sidue s , trea tment and d i sposal of the s e  wastes , chemical laboratori e s , research 

and deve lopment ,  and spe c i al support operat ions for o ther DOE fac i l i t i e s . The fac i l i 

t i e s  fo r fabri c a t ion and recovery o f  plutonium comp r i s e  the maj o r i ty o f  the bui ldings . 

The p lutonium and o ther radioac t ive or toxic materials  p roces sed are handled in 

enc losures wi thin the buildings . Both the enc losures and bui ldings are des igned and 

operated to minimize any expo sure o f  personne l and the env ironment to these materials  

and the radi at ion they produc e .  E l aborate contro l s , such as sprinkl er sys tems fo r 

fire suppres s ion , contro l l ed pres sure ven t i l at ion , and a i r  samp l ing fo r radioac t iv i ty 

are used to ensure personne l safety and p rotec t ion o f  equipmen t and the environmen t . 

1 . 2 . 6  Suppo rt Ac t iv i t i e s  and Fac i l i t i e s  - Summary o f  S e c t ion 2 . 6  

In support o f  the princ ipal P l ant activi t i e s  are many func t ions and systems such 

as Qual i ty Engineering and Control ( QE&C ) ; the Hea l th , S a fety and Env i ronment (HS&E ) 

P rogram ; Ut i l i ty and Maintenanc e Servi ces ; and Material Shipmen t s . 

The QE&C Department i s  divided into various subgroup s which provide inspec t ions 

and chemical analyses o f  material s .  Under the HS&E department the div i s ions inc lude 

the Medical P rogram , Nuc l ear and Fac i l i ty S a fe ty , Envi ronmental S c i enc e s , Health 

S c i enc e s  and Industrial Sa fety , Radiation Moni toring , and F ire P rotec t ion Engineering . 

The Ut i l i ty and Maintenance S ervices  p rovide such func t ions and serv i c es as 

water treatment sys tems , s team p roduc t ion , and laundry fac i l i t ies . The P l ant mee t s  

almo s t  all  o f  i t s  heating requi rements w i t h  in -p l ant s team b o i l er s  that are normally 

fueled with natural gas . The Pub lic Service Company o f  Colorado , who supp l ie s  the 

natural gas , also supp l i e s  electri c i ty to the P l ant from two separate fac i l i t ie s : the 

Bou lder Hydro and the Valmont S team Generating P l ant s . Water is ob tained from the 

Denver Water Board and is drawn from Rals ton Res ervoi r  and the South Boulder Diversion 

Canal . All inc oming water i s  t reated in an on- s i te water treatment p l ant . The water 

is used for p rocess  and sani tary purposes . After treatment , the process  wastewater 

i s  evaporated . San i t ary was tewater , treated by an on - s i t e  terti ary treatment fac i l i ty , 

i s  subj e c t  to l imits  o f  a NPDES ( Nat ional Pol lutant Discharge El iminat ion System )  

permi t .  

A vari e ty o f  materials i s  shipped to and from the P l ant by truck , rai l , and a i r . 

Shipment by t ruc k ,  the mode used mo s t  frequently , inc lude s both commercial truck 

l ines and Governmen t - owned S a fe - S ecure Trai l ers . Rai l  shipment s  are made in govern

ment - owned ATMX- 600 Series rail c ars that have been modi fied to c arry radioac t ive 

was t e  material s .  Shipments o f  radioac t ive mater i a l  by air are restric ted to non-
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pas senger a i r c ra ft . The a i r  sh ipmen t mode i s  chosen when the need for rapid del ivery 

o f  the package j u s t i f i e s  the p remium c o s t  o f  a i r  freight . Air shipment s  o f  nuc l e a r  

mate r i a l s  mee t  the s a f e ty s tandards o f  The Department o f  Transpo rtation and The 

Nuc lear Regul atory Comm i s s ion . No shipments of p luton ium by air have been made s ince 

Ap r i l ,  1 9 7 7 . Howeve r ,  shipmen t s  by d e s i gnated air  c arri e rs can b e  made in sp e c i a l  

cases  f o r  nat ional secur i ty purpo s e s , under t h e  provi sions o f  Pub l i c  Law 94- 187 ( s ee 

S e c t i on 2 . 1 0 )  and o f  DOE regu l a t ions in 1 0  CFR 87 1 . 1 .  

The p rimary rel iance for s a f e ty in the shipp ing o f  radioac t ive material  i s  

p l aced o n  s tr ingent p ac kaging c r i teria a s  spe c i fied i n  the P l an t ' s  qua l i ty as surance 

p rogram . Th i s  p rogram c a l l s  for adhe rence to the Departmen t  of Tran sportat i on ( DOT ) 

packaging requi rement s  in 49 CFR 1 7 1 - 1 7 8  and to ERDA Manual Chap t e r  0 5 2 9 . Since  the 

s tart -up of P l an t  op erations in 1952 , shipment s  of radioac t ive materials  from Ro cky 

F l a t s  have c ove red more than 4 mi l l ion mi l e s ; yet  there has never b een a t ranspo r t a t ion 

acc i dent which released radioac t ive material s .  

1 . 2 . 7  Rad i o ac t ive Was t e  Sys tems - Summary o f  S e c t ion 2 . 7  

Ope rations a t  the Rocky F l a t s  P lan t re sult  in add i tion o f  radioac t ive mat e r i a l s  

t o  various l iqu ids , s o l ids , and gas e s  u s e d  in research , p roduc tion , and manu fa c turing . 

Radioac t ive materials  are handled in ac c o rdance with s t ringent p roc edures and wi thin 

mu l t i p l e  containmen ts des i gned to minimize the i r  re l ea s e  to the envi ronmen t .  The 

radioac t ive was te systems inc lude local  c o l l ec t ion , f i l tration , and t emporary s to rage 

fac i l i t ies  for tho s e  p ro c e s s  was t es known o r  suspec ted to contain radioac tivi ty . The 

sys t ems a l s o  invo lve centralized p roc e s s ing fac i l i t i e s  for maximum recovery o f  p luto

nium - bearing l iqu id and s o l i d  was te s . Solid was tes rece ive treatment to concentrate  

and package nonrecove rab le rad i o ac t ive materi a l s  for sh ipmen t to DOE - approved s to rage 

s i t e s . 

1 . 2 . 8  Chemi c a l  and B i o c i dal Was t e - Summary o f  S e c t ion 2 . 8  

The Rocky F l a t s  P l ant has ove r  1 , 8 00 d i f fe rent chemi cal s on the s i te , o f  which 

the maj o r i ty are present only in l aboratory quan t i t i e s . Was te s  f rom the u s e  o f  these 

chemi c a l s  are t rans ferred to the was te t reatment p l an t . B e fore d i spo s a l , some of the 

chemi c a l s  may require spec i a l i z ed treatment to make them innocuous . 

Bioc ides a re used in cool ing- tower wa t e r  t rea tement to p reven t biological  foul ing . 

Bioc ides and herb i c i d e s  are used i n  weed and p e s t  control on the P l an t  s i t e . P l ans 

fo r appl ic a t ion o f  p e s t i c ides and herb i c ides are p repared in a c c o rdance wi th the 

Federal Working Group on Pes t Management .  
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1 . 2 . 9  S an i tary Was t e  - Summary o f  S e c t ion 2 . 9  

S an i tary waste l ine s col lec t human was tes and convey them to the sani tary wa s te 

( s ewage ) treatment p l an t . E ffluents from the sewage p l ant flow into holding ponds 

wh ich are moni tored on a regular bas is . Sani tary wastewater i s  kep t s eparate from 

a l l  process was tewaters , and is routinely moni tored for radiat ion leve l s . 

Rocky Flats  has d i tches , culverts , and underground pipes for c o l l e c t ing and 

contro l l ing surface water runo f f .  Surface water runo ff from ins ide the securi ty 

fence l eaves the Pl ant through the North and South Walnut Creek drainage . The s e  

waters a r e  monitored daily . 

1 . 2 . 1 0 Env i ronmental Monitoring Program - Summary of S e c t ion 2 . 1 0 

The operat ing contrac tor conduc ts a comprehens ive envi ronmental moni toring 

program to determine whe ther operation o f  the P l an t  i s  caus ing an adverse e ffec t  on 

the surroundings . The program is designed to provide confirmation that the many 

po l lution control sys t ems and proc edures are working properly , that concen trations o f  

ef fluents are w i thin app l icable guide s and l imi t s , and t h a t  the quant i ty o f  was t e  i n  

effluents i s  a t  t h e  lowe s t  practical  l evel . Ai r ,  water , b i o ta , and soil  a r e  samp l ed 

no t only on the Plan t  s i te but also in the surrounding region for radioac t iv i ty and 

for chemi cal and b io logical pol lu tants . 

Numerous agencies  conduc t add i t ional independent env ironmental surveys , both on 

and o ff the P lant s i t e . The Colorado Dep artment o f  Heal th , for exampl e ,  conduc t s  

air , water , and so i l  samp l ing programs around the Rocky F l a t s  s i te . The DOE Envi ron

mental Measurements Laboratory ( EML ) of New York maintains p ar t i cu la te air s amp l ing 

s ta t ions in the vic ini ty o f  the Rocky F l a t s  Plant and periodi c a l ly performs soil  

samp l ing and analys i s . 

The Je fferson County He alth Department has a cont inuous particulate air samp l er 

on the s i t e . The s e  s amp les are analyzed by the Colo rado Department o f  Heal th . The 

Coun ty also s amp l e s  and analyz e s  sewage p lant e f f luent monthly . The U . S . Env i ronmental 

Protection Agency provides add i t ional rout ine l iquid e f fluent moni toring to determine 

compl iance wi th the NPDES ( Nat ional Pol lutant D i s charge E l iminat ion Sy stem )  permi t .  

EPA conduc ts spec ial s tudies o f  the Pl ant envi ronment .  

1 . 2 . 1 1 Emergency Plans - Summary of S e c t ion 2 . 1 1 

Emergency p lans are maintained in a s tate o f  readiness to me e t  any eme rgency 

s i tuat ion that may occur . The basic  Rocky F l a t s  Emergency Plan defines responsibi l i 

t i e s  and p rovides guidance to a l l  supervi s ion regarding immediate noti fi c ations and 

actions . Supp l emental p l ans describe procedures wh ich are to be imp l emented by 
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spe c i a l i z ed re sponse group s and build ing p ers onn e l  in the event o f  an emergency 

s i tuat ion . Commun i c a t ion i s  maintained wi th o f f - s i te agen c i e s  as part of the S tate 

emergency response p l an for the Roc ky F l ats area , and to keep S tate and loc a l  o ff i c i al s  

in formed o f  emergency mat ters which may rai s e  pub l i c  concern . 

I f  an emergency should o c cur that could present an ac tual o r  po tential  hazard to 

the general populac e ,  the Colorado Eme rgency Radiological Respons e P l an would be 

imp l emen t ed . Thi s  p l an interfaces wi th the overal l Rocky F l a t s  Eme rgency P l an . 

Training exerc i s e s  are p e r formed to ensure p e rsonnel fami l i ari ty wi th emergency 

procedures . O f f - s i te exerc i s es are coordinated wi th cogn i z ant c ivi l emergency agenc i e s . 

1 . 2 . 1 2 S a feguards and S ecuri ty - Summary o f  S e c t ion 2 . 1 2 

The Rocky F l a t s  S afeguards and S e curity Program i s  des igned to p ro t ec t nuc l e a r  

ma terial , c l as s i fied informat ion , and o ther government and contractor a s s e t s  from 

l o s s , the ft , divers ion , s abotage , espionage , or o ther harm by i n ternal or external 

ho s t i l e  forces . The S a feguards and S ecuri ty Department cons i s ts of P l an t  P ro t e c t i on , 

Techn i c a l  Secur i ty , Nuc lear Materials  Cont ro l , P l an t  U t i l i t i e s , F i re Department , 

Emergency P l anning , Document Control and Ac c e s s  Control func tions . The p rogram i s  

adminis t e red wi thin Department o f  Ene rgy requi rement s . 

1 . 3  ENVIRONMENTAL IMPACT 

Chap ter 3 contains an in - dep th description o f  the phys i c a l , economic , and s o c i a l  

impac t t h a t  resu l t s  f rom P l an t  operations . 

Normal op�rations a t  the P l an t  use such re sources as wate r , natural gas , fue l s , 

and e l e c tr i c i ty .  In addi tion , operat ions a t  the P l ant may a l t e r  the topography , 

geology , hydro l ogy , and ecology o f  the immediate area . The impac t o f  emi s s ions from 

operations as they a f fe c t  the wat e r , ai r ,  and s o i l  in and around the P l an t  are addre s 

sed . Radioac t ive and nonradioac t ive releases from normal operations , though sma l l ,  

are taken up in the so i l , wate r , vege tation , and a i r . On the bas i s  o f  p a s t  and 

current releas e s , e s t imates o f  fu ture releases  are made . 

The impac ts c aused by accidents , both ac tual and pos tulated , man - made and natural , 

are s tudied . 

1 . 3 . 1  Envi ronmental E ffec t s  o f  No rmal P l an t  Ope ration - Summary o f  S e c tion 3 . 1  

E f forts to restric t rout ine releases  o f  radioac t ive and nonradioac t ive ma terial  

to the lowe s t  p rac t i c a l  l eve l have r e sul ted in no rmal P l an t  operat ion which has no 

s igni f i c ant impac t on the envi ronment .  For exampl e  during the en t i re year o f  19 7 7 ,  
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4 . 9  grams o f  bery l l ium ( a  non- radioac t ive i but t ox i c  e l emeht )  were re l e a s e d  from Rocky 

F l a t s  dur ing normal op e r a t i ons . The EPA s tandard a c c ep t s  the r e l e a s e  o f  up t o  1 0  �� 
o f  b e r y l l ium p e r  day or 3 , 6 5 0  grams p er y e ar from a s ingle s t a t i onary source . 

Off s i te , concentrat ions o f  rad ioact ivi ty in l i quid e ffluent from the P l ant are 

also wel l  below app l i cable l imi ts . Thi s  is confirmed by the weekly s amples  taken 

from Great Wes tern Reservo i r .  Water is recycled and returned to the environment as 

water vapor . During CY 197 7 , these samp l e s  showed average plutonium concentrat ions 

of l e s s  than 0 . 1 0 pCi/l and trit ium concentrat ions o f  about 750 pCi/l . The s e  quan t i 

t i e s  a r e  a very small  fract ion o f  t h e  Radioac t iv i ty Concentration Guide ( RCG)  adop ted 

by the DOE , as we l l  as EPA and S tate l imi t s  and are near background l eve l s . The RCG 

values are 1 , 6 67 pCi/l fo r p lutonium and 1 , 0 00 , 0 00 pCi/l for t r i t ium in drinking 

water . The EPA and Colorado drinking water l im i t s  relat ing to p lutonium are 15 pCi/l 

for alpha act iv i ty ( exc luding natural uranium )  and 2 0 , 000 pC i/l of tri t ium . 

The radiological impact on persons l iv ing wi thin 50 miles  o f  the center o f  the 

P l ant is as ses sed in terms o f  the 7 0 - year dose which would result from 70 years o f  

continuous P l an t  operat i on . Of primary intere s t  for the types o f  rad ioac t ive materials  

rout inely released are doses to the  total  body , l iver , bone , and lungs . The organ 

do ses received by a person res iding cont inuous ly for 70 years at a dis tance of two 

m i l es from the c enter o f  the P l ant in the east - southeast direc t ion ( the locat ion o f  

the maximum annual a i r  concentrat ion ) i s  expec ted t o  b e  0 . 0 0 1 2  rem t o  the total body , 

0 . 1 1 rem to the l iver , 0 . 2 5 rem to the bone , and 0 . 07 9  rem to the lungs . Perspec t ive 

for thes e  values is obtained by comparison w i th organ doses rec eived by a Denver - area 

resident from natural background radiation . Thi s  compar i son shows that the maximum 

organ doses received from no rmal operat ion o f  the Rocky Flats  P l an t  are the fo l l owing 

frac t i ons of the organ doses from natural background radi ation : 0 . 00011  for the 

total body , 0 . 010 for the l iver , 0 . 0 20 for the bone , and 0 . 0043 for the lungs . The 

values for persons resid ing at greater d i s tances  or in o ther d i rec tions from the 

P lant are sma l l er . The radiologi cal impact on persons l iving w i thin 50 m i l e s  o f  the 

Roc ky Flats P l ant , from routine operation , is there fore imperc ep t ib l e , as an addi tion 

to that received from natural background source s . 

The rad iological impac t o f  rou t i ne operations i s  also asses sed in terms o f  the 

hea l th effect on the popu l ation w i th in 50 m i l e s  of the P lant , based on demographi c s  

bo th for the year 1 9 7 7  and proj ected t o  the year 2000 . Of concern i s  the possible  

number o f  cancer mortal i ti e s  plus genet i c  defects  resu l t ing from organ do s e s  summed 

fo r the populat ion for 70 years of expo sure to routine emi s s ions from the P l an t . 

Thi s  impact i s  a total o f  l e s s  than one ( 0 . 59 )  effect over 7 0  years for the y�ar 1 9 7 7  

population group and l e s s  than one ( 1 . 00 )  effect over 7 0  years for the year 2000 

populat ion group . Thus the health effects  from routine P lant operat ions on the 

populat ion surrounding the P l an t  are imperceptible in a populat ion whi ch exper ienc e s  

hea l th e ffec ts from o ther sources . 
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The popu l a t ion demography , as determined from area p l anning departments for the 

year 2000 , proj e c t s  a relatively low den s i ty to the east of the Rocky F l a t s  P lant . 

I f  one postulates a very high populat ion dens i ty o f  7 2 9 6  persons per square m i l e  for 

the eas t through south - southeast sec tors for dis tance s  of two to five miles  from the 

Plant , the increase in the popu l a t ion bone dose i s  1 9 . 8% ( from 5 . 0 0  x 1 0 4 to 5 . 9 9  x 1 0
4 

man - r e m s ) .  T h e  i n c r e a s e  doe s not c han g e  t he con c l u s ion t h a t  t h e  r a d i o l o g i cal impact is 

impe r c e pt ib l e . Of course , the dose and impa c t  a s s e s s m en t s  for i n d i v i du a l s  are not 

a ff e c t e d  by c onsi d e r a t ion of popula t ion d e n s i t ies . 

1 . 3 . 2  Environmental E ffec t s  o f  Po s tul ated Plant Acc idents - Summary o f  S e c t ion 3 . 2  

Po s tulated P lant accidents that could release e i ther or both radioac t ive and 

nonradioact ive mater i a l s  include the fo l lowing : spi l l s , mechanical  or admin i s t ra tive 

failure , impoundment fai lure , fire , c r i t i cal i ty , airc raft impac t ,  to rnadoes , high 

winds , and earthquake s .  Each of these accidents is de scribed and the probab i l i ty o f  

occurrence and the maximum probabl e  and maximum c redib l e  releases are asses sed . 

Thi s  impact  statement gives the impacts  on man primary cons iderat ion . The 

assessment of thi s  impact on man i s  made in two ways . F i rst  a r i sk dose to organs o f  

persons l iving within 50 m i l e s  o f  the P lant i s  determined for a period o f  7 0  years . 

The ri sk dose i s  a hypo thet i c a l  do se obtained by as suming that each o f  the postulated 

acc idents occurs yearly but a t  a magni tude equal to the probab i l i ty o f  occurrence per 

year mul ti p l i ed by a maximized e s t imate o f  the magni tude o f  the releas e . The resu l t s  

o f  thi s  asses sment are that the organ r i sk doses ( over 7 0  years ) are from two t o  four 

t imes smal l e r  than the 7 0 -year organ doses from n atura l background radiat ion . Thi s  

indicates that the organ r i sk doses for the person residing fo r 7 0  years a t  a d i s tance 

of 2 m i l e s  from the P lant in the ESE dire c t ion are the fo l lowing frac t ions of the 

background organ dose s : 0 . 000070 for the total body , 0 . 0023  for the l iver , 0 . 0045 

for the bone , and 0 . 0 0 1 3  for the lungs . For persons l iving in o ther dire c t ions or a t  

o ther dis tanc e s , the s e  values are even sma l l er . 

The second approach to the assessment o f  the impac t i s  to determine the conse 

quenc es i f  each o f  the pos tula ted maximum credib l e  acc idents were to occur . For this 

a s s e s sment the do ses ( 7 0 - year dos e  commi tment s )  to organs o f  persons downwind for the 

pos tula ted a c c i dents are c a l culated . The greates t dose commi tment to an individual 

resu l t s  from the maximum c redible aircraft impac t ,  for wh ich the 7 0 -year dose to a 

person 1 . 2  m i l e s  downwind from the release point i s  2 . 2  rem to the to tal body , 2 7 0  

rem to the l iver , 690 rem to the bone , and 1 6 0  rem to the lungs . These values decrease 

by a factor o f  greater than 100 fo r a person 40 m i l e s  downwind . The r i s k  o f  c ancer 

mo rtal i ty plus genet i c  de fec t s  over 7 0  years for any person from any o f  the postulated 

maximum credib l e  acc idents is less than the r i sk o f  death to an individual in the 

general popul a t ion from common acc iden t s  over the 70 years , wh ich is abou t 0 . 0 3 per 
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person for 7 0  years . Comparison wi th organ doses for background radiation indicates 

that the 7 0- year b ackground dose s  are greater than the 7 0 - year dose comm i tment s  to 

the organs for a person a t  any off- s i te location for all types o f  maximum c redib l e  

ac c iden t s  exc ep t  the aircraft impact ( expec ted t o  occur once p e r  7 . 7  m i l l ion years ) 

and h igh winds o f  1 5 8  to 2 0 6  mph ( expe c ted to occur once per ten thous and years ) . 

The e ffec t  o f  the wo rst case maximum c redible acc ident ( the a i rc raft impac t )  i s  

also assessed . For th i s  assessmen t , the wind i s  as sumed t o  b low toward the sec tor o f  

maximum populat ion , the southeas t .  The maximum impac t i s  6 0  c ancer mortal i ti e s  plus 

3 . 5  genetic defec t s  over 7 0  years in a downwind popul a tion o f  over one -hal f m i l l ion , 

from an acc ident which has a po s s ib i l i ty o f  occuring once every 7 . 7  m i l l ion years . 

Analys i s  o f  the impact on a hypo thetical populat ion den s i ty ( wh i ch i s  no t expec ted to 

occur before the year 2000 ) o f  7 2 9 6  persons per square mile b e tween two and five 

m i l e s  on the east  to south- southeast  s e c tors indicates a 1 6 . 9% increase ( from 6 . 9 7  x 1 0 6 

to 8 . 1 5 x 1 06 man - rems )  in the p opul a t i on b one do s e . 

The risk o f  cancer mor ta l i t i e s  and genet ic d e fe c t s  over 7 0  years i s  asses sed for 

the maximum individual for expo sure at the P l ant boundary and a sub s equent 7 0 - year 

do s e  from each o f  the maximum c redible ac cide�t s . For any type o f  maximum credible 

release , the total resu l t ing mort al i ty r i sk to this maximum individual i s  less than 

the r i s k  of the average person in the total populat ion be ing k i l l ed by a common 

acc ident over 70 year s . 

Except for releases from c r i t i c a l i ty acc ident s ,  where food usage would b e  con

trol led , all other doses have been c al culated as suming no m i t igating a c t ions are taken 

to reduce exposure to or intake of radionuc l ides . I f  an acc ident were to occur , 

peop le could b e  adv i sed to s tay inside , and to avo i d  consump t ion o f  contaminated food 

or wate r .  

A fire i n  a fil ter containing 10 kg o f  bery l l ium i s  pos tul ated a s  the max imum 

c redib le accident involving nonradioac t ive material s .  A shor t - term concentration o f  

7 . 7  � g/m3 might occur a t  the P l an t  boundary . Thi s  i s  in exc e s s  o f  0 . 0 1 � g/m3 , which 

i s  the perm i t ted average monthly concen tration at the breath ing zone l evel in the 

ne i ghborhood o f  any fac i l i ty handling bery l l ium , but less  than 25 � g/m3 , which is the 

maximum permi t ted 30 -minu t e  peak concentration for occupat ional exposures .  

1 . 3 . 3 Envi ronmental E ffec ts o f  Transportat ion - Summary of Sec t ion 3 . 3  

S everal d i f ferent e ffec t s  o f  air , rail , transpor t  truck , and del ivery t ruck 

t ransportat ion associated wi th Rocky Flats  are analyzed . They are associ ated wi th 

normal operat ions o f  the system and with acc iden t s  that could occur . 
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The envi ronmental e f fe c t s  o f  ( 1 )  increased t ra f f i c  on the variou s  t ransportat ion 

l inks , ( 2 )  fue l  con sump tion by Rocky F l a t s - re l a ted t ransportat ion vehi c l e s , ( 3 )  exhaus t  

emi s s i ons o f  the s e  vehi c l e s , and ( 4 )  thermal e f fe c t s  o f  the s e  vehi c l e s  are a l l  

determined t o  be imp ercep t i b l e . 

The cons equence o f  a b e ry l l ium release  in the c a s e  o f  a maj o r  t ransportation 

acc ident and fire is analyz ed . The maximum a i r  concentration to whi ch an individual 
3 downwind could b e  expo s ed i s  0 . 0 7 � g/m . Th i s  conc entration fal l s  be tween the p r e -

vious l y  ment i oned 0 . 0 1 � g/m3 amb i en t  air  qua l i ty s t andard fo r c ont inuous pub l i c  

exposure and the p e rmi t ted i n - P l ant S - hour ave rage a tmo spher i c  concentration o f  2 

� g/m3 . 

The radio l og i c a l  e f fe c t  o f  no rma l ope r a t i on o f  the t ransporta t ion veh i c l e s  

assoc i a t ed wi th Rocky F l a t s  resu l ts from ex ternal pene trating rad i a tion to t h e  ent i re 

Uni ted S tates popu l a t ion . By assuming that a l l  sh ipment s  are made by commer c i a l  

c a r r i e r  and t h e  maximum ex tern a l  do s e  rate a l l owed for these veh i c l e s , t h e  popu l a t ion 

do s e  is 4900 man - rem to the to t a l  body . Much of t h i s  dose wou l d  b e  rece ived by the s e  

t ransportation workers . The e f f e c t  o f  7 0  years o f  Roc ky F l a t s  transpo r t a t i on a t  

maximum l eve l s  i s  a p o s s i b l e  inc rease o f  J . 2  c ancer fatal i t i e s  and 1 . 5  gen e t i c  defec t s  

f o r  t h e  popu l a t ion o f  t h e  Un i ted S ta te s . The po s s ib i l i ty o f  h igher than average 

expo �ure to s e l e c t ed individual s  was a s s e s sed . Transport t ru c k  drivers could rece ive 

up to 1 . 4  rem per year . 

The risk t o  the U . S .  popu l a t ion from t ranspor t a t i on acc i den t s  is quan t i fied in 

t e rms o f  the " ri sk dose " , as was done for P l an t  acc iden t s . The risk do s e  for 7 0  

y e a r s  o f  Ro cky F l a t s  t ranspo r t a t i on o f  radioac t ive mate r i a l s  i s  1 . S  x 1 04 man - rem to 

the bone , 1 . 2  x 1 04 man - rem to the l ung , 7 . 6  x 1 0 3 man - rem to the l iver , and 6 . 1  x 

1 0 1 man - rem to the t o t a l  body . The s e  exposures are sma l l  in comp a r i son to the 7 0  

y e a r  background d o s e  to the U . S .  popu l at i on o f  2 . 7  x 1 0 9 man- rem to the l ung , 1 . S  x 

1 0 9 man - rem to the bone , and 1 . 2  x 1 0 9 man - rem to the l iver and total  body . Thi s  

r i s k  do s e  can resu l t  i n  a po s s i b l e  increase o f  0 . 63 c an c e r  deaths and 0 . 0 2 gene t i c  

d e fe c t s . Man - rem i s  the dose i n  rem t imes t h e  numb e r  o f  p ersonne l potent i a l ly 

exposed . 

The r i s k  dose i s  no t actua l ly rec eived by any individual in the popu l a t ion , o r  

b y  the pop u l a t ion a s  a who l e . Rathe r ,  mo s t  individual s  woul d  rece ive z ero do s e , and 

i f  an acc ident oc curred , individua l s  downwind woul d  receive mor e . Th e maximum 

c redib l e  t ranspo r t a t ion acc ident might resu l t  in a 7 0 - year expo sure o f  I S  r em to the 

bone , 7 . 2  rem to the l ive r , 4 . 9 rem to the l ung , and 0 . 0 6 rem to the total body ove r  

a 7 0 -year period to t h e  individual at t h e  point o f  max imum a i r  concentration . These 

do s e s  do no t t ake into acc ount any pro t e c t ive ac tions to e f f e c t  a decrease in the 

do s e . 
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An analysis  i s  done for the hypo the tical maximum consequenc e acc ident , al though 

the probab i l i ty of thi s acc ident is very low . A severe acc ident invo lving a truck 

c arry ing a large amount o f  Rocky Flats p luton ium i s  assumed to occur in a highly 

populated me tropo l i tan area such as that mode led for New York C i ty . Di fferent di ffus ion 

mo del ing technique s are used in this analy s i s  to model an urban l andscape as compared 

to the rural charac teristics  of land near the Rocky F l ats Plant . The resul t ing 

populat ion dose is 4 . 1  x 10 6 man - rem bone do se , 1 . 7  x 10 6 man - rem l iver do s e , 1 . 0  x 

10 6 man - rem lung dose , and 1 . 4  x 1 04 man - rem total body dose . The result ing hea l th 

e f fec t s  would be an increase o f  7 1  c ancer fat a l i t i e s  and an increase o f  four genet i c  

defe c t s  for a 7 0 -year expo sure period . A simi lar acc ident involving enri ched uranium 

would have heal th e f fects  of two and thre e orders o f  magni tude l e s s , respe c t ively . 

Thi s  accident , however , is predi c ted to occur only once in 3 . 3  m i l l ion years . 

1 . 3 . 4 Economic and Social Impacts - Summary o f  Sect ion 3 . 4 

The principal bene fit  from the Rocky Flats  Plant i s  i t s  contribut ion to nat ional 

de fens e .  Port ions o f  the P l ant ' s  operation and fac i l i ties , particularly those port ions 

invo lved in fabricat ing p lutonium parts for nuc l ear weapons , are highly s p ec i al i z e d . S o c i o 

ec onomic effe c t s  include p r imary and se condary imp a� t s . The operat ion o f  the Rocky F l a t s  

Plant c re ates dire c t  emp loyment for approx ima tely 2 , 800 peop l e  and induces emp loyment 

for an additional 6 , 5 00 individua l s . Al though this emp loyment contr ibutes to the 

populat ion in surrounding communi ties , it doe s not place a new burden on the school s ,  

municipal services , or general communi ty fac i l i ti e s  in the region . The Plant has 

been in operat ion for we l l  ove r  two decades , and communi ty servi ces have already 

adj usted to meet these requi rements . The Rocky F lats  P lant has an annual payro l l  o f  

nearly $ 4 0  m i l l i on and i s  responsible for about $ 9 0  m i l l ion o f  income from induced 

emp loyment . Of this $ 1 3 0  m i l l ion total , about $ 1 0 0  m i l l ion i s  d i sposable income . 

Also , $ 3 0  m i l l ion i s  spent by the P lant for materi als , services , and u t i l i t i e s . O f  

t h i s  total , $ 8 . 3  m i l lion i s  spent locally f o r  ma terial s and services and $ 5  m i l l ion 

for u t i l i t ies . The $ 100 m i l l ion p lus the Plant ' s  local expend i tures o f  $ 1 3 . 3  m i l l ion 

each year add a s igni ficant amount to the overa l l  regional income . Thi s  increased 

income helps fur ther the economic v i ab i l i ty of the Denver area . 

Because o f  i t s  locat ion and the nature o f  i t s  operat ion , the Rocky F l a t s  P l ant 

does not c reate any signi ficant adverse impac t s  with respec t to noi s e . 

Technologi cal bene f i t s  stem from Pl ant operations and from personnel who o ffer 

techni cal knowledge , expertise , and advice in chemis try , me tal lurgy , machining , non

des tru c t ive t e s t ing , safe ty , fire prevent ion , hea l th physi c s , envi ronmental sc ience , 

and numerous o ther sc ient i fi c  and industrial subj ects . This informati on i s  d i s s emi 

nated throughout the local commun i t i e s , the Uni ted States , and the world . One resu l 

ting bene fit  is the contribu t i on t h i s  informat ion make s t o  t h e  overa l l  economic , 

social , and cultural growth o f  the region and the Uni ted S t ates . 
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1 . 4  UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS 

Chap ter 4 cons iders the unavo idable , adve rse envi ronmental impac t s  o f  continued 

operation of the Roc ky Flats P l ant . Those effects caused by al terations to the 

phy s i c a l  envi ronment ,  the use of natural resourc e s , and the biological impac t from 

the release of nonradioac t ive materials  are mentioned . Other e f fe c t s  outl ined are 

those attributable to the release of radioac t ive e f fluent s ,  the soc ial  and economic 

cons equences o f  the increase in population and decrease in land use , and the ways the 

P l ant has reduced adverse e ffec ts . 

1 . 4 . 1  Nonradiological E ffec ts - Summary o f  S e c tion 4 . 1  

Normal operation of the P l ant resul ts in the consump tion o f  fo s s i l  fue l s  ( o i l  

and natural gas ) , chemi c als , metal s , and elec tric i ty . Water i s  used b y  the P l ant and 

re turned to the region as a resourc e through water vapor from the l iquid proc e s s  

was tewater treatment p l ant and through evaporat ion from cool ing towers , solar evapora

t i on ponds , and holding ponds . 

P l ant operat ions resu l t ing in small  discharge s o f  nonradioac t ive e ffluent in 

air and water are des cribed in Chapter 2 .  Wi th a few exc ept ions , di scharges have 

been wi thin the app l i c ab l e  S t ate and Federal l imi t s . 

1 . 4 . 2  Radiologi cal E ffec ts - Summary o f  Sec t ion 4 . 2  

Normal P l an t  opera t ion also resu l t s  in unavoidabl e  release o f  smal l  amoun ts o f  

radioactivity to the general envi ronment . In add i t i on , there wi l l  be cont inuing 

d i spersal o f  radioac t iv i ty to the general envi ronment from p a s t  releases . The amounts 

o f  material that may be released during fu ture operation o f  Rocky F l a t s  from both 

rout ine and ac c i dent cond i t i ons are considered in Chap ter 3 .  

1 . 4 . 3  Soc ioeconomic E ffec ts - Summary o f  S e c t ion 4 . 3  

The soc ioe conomic impacts o f  the Rocky Flats P l ant are a t tributable p rimari ly to 

P l ant - rel ated emp loyment and to the assoc i ated increase in population in the general 

v i c in i ty o f  the P l ant . These impac ts inc lude an increased demand for hous ing , s chool 

fac i l i t ies , and munic ipal s ervi ces . Because of the prox im i ty o f  Roc ky Flats  to 

several popul ation centers , the P l ant ' s  socioeconomic impac ts , although unavo idable , 

have l i t t l e  adve rse impact on the surrounding region . Mo s t  o f  the commun i t i e s  in 

which Rocky Flats P l ant emp loyees and the i r  fami l i e s  reside have grown subs tant ially 

in recent years . The se communi t i e s  have devel oped adequate hous ing , schoo l s , and 

mun i c ipal services to meet the needs o f  this growing populace . 
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Other impacts  inc lude ( 1 )  the loss o f  agricultural produ c t i v i ty and income from 

the l and comp r i s ing the Rocky Flats  P l ant s i te , and ( 2 )  a change in the tax base 

because o f  the land be ing wi thdrawn from the pub l i c  tax ro l l s  and tax revenue b eing 

generated instead by income , property , and sales taxes c o l l ec ted from P lant employee s . 

1 . 4 . 4  Mi tigat ion of Adverse Envi ronmental E f fe c ts - Summary o f  S e c t ion 4 . 4  

Several areas o f  endeavor s erve to l e s sen environmental effects  from P lant 

operation . These inc lude an enlarged buffer zone , total water recyc l e , and actions 

such as improvements in acc ident prevention to reduc e potentially adverse radioa c t ive 

and nonradioac t ive e f fec t s  on the env i ronment . 

Rec ent energy conservat ion e f forts have reduced the P l ant ' s  energy consump t ion 

by about 2 6% for FY 1 9 7 7  as compared to FY 19 7 3 . As almo s t  one - third of the P lant ' s  

water usage is for cool ing tower operat ion , and i s  direc t ly related to energy use . 

A ne t reduc tion o f  app roximately 33% in water consump t ion was also realized dur ing 

the s ame period . A terti ary proj e c t  improved the exi s t ing s ewage trea tment p l ant by 

adding a c l ari fie r ,  fi l ter sys tem , pumphouse , pumps , and instrumentat ion . The e ffluent 

now has less suspended so l id material and it mee ts present e ffluent s tandards for 

off - s i te release . Ano ther m i t igating act ion , exp e c t e d  t o  be ope rat i onal in the e a r ly 

1 9 8 0 ' s  i s  a t o t a l  wat e r - recy c l e  p ro j ect  wh i c h  w i l l  e l iminat e  a l l  r out ine was t ewater 

d i s charge s . No  P l ant was t ewater w i l l  l e ave the s i te except by evaporat ion . A part of  

the z e ro water d i s charge p r o g ram under c on s t ruct i on w i l l  e l iminate the rout ine d i s charge 

o f  P l an t  s an i t ary was t ewat e r  into G r e at We s t e rn Re s e rvo i r . A surface water control  

proj e c t  des igned to contain contaminan ts which might leave the P l ant s i te in storm 

water runo ff i s  also unde rway . 

Included among o ther mitiga t ing act ions are modificat ions and upgrading o f  

fi l trat ion sys tems , doub l e  containment o f  process  l iqu id was te l ine s , removal o f  on

site soil containing p lutonium , and l aundry wa s tewater impoundment unt i l  a new 

proc ess  was te - treatment fac i l i ty is comp l e ted . The new proc ess  was t e- treatment 

fac i l i ty ,  a part of the new p lutonium - recovery fac i l i ty proj e c t , wi l l  recover water 

from P l ant l iqui d  pro c e s s  was tes for subs equent reuse in P lant cool ing towers . Upon 

comp l e t ion , the p lutonium- recovery and was te - treatment fac i l i t ies w i l l  help reduce 

the discharge of radio ac tive ma ter i a l s  to the envi ronment ( s ee S e c t ion 2 . 7 . 3 . 2 ) . 

1 . 5  ALTERNATIVES 

A vari e ty o f  a l terna t ives to the continuing opera tion o f  the P l ant as it i s  

presently b e ing adminis tered are cons i dered i n  Chap ter 5 .  The mone tary costs  and 

radi ation dose reduc t ion from the al t ernat ives are proj ec ted . One al ternat ive that 

can be cons i dered is to cont inue current operations wi thout any change . The environ

mental impac t o f  this a l ternat ive a l so can serve as a bas i s  on which to compare o ther 

a l terna t ives . The o ther a l ternat ives invo lve changes in Plant operations at the 

1 - 1 5  



present s i t e  in add i t ion to cons ideration o f  more encompas s i ng ac t ions such as reloca

t ing port ions or al l o f  the P l an t ' s  current ac t ivi ties . Various al ternatives have 

been po s tu l a ted and analyzed in terms of five primary categories . The five are ( 1 )  

no change in current activities , ( 2 )  comp l e t ion o f  changes currently underway , ( 3 )  

relocat ion , ( 4 )  terminat ion o f  operat ions , and ( 5 )  o ther potential al ternatives . 

1 . 5 . 1  No Change in Current Ac t ivi t i e s  - Summary o f  S e c t ion 5 . 1 

I f  P l ant operations were to cont inue for 70 years , wi th no changes , the radio

logical impac t on persons l iving within 50 m i l es o f  the P l ant for that period would 

be impercep t i b l e , both compared to doses received from natural b ackground radiat ion 

and based on risk of cancer mortal i ty and gene tic  defects . From an economic s tand

point , the region would continue realiz ing an ove ral l input rough ly comp arab l e  to 

$ 1 1 3 . 7  mi l l ion per year ( in 1 9 7 6  do l l ars ) because of the Rocky Flats  P l ant . 

1 . 5 . 2  Comp l e t ion o f  Changes Currently Unde rway - Summary o f  Sec tion 5 . 2  

Several actions al ready have b een initi ated and , upon comp l e tion , w i l l  alter the 

envi ronmen tal imp ac t  of P l ant operat ions . The principal changes that make up this 

al terna tive are ( 1 )  the cons truc t ion of a new fac i l i ty for plutonium recovery , ( 2 )  

cons truc tion o f  a fac i l i ty for treat ing process  was te , ( 3 )  total recyc l e  o f  the 

P l ant ' s  water , and ( 4 )  partial removal of on - s i te , plutonium- contaminated so i l . 

The new plu tonium rec overy fac i l i ty wi l l  resu l t  in plutonium recovery operat ions 

be ing performed in grea ter safety than the presently used fac i l i ty ,  with greater 

operat ing ec onomy , and wi th a reduced amount of plutonium generated as wa st e . The 

po s s ib i l i ty of spreading contaminan ts by fire or o ther acc idents will  be les sened , 

and an overal l decrease wi l l  be achi eved in the l eve l s  and amounts o f  plutonium 

leaving the P l ant in e f fluent s .  Thi s  new fac i l i ty i s  being bui l t  to more s tringent 

earthquake , tornado , fire , and o ther spec i fica t ions as requi red by the DOE c r i teria 

for new plutonium fac i l i t ies . The fac i l i ty wi l l  recover as much plu tonium as prac t i 

cable for re turn t o  the manufac turing system ; unrecoverab l e  plutonium residues w i l l  

be concentrated for trans fer t o  a DOE - approved wa ste s torage s i te . In t erms o f  the 

e f fe c t  on radiological impac t ,  the new plutonium recovery building is no t expec ted to 

resu l t  in any change to organ doses to persons l iving in the vic inity of the P l ant , 

e i ther from rout ine re leases or from risk o f  acc idental releases . I t  w i l l  decrease 

the amount o f  material b e ing shipped fo r d i sposal . 

The new fac i l i ty fo r treat ing l iquid process was te has been des igned to hand l e  

the present workload at Rocky Flats , the maximum possible  output from the new recovery 

operat ion , and a reasonab l e  margin fo r variation in general P l ant waste through 1985 . 

The primary bene fit  to the general pub l i c  from the waste treatment fac i l i ty wi l l  b e  

the e l imina tion o f  any fur ther need for solar evaporation ponds . That means a reduc

tion in the risk of an acc idental release from the ponds . The risk o f  re lease from 
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the p o stulated impoundment fai lure would b e  z e ro , result ing in a reduc t ion in risk dose 

to a l l  organs in thos e  persons who drink water supp l i ed from Great Wes te rn Res ervo i r .  

The r i s k  do s e  reduc t ion t o  the bone i s  53% , wh ich i s  equivalent to 9 0  mrem . Risk do ses 

to  a l l  o ther persons wou ld not c hange . 

The Federal Water P o l l u t ion Cont ro l  Ac t Amendments o f  19 7 2 , e s t ab l i shed as an 

u l t imate goal the el imination o f  a l l  rout ine l iquid d i scharges from the P l an t by 

1985 . Rocky F l a t s  expec t s  to comp ly w i th this goal by 1981 . Th i s  ent a i l s  the des ign and 

cons t ruc t ion of fac i l i t ie s  for recyc l ing a l l  s an i tary and process  wastewater .  There 

are two maj o r  cons truc t ion p roj ects  designed to attain this goal . The first  i s  the 

Water Contro l  and Recy c l e  p roj e c t . Thi s  proj e c t  w i l l  invo lve fac i l i t ies for treat ing 

and totally recy c l ing all san i t ary e f fluen t , cool ing tower b lowdown , and backwash 

from water t reatment fi lters . The p roj ec t ,  when comp l e t ed , w i l l  involve pur i f i c a t ion 

of t reated sani tary was tes through a reverse - osmo s i s  system .  The second related 

p roj e c t  i s  the proc ess -waste treatment port ion o f  the new plutonium recovery and 

was t e  treatment fac i l i ty . After treatment , a l l  aqueous p rocess wastewater w i l l  b e  

recyc led . The effect o f  thes e  two sys tems i s  to e l iminate a l l  rout ine wate rborne 

emi s s ions from the P l ant . The result would be a po s s ib l e  reduc t ion in organ dos e s  o f  

up to 84% f o r  persons drinking water supp l ied from Great We stern Reservo i r . Organ 

do ses to all  o ther persons would no t be affec t ed . 

With regard to ac tions relating to on- s i te , plutonium- contaminated so i l , approx 

imately 400 c ub i c  yards o f  s o i l  are now be ing removed . The soil , which i s  loc ated in 

the southeas t area of the security- fenced port ion o f  the P l ant s i te , was con taminated 

from activ i t ies that occurred as a resu l t  o f  p lutonium- bearing o i l  leaking from drums 

be tween 1959 and 1 9 69 . Some o f  the re leased p lutonium was spread , primarily by the 

wind , over both on - s i te and off - s i te land . An area o f  about one acre on s i t e  contain

ing the highest levels  of plutonium ( greater than 5 , 000 dim/g) has been remove d re cent ly , 

result ing in a reduction in the o rgan do ses o f  up to 7% for persons l iving w i th in 50 

mi l e s  o f  the P l an t . 

1 . 5 . 3  Re locat ion - Summary o f  S e c t ion 5 . 3  

Relocation o f  all  P l ant ac t iv i t i e s  to one o r  more o ther s i t e s  has been cons idered , 

as has relo c a t ion o f  only the radioact ive -materials proce s s ing func t ions , leaving the 

nonradioac t ive operations . 

Comp l ete relocat ion would be fo l lowed by total decontamination , demo l i t ion , and 

res torat ion o f  the exi s t ing s i t e . The bene f i t  would b e  a reduction in organ do ses 

for p ersons l iv ing within 50 miles  o f  the P lant to 5% or less  o f  the doses from 

rout ine operations and an e limina tion of the r i s k  dose from a c c i dental release s . The 

maximum do ses presently received from normal P lant operat ion are the fo l lowing frac 

t ions o f  doses from natural background rad i at ion : 0 . 0 0 0 1 1  for whol e  body , 0 . 0 10 fo r 

liver , 0 . 0 2 1  for bone , and 0 . 0045 for lungs . However ,  new fac i l i ti e s  at a new s i te 

or s i tes would b e  con s t ruc ted . The total cost  for new fac i l i t i e s  and s i te restora-
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t ion was e s t imated at $ 1 . 5 2 b i l l ion in 1 9 7 6  dol l ars , wi th escala tion to a midpo int o f  

1984 adding ano ther $ 7 10 mi l l ion for a total o f  $ 2 . 2  b i l l ion i n  1988 when the proj e c t  

would b e  comp l e ted . Any env i ronmental benefi ts gained b y  the Denver area residen ts 

by the t rans fer o f  operations would be envi ronmental losses to the al ternative commu

ni ty . A short - term economic bene f i t  to the Denver area o f  $405 mi l l ion would resu l t  

from demo l i t ion o f  ex i s t ing s truc tures and restoration o f  the current s i t e . The 

annual revenue l o s s  to the region would be $ 1 14 . 8  mi l l ion . 

The radioac tive -ma teria l s  process ing func t ions now conduc ted at Rocky F l a t s  

could be relocated to ano ther s i t e , leaving only those func tions invo lving nonradio

ac t ive ma terial s . Thi s  woul d  requi re new fac i l i ties  a t  a new s i te and partial decon

tamination of the exi s ting s i te . The total cost  was e s t ima ted to be $ 1 . 4  b i l l ion in 

1 9 7 6  do l l ars . Escalat ion o f  this cost  to a midpo int o f  1 984 , with comp l e tion in 

1 9 8 8 , would add ano ther $ 600 mi l l ion for a total cost  o f  $ 2  b i l l ion . Bene f i t s  would 

be the same as fo r comp l e t e  relocat ion , that i s , a reduc tion in organ doses to 5% or 

l e s s  o f  the dos e s  from routine operations and an e l iminat ion of the r i s k  dose from 

acc idental releases . Annual revenue l o s s  to the region would be approximately $ 7 0 . 6  mi l 

l ion , inc luding both dire c t  and induced income and expendi tures . About a 63% percent 

reduc t ion in personnel and a 5 0% reduc t ion in local P l ant purchases would be exp ec ted . 

1 . 5 . 4 Terminat ion o f  Operations - Summary o f  S e c t ion 5 . 4  

Terminat ing operations a t  Rocky Flats , e i the r by p lacing the P l ant in a s tandby 

mode or by part i a l  or total decontaminat ion , demo l i t ion , and removal , involves many 

fac tors and potential  impac ts . P l ac ing the P l ant on s t andby woul d  c o s t  an estimated 

$ 1 7 . 8  mil l ion , but it would reduce doses from normal operation and acc ident s .  The 

e f fe c t  on organ doses would be a reduc tion o f  only 6% or l e s s  for rout ine releases . 

The r i s k  do se from acc idental releases would be reduced but by an unde fined amount . 

The annual revenue l o s s  to the region would be approxima tely $ 61 mi l l ion in direct 

and induced revenues . Complete  shutdown , decontamination , and part ial demo l i t ion o f  

the P l ant i s  e s t imated to c o s t  approximately $ 3 3 2  mi l l ion and would reduce area 

revenues by approxima tely $ 1 14 mil lion per year . Comp l e t e  demo l i t ion of the P lant 

and total res toration o f  the s i te to a near natural cond i t ion would include an e s t i 

mated c o s t  o f  $ 5 2 6  mil l ion , and a local revenue l o s s  o f  $ 1 14 . 8  mi l l ion p e r  year . 

Bene f i t s  would be the same as fo r comp l e te relocation : a reduc t ion in organ doses to 

5% or l e s s  of the doses from rou t ine operations and an e l iminat i on of the risk dose 

from ac c idental re leases . 

1 . 5 . 5  Other Ac t i ons - Summary of Se c t i on 5 . 5  

Other po tential a l ternatives to current P lant operations have been cons idered . 

The s e  inc lude ( 1 )  various actions regarding p l u tonium- contaminated so i l ,  ( 2 )  the 

s t ruc tural integrity of P lant buildings , ( 3 ) add i t ional land acqu i s i t ion , and ( 4 )  

surface -water contro l . 
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Ac t ions conc erning control o f  plutonium in s o i l  fall into two general c ategori es : 

( 1 )  removal o f  part or a l l  o f  the exi s t ing p lutonium , and ( 2 )  con tainment o f  the 

ex i s t ing plutonium in p l ace . Containment me thods b eing con s idered inc lude plowing , 

whi c h  trans fers surface material to greater dep ths and reduces the conc entration in 

the so i l . Thi s  minimiz es air or waterborne resuspension and dispers ion . In cases of 

high plutonium concen trat ions , soil removal fol lowed by p lowing may be requ i red . 

Depending on the me thod or me thods us ed , costs  may vary from $40 per acre for s imp ly 

p lowing , fert i l iz ing , p l ant ing , and restoring the surface , to over $ 1 1  per square 

foo t  ( $480 , 0 00 per acre ) i f  soil  removal ,  crat ing , and shipment o f f  s i te are required . 

The total cost  o f  remov ing plutonium from the soil  in the area pre s ently covered by 

the asphal t p ad and from the pond sediments is  e s t imated a t  $ 61 m i l l ion . All o f f

s i te s o i l  in the v i c ini ty o f  the P lant is wi thin the l imits  o f  the propo sed EPA 

gui danc e ( 3 0  d/m/ g ) . The r e fo re , no s o i l remova l i s  requ i re d .  

The mo s t  comprehens ive s o i l  removal alternative considered i n  thi s  imp a c t  s ta t e 

ment would be t o  remove a l l  soil  w i t h  plutonium levels above the S tate guidel ine o f  

2 d/m/g both o n  and o f f  the s i te . Thi s would invo lve about 3 , 0 00 acres exc avated to 

a dep th o f  about three inches at a c o s t  of $ 1 . 5  b i l l ion . The e f fe c t s  o f  thi s a c t ion 

would be resul t ant organ doses of 1 8% to 87% of the es timated current l evel for 

persons drinking water supp l i ed from Great Wes tern Reservo i r , 1 6% to 5 6% for persons 

drinking water supp l i ed from S t andley Lake , and 1 3% to 1 6% for all o ther p ersons 

w i thin the 50 -m i l e  radius cons idered . These organ do ses are currently very sma l l  

fra c t ions o f  the organ dose from natural bac kground radi a tion . I n  add i t ion , the 

remova l  of o f f - s i t e  s o i l  above 2 d/m/g would reduce the organ doses to persons l iving 

on that ground , by a fac tor o f  up to about five . Thi s  addi t ional bene f i t  would 

affec t only tho s e  persons l iving d i rec t ly on the ground to be exc avated according to 

th is al ternat ive . Removal o f  s o i l  from only the mo s t  highly contaminated on - s i te 

areas and deep - p lowing the remaining areas would give resul tant organ doses o f  2 8% to 

89% of the i r  current e s t imated amount . The c o s t  o f  thi s  pro j e c t  is e s t imated to be 

$ 7 2 . 4  mi l l i on , which i s  5% o f  the cost o f  to tal  soil removal as p reviously des cribed . 

I f  500 d/m/g were cho s en as a guide fo r s o i l  removal ,  the area requ i r ing decontamina

t ion would be approximately 50 acres a t  a cost o f  $ 7 2 . 3  m i l l ion . The e f fec t  i s  a 

redu c t ion o f  organ doses ranging from 74% to 9 6% o f  that currently proj ec ted . 

P lowing the 3 , 000 acres bel i eved to contain plutonium above the S tate guide l ine 

i s  e s t imated to c o s t  $ 1 2 0 , 000 with a resul ting redu c t ion in the organ doses s im i l ar 

to the reduc t ion that would be ob tained for remova l  o f  a l l  s o i l  w i th plutonium leve l s  

above 5 0 0  d/m/g and with p lowing in the rema ining areas above the S tate guidel ines . 

Removal o f  a l l  radioac t ive material buried on s i t e  i s  es timated to cost  $ 3 8  m i l l ion 

but with no reduct ion in dose to the Denver- area popul at ion . Nei ther c o s t  e s t imate 

includes decontaminat ion of the asphalt pad and the holding ponds . 

A proj e c t  i s  currently underway to reevaluate the s t ruc tura l int e � r i t y  of P l ant 
bui ld ings against po s s i b l e  damage from natural phenomena such as high winds , earth

quakes , and tornadoes . The se evaluations w i l l  be used in considering future ac t ions 
wh i ch are b eyond tho s e  i dent i f i e d  in thi s E I S . 
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Approximately 4 , 000 acres o f  addi tional land was purchased in 1 9 7 5  to provide an 

extens ion o f  the bu ffer zone and to minimiz e  the probl ems that arise when residen t i a l  

commun i t i e s  expand t o  encroach o n  exi s t ing industrial fac i l i ti e s . Purchas e  o f  addi 

t ional adj acent l and ( 1 , 0 00 acre s ) containing p lu tonium exceeding the S t at e  guidel ine 

would cost an e s t imated $5 mi l l ion . The e f fect of purchasing the addi tional l and 

would be to p revent persons from res i ding on that l and and thu s  f rom rece iving organ 

do ses which cou l d  resu l t  from the plutonium in the so i l . No bene f i t  in terms o f  a 

redu c t ion in the organ do s e  woul d  be received by any o ther persons from thi s act ion . 

The FY 1 9 7 8  budget inc lude s a surface -water control p roj e c t  at Rocky F l ats . The 

p roj e c t , which i s  e s t imated to c o s t  $ 2 . 8  mi l l ion , con s i s t s  of a series of canal s  and 

three dams downstream of P l ant buildings . The system . as bui l t , is des igned to imp ound 

water from the wor s t - p o s tul a t ed I O O - y e ar s to rm and thus contain mat e r i a l s  carried  bv flood 

wat ers . The p roj ect i s  expec ted to affec t only the risk dose to persons drinking 

water supp l i ed from Great Wes t e rn Reservo i r ,  by an amount equivalent to that for the 

waste treatment fac i l i ty ,  i . e . , a 90 mrem reduc t ion in the r i s k  dose to the bone . 

1 . 6  RELATIONSHIP BETWEEN SHORT- TERM USES AND LONG-TERM PRODUCTIVITY 

1 . 6 . 1  Cumulative Envi ronmental E f fec t s  - Summary o f  S e c t ion 6 . 1  

Current u s e  o f  the l and repre sents a l imi tation on al ternate use o f  the 6 , 550 acres 

that con s t i tute the P l ant s i t e . Restoration of the s i t e  upon decommiss ioning would 

inc lude con s iderat ion o f  long- term uses ; there fore , land u s ed by the P l an t  does no t 

necessarily l im i t  future land -u s e  options . 

S everal ac tions are under a c t ive cons ideration or are being imp l emented to 

ensure long- t e rm produc t iv i ty of the land . In add i t ion to change s  in P l ant de s i gn 

and operat ion to furthe r reduc e radioac tive and nonradioac t ive e f f luen t s  ( e . g . , 

f i l ter plenum improvements and the water recyc l e  program ) , a land management p lan i s  

under deve lopment for the P l an t  s i te . Development o f  thi s  p l an involves the review 

and recommendat ions o f  Federal , S tate , and local agenc ies . 

1 . 6 . 2  Decomm i s s ioning - Summary o f  S e c t ion 6 . 2  

The primary miss ion o f  the Rocky Flats  P lant is  to produ c e  components fo r nuc l ear 

weapons and to prov ide support ac t iv i t i e s  as requ ired by nat ional de fense po l i c ie s . 

I f  there comes a time that the needs o f  nat ional de fense no longe r invo lve Rocky 

Flats , the P l ant could be u sed for some o ther government purpose , such as research , 

deve lopment ,  or produc t ion work . Other po tent ial uses for the s i te , such as agr i c u l 

tural , industrial , or res iden t i al deve lopment would depend o n  the amount and c o s t  o f  

decont aminat ion and o ther preparation that would b e  requ ired . 
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1 . 7  RELATIONSHIP TO LAND - US E  P LANS 

1 . 7 . 1  Land - Us e  P l an s  - Summary o f  Sec ti on 7 . 1  

S ta t e , county , and c i ty l and-use  p l an s  for the area i n  the v i c i n i ty o f  the Rocky 

F l a t s  P l an t  were rev i ewed , and po s s i b l e  P l a n t  i n fluenc e s  on the s e  p l ans we re eval u a t ed . 

The rev i ew covered comprehens ive l and-use  plans  where ava i l abl e ,  and zon i ng map s fo r 

Adams , Boulde r , and J e f ferson Coun t i e s , and the c i t i e s  o f  Arvada , Boulde r , Broom f i e l d , 

La faye t t e , Lou i svi l l e , Superi or , We s tmins t e r , and Whe a t  R i dge . 

Mo s t  o f  the are a i n  the imme d i a te v i c i n i ty o f  the P l an t  i s  pl anned prima r i l y  for 

agr i c u l tural use or for open spac e . S m a l l a r e a s  a d i a c e n t  t o  the s ou t h e rn and we s t e r n  

P l an t  b o undar i es a r e  p l an n e d  f o r  i n dus t r i a l u s e .  T w o  m i l e s e a s t o f  t h e  P l an t , s e v e r a l  

a r e a s  a r e  p l an n e d  fo r l ow - d e n s i ty re s i den t i a l deve l opme n t . 

1 .  7 . 2  P l an t  I n fluence on Land Use - Summary of S e c t ion 7 . 2  

There i s  no con fl i c t  b e tween current P l an t  ac t i vi t i e s  and current zon i ng obtained 

from the mun i c ipal i t i e s ; howeve r ,  there i s  ex t e n s ive di s c u s s ion a bout acc e p t ab l e  

guide l i n e s  fo r p lu ton i um l eve l s  i n  s o i l  and the requ i red remedi al a c t i on s  when such 

leve l s  are exc eeded . The S t a t e  of Co l o rado has  e s t ab l i s hed a gui de l i ne concern i ng 

l and prepara t ion , prior to cons t ruc t i on , fo r areas  con t a i n i ng p l u tonium above 2 d/m/g 

( 0 . 0 1 � C i/m2 ) .  P ropo sed EPA gu i danc e n ame s a level  o f  0 . 2  � C i/m2 . Th ree l awsui t s  by 

l andown e rs have been f i l e d  a l leging that  P l an t  op erations  h ave damaged l and near the 

Rocky F l a t s  s i t e . The own e r s  wan t to use the l and fo r re s i de n t i a l  deve l opmen t ,  but 

the l and has no t been rezoned for re s i den t i a l  use p a r t l y  because it a l legedly con t a i n s  

p lu tonium above t h e  S t a t e ' s  gu i de l i ne . T h e  o f f s i t e  p l u t o n i um c o n c e n t r a t i on i n  s amp l e s  

t aken t o  a dep t h  o f  5 cm i s  in t h e  r an g e  b e twe e n  0 . 0 0 2 and 0 . 0 6 � C i /m
2

. S amp l e s  

c o l l e c t e d  down t o  0 . 3  c m  c on t a i ne d  p l u t on i um i n  t h e  r a n g e  from 0 . 0 0 0 4  t o  0 . 0 3 � C i / m
2

. 

1 . 8  IRREVERS I BLE AND IRRETRI EVABLE COMMITMENTS OF RESOURCES 

1 . 8 . 1  Ene rgy and Natural Re sourc e s  - S ummary o f  S e c t ion 8 . 1  

Various n a tural and ene rgy re sourc e s  are con sumed for u t i l i t i e s  and t ransport a t ion 

nec e s s a ry for daily P l an t  opera t i on s . During the 1 9 7 7  f i s c a l  ye a r ,  the fo l l owing 

resourc e s  were expende d :  104 , 050 megawa t t  hour s  o f  e l ec t ri c i t y ; 6 3 7  mi l l ion cub ic 

fe e t  o f  natura l gas ; 1 0 1 , 3 9 6  ga l l ons o f  gasol ine , exc l uding emp loye e s ' personal 

transpor t a t ion ; 3 35 , 0 00 g a l l on s  o f  re s i du a l  fue l  o i l ; 1 9 , 3 5 3  g a l lons o f  d i e s e l  fue l ; 

40 , 8 7 6  g a l lons o f  p ropane ; and 1 1 3  mi l l i on g a l l on s  o f  wat e r .  Whi l e  evapo rated water  

i s  eve n tua l ly returned to the  envi ronment through the  natural  hydro log i c a l  cyc l e , it  

becomes  unavai l ab l e  to  the  immed i a t e  v i c i n i ty . Requi remen t s  for  mo s t  o f  t he s e  re

sourc e s  a re exp e c t ed to increase  s l i gh t l y  i n  the fu ture , but e f fo r t s  are be ing d i rec ted 

toward the conserva t i on and mo s t  e f f i c i ent u t i l i z a t ion of the s e  re sourc e s . 
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1 . 8 . 2  Manpower Resources - Summary of Section 8 . 2  

Al though usua l ly cons idered a bene fi t ,  the employment requ i red for Pl ant operation 

i s  a commi tment of an important resource . The Plant emp loyment , approxima tely 2 , 8 0 0  

people during 1 9 7 7 , has decl ined over recent years from a max imum o f  3 , 7 5 0  people in 

1 9 7 2 . Thi s  drop has resulted from a reduc t ion in produc tion schedules and from 

budgetary l imitations . Addi t ional l abor has been and wi l l  cont inue to be needed for 

periodic cons truc t ion proj e c t s . The construc t ion fo rce over the past five years has 

averaged approx imately 3 0 0 . 

As a resul t o f  the proximi ty o f  the Roc ky Flats  Pl an t to the Denver me tropo l i tan 

area , these comm i tments o f  manpower bene f i t  the overal l economic and social  we l l 

be ing o f  the reg ion , and do not place a burden o n  the ava i l ab l e  l abor poo l . 

1 . 8 . 3  F inanc ial  Resources - Summary o f  S e c t ion 8 . 3  

The ini t ial cost  o f  construct ing Pl ant fac i l i t i e s  and the periodic mod i fi cat ions 

made to these faci l i t i e s  have resulted in l arge expend i tures of Governmen t mon i e s . 

Operation o f  the Pl ant i s  respons ible for the expendi ture o f  cons iderable sums o f  

addi t ional Government funds . Operat ing cost  o f  the P l ant , for example , i s  about 

$ 7 0  mi l l ion annual ly . Cons truc tion cos ts o f  the P lant to date are app rox imately 

$ 2 5 0  m i l l ion . The cost o f  add i t i onal fac i l i t ies  being cons truc t ed wi l l  rai se thi s  

figure to mo re than $400 mi l l ion i n  the near future . The financial  resourc es for 

Ro cky Flats  have been from Federal funds designated for support of the nat ional 

de fense program . 

1 . 9  ENVIRONMENTAL TRADE - OFF ANALYSIS  

A comp l ete ben e f i t - risk analysis  o f  the nat ional de fense program i s  beyond the 

scope of this S tatement . The al ternat ive of terminating operations is d i s cussed 

wi thout addre ss ing its e f fe c t  on nat ional secur i ty . Portions o f  the Plant ' s  operations 

and faci l ities, particularly tho s e  involved in proces s ing plutonium, are highly 

s pecial i zed. 

1 . 9 . 1  No Change in Current Ac t ivi t i e s  - Summary o f  S e c t ion 9 . 1  

The operation o f  the P lant i s  respons ible for s everal socioeconomic bene f i t s , on 

a local  leve l , inc luding direc t and induced emp loyment and the economic e f fec t s 

as soc i ated w i th increased disposab l e  income in the region . These d i re c t  and induced 

emp loyments con s t i tute an annual revenue of more than $ 1 1 4 . 8 m i l l ion to the local 

economy plus the emp loyment o f  about 2 , 8 0 0  peop l e . Operation o f  the Rocky F l a t s  

P l ant invo lves the direct expendi ture o f  nearly $ 7 0  mi l l ion do l l ars annually . 
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D i r e c t  and induced emp l oyment a s  a resu l t  o f  the P l an t , p lus wo rkers ' fami l i e s , 

have c reated add i t ional c ommuni ty requi rement s  such as increased hou s i ng , addi tional  

scho o l  enro l lmen t , and increas ed demand for mun i c ip a l  s e rv i c e s ; however ,  because of  

the P l ant ' s  p roximi ty s in c e  1 9 5 1  to several  popu l a t ion c en te rs , none of  these requ i r e 

ment s  have p l ac ed a s igni f i c an t , add i t ional burden o n  t h e  a f fected commun i t i e s . 

The risks  from P lant operations are derived f rom do s e s  rece ived by p e rsons 

l iving in the v i c i n i ty of the P l an t  from routine radioac t ive r e l e a s e s  and from p o s s i b l e  

exposure to radioac t ive r e l e a s e s  from acc iden t s . Al l o f  t h e s e  r i sks a r e  v i rtua l ly 

impercep t i b l e , however ,  s ince the o rgan do s e s  are ve ry sma l l  frac tions o f  do s e s  to 

corresponding organs from natural background radiat ion . 

1 . 9 . 2  Comp l e t ion of Changes Curren t ly Underway - Summary o f  S e c t ion 9 . 2  

Mod i f i c a t ion to exi s t ing opera t i ons are being imp l emented o r  are p l anned . Mo s t  

o f  thes e  modi fi c a t ions , which inc lude constru c t ion o f  new faci l i t i e s  and ac t ions to 

b e t t e r  contro l P lant e f fluen t s , wi l l  further reduce the l eve l s  of radiat ion exposure . 

New p lutonium recovery and was te treatment fac i l i t i e s  are b e ing con s t ruc ted a t  a c o s t  

o f  $ 1 9 0  mi l l ion . A program for to t a l ly recyc l ing P l an t  wat e r  i s  underway a t  a c o s t  

o f  $ 3 . 1  m i l l ion , and a p roj e c t  t o  remove p lutonium- contaminated s o i l  from a n  on - s i te 

area has c o s t  $470 , 0 00 . 

The c o s t -bene f i t  eva luat ion o f  the impact  on the Denver - area popu l a t ion from 

norma l P l an t  op erations and poten t i a l  acc iden t s  ind i c a t e s  that the rad i a tion do ses 

are sma l l  compared to the do ses rece ived from natura l radi a t ion . Comp l e t ion o f  

p l anned ac t ions w i l l  fur ther reduce radi a t ion expo sure f rom P l an t  operat ions to the 

area popu l a t ion . Thi s  eva luation a l so ind i c a t e s  that the econ omic bene f i t s  to the 

region from Rocky F l a t s  are sub s t an t i a l . 

1 . 9 . 3  Rel o c a tion - Summary of S e c t ion 9 . 3  

Re l o c a ti on o f  the P l ant woul d  c o s t  approxima tely $ 2  b i l l i on .  The r e su l t an t  

do s e s  wou l d  b e  5% o r  l e s s  o f  p r e s e n t  do ses , wi th t h e  con t i nued pos s ib i l i ty o f  an 

acc i dent r i s k  dose . S o c i oeconomic bene f i t s  which woul d  b e  los t to the Denver area 

include 2 , 800 P lant j ob s  and 6 , 5 00 induc ed o r  secondary j ob s . 

1 . 9 . 4  Term in a t i on o f  Operat i ons - Summary 9 . 4  

Three modes were considered : ( 1 )  S tandby ; ( 2 )  Comp l e te Shutdown , Part i a l  Decon

t aminat ion ; and ( 3 )  Comp l e te Shu tdown , Comp l e t e  Demo l i t ion , and Decon tamina t ion . The 

co s t s  are $ 1 7 . 8  mi l l ion , $ 3 32 mi l l ion , and $ 5 2 6  m i l l ion , respe c t ive l y . The do s e s  for 

the S tandby mode woul d  b e  45% to 94% of the current value , with the cont inued p o s s i b i 

l i ty o f  an acc ident r i s k  do s e . For e i ther o f  the Comp l e t e  Shu tdown mode s , the dose 
' wi l l  b e  5% o r  l e s s  of the current level w i th no acc ident ri sk p o s s i b i l i ty .  Though 
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smal l ,  the added r i s k  dos e  due to po s s ib l e  resuspension o f  contaminant s  during imp l e 

mentat ion o f  any o f  the se al ternatives i s  not considered . 

The soc ioeconomic bene f i t s  for S t andby mode inc lude the reten t i on o f  6 , 08 0  

d i re c t  and s econdary j obs and $ 65 mill ion in revenue . 

1 . 9 . 5  Other Potent ial Al ternat ives - Summary o f  S ec t ion 9 . 5  

Other potential al terna t ive ac t ions inc lude removal or containment o f  plutonium

contaminated soil , a t  costs ranging from $ 1 2 0 , 000 to $ 1 . 5  b i l l ion . The re sul tant 

doses would b e  25% to 9 0% of the present l evel . Soc ioeconomic bene fits  of P l ant 

operations would be retained . 

1 - 24 



2 .  BACKGROUND 

Thi s  Chapter prov i d e s  a d e s c r ip t i on o f  the Rocky F l a t s  P l an t - - - i t s purpo s e , 

l o c a ti o n , h i s tory , and app earanc e .  Inc luded i s  d e t a i l e d  i n fo rma t i on on b o th man - made 

and n a tural features of the s i te .  Op erations  w i t h i n  the P l ant ' s  boundar i e s  are 

d i scussed , as  are the re sour c e s  and raw ma ter i a l s  that make the s e  operations po s s i b l e . 

To fur ther an under s tanding o f  the  P l an t ' s  envi ronme n t a l  impac t ,  Chap ter 2 con tains 

background in forma t i on about Ro c ky F l a t s ' env i ronmen t a l  mon i toring and emergency 

preparedne s s  program s . 

I n  response to pub l i c rev i ew and comment on the DE I S , Chap t e r  2 has b e en updated 

and rev i sed . Maj or add i t i on s  and c hanges  are summarized  as fo l l ows : 

• Demography g iven i n  S e c t i on 2 . 3 . 3  has b e e n  reeva luated to a 5 0  m i l e  radius from 

the center  o f  the P lan t u s i ng p l ann i ng data f rom t he Denver Regional Coun c i l  o f  

Gove rnme n t s . 

• The s e c t ions on Geo logy and S e i smo logy were comb ined and upda ted as S ec t ion 2 . 3 . 4 .  

I t  begins  w i th a d i s c u s s ion o f  Rocky F l a t s  P l an t  s t ruc tural s t ab i l i ty and s e i sm i c  

de s ign c r i t e ri a . New i n forma t i on on the  po s s i b l e  ac t iv i ty o f  the Gol d en Fau l t  

h a s  b e en added ( 2 . 3 . 4 . 6 )  and t h e  r e l a t i onsh i p o f  the  De rby ear thquakes t o  the 

Roc ky Moun ta i n  Arsenal deep we l l  inj e c t i on pump ing i s  also d i s c u s s e d  ( 2 . 3 . 4 . 7 ) . 

I n forma t ion on mineral  resourc e s  i n  thc v i c i n i ty o f  the P l ant was added . 

• The s e c t ion on Ma t e r i a l s  Movemen t i n  t he Hyd ro l o g i c  S y s t em ( 2 . 3 . 5 . 3 )  i n c ludes 

the hydro log i c al t e s t  we l l  mon i t o r i ng prog ram and S e c t ion 2 . 3 . 7 ,  Mater i a l s  

Movement and Wind Eros ion , was added . I n fo rmation on the Env i ronme n t a l  Mon i tor ing 

P rogram has been updated to re flec t c u r rent mon i tori ng and measuring cond i t ion s . 

Tab l e s  on e f fluent s tack , amb i e n t  a i r , and wate r samp l ing d e t e c t ion l im i t s  have 

b e en updated ( 2 . 1 0 ) . 

• I n fo rmation on the so i l  samp l i ng me thods u s ed by various agen c i e s  and the use o f  

the s e  me thods i n  eva l ua t i ng so i l  d a t a  i s  p rovided i n  S e c t ion 2 . 3 . 9 . 3 .  A l s o , 

add i t ional p luton i um- i n - s o i l d a t a  has been added . The evalua t ion o f  the res u l t s  

w i th t h e  u s e  o f  median value s  f o r  spec i f ic parc e l s  i s  shown t o  reduc e t h e  area 

of l and w i th p l utonium concen t rations greater than the S ta t e  Gui de l i n e s . 

• New in format ion on the b ehav i o r  o f  transuran i c s  i n  s o i l  i s  pres ented i n  the 

summary of Colorado S ta t e  Unive r s i ty S t u d i e s  i n  S e c t ion 2 . 1 0 . 4 . 2  and App endix A - 2 . 

• The EPA Rocky F l a t s  Ca t t l e  S tudy has b e en i n c l uded i n  the rev i ew o f  t e r r e s t r i a l  

s t ud i e s  o f  o f f- s i t e res earchers . 
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• S e c t ions on the Plant ' s  personnel pro tec t i on sys t ems and programs have been 

expanded . Health and S a fe ty aspec ts o f  hand l i ng b e ry l l ium and o ther metal s have 

been added in S e c t i ons 2 . 5 . 1 . 2  and 2 . 5 . 5 . 2 ,  and for handl ing s e l ec ted solvent s  

in S e c t ions 2 . 5 . 2 . 1  and 2 . 6 . 2 . 4 .  

• A di scuss ion o f  HEPA fi l te r  e ff i c i ency , t e s t ing , and main tenan c e  has b een added 

in S e c tion 2 . 7 . 1 .  E f fi c i en c i e s  of a four - s tage plenum are g iven . Adequacy o f  

the s e l e c tive alpha a i r  mon i tors t o  d e t e c t  a release i s  d i s c u s s ed in S e c -

t i o n  2 . 5 . 1 . 2 .  Men t ion i s  made o f  the doub ly con tained , inspectable p ro c e s s  

was t e  piping in S e c tion 2 . 7 . 3 . 1 .  

• The Plant ' s  s ecuri ty and nuc l ear inventory sys t em and the Colo rado Emergency 

Response Plan fo r the Roc ky F l a t s  Area are di scussed in greater detail  in S e c 

tions 2 . 1 1 and 2 . 1 2 .  The i s sue o f  r e s t r i c t ed a i r  space over the P l an t  i s  

reviewed i n  S e c t ion 2 . 6 . 

2 . 1  HISTORY 

Prior to the cons t ruc tion o f  the Roc ky F l a t s  Plan t ,  nuc lear weapons components  

were manu fac tured primarily a t  Los Alamo s , New Mexi co , and to a lesser degree a t  

Richland , Washing ton . I n  1 9 5 0  these fac i l i t i e s  l acked t h e  c apab i l i ty t o  mee t  the 

produc tion requirements  spe c i fied by the Uni ted S ta t e s  Gove rnment .  As a resul t ,  

pl ans to expand that c apab i l i ty were formul a ted . A s earch fo r a s i te to bui l d  a new 

fac i l i ty was condu c t ed i n  1 9 5 1 . A s i te o ther than Los Al amo s was s t rateg i c a l ly 

d e s i rab l e  to maintain a dual p roduc tion c apab i l i ty .  S i te s e l e c t ion c r i t e r i a  were 

de fined by the U . S .  Atomic Ene rgy Comm i s s ion ( AEC ) . Ove r  thi r ty - f ive p o s s i b l e  s i te s  

w e r e  inv e s t igated i n  t h e  v i c ini ty o f  nine c i t i e s  b e fore t h e  Rocky F l a t s  s i te i n  

J e f ferson Coun ty , Colorado , w a s  s e l e c ted ; i t  b e s t  m e t  t h e  s i te s e l e c t ion c r i te r i a  

( The Aus t i n  Co . ,  1 9 5 1 ) .  The U . S .  Gove rnmen t  then approved t h e  con s t ruc tion in 1 9 5 1  

o f  t h e  Roc ky F l a t s  P l ant as a n  addi tion to t h e  nation ' s  nuc lear weapons p roduc t i on 

comp l ex . Respon s i b i l i ty fo r admini s trat ive contro l  was a s s igned the AEC , and the Dow 

Chemical  Company was awarded a con trac t as Rocky F l at s ' f i r s t p rime con trac tor r e spon

s i b l e  for P lant opera t i on s . 

Limi ted operations began in 1 9 5 2  w i thin a total s i te area o f  2 , 52 0  acre s . All  

Plant bui ldings and fac i l i t i e s  were con s t ru c t ed ins ide a contro l led area o f  less  than 

400 acres enc i rc led by a s ecuri ty fenc e . The s e  operations soon invo lved 7 0 0 , 0 0 0  

s quare feet o f  bui lding floor space i n  2 0  s t ruc ture s . A t  the comp l e t ion o f  a maj o r  

expansion i n  1 9 5 7 , a n  add i t ional 10 bui ldings inc reased t h e  to tal space to 9 0 0 , 0 0 0  

s quare feet . There are pre s e n t ly mo re than 1 . 7  m i l l ion s quare f e e t  in ove r  1 0 0  

bu ildings now con s t i tuting t h e  Roc ky F l a t s  Plan t . Add i t ional cons t ruc tion o f  was t e  

treatment fac i l i t i e s  now underway w i l l  bring the total t o  2 . 1  mi l l ion s quare f e e t  
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ins ide the s ecuri ty fenced area . The ove ra l l  s i t e  was enl arged to i t s  present  s i z e  

o f  approximat e ly 6 , 5 5 0  a c r e s  by add i t ion o f  a bu f fer zone in 1 9 7 4  and i s  encomp a s s ed 

by a b oundary fence on the prop e r ty l ine , as shown in F i gure 2 . 1 - 1 . 

As a resu l t  o f  t h e  Energy Reorgan i z a t ion Ac t o f  1 9 7 4 , the U . S .  Energy Res earch 

and Developmen t Admin i s t rat ion ( ERDA ) succeeded the AEC in 1 9 7 5  as the Gove rnmen t  

agency re spons ible  for admin i s t rative control a t  Rocky F l a t s . ERDA was in turn 

succeeded by the U . S .  Departmen t  o f  Energy ( DOE ) in Oc tober 1 9 7 7 . Organizat iona l ly , 

th i s  respons i b i l i ty i s  de legated to the Albuquerque Op erations O f f i c e  ( ALO ) , which 

ove r s e e s  a nat ionwide nuc l e ar weapons produc t ion comp l ex . Thi s  comp l ex i s  admin i s tered 

by s everal DOE area o f fi c e s . The Roc ky F l a t s  Area O f f i c e  ( RFAO ) , under the direc t ion 

of an on- s i te Area Manager , i s  DOE ' s  day - to - day contact  w i th tho se operat ing the 

Roc ky F l a t s  P l an t  and w i th various cons t ruc t ion contrac tors . Dow Chemical  Comp any 

operated the P l an t  unt i l  July 1 ,  1 9 7 5 , when the Atomi c s  International Div i s ion o f  

Roc kwe l l  I n t e rnational b e c ame the new p r ime contrac tor . 

P l an t  emp loyment averaged around 2 , 8 00 during 1 9 7 7 . S ixty were DOE emp loyee s ; 

the remainder made up the p r ime contracto r ' s  work forc e . There have been cons t ruc t ion 

workers onsite throughout much o f  the Plant ' s  exi s t enc e . From 1 9 7 0  through 1 9 7 7 , t he 

numbe r  o f  cons t ru c t ion workers averaged 3 0 0 , and that numbe r  w i l l  p robably remain 

re l a t iv e ly cons tant t hrough 1 9 80 . 

2 . 2  P LANT DESCRIPT I ON 

The Roc ky F l a t s  P lant i s  a Gove rnmen t - owned fac i l i ty w i th a p rimary mi s s ion o f  

produ c i ng p l utonium component s  for nuc lear weapon s . The s i t e  i s  used p rimar i ly t o  

a s s i s t  in ful f i l l ing U . S .  nuc l ear weapons p roduc t ion requi rement s  that are imposed on 

DOE by the Congre s s  and the Pres ident as a part of the ove rall  nat ional de fense 

p o l i c y . Thi s  EIS does n o t  a s s e s s  the envi ronmen t a l  imp ac t s  of the U . S .  po l i cy to 

produ c e  nuc lear weapons but rather focu s e s  on the s i t e  spe c i fic envi ronmental impac t s  

o f  conduc t ing nuc lear weapons p roduc t ion ac t iv i t i e s  a t  the Roc ky F l a t s  P l an t  and 

reasonab l e  a l ternatives for the c ondu c t  o f  such ac t iv i t i e s . Key p roduc t ion ac t iv i t i e s  

i nvolve t h e  fab r i c a t ion n o t  only o f  plu tonium b u t  a l s o  o f  uran ium and nonradioac t ive 

metal s - - princ i p a l ly bery l l ium and s tain l e s s  s t e e l . Parts  made a t  the P l an t  are 

shipped e l s ewhe re for final a s s emb ly . When a nuc l ear weapon i s  d e t e rmined to be 

obso l e t e , components  fab r i c ated a t  Ro cky F lat s are re turned to the P l an t . The s e  

parts  then undergo s p e c i a l  p ro c e s s ing to recover p lu tonium and ame r i c i um .  

Ano ther maj or e f fo r t  invo lve s chem i c al pro c e s s ing to recover plutonium from a l l  

s c rap material . The s e  ac t iv i t i e s , the fab r i c a t ion o f  radioac t ive and nonrad ioac t ive 

metal s , and the recovery of plutonium r e c e ive support from various di s c i p l ines such 

as nuc lear s a f e ty , enginee ring , hea l th phys i c s , envi ronmental s c i e nc e s , and r e s e arch 
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F i gure 2 . 1 - 1  Loc a t ion o f  the 
Rocky F l a t s  P l an t  Boundari e s  
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and deve l opment .  These and o th e r  func t i on s  are suppor t ed by s t i l l  o th e r  ac t iv i t i e s . 

Research and Engineering ( R&E ) , for examp l e , depends upon a vari e ty o f  c apab i l i t i e s . 

P roduc t io n - o r i en t ed R&D work i nvolves metal lurgy , machining , a s s emb l y , nonde s t ru c t ive 

t e s t ing , coati ngs , remo te e ngineering , chem i s t ry ,  and phys i c s . 

P o cky F l a t s  has highly s p ec i a l i z e d  faci l i t i es  and equi pment for hand l ing p lutonium .  

I t  a l s o  has pers onne l who have ext ens ive knowle dge regarding the chem i s try and fab r i c a t i on 

o f  p l ut o n i um ,  bery l l ium ,  and o t her mat e r i a l s  wh i ch requ i re s p e c i a l  hand l ing . 

2 . 2 . 1  Location 

The Ro cky Flats Plant  cove rs almo s t  11  square mi le s , oc cupying S e c t i ons 1 

through 4 and 9 through 1 5  o f  R70W , T2S o f  Je f fe r son County , Colo rado . The fac i l i ty 

i s  cen tered a t  1 0 5 0  I I ' 3 0 "  we s t  longi tude , 3 9 0  5 3 ' 3 0 "  north l a t i tude . As shown in 

F i gure 2 . 2 . 1 - 1 , this  locat ion is 16 mi l e s  northwe s t  o f  Denve r , Colo rado , and 9 to 1 2  

mi l e s  f rom t he communi ti e s  o f  Boulde r ,  Go l den , and Arvada . I t  i s  bounded on the 

north by S tate H ighway 1 2 8 , on the we s t  by S ta t e  Highway 93 , on the s outh by S ta t e  

Highway 7 2  and on the eas t by J e f fe rson County Highway 1 7 .  

S i tuated a t  an e l evation o f  about 6 , 0 0 0  fee t ,  the P l ant i s  on the eas t e rn edge 

of a g e o l og i cal bench known locally as Rocky F l a t s . Thi s  roc ky bench , which i s  about 

5 m i l e s  wide in an e a s t - we s t  di rec t ion , flanks the e a s te rn edge o f  the ab rup t ly 

r i s ing foo thi l l s  o f  the F ro n t  Range o f  the Roc ky Mountains . The Continental Divide 

i s  approxima t e l y  2 6  mi l e s  we s t  of the P l ant . 

2 . 2 . 2  Ex ternal Appearan c e  

The geological  bench on whi c h  the P l a n t  i s  s i tuated s lope s gradua l ly t o  the e a s t  

a t  a n  average grad i e n t  o f  9 5  f e e t  p e r  mi l e . The l and surface i s  s tony s o i l  formed 

from the g l a c i a l  outwash from the mountains  to the wes t .  Thi s  depo s i t  con s i s t s  

l argely o f  grav e l  and cobb l e s  i n t e rmixed w i th sand and c l ay .  Bou l ders , some as large 

as 2 f e e t  in d i ame t e r , are i n terspersed w i th the grave l .  Low prec i p i ta ti o n , drying 

winds , and a p e rmeab l e  grav e l  sub s trate  are re spon s ib l e  for the arid Roc ky F l a t s  

envi ronment t h a t  i s  r e f l e c ted i n  t h e  kinds o f  low-grass p rai r i e  veg e t a ti o n  growing in 

the area . More d e t a i l e d  i n fo rma t ion about the geology and o ther natural features of 

the area i s  presen t ed in S e c t ion 2 . 3 .  

P l an t  b u i ldings are concentrated in a sma l l  area ( 384 acre s ) surrounded by a 

securi ty fenc e . Land b e tween that fence and the s i t e  boundar i e s , enc ompa s s i ng 6 , 5 5 0  

acres , s erve s  a s  a b u f f e r  zone b e tween t h e  P l an t  and t h e  pub l i c . A c a t t l e  fence o n  

t h e  s i t e  pe r ime t e r  i s  p o s t ed to iden t i fy the l and a s  a r e s t r i c t ed area . D ev e lopme n t s  

in t h e  bu ffer z o n e  inc lude fireb reaks , ho l ding ponds on three watercourses , env i ron

mental  mon i toring s t at ions , a san i tary l and fi l l  area , salvage yard , power l ine s , wind 

energy t e s t  towe r s , grav e l  p i t s , targe t range , and ac c e s s  roads . 
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Two acc e s s  roads , one from S tate Highway 9 3  to the w e s t  and one from County 

Hi ghway 17 t o  the east , p a s s  through the s e curi ty fence that enc irc l e s  the main area 

of the P l an t . Wi t hin thi s c entral fac i l i ty are about 1 0 0  buildings , none ove r  three 

s to r i e s  above the ground . P lant v i s i b i l i ty from nearby highway s vari es , depending on 

a v i ewer ' s  location . The mos t p rominent s truc tures are the l S S - foot water tower , 

three bui lding s tacks measuring 69 , 9 8 , and 1 5 1  f e e t  in heigh t , re sp e c tively , and the 

new plutonium recovery and was te treatment fac i l i ty .  F i gure 2 . 2 . 2 - 1  i s  an ae rial  

v i ew o f  the  P l an t . 

As shown in F i gure 2 . 2 . 2 - 2 , the P l an t  i s  d ivided into s everal areas c o n s t ituting 

s ep arate operat ional comp l exes . Each bui lding w i thin an area i s  iden t i fied by a 

three - di g i t  number ;  the f i r s t  numbe r  o f  the three s igni fi e s  the area in wh ich the 

spec i f i c  bui ld ing is located . The re i s  no 2 0 0  area as such . Numbe r s  in the 2 0 0  

s e r i e s  are app l i ed to m i s c e l laneous fac i l i t i e s  that are d i s t ribu ted t hroughout the 

P lan t s i te . Exampl e s  are u t i l i ty s truc tures and parking l o t s . The maj o r  produc t i on 

comp lexes are in the 400 , 7 0 0 , and 800  area s . The bui l dings shown in Figure 2 . 2 . 2 - 2  

a t  the north end o f  the 3 0 0  area represent the p luton ium recovery and was t e  treatment 

c omp l ex soon to be comp l e t ed . 

2 . 2 . 3  Fac i l i t i e s  U t i l ization 

The Roc ky Flats P l an t  inc ludes fac i l i t i e s  for the fabr i c at ion , as semb l y , and 

qual i ty t e s ting o f  radioactive and nonradioac t iv e  components for nuc l ear weapon s ; 

chem i c al pro c e s s ing and p ro c e s s  was t e  treatment ;  and r e s e arch and development . 

Presen t ly , there i s  more than 1 . 7 m i l l ion square fee t o f  building floor space in ove r  

1 0 0  s t ruc ture s .  An addi t ional 3 3 1 , 0 0 0  s quare feet w i l l  b e  avai l ab l e  when t h e  new 

p lu tonium recovery and was t e  treatment compl ex b ec ome s op era tiona l . Of the current 

total  floor space , fabr i c a t ion , chem i c al p ro c e s s ing , and as semb l y  fac i l i t i es ac count 

for 41% ; l aborato r i e s  and t e s t  fac i l i ti e s  o ccupy 1 5% ;  admin i s trativ e , personne l ,  and 

s e cur i ty fac i l i ti e s  account for 9% ; u t i l i ty and support s ervi c e s , includ ing radioac t ive 

and nonradio ac t ive was t e - treatment fac i l i t i e s , o ccupy 1 9 % ; and warehouse and s torage 

areas ac count for 9%. The remain ing area inc ludes permanent fac i l i t i es for on - s i t e  

c o n s truc t ion contractors , wh ich u t i l i z e  2 %  o f  avai l ab l e  floor spac e , and m i s c e l laneous 

fac i l i t ie s  and s t ru c tures that o c cupy the r ema ining 5% . 

2 . 3  S ITE ENVIRONMENT 

To p rop e r l y  a s s e s s  the env ironmental imp a c t  a s s o c i ated wi th the Roc ky F l a t s  

P l an t , i t  i s  n e c e s s ary t o  iden t i fy t he na tural and man -made features o f  t h e  are a , 

u s e s  made o f  the land , area popu l a tion i n  the P l an t  v i c inity , and how that population 

is  d i s tributed . The next few sec tions addre s s  these i tems and , where app l i c ab l e , 

d e s c r ib e  eva luations that have been perfo rmed . 

2 - 7  
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2 . 3 . 1  Regiona l H i s toric , S cenic , Cu l tural , and Natural F e a ture s  

The impac t o f  the Ro c ky F l a t s  P l an t  o n  h i s toric , s c e n i c , cul tura l , and n a tural 

fea tures in the region has been evaluated . I n fo rma t i on wa s gathered p r imari l y  from 

the S t ate H i s torical S o c i e ty o f  Co l o rado and the Col orado Departmen t o f  Natural 

Re sourc e s . 

S everal rock mounds have been l o c a ted on the southwe s t e rn port ion o f  the s i te ; 

howeve r , prel iminary i nve s t i ga t i ons p e r fo rmed by the Denve r Mu seum o f  Natural H i s tory 

and the Univers i ty o f  Colorado de t e rmined that the s i te s  were no t s igni fi c ant enough 

to warran t further i nve s t igation . In the northwe s t  part of the s i t e , pe rsonn e l  from 

the Colorado S tate Un ive rs i ty Laboratory o f  Pub l i c  Archeo l ogy i nve s t igated a s e r i e s  

o f  s tone a l i gnmen t s ; t h a t  s i te w a s  reg i s t e red wi th t h e  Colorado S ta t e  Archeo l ogi s t  

and a report wa s p repared . Pre l iminary inve s t igation indi c a t e s  that n o  present  

unde rtaking at the  Rocky Flats  P l an t  i n fringe s upon known potent ial ly e l i g i b l e  h i s toric  

s i t e s . Measure s are  b e i ng taken to veri fy and a s sure comp l iance wi th the Na t i onal 

Hi s toric  Pre s e rvation Ac t .  

Other h i s torical s i te s  n eare s t  to the Rocky F l a t s  P l an t  are located i n  and n ear 

the C i ty of Go l den , approxima t e l y  10 m i l e s  south of the P l an t . The s e  i n c l ude the 

s i t e of Arap ahoe C i ty (which was a pioneer p l ac e r  mining c amp and the e arl i e s t  town 

in J e f fe rs on County ) l o c a t e d  j u s t  e a s t  of Go l den ; the Col orado S c ho o l  o f  Mine s ' f i r s t 

bui lding , bui l t  in 1 8 6 6  in Golden ; and the Ci ty o f  Go lden i ts e l f ,  which wa s the 

t e rri torial c ap i tal of Co l o rado from 1 8 62 to 1 8 67 . A c o mp l e t e  l i s t  o f  a l l  h i s t o r i c a l  

s i t e s  i n  J e f f e r s o n  C o un t y  and t h e  s ur r o un d i ng c o un t i e s  w i t h i n  t h e  5 0 - m i l e  r a d i u s  o f  

t h e  P l an t  s i t e  i s  i n  App e n d i x K ( D o l 1 9 7 9 ) . 

The c l o s e s t  park and re c re a t i onal area i s  the S tand l ey Lake area , wh i c h  i s  

approxima t e l y  5 mi l e s  from the P l an t  s i t e . Boat ing , p i c n i c ki ng , and l im i t e d  overnight 

c amp ing are p e rmi tted . S everal o th e r  sma l l  parks a re present  in commun i t i e s  wi thin 

1 0  mi l e s  o f  the P l ant ' s  cente r .  The c l o s e s t  maj o r  park , Go lden Gate Canyon S tate 

Park , located app roxima t e l y  1 5  mi l e s  to the southwe s t , provides 8 , 400 acres o f  gene ral 

c amp ing and outdoor re c re a t ion . Other n a t i onal and s ta t e  parks are l o c a ted i n  the 

moun tains we s t  o f  the P l an t , but al l are cons ide rab l y  farther away . 

2 . 3 . 2  Current Are a Dev e l o pment 

To aid in de termining the envi ronmental  impac t of the Rocky F l a t s  P l ant , the 

i ndu s t r i a l  fac i l i t i e s , pub l i c fac i l i t i e s  and ins t i tut ions , and t ransportat ion rout e s  

wi thin five mi l e s  o f  t h e  P l ant a r e  iden t i f i e d . In forma t ion about the se fac i l i t i e s  

was obtained from the Col orado Departmen t s  o f  Heal th , H i ghway s , and Educ a t ion , and 

o th e r  gove rnmen t agenc i e s . 

Land use s i n  the v i c ini ty o f  the Roc ky F l a t s  P l ant were obtained f rom vari ous 

l and-use p l an s  and zoning map s acquired from S t ate , County , and Ci ty p l anning age n 

c i e s . The se sourc e s  s how s ome o f  t h e  l and adj acent  t o  Roc ky F l a t s  a s  be ing zoned for 
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indu s t r i a l  developmen t .  Indu s t r i a l  fac i l i t i e s  exi s t ing wi thin 5 m i l e s  o f  the P l an t  

boundary are l i s ted i n  Tab l e  2 . 3 . 2 - 1 . There are n o  prime agricul tures a s  d e termined 

by USDA S o i l  Conservation S ervi c e . 

TABLE 2 . 3 . 2 - 1  

INDUSTRIAL FAC I LITIES 
WITHIN 5 M I LES OF THE ROCKY FLATS PLANT BOUNDARY 

Name 

The O i l  Shale 
Corpor a t io n - TaSCa 

Great We s t ern 
Inorganic s ,  Inc . 

F ront i e r  Fore s t  
P roduc t s  

I deal Cemen t 
Company 

Je ffco Airp o r t  
and I ndu s t r i a l  
Park 

Description 

Laboratory on 
4 0 - acre s i te 

P lan t manufac turing 
and t e s t ing inorgan i c  
chemi c a l s  

Who l e s a l e  and R e t a i l  
Lumbe r  Yard 

Numbe r  o f  
Employee s  

7 8  

1 6  

14 

L i gh twe ight 
aggregate 
p l an t  

( c l o s ed in 1 9 7 6 )  

9 9 0 - acre 
indu s t r i a l  park 2 0 6  

D i s t an c e  and D i r ec tion 
from P l an t  S ecuri ty Fenc e 

( mi l e s )  ( Boundary) 

2 - South 

2 - S outh 

2 - S ou th 

2 . 4  Northwes t 

4 . 8 - No r the a s t  

The Roc ky F l a t s  P l an t  i s  located in a b a s i c ally rural area . There a r e  no pub l ic 

fac i l i t i e s  o r  ins t i tut ions such as s choo l s , p r i sons , o r  hosp i t a l s  w i thin f ive m i l e s  

o f  the P l an t . The neare s t  educational fac i l i ty i s  the S i erra E l ementary S choo l , 

whi c h  i s  six mi l e s  southea s t  o f  the P l an t . O ther s choo l s  are located in the s ame 

general area , but  s omewh a t  farther from the P l an t . The c l o s e s t  ho s p i tal  to the P l an t  

i s  Boulder Memo rial  Ho sp i t a l , 1 0  mi l e s  northwe s t . 

Maj o r  transpor t a tion rout e s  near the P l an t  inc lude U . S .  H ighway 3 6  ( Denv e r 

Boulder Turnp ike ) ;  Colorado Highways 7 2 , 9 3 , and 1 2 8 ; Je f ferson Count y  H ighway 1 7  

( Indi ana S tr e e t ) ;  and t h e  Denver and R i o  Grande Wes te rn Rai l road . The Colo rado 

Department of Highways repo r t s  that U . S .  H ighway 36 carried an average of 2 7 , 7 0 0  cars 

dai ly dur ing 1 9 7 7 . Tha t  same year , approxima t e ly 5 , 1 00 cars p e r  day used Co l orado 

Highway 9 3 , whi ch i s  w e s t  o f  Rocky F l a t s  and i s  the main commut e r  rout e  for P l ant 

empl oyees from Boulder and Go lden . J e f f erson County Highway 17 , p aral l e l ing the 

P l an t ! s  eas t ern boundary , is a l so a maj o r  c ommut e r  rout e  for employee s . The j unc t ior 

of Highway 1 7  and Colorado 72 southea s t  of the P lant carried about 3 , 80 0  cars dai ly 

duri ng 1 9 7 8 . The D&RGW Rai l road , whi ch i s  about 2 m i l e s  south of the P lant , is the 

main l ine we s t  from Denver . S everal t rains a day use  t h i s  l ine to haul freigh t . 
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2 . 3 . 3  Demography 

App rox ima t e l y  5 0% o f  the area wi t h i n 10 m i l e s  o f  the Roc ky F l a t s  P l an t  i s  

l o c a t ed i n  J e f ferson Coun ty ,  wi th the remaining 5 0% divided be tween Boulder Coun ty 

( 40% ) and Adams Coun ty ( 1 0%) . Ac c o rd i ng to the Col o rado S t a t e  Land Use map ( 1 9 7 3 ) , 

75% o f  th i s  l and was used for agri cul ture o r  was unus ed . 

S everal ran c h e s  are l o c a ted w i th i n  1 0  m i l e s  o f  the P l an t , p r ima r i ly in J e f fe rson 

and Boulde r Coun t i e s ; they are op erated to produce c rops , ra i s e  b e e f  c at t l e , supp l y  

m i l k , and b reed a n d  t ra i n  ho rs e s . Ac cord i ng to the 1 9 7 7  Colorado Agr i cul tural S t a t i s 

t i c s , 1 4 , 2 0 0  acres  o f  c rops we re p l an t ed i n  1 9 7 6  i n  J e fferson County ( to tal l and area 

approxima t e l y  475 , 0 0 0  acre s ) . I n  addi t i on , Bou lder Coun ty had 5 6 , 2 0 0  acres p l an te d  

o u t  o f  a t o t a l  l and a r e a  o f  405 , 7 6 0  acres . The s e  c rops cons i s t ed o f  w i n t e r  whe a t , 

corn , barley , d ry b e an s , sugar b e e t s , hay , and o a t s . Live s to c k  s t a t i s t i c s  fo r the 

two coun t i e s  inc luded 9 , 5 0 0  head o f  c a t t l e ,  2 0 0  p i gs , and 4 0 0  sheep b e ing rai s ed i n  

J e f f e rson Coun ty , and 3 4 , 0 0 0  head o f  c a t t l e , 2 , 3 0 0  p i g s , and 6 , 5 0 0  sheep i n  Boulder 

Coun ty .  A comp a r i s on of these  figures wi th those acqu i red two years p ri o r  show an 

increase  o f  ac reage for ag ricul tural p roduc t i on wh i l e  the t o t a l  l and area has de c l i ned 

s omewhat because  o f  annexa t i on by c i t i e s . I n  add i t i on , l iv e s t o c k  inc reas e s  are no t ed 

i n  Je ffe rson Coun t y , whe reas i n  Boulder County the numb e r  o f  c a t t l e , p i g s , and sheep 

has dec reased from 1 9 7 5  f igure s . 

The demography data presented i n  the DE I S  has been reeva lua t ed and are presented 

here to a 5 0 -m i l e  rad ius from the center o f  the P l an t  us ing p l anning i n fo rmat i on f rom 

the Denver Reg i onal Coun c i l  o f  Gove rnmen t s . Tab l e  2 . 3 . 3 - 1  l i s ts popu l a t ion centers  

within  5 0  mi l e s  o f  Roc ky F l a t s , the i r  di s tance  and d i re c t ion from the  P l an t , and the  

rec ent  e s t imat ed popu l a t ion a c c o rd i ng to the Co l o rado Divi s ion o f  P l ann i ng . The s e  

popu l a t i on c en t e rs h ave been expandi ng i n  recent  years , and addi t i onal l and i n  Adams , 

Boulde r ,  and J e f fe r s on Coun t i e s  h a s  been acqu i red for res iden t i a l  deve lopment s . 

A c l e ar growth p a t t e rn eme rged in the three - county area during the l a t e  1 9 60 ' s  

and early 1 9 7 0 ' s ,  w i t h  the thre e - c oun ty popul a t i on growing app roxima t e l y  55% f rom 

1 9 6 5  to 1 9 7 7 . The reason fo r t h i s  g rowth p a t t e rn i s  the rap id expan s i on o f  the 

D enve r m e t ropo l i tan area and the devel opmen t  of suburban c ommuni t i e s . Th i s  p a t t e rn 

i s  expec t ed to hold i n  the future , a l t hough t he g rowth ra t e  s hould b e  smal l e r .  Based 

upon t h i s demograph i c  data , the popu l a t ion d i s t r i bu t ion wi t h i n  5 0  m i l e s  of  the P l ant 

for 1 9 7 7 , and the proj e c t ed popu l a t i on d i s t ri b u t i on fo r the year 2000 have been 

e s t imated . The p l anning data are shown in Tab l e  2 . 3 . 3 - 2  ( DRCOG , 1 9 7 7 ) . 
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POPULATION 

Name 

Arvada 
Aurora 
Berthoud 
Boulder 
Brigh ton 
Broomfield 
Cas t l e  Rock 
Central C i ty 
Commerce C i ty 
Denver 
Engl ewood 
E s t e s  Park 
Fort Col l ins 
Fort Lupton 
Georgetown 
Go lden 
Greeley 
Idaho Springs 
Lafayette 
Lakewood 
Leyden 
L i t t l e ton 
Longmont 
Loui sv i l l e  
Love land 
Lyons 
Morri son 
Nederl and 
Northgl enn 
P l a t tevi l l e  
Superior 
Thornton 
Wes tmins ter 
Wheat Ridge 
Windsor 

* 1975 E s t imates 

Year 

1 9 7 7  
2000 

TABLE 2 . 3 . 3 - 1 

CENTERS WITHIN 50 MILES OF THE P LANT 

D i s t ance 
(mile s ) Direc t ion 

9 SE 
21 SE 
29 N 
10 N -NW 
22 E- NE 

7 E-NE 
39 S - S E  
1 8  W-SW 
1 5  E - S E  
1 6  S E  
20 S - SE 
3 7  N- NW 
47 N 
24 NE 
29 W- SW 

9 S 
45 N -NE 
20 W-SW 
10 NE 
1 2  S - SE 

3 S 
22 S - SE 
20 N 

7 N -NE 
3 6  N 
23 N 
1 6  S 
1 7  W-NW 
1 1  E 
24 NE 

5 N - NE 
1 1  E 

9 E- SE 
1 0  S - S E  
43 N -NE 

TABLE 2 . 3 . 3 - 2 

POPULAT ION PROJECTIONS 

Denver Me tropoli tan 
Area ( m i l l ions )  

1 . 5  
2 . 4  

2 - 1 3  

BOUNDARY 

1 9 7 7  E s t imated 
POEu1ation 

9 0 , 000 
1 2 7 , 500 

2 , 1 0 0  
9 0 , 400 
1 1  , 800 
20 , 600 

2 , 7 00* 
300* 

1 6 , 300 
530 , 600 

33 , 100 
2 , 100 

60 , 600 
3 , 5 00 

7 50* 
1 1 , 200 
5 5 , 000 

2 , 1 00* 
6 , 7 00 

134 , 300 
1 50* 

28 , 400 
3 8 , 200 

5 , 000 
25 , 000 

1 , 20 0* 
500  
800 

3 3 , 100 
1 , 5 00 

300 
34 , 000 
45 , 0 00 
33 , 800 

3 , 500 

50 -M i l e  Radius of 
Rocky Flats P lant 

( m i l l ions ) 

1 . 8 
3 . 5  



The 1 9 7 7  popu l a t i on dens i t i e s  in s e c tors wi th i n  1 0  mi l e s  o f  the Plant  are shown 

in F i gure 2 . 3 . 3 - 1 . For the area w i t h i n  5 m i l e s  o f  the P l an t , a survey was conducted 

to de termine the ac tual numb e r  of hous e s . An e s t imate was then made of the numbe r  o f  

people by u s ing an ave r2ge regional fam i l y  s i z e  o f  2 . 83 ( DRCOG 1 9 7 7 )  and mu l t iplying 

th i s  by the number o f  houses . For the 5 - to 1 0 -m i l e  area , the popu l a t i on e s t ima tes  

are based on data obtained f rom Adams , Boulde r , and J e f ferson Coun ty P l anning Depart 

men t s  and the Denver Regi onal Counc i l  o f  Gove rnment s . Each s e c t o r  cons i s t s  o f  

portions o f  one o r  mo re regi onal p l anning div i s i on s . The percentage o f  the area o f  a 

p l anning div i s i on incorporated into a sec tor was d e te rm i ned . An even d i s t ribu t i on o f  

the popu l a t i on was as sumed across a p l ann ing divi s i on , and the p e rc en t  was mu l t ipl i ed 

by the proj e c t ed divi s i on popu l a t ion t o  obtain the numbe r o f  people i n  the s e c to r . 

Popu l a t ion e s t imat es for sec tors up to 5 0  m i l e s  f rom Rocky F l a t s  fo r the year 

2000 are i l l u s trated i n  F igure 2 . 3 . 3 - 2 . The s e  d i s t ribut i on s  are based on p roj e c t i on s  

f rom t h e  Boulde r , Larime r , and We ld Coun ty P l anning Depar tment s , Colorado Divi s i on o f  

P l anning , and t h e  Denver Regi onal Coun c i l  o f  Gove rnments . Z e ro g rowth i s  e s t imated 

wi thin two m i l e s  of the Plant because mo s t  of the l and i s  Gove rnment owned and w i t h i n  

t h e  Rocky F l a t s  boundarie s . T h e  neare s t  re s i dence i s  two m i l e s  n o r thwe s t  o f  t h e  

P l an t ' s  c en te r . 

For d e t e rmining p roj e c t ions for 1 9 80 , 1 9 9 0 , and 2 0 0 0  i n  sec tors which i nc o rp o 

rated o n l y  o n e  p l ann i ng d i v i s ion , t h e  p e rcent  g rowth o f  the divi s i on w a s  app l i ed t o  

the sec tor populat ion . For sec tors ove r l apping two o r  mo re p l anning d iv i s i on s , an 

ave rage o f  the percent g rowth for the d i v i s i on s  was app l i ed to the sec to r . 

The area w i t h i n  5 mi l e s  o f  the P l an t  had a 1 9 7 7  popu l a t i on o f  app roxima t e l y  

4 , 1 03 , o r  abou t 5 2  p e r s o n s  p e r  square m i l e . Thi s  popu l a t i on i s  p ro j ec ted to inc rease 

to 4 , 674 i n  1 9 8 0 ; 6 , 9 1 8  i n  1 9 9 0 ; and 9 , 241 in 2 0 0 0 ; o r  60 , 88 , and 1 1 8  p e rsons p e r  

square m i l e , respe c t ive l y . The mo s t  popul a t ed s e c t o r  i s  to the s outheas t o f  the 

P l an t ,  whi c h  is i n  the d i rec t i on of Denve r . The 1 9 7 7  e s t imated popu l a t i on be tween 1 0  

and 5 0  mi l e s  i n  th i s  s e c to r  was 5 24 , 9 0 0 ; i t  i s  expec ted to increase t o  680 , 3 0 0  i n  

1 9 8 0 ; to 9 62 , 60 0  i n  1 9 9 0 ; and to 1 , 21 2 , 60 0  i n  2 0 0 0 . 

The only s igni fi c ant s h i f t s  o f  popu l a t ion i n  the region are caused by c o l l ege 

s tuden t s . The regu l a r  enrol lment o f  2 1 , 6 0 0  at the Univer s i ty o f  Col orado i n  Boulder 

decreases to a summe r s e s s ion t o t a l  of  app roxima t e l y  7 , 800 ; Denver Univer s i ty drops 

from 7 , 3 0 0  to 3 , 40 0 ; and Co l o rado Schoo l of Mines in Go lden drops f rom 2 , 2 0 0  t o  5 0 0 ; 

a t o t a l  decrease i n  popu l a t i on o f  1 9 , 40 0  during the summe r mon th s . 

2 - 14 



\447 1 8  

3042 \ 

/ 

494 

94 

1 6 3  

NORrri 

'f]�: ,. 

1 3932 5255 
\ \ 

\ 7 1 69 

19230 

23229 

35074 

52 1� 

40328 
6290 

0 - 1 0 Mi l e s  

1 0- 5 0  Mi l e s 

F i g u r e  2 . 3 . 3 - 1  Demog r a p h i c  E s t i ma t e s - 1 9 7 7  

63047 

-- - r-____ 

19641 . �� 
10563 

1441 5 // \ // 

70206 
800 15 

1 7308 

o� 1 0  M i l  es 

351 54 \ _.----\ 

42709 

� 
/459 

"lORn� 

�802 
\ 
\ \ 3534 

1 0- 5 0  M i l  es 

F i g u c e  2 . 3 . :l - 2  Demogra p h i c  P r o j e c t i o n s  - 2 0 0 0  

2 - 1 5  

37327 



2 . 3 . 4  Geol ogy and S e i smol ogy 

I n fo rma t i on on the geologic , t e c ton i c , and s e i smo logic s e t t ing o f  the Rocky 

F l a t s  P l an t  s i te and su rround ing area i s  a l s o  p r e s ented . The di s c u s s ion i s  based  on 

p e r t inen t , pub l i s hed geologic l i t erature through June 1 9 7 8 , and resu l t s  of inve s t iga

t ion s p e r fo rmed s pe c i f i c a l l y  for the Rocky F l ats  P l an t  s i t e . The i nv e s t igat ion s  

inc lude : ( 1 )  S e i smic and geolog i c  inv e s t igations and d e s ign c r i t e r i a  b y  John A .  

Blume and A s s o c i a t e s  ( B lume , 1 9 7 2 ; Blume , 1 9 7 4 ) , ( 2 )  a remo te sens ing inve s t i ga t i on 

o f  the Roc ky F l a t s  p l ant s i t e  u s ing various typ e s  o f  image ry by EG&G in 1 9 7 6  ( Lac key , 

1 9 7 6 ) , ( 3 )  a re flec tion s e i smic i nve s t i ga t ion by T .  L .  Dav i s  o f  the Col orado Sc hool 

of Mines i n  1 9 7 6  ( Davi s ,  1 9 7 6 ) , ( 4 )  a s o i l  survey of the Roc ky F l a t s  P l an t  s i t e  by 

the So i l  Con s e rvat ion S e rv i c e  i n  1 9 7 5  ( Volume I I ,  App endix C - 3 ) , ( 5 )  a hyd ro logy 

i nve s t igat ion , inc luding geologic mapping , of the Rocky F l a t s  area by R .  Theodore 

Hu rr of the U . S .  Geological  Survey i n  1 9 7 6 , ( Hu rr , 1 9 7 6 ) , and ( 6 )  a rev i ew of h i s tori 

cal  s e i smic i ty wi thin 200 mi l e s  ( 3 20 km )  o f  the Rocky F l a t s  P l an t  s i t e  by Woodward 

C lyde Consul tan t s  i n  1 9 7 8 . 

Rocky F l at s  bui l d ings were cons t ruc ted ove r  the l a s t  2 7  y ears , and app l i c ab l e  

s t ruc tural des ign c r i t e r i a  were u s ed ( as rev i s ed ) through that period . S e i smic 

de s i gn cond i t ions we re no t emphasized in the Denver area un t i l  the l a t e  s ix t i e s  

because t h e  Uni fo rm Bui lding Code ( UBC ) p l aced Denver i n  S e i smic Zone Zero . However , 

among the fi r s t  bu i l dings at Rocky F l at s , Bu i l d i ng s  7 7 1 , 8 8 1 , and 9 9 1  were d e s i gned 

to w i t h s t and nuc l e a r  b l a s t  condi t i on s . As a resul t ,  there i s  l i t t l e  que s t ion that 

the s e  s t ruc tures are adequa t e  to res i s t  any probable s i t e  s e i smic  forc e s . The other 

bui l d ings are read i ly exp e c t e d  to resist  the U . B . C .  Zone No . 1 earthquake for c e s  in 

accord with the pres ent D enver area c l a s s i f i c a t i on . 

As a part o f  the ove ra l l  DOE ri sk a s s e s sment p rogram , an engineering s tudy i s  

unde rway to evaluate the e f f e c t s  o f  earthquakes , t o rnadoe s ,  and h i gh wi nds o n  s to rage 

and production s tructures at Rocky F l ats . Fol l owi ng that s tudy , begun i n  the s ummer 

of 1 9 7 9 , s ys tems , equipment and components wi l l  be evaluated for re s i s tance to 

s imi lar force s . The cons equences of adve r s e  natural phenomena and o f  pote n t i a l  

acc idents wi l l  be a s s e s s ed wi th the i r  respective probab i l i t i e s  of O c c urrence to 

determine a l eve l of r i s k , i n c l u d ing the r i s k  of a plutonium re l e a s e  to the environ

ment . Th i s  i n format i on wi l l  be incorporated in the s a fety ana l ys i s  reports 

( s ee Section 2 . 6 . 2 . 5 )  u s ed by DOE to determine appropri ate actions s uch as remode l i ng 

and re inforcement . Further , DOE wi l l  supplement thi s E I S , i f  nece s s ary . Pending the 

ava i l ab i l i ty of the s a fety ana l y s i s  repor t s , this E I S  has analy zed as a wor s e - case 

acc ident to be po s s i b l e  f a i lure o f  s t ru cture s ,  equipment and components to withs t and 

natural phenomenon . 

Recent l y , s i te s p e c i fi c  s e i sm i c  c r i teria we re u s e d  in the des i gn o f  the new 

P l u tonium Recovery and Was te Tre atment F a c i l i ty ,  Bu i l d ing 3 7 1 / 3 7 4 .  The s e i smic 

criteria devel oped for Build ing 3 7 1/ 3 7 4  we re b a s e d  on the Nuclear Regulatory Commi s s ions ' 

s a fety philo s ophy for nuclear reactors as outl ined in 1 0  CFR 1 0 0 . I n  the e a r l y  1 9 7 0 ' s  

AEC ,  i n  conj unction with i ndus try exper t s , deve loped the d e s i gn c r i t e r i a  wh i ch 

e ven tua l ly bec ame ERDA Manual Appendix 6 3 0 1  Faci l i ties General Des i gn Criteri a , P a rt 
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I I ,  B .  P l u t o n i um F a c i l i t i e s  f o r  any o f  i t s  f u t u r e  fa c i l i t i e s  han d l i n g  and p r o c e s s i n g  

p l u t o n i um . Th e c r i t e r i a  i n c l u d e d  s i te s p e c i f i c  r e q u i r e m e n t s t o  i d e n t i fy p o s s i b l e  

i mp a c t s  f r o m  n a t ur a l  phenomena l i k e  e a r t h q u ak e s , t o rn a d o e s , f l o o ds , and h i gh w i n d s  

w h i ch c o u l d  a f f e c t  a f a c i l i t y ' s  s a fe t y . At t h a t  t ime , t h e  N R C  s e i s m i c  r e q u i r eme n t s  

f o r  p l u t on ium p ro c e s s i n g  b u i l d i n g s  w e r e  n o t a s  we l l  deve l o p e d . The s ame d e s i gn 

c on s i de r a t i o n s  have s in c e  b e e n  i nc o r p o r a t e d  by NRC i n t o  R e g u l a t o ry G u i d e s  f o r  

c o mm e r c i a l  p l u t on i um p ro c e s s i n g  a n d  fue l f ab r i c a t i on p l an t s . 

Early i n  the prel imi nary des i gn phase o f  Bu i ld i ng 3 7 1/3 7 4 , consul t an t s  B lume and 

McDonald we re comm i s s ioned to e s tab l i sh the s i t e  spec i fic parame t e rs . The s e i smic 

c r i t er i a  deve loped by B l ume fo r Roc ky Flats cons idered two earthquake magn i tude s ; the 

Op e rat ing Bas i s  Earthquake ( OBE ) of magni tude 5 . 6  on the Rich t e r  S c a l e  ( cond i t ions 

whi c h  woul d  a l l ow an op e ra t ion to cont inue s af e ly ) and the Des ign Bas i s  Ear thquake 

( DBE ) o f  magni tude 6 . 0  ( c ond i t ions wh i ch wou l d  a l low for a s a fe shutdown o f  the 

fac i l i ty ) . S truc tures d e s i gned to wi ths tand the fo rc es p roduc ed a t  e i ther l ev e l  far 

exc e ed the VBC requi remen t s  fo r Zone No . 1 .  

I n  respon s e  to pub l i c  comment on the D E I S , i t  i s  neces sary to discuss  the reason 

for b a s i c  di f f e renc e s  i n  p lutonium and reac tor fac i l i ty s e i smic  s i t ing c r i t er i a . 

Nei ther DOE nor NRC apply reac tor s e i smic c r i t er i a  to fac i l i t i e s  such as Roc ky 

Flat s . The NRC deve loped i t s reac tor S e i smic  S t andards based on two maj o r  considera

t ions whi ch are n o t  app l i c ab l e  to cond i t ions a t  Roc ky F l a t s : 

1 .  A large amount o f  s tored energy i s  present  i n  the form o f  heat from the f i s s ion 

proc e s s  and the decay of f i s s ion produc t s . 

2 .  I n t e n s e  rad i a tion f i e lds are gene rated from direc t n e u t ron and gamma rad i a t ion 

a s s o c i a t ed w i th the f i s s ion p ro c e s s  of an operat ing reac tor and a l so f rom f i s s ion 

produc t decay . 

The heat from decay o f  l arge amoun t s  o f  f i s s ion produ c t s  continu e s  fo r a sub s tan

t i al period fo l lowing reac tor shutdown . The avai l ab i l i ty of ex t r eme heat p rov ides 

po t e n t i al for core  mel tdown if  cool ing c apab i l i t i e s  c anno t be maintaine d . A core 

me l tdown would gene rate a l arge radioac t ive material  sourc e t e rm for p o s s i b l e  r e l e a s e  

to t h e  envi ronmen t .  The rad i a t ion f i e l d s  would prec lude p ersonne l a c c e s s  to c r i t i c a l  

components  f o r  inspec t ion , maint enanc e ,  and rep a i r . 

At Rocky F l a t s , none o f  the op e rat i on s  o r  p roc e s s e s  p r e s en t  the s tored energy 

hazard i nherent w i t h  a reac tor and i t s p o t en t i al ly large sourc e t e rm .  None of the 

operat ions o r  p ro c e s s e s  invo lve o r  p roduc e radi a t ion f i e lds whi c h  would prec lude 

p er s onnel  ac c e s s , o r  expo s e  pe rsons to rediation in exc e s s  of app l i c ab l e  guide values 

for normal maint enanc e ,  inspec t ion o r  rep a i r  ac t ivi t i e s . Thus the use o f  reac tor 

d e s i gn c r i t e r i a  i s  no t warrant e d  and , t h e r e f o re , n o t  app l i e d . 
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I n 1 9 8 0 , a field  s tudy w i l l  be  ini t i a ted to evalua t e  the cap ab i l i ty o f  the 

Golden fau l t  and o the r faul t s  in the Roc ky F l a t s  s i te vi c in i t y . The resu l t s  of this  

s tudy wi l l  b e  used to updat e  the  Blume s e i smic  c r i teria if  neces sary . The s e  evalua

t ions w i l l  b e  i nc orporated i n to the P l an t  S a fe ty Analys i s  Repor t  ( SAR ) . The P lan t 

SAR and Fac i l i t ie s  SAR ' s  deal w i th operat ional sa fety i s s ue s  and the e f fec t s  o f  

na tural phenomena ( s uch a s  ear thquake s ,  to rnado e s , floods , and l ightning ) o n  e s s en t i a l  

bui lding s t ruc ture s , s y s t ems , and equipmen t  a t  t h e  Plant s i te . S ee S e c t ion 2 . 6 . 2 . 5  

for a d i s c us s ion o f  SAR ' s .  

2 . 3 . 4 . 1 Physiography and Geomorphology 

The e l evat ion o f  the Roc ky F l a t s  P lant s i t e  i s  approxima t e ly 6 , 00 0  fee t  ( 1 , 80 0  m ) . 

The Plant s i t e  i s  on the we s t e rn margin o f  the Colo rado Pi edmont sec t ion o f  the Grea t 

P l ains Phy s iographi c Province ( Fenneman , 1 9 3 1 ) .  The Colo rado P i edmon t  rang e s  in 

e l evat ion from 4 , 00 0  f e e t  ( 1 , 2 2 0  m)  on the eas t to 7 , 00 0  f e e t  ( 2 , 1 3 0  m)  on the wes t . 

The P iedmon t  merges to the eas t w i th the High P l a i ns sec t ion o f  the Great P lains 

P rovince  and i s  t e rminated abrup t ly on the wes t by the Front Range sec tion of the 

Southern Roc ky Mountain P rovin c e . 

The Colo rado P iedmo n t  i s  an area o f  di s s ec ted topography and denuda tion whe re 

Tert iary s t ra t a  unde rlying the High P l ains have been almo s t  c omp l e t e ly removed . In a 

regional contex t , the p i edmon t  repre s e n t s  an o l d  e ro s ional surface a long the eas t e rn 

ma rg i n  o f  the Roc ky Mountains . I t i s  underlain by gently d ipping s ed imentary rocks 

( Pa l eozoic  to Cenozo i c  i n  age ) , whi ch are abrup t l y  up turned at the Fro n t  Range to 

form hogbac k ridges paral l e l  to the mountain fron t . The p i edmon t  surfac e is b roadly 

ro l l ing and s l op e s  gen t l y  to the eas t wi th a topographic rel i e f  of o n ly s everal 

hundred feet ( approx ima t e l y  one hund red meters ) .  Thi s  re l i e f  i s  due both to res i s 

tant bedrock uni t s that l o c a l ly r i s e  above the surrounding l andscap e  and t o  the 

presence of i n c i s ed s tream val l ey s . Maj or s t re am val l eys whi c h  t ran s e c t  the p iedmon t  

from we s t  to eas t have the i r  origin i n  the F ro n t  Range . Sma l l  l o c a l  val leys have 

developed as t ributaries to the s e  maj o r  s treams wi thin the p i edmon t .  In the area o f  

the Plant s i te , a series  o f  Quat e rnary pedime n t s  have been eroded acro s s  this  g en t ly 

ro l l ing surface ( F igure 2 . 3 . 4 - 1 ) . 

The eas t e rn margin o f  the Front Range a few m i l e s  wes t o f  the P lant s i t e , i s  

charac terized b y  a narrow zone o f  hogback ridges and f l a t i rons underlain b y  s teeply 

eas t - dipp ing Mesoz o i c  s t rata ( such as the Dako t a  S ands tone and the Foun tain Forma tion ) .  

The Fro n t  Range a t tains e l eva t i on s  o f  1 2 , 00 0  to 14 , 0 0 0  f e e t  ( 3 , 60 0  to 4 , 2 0 0  m )  1 5  

mi l e s  ( 2 4  km )  farther wes t . The range i ts e l f i s  b road and unde rlain by res i s tant 

gne i s s , schi s t  and gran i t i c  roc ks of P recambrian age ( s ee F i gure 2 . 3 . 4- 2 ) . Some o f  

the re l i e f  o f  the F ro n t  Range i s  a resu l t  o f  e ros i on during M i d - t o  La t e - Cenozo i c  

t ime , and some to tec tonic up l i ft . The s o f t  shale and sands tone e a s t  o f  t h e  present 

mountain front have been removed by erosion . The res i s tant gran i t i c  and me t amo rphi c  

rocks o f  t h e  range i t s e l f  have res t ri c t ed s t ream erosion s o  t h a t  deep , narrow c anyon s  

are present wi thin the range . 
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S E D I M E N TARY ROCKS 

E R A  P E R I O D  A G E  F O R MAT I O N  T H I C K- G E N E R A L  L I T H O L O G Y  
M i l l ion::; N E SS 

Epoch of Years Feet IMeters) 

Q U ATE R N A R Y  See Figure 2.3.4.-5 

u Pl iocene 
3 

0 >-N a:: M iocene Not p resent in the Rocky F lats a rea 0 z <! 
O l igocene -

w f-U a:: E ocene w f- 54 
Paleocene Upper p a r t :  Latite f l o ws on 

65 Denver Formation 
"" 600 Table M o u n t z i n ,  GOlden 

"" ( 1 80) Lower part : Tuffaceous sandztone 
ziltstone, conglomerate 

Arapahoe Formation 270 - 450 Sand and ( lay 
180 - 140) r--- ? � ? ?� ? 

Laram ie Formation 
750 - 800 Upper U r w  Shale 

(/) 1230 - 240) Lower U r. i t '  Sandstone ::J Upper 0 40 · 90 w Fox H i l l s  Scndstone 1 1 2  - 2 7 1  
Sandstone 

U U 
0 <! P i e r re Shale 7,300 Shale,  sandstone and rr inor f- 12,200) N w S i l t  

0 a:: N i obrora Shale 
450 

Shale, m i n o r  l imestone (/) U ( 1 40) w t--- ? - ?  7- ?-:2! 
Benton Shale 

500 Shale, miner bentonite,  
( 1 50)  l i mestone a n d  �dtstone 

Lower Dakota G roup 
320 Sandstone, mmor shale, 

( 1 00 )  s i l tstone and con91omerate 
1 35 

Morrison Formation 300 Claystone, sandstone and 

J U R ASS I C  
(90) l imestone 

Ralston Creek Formation 
35 - 1 20 Claystone, s i l tstone and 

I I I  - 35) l i mestone 
100 � 7  � 7 ? 7-

T R I ASS I C  Ly k ins Formation 400 - 500 Sdtstone, m i nor l imestone 225 - 7- - ? 1 1 20 - 1 50)  ?�? 
PE R M I AN Lyom Sandstone 

200 - 250 Sandstone, minor con91omerate 
160 - 75)  

U 270 800 - 1 000 
Fountain Formation 

Sandstone, conglomerate, and 0 p r N NS'f L V A N I A N  1240 - 300) stl tstone N 300 0 M I SS ISS IPP IAN 
w 

D E V O N I A N  ..J 
<! S I L U R I AN N ot p resent in the Rocky F lats area c.. 

O R D O V I C I A N  

CAM 8 R I A N  570 
Crysta l ! i n e  Basement Metamorphosed sedimentary 

P R E CA M B R I AN Complex U n known volcanIC and intrUSIve rocks, 
m a i n l y  schist and gneiss. 

I ntrusive Rocks 

P A L E O C E N E  62 R a l s ton D i ke Monzor. lte 

F i gure 2 . 3 . 4 - 2  Geo l og i c  Time S c a l e  and 
S t ra t igraphy i n  the Roc ky F l a t s  Area 
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Several terrac e s  and pediment s  i n  the area o f  the Pl ant s i t e  have been e roded 

ac ro s s  bo th hard and s o f t  bedrock during Quat e rnary t ime ( Sco t t , 1 9 63 ) . The Roc ky 

Flats  pediment i s  the mo s t  ext ens ive o f  the s e , forming a b road f l a t  surfac e  north o f  

Coal Creek . Figure 2 . 3 . 4 - 1  shows a general ized c r o s s  s e c t ion o f  t h e  Quaternary 

pediment s  and overlying al luv i al depo s i t s  for the Roc ky F l a t s  area . 

The s e  broad p ediment s  and narrower t e rrac e s  are covered by thin alluvial depo 

s i t s  o f  anc i ent s treams which drain eas tward into the Gre a t  Plains . The s equenc e o f  

pediment s  re f l ec t s  repe t i t ive phy s i c al proc e s s es assoc i a t ed w i th cyc l i c  changes i n  

c l imate . Each erosional surface and s t ratigraph i c  s equence depo s i t ed on i t  probably 

represen t s  a s ingle glacial  cyc l e . The o l de s t  and highe s t  pedime n t , the Subsummi t 

Surface ( Sco t t , 1 9 60 ) , t runcates  the hogback ridges o f  the Front Range . Three suc 

c e s s ively younger pediment s  are veneered by al luvial grav e l s  ext ending e as tward from 

the mountain fron t . Eros ion o f  vall eys into the pediment s  fo l lowed e ach depo s i t ional 

cyc l e  s o  that , near the mountain fron t , s trat igraph i c a l l y  younger geologic un i t s  

o c cur a t  topographi c a l ly lower e l evations as narrow t errace depo s i t s  along s treams 

draining the Front Range . From o ld e s t  to younge s t , the three pre -Wi sconsin pediment 

surfac e s  are the Roc ky F l a t s  Alluvium , Verdo s Al luvium , and Slocum Al luv ium ( S co t t , 

1 9 65 ) . A s e r i e s  o f  Wi sconsin and po s t -Wi s cons i n  terrac e depo s i t s  are present  a t  

lower e leva t ions along s t reams t h a t  have inc i sed t h e  older pediment s  ( se e  F igure 

2 . 3 . 4 - 1 ) .  

The Roc ky F l a t s  Plant s i t e  i s  l o c a t ed on a mesa- l i ke surface o f  Roc ky F l a t s  

Al luvium . T h e  pediment sur fac e and veneer o f  Roc ky F l a t s  Al luvium , general ly 1 0  to 

50  fee t  ( 3  to 1 5  m)  thi c k ,  have been e roded by Walnut C reek on the north and Woman 

Creek on the south so that be low the P l an t  s i t e , bluffs  along the s e  s treams range in 

height f rom 5 0  to 150 f e e t  ( 1 5 to 45 m ) . The gradient of the gen t l y  eas tward - s lop ing , 

d i s s e c ted Roc ky F l a t s  Al luvial surface vari e s  from 0 . 7% a t  the P l ant s i t e  to app rox i 

mately 2 %  j u s t  e a s t  o f  the P l an t . 

2 . 3 . 4 . 2  Geo logic H i s tory 

The cen t ral Colorado area i s  part o f  the North Amer i c an Craton . During Prec am 

b rian t ime , geo sync l inal sediment ary and volcan i c  rocks were depo s i ted , and l ater 

folded , faul ted , and were i n t ruded by gran i t i c  rocks . The rocks were subj e c t ed to at  

l e a s t  three p e riods of  metamorphi sm and are now mainly gne i s s e s  and schi s t s  ( Sheridan 

e t  a l . , 1 9 6 7 ; Van Ho rn , 1 9 7 6 ) . The I daho Springs -Ra l s ton shear zone and o ther zones 

o f  northeas t - t rending c a t ac l a s t i c  de fo rmation , northwe s t - t rending fau l t s  and bre c c i a  

ree f s , and north - to northwe s t - t rending s tr i ke - s l ip fau l t s  w i th a north t o  nor thwes t  

trend developed during the Precambr i an ( Twe to and S ims , 1 9 63 ) . 

The ear ly Paleoz o i c  was charac terized by periods o f  shal low marine depo s i t ion , 

al t e rn a t i ng w i th p eriods o f  minor up l i ft , ero s ion , o r  nondepo s i t ion ( Haun and Kent , 

1 9 65 ) ,  During Pennsylvan i an t ime , the Anc e s t ral Roc ky Mountains were formed i n  
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app roximat e l y  the same locat ion as the present Laram i e  and F ront Ranges ( F igure 

2 . 3 . 4 - 3 ) , wh i l e  a s e a  covered the Denver Basin area to the e as t . The o rogeny ( p e riod 

of up l i f t )  resu l t ed in the erosion of mo s t  ear l i e r  Paleozo i c  roc ks in the vic ini ty o f  

Rocky F l a t s ; howeve r ,  a few remnan t s  are preserved deeply bur ied i n  the Denver Basin 

( Scope l , 1 9 64 ) . The coarse c l a s t i c s  o f  the Fountain Format ion were derived f rom 

e ro s ion o f  the Anc e s t ral Rockies  and dep o s i ted along the edge o f  the sea , whi l e  

c arbonat e  and shale were dep o s i ted farther eas t in deeper w a t e r  ( Mar t i n , 1 9 6 5 ) . 

Erosion o f  the Anc e s tral Roc k i e s  continued dur ing Perm i an and Trias s i c  t ime ; 

they were p robab ly l ev e l ed by Jura s s i c  t ime ( Haun and Ken t , 1 9 65 ) . Throughout the 

Trias s i c , Juras s i c , and Early Cre taceous , the sea t ransgre s sed and regre s s ed ac ro s s  

Colorado . A thi c k  s equenc e o f  marine and terre s t r i a l  uni t s  were depos i ted , s ome o f  

which are now exposed j us t  wes t o f  the Ro c ky F l a t s  Plant s i te . 

The L aramide o rogeny began i n  the Late Cretaceous w i th up l i ft o f  the F ront Range 

and the o ther ranges of the Roc ky Mountains , along w i th a rap id increase in sub s i 

dence in the Denver B a s in ( s e e  F igure 2 . 3 . 4- 3 )  ( Mart in , 1 9 65 ) . Upper Cretaceous 

uni t s  in the Denver Basin were depo s i ted as an eas twardly p rograding d e l t a . We imer 

( 19 7 3 ) pos tulated the presence o f  growth faul t s  in the de l ta i c  s ed imen t s  along the 

wes tern edge of the Denver Basin . Data from Dav i s  ( 1 9 7 6 )  suppor t  an interp r e t a t ion 

that growth faul t s  are present  in Cretaceous forma t ions west of the Ro c ky F l a t s  P l an t  

s i te . Al though much o f  the fau l t ing a s s o c i ated wi th the Laramide o rogeny took p lace 

a long Prec ambr i an fau l t  zones and fo l ia t ion t rends ( Badgley , 1 9 60 ) , many n ew fau l t s  

w e r e  a l so formed . The Golden fau l t  was produced by t hrus t ing along the Front Range 

mono c l ine whi ch fo l ded the Pal eoz o i c  and Mesoz o i c  format ions to a vert i c al or s l igh t ly 

ove r turned po s i t ion wes t o f  the Plant  s i t e . Concurrent w i th up l i ft o f  the Roc ky 

Moun tains , the Denv e r  Basin  was t i l ted e as t , as suming i t s  p re s en t  form ( Ma r t in , 

1 9 6 5 ) . The Laramide o rogeny resulted in 1 5 , 0 00 to 45 , 0 0 0  fee t ( 5 , 00 0  to 14 , 0 0 0  m )  o f  

s t ruc tural re l i e f .  

Vo l c anism a s s o c i ated w i t h  the Laramide o rogeny began near the end o f  the Cre 

taceous and continued into the Paleocene . Remnants o f  vol c an i c  depos i t s  near Roc ky 

F l a t s  inc lude the Tab l e  Moun tain flow s  ( wi thin the Denver Format ion ) near Golden and 

the Ral s ton dike ( F igure 2 . 3 . 4 - 4 )  ( Van Horn , 1 9 7 6 ) .  Pal eomagnet i c  evidence indicates  

that the Ral s ton dike was i n t ruded abou t 62 m i l l ion years ago ( Hob l i t t  and Larson , 

1 9 7 5 ) . Hob l i t t  and Larson ( 1 9 7 5 ) b e l i eve that the int rus ion was a s i l l  that was 

l a t e r  up l i fted and ro tated 60 0 E  a long the Go l den faul t .  The Colorado Mineral B e l t  

deve l oped dur ing and a ft e r  the Laramide o rogeny w i th i n t rus ion o f  porphyri e s  and 

a s s o c i ated ore depo s i t s  into the northea s t - t rending Prec ambrian s t ruc tural zone 

( Tweto and S ims , 1 9 63 ) . 

Erosion kept pace wi th up l i ft during the Laramide o rogeny , and the mountains 

p robably never s tood very high above the basin s . By l a t e  Eoc ene t ime , an  eros ion 

sur fac e w i th low re l i e f  covered much of the Ro c ky Moun tain region . D e t a i l ed s tudies 
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o f  d i sp lacemen t s  on this  and l a t e r  e ro s ion surfac e s , Tertiary depos i t s  and paleo 

val l eys ( Ep i s  and Chapin , 19 7 5 ; S c o t t , 19 7 5 ; I z e t t , 1 9 7 5 ; Tay l o r , 1 9 7 5 ) have shown 

that the present Roc ky Moun tains are l argely the re sult  o f  po s t - Laramide tec ton i sm .  

Parts o f  the Eocene sur face were preserved as paleoval l eys which were buried under 

the Wa l l  Mountain Tu f f  o f  early O l i goc ene age and corre l a t ive grav e l s  in the South 

Park area and near Cas t l e  Ro ck ( Ep i s  and Chap i n , 1 9 7 5 ) , and by o the r Ol igocene and 

Mioc ene vo lcanics and s ed iment s  we s t  o f  the Front Range ( Iz e t t , 1 9 7 5 )  and in south

central Co lorado ( Taylo r , 1 9 7 5 ) . Up l i ft in the Co lorado Rockies  s ince early Miocene 

has ranged from 5 , 0 00 to 1 0 , 0 00 feet  ( 1 5 0 0  to 3 0 0 0  m ) , and block fau l ting in the 

Miocene and P l ioc ene has d i sp l ac ed the Eocene surface hundreds to thou sands o f  feet  

( hundreds o f  me ters ) on many o f  the faul ts . Many r ivers changed course as a result  

o f  thi s up l i ft ( S co t t , 1 9 7 5 ) . Folding o f  Miocen e  depos i t s  has oc curred a long w i th 

fau l ti ng in North Park ( Iz e t t , 1 9 7 5 ) .  In the wes t e rn Front Range , S c o t t  ( 1 9 7 5 ) found 

1 , 00 0  feet  ( 30 0  m )  of l a te Te r t i ary di splacement on the Kennedy Gu lch faul t ,  and 3 3 0  

f e e t  ( 1 0 0  m )  and 2 , 0 0 0  f e e t  ( 60 0  m )  d i sp l a c emen t s  on fau l t s  near Be rgen Park . Near 

the e a s t  f lank of the Front Range , eros ion has removed almo s t  all of the Eocene 

surface and the amount of po s t - Laramide up l i ft is unknown . 

During P l e i s tocene t ime , the Rocky Flats  area was charac terized by ep i sodes o f  

erosion , al luv i al t e rrace forma t i on , and so i l  developmen t related t o  glac ial  and 

interglac i a l  epochs ( s ee Figure 2 . 3 . 4 - 5 ) . Terrace al luvium was dep o s i ted from flood 

d i s charges that were probably as great as 5 0 , 0 0 0  f t3jsec ( 1400 m3jsec ) flowing f rom 

the glacia ted headwater basin o f  Ral s ton and Clear c re eks ( Bake r , 1 9 74 ) . Re l a t ive 

geo l o g i c  dat ing o f  Qua ternary depo s i t s  in the Roc ky F l a t s  area has been aided by the 

presence of a volcan i c  ash dep o s i t  in the Verdos Al luvium ,  dated at abou t 7 0 0 , 0 0 0  

years o l d  ( Reyno ld s , 1 9 7 5 ; Nae s s e r  e t  al . ,  1 9 7 3 ) .  Thi s  volcan i c  a s h  depo s i t  i s  

re ferred to a s  the Yel l ows tone ash . 

Quatern ary faul ting has no t been we l l  documented i n  Colo rado , bu t some fau l t s  

show evidence o f  Quat ernary a c t iv i ty ( S c o t t  1 9 7 0 ; Wi tkind , 19 7 6 ;  Ki rkham and Roger s ,  

1 9 7 8 ) . We s t  ( 1 9 7 7 ) ,  working in the Gore Range , e s t ab l i shed c r i t e r i a  for evaluat ing 

ac t ive fau l t s  and fau l t  s c a rp s . In h i s  evaluation o f  fau l t s  p revi ous l y  de sc ribed as 

showing s t rong ev idence of very recent movement , he found that many features formerly 

reported to b e  fau l t s  we re ac tual ly c aused by l ands l iding or ma s s  wasting in zones 

weakened by anc ient fau l t ing . He found no conc lus ive evidence of recent ( none in the 

last m i l l ion years ) fau l t ing . 

A graben near the Golden fau l t  in Go lden ( Figure 2 . 3 . 4- 4 )  shows a t  l e a s t  two 

periods o f  Quate rnary movement w i th a total d i sp lacement o f  18 feet  ( 5 . 5  m )  ( S co t t , 

1 9 7 0 ; Ki rkham , 1 9 7 7 ) .  Al though the re lationship b e tween the graben and up l i ft o f  the 

Front Range along the Go l den fau l t s  is unknown , the grab en does indicate that Quater

nary movemen t  has oc curred on fau l t s  on the e a s t  s ide o f  the Front Range . 

2 - 2 5 



Y E A R S  
E POCH .G LAC I A L  S E Q U E N C E  D E POSIT Before Present 

Gannett Peak Stade 
1 000 � w post-Piney Creek al luvium 

z I nterstade 2000 w • u 
-
u: 

0 > Piney Creek Alluvium � 3000 -l .. 
Temple Lake Stade 0 ? 

I 

5000 "Altithermal I nterval "  pre-Piney Creek al luvium 

1 2,000 

Pinedale Glaciation E Broadway Alluvium 
Z � 
in .; 
z .= 

� 60 ,000 0 u '" (I) (,) 3: � 
Bul l  Lake Glaciation '" Louviers Alluvium f-

1 30,000 � w 
z Sangamon I nterglaciation 
w 

250,000 u Slocum Alluvium 
0 - - - -
f0-
CI) I L LI NOIAN 
-
w 
-l Yarmouth I nterglaciation 

ll-
600,000 Verdos Alluvium 

- - - -

KANSAN 
1 ,000,000 

Aftonian I nterglaciation 

R ocky Flats Alluvium 

- - - -
1 ,500,000 N E B RASKAN 

Pleistocene 
or Pre-Rocky Flats Alluvium 

Pliocene 

( Adapted From VanHorn, 1 976; Scott, 1 965) 

F i gure 2 . 3 . 4 - 5  Al luv i a l  Depo s i t s  in the 
Rocky F l a t s  Are a 

2 - 2 6  

c: '" -

(Soil) 
'" '> :::l 

0; 
Cl c: :::l 0 

(Soil )  > 

(Soil) ." C1> 
:2 0;; '0 '0 c: c: :Jl .!!! c: c: '0 .!!! '" - c: '0 '" 0; C1> 
E '> '0 :::l c: .=! '> '" 0; :::l en - en '0 '0 C1> 

'0 u .Q 
(Soil) I I 

J I ,... 
I I 

,J I 
I ,... I (Soi l )  ,J J. I I J. J. I I 

(Soi l )  J. J I I 1 J. I I 
l � 



2 . 3 . 4 . 3  S tratigraphy 

Rocks in the  v i c i n i t y  o f  the Rocky F l a t s  P l an t  s i t e  range in age from Precam

brian t o  Ho loc ene ( F igure s  2 . 3 . 4- 2  and 2 . 3 . 4- 5 ) . The o l d e s t  are the Precamb rian 

gnei s s , sch i s t , and quartz i t e  that form the c o re o f  the Front Range wes t o f  the  Plan t  

s i te . S trat igraphi c a l ly above these rocks a t  the Plant s i t e  are s ed iment ary forma

t ions wh ich range i n  age from Pennsylvan i an to Paleozoic ( s ee cross s e c t ion , F i gure 

2 . 3 . 4 - 6 ) , and surfi c i a l  depo s i t s  whi ch range in age from P l e i s to c ene to Ho locene . 

The Roc ky F l a t s  area was genera lly undergo ing ero s i on during Tertiary t ime ; c o n s e 

quen t ly , any Tertiary rocks t h a t  w e r e  depo s i ted have b e e n  s t r ipped away . Surfi c i a l  

depo s i t s  r e s t  uncon formab ly on the e roded surfac e o f  folded and fau l ted bedro c k  

format ions ( F igure 2 . 3 . 4 - 6 ) . A geologic map o f  t h e  a r e a  wi thin a 5 m i l e  ( 8  km )  

radius o f  the Roc ky F l a t s  P l an t  s i t e  i s  shown on Figure 2 . 3 . 4 - 7 . A general ized 

s t ratigraphic column for the Rocky F l a t s  v i c i n i ty i s  shown on F igures 2 . 3 . 4 - 2  and 

2 . 3 . 4 - 5 . Detai l ed desc rip t ions o f  s t rat igraphic uni t s  present in the Roc ky F l a t s  

v i c i n i ty are avai l ab l e  in various sourc e s , inc luding Hurr ( 1 97 6 ) , Malde ( 1 9 5 5 ) , 

Spenc er ( 19 61 ) , Van Ho rn ( 1 9 7 6 ) , and Wel l s  ( 1 9 67 ) .  

2 . 3 . 4 . 4  S o i l s  

Roc ky F l a t s  i s  s i tuated o n  the High Plains near the mountains o f  the Colo rado 

Front Range ( se e  S e c t ion 2 . 3 . 4 . 1 ) . Regional s o i l s  reflec t this  al t i tude and concurrent 

bedrock c hange s .  Re l a t ively we l l - deve loped s o i l s  ( Us t o l l s , Argids , and P s amment s ) 

are common in the grassy p l a in s ; thin , poorly deve loped roc ky s o i l s  ( Bora l fs and 

Boro l l s ) are common in the for e s t ed moun tains . The pedocal -peda l fe r  boundary oc curs 

near the mountain front w i th c alc ium c arbon a t e  c ommon in so i l s  found to the e as t .  

As di scussed , the P l an t  s i te i s  located on Roc ky F l a t s , a gravel veneered pediment 

that is one o f  the older in a s e r i e s  of Quatern ary al luvial depo s i t s  that oc cur as a 

narrow p i edmont a t  the boundary be tween the p lains and the Roc ky Mountains  ( se e  

F i gure 2 . 3 . 4 - 1 ) . 

S o i l s  in the Ro c ky F l a t s  P lant s i te area have been mapped and d e s c ribed by the 

S o i l  Cons ervat i on S e rv i c e  (Amen and o thers , 1 9 7 5 )  and are shown in Appendix C - 3 . The 

we s t ern part of the Ro cky F l a t s  P l an t  s i te area general ly is underlain by the Nederland 

so i l , a cobbly , grave l ly , s andy loam . Thi s  is a s trongly developed so i l  that has 

been d e s c ribed by Amen and o thers ( 19 7 5 ) , Malde ( 1 9 5 5 ) ,  S c o t t  ( 1 9 63 ) , and Mach e t t e  

e t  a l . ( 1 9 7 6 ) .  

The eas tern hal f o f  the Rocky F l a t s  Plant s i te area has a numbe r  o f  di fferent 

so i l  typ e s  corre sponding to t he d i s s e c tion of the Roc ky Flats geomorphic  sur fac e .  

The so i l s  are found mainly on hi l l  s lope s , and , to a l e s s e r  extent , on terrace s  and 

on a l luvium along s treams . Two s o i l s  are common : ( 1 )  the D enver - Ku tch-Midway so i l  

2 - 2 7  



Kp 

Qv 

Qrt 

Ka 

Klu 

KII  

Kfh 

Kp 

ROCKY F LATS P LANT S I T E  

/-----------�----------�\ Qrf 

Ka 

Kp 

Vertical Exaggeration X4 

LEGEND 
V E R DOS A L L U V I U M  

R O C K Y  F LATS A L LU V I U M  

ARAPAHOE F O R M A T I O N  

U PP E R  LARAM I E  F O R M A T I O N  

LOW E R  LARAM I E  F O R MA T I O N  

F O X  H I L LS SAN DSTO N E  

P I E R R E  S H A L E  

Qv 

Ka 

Klu 

KI I  

h 

EGG LESTON F A U LT 
Kp 

Note: From Hurr ( 1 976); see Figure 2.3. 4-7 
for location of cross section. 

F i gu r e  2 . 3 . 4 - 6  G e o l o g i c  C r o s s  S e c t i on in t h e  Ro c k y  F l a t s  A r e a  

2 - 2 8 

Elevation 
ft. 

6300 1 9 20 
...: 1 900 
'" 
� 6000 � 1 800 Cl 
� 

1 700 
5500 

1600 

5000 
1 500 

1 400 
4500 



assoc i a t ion found on s lope s  and ( 2 )  the Nunn c l ay loam found on a lower ero s i onal 

sur fac e b e low the Roc ky Flats geomo rph ic surfac e . The Denver-Kutch-Midway s o i l s  

occur on s te ep l y  to moderately slop ing val l ey sides . 

2 . 3 . 4 . 5  Mineral Resources 

I n  r e spon s e  to pub l i c comment o n  the DE I S , this s e c t ion on mineral resourc e s  

that have been deve loped in t h e  vi c i n i ty o f  Rocky F l a t s  h a s  b een added . They include 

sand , g rave l ,  c rushed ro ck , c l ay ,  coal , and uranium ( Van Ho rn , 1 9 7 2 ) . 

Subb i tuminous coal oc curs in s everal l e n t i cular bod i e s  in the lower part o f  the 

Laram i e  Forma t ion . No coal has b een mined in the area s in c e  1 9 5 0 . An e s t imated 1 0  

mi l l ion tons o f  coal has been removed from 1 3  mines i n  the Go lden quadrangle south o f  

the P l an t . As suming an average th ickn e s s  o f  6 f e e t  o f  mineab l e  coal , 2 5 0  mi l l ion 

tons of coal s t i l l  l ie w i th i n  1 , 0 0 0  feet of the sur fac e . I t  was e s t imated by Spencer 

( 1 9 6 1 ) that the total  coal p roduc tion from the Lou i sv i l l e  quadrang l e  North o f  the 

P l an t  was 2 0  mi l l ion tons and that f ew s izab l e  areas r emain where coal is  of suffi 

c i ent  thi ckne s s  and qua l i ty to j us t i fy mining . 

There are ex tensive depo s i ts o f  s and and gravel i n  the Rocky F l a t s  area . The 

Rocky F l a t s  Al luv ium has b e en a sourc e o f  s and and gravel at the P l an t  s i t e . Van 

Horn ( 19 7 2 )  e s t imated that there are about 2 5 0  mi l l ion cub ic yards o f  sand and gravel 

sui t ab l e  for concre t e  and mineral aggregate in the Golden quadran g l e . The neare s t  

sand and gravel mine curren t ly operat ing i s  l o c ated about one m i l e  southw e s t  o f  the 

P l an t  s i t e . 

C l ay has been mined from both the Laram i e  Format ion and the P i e rre Shale in a 

narrow s trip from Coal Creek south to Go lden . Three p i t s  i n  c l ay and c l aystone beds 

of the s teeply dipp ing lower part of the Laram i e  Format i on are presently b e i ng m i ned . 

The c l ay p roduced i s  b e s t  sui t ed for brick , t i l e , and s ewer p i pe . C l ay from the 

upp e r  part of the P i e rr e  Shale was mined and treated to form a l ightwe ight aggrega t e  

at a p l an t  operated b y  the Ideal i te Cement Company near the northw e s t  corn e r  o f  the 

Plant s i t e . This operation was c lo s ed in 1 9 7 6 . 

S everal quarr i e s  have ext rac ted rock from the Precamb rian i n t e r l ayered gne i s s  

and t h e  T e r t i ary igneous rock exposed i n  t h e  Go lden quadrang l e . Both o f  these  

ma t e r i a l s  have been used for con c r e t e  aggregate and r iprap . At the  p re s e n t  t ime , 

rock i s  b e i ng quarried from the Ral s ton dike , wh ich i s  about four mi l e s  southwe s t  o f  

the P l an t  s i t e , for u s e  as rip rap , concre t e  aggrega t e , and road mat e r i a l . 

The Schwartzwalder uranium mine , wh ich i s  four m i l e s  southwe s t  o f  the P l an t  

s i te , has b e en the l arge s t  v e i n - type p rodu c e r  o f  u ranium o r e  in Co lorado and ranks 

among the s ix l arge s t  o f  th i s  type i n  the Un i t ed S ta t e s . Ore shipmen t s  o f  this  

high - grade ore have y i e lded more than 1 1 , 5 0 0 , 00 0  pounds o f  U30S ' Unmined res e rves 
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are b e l i eved to b e  suffic ient to supply 6 0 0  tons o f  ore p e r  day for the next 1 0  

years . 

2 . 3 . 4 . 6  Geologic S t ructure 

Regional Te c tonic S e t t ing 

The Roc ky F l a t s  P lant s i te i s  located in the Denver Bas i n , which i s  part o f  the 

Great P l a in s  Tec tonic P rovince . The Front Range Up l i ft , wh ich i s  part o f  the South e rn 

Roc ky Moun tain Tec tonic P rovinc e , i s  l o c a ted immedi a t e ly we s t  o f  the s i te . F i gure 

2 . 3 . 4- 3  ( modi fi e d  from Gro s e , 1 9 7 2 )  shows the maj o r  tec tonic p rovinc e s  and subprovinces 

w i thin the s i t e  region . The Denver B a s i n  and F ront Range Up l i ft are the mo s t  sign i f i 

cant t o  the Rocky F l a t s  P l an t  s i te and are d i s cu s s ed b e low . New in formation on the 

po s s i b l e  a c t iv i ty of the Golden Fau l t  has been added as a result  of pub l i c  commen t  on 

the DE I S . 

Denv e r  Basin - The Denver Bas i n , in whi c h  the Roc ky F l a t s  P lant s i te i s  located , 

i s  an extens ive sedimen tary basin b o rdered on the we s t  by the Front Range in Co lorado 

and by the Larami e  Range in Wyoming ( Martin , 1 9 65 ) . The basin extends eas tward 

ac ro s s  Colorado and southe a s t e rn Wyoming into wes t e rn Nebraska and n o rthwe s t e rn 

Kansas ( s e e  F igure 2 . 3 . 4- 3 ) , and i s  d i s t inc t l y  asymmet ri c . The eas t e rn f l ank dips 

gent ly toward the axi s  of the basin , wh ich lies c lo s e  to and rough ly para l l e l  to the 

moun tain fron t . The w e s tern f l ank i s  s teep ly up turned and beds are ove rturned in 

p l ace s , which may be the r e su l t  o f  thru s t  fau l t ing along the e a s t  edge o f  the Front 

Range . A b ro ad f l exure s ep arate s two deeper port ions of the basin , whi ch are l o c ated 

near Denver ,  Colorado and Cheyenne , Wyoming ( Fi n l ey et al . ,  1 9 5 5 ) . During the 

Laramide o rogeny of Late C r e t ac eous and early Tert i ary , the basin was t i l ted eas tward , 

and the shape o f  the bas in as sumed i t s  present form . 

Mor e  than 1 3 , 0 0 0  feet  ( 3 , 9 0 0  m )  o f  s edimentary rocks ove r l i e  Precambr i an b a s ement 

rocks w i thin the basin . Geologic map s of the subsurfac e indicate a variab l e  depo s i 

t i onal env i ronment marked b y  suc c e s s ive advanc e s  and wi thdrawa l s  o f  ep i c on t inental 

seas . Unco n fo rmab l e  contac t s , fac i e s  c hange s , and varying sediment thickn e s s  also 

indicate  repeated ac t ivi ty in the tec tonic feature s surrounding the b a s in ( Ma r t in , 

1 9 65 ) . The Denv e r  Basin i s  s eparated from the F ront Range Up l i ft by the F ront Range 

monoc l ine , which is described later . 

Front Range Upl i ft - The Front Range Up l i ft i s  a broad northwe s t - t rending c ru s 

t a l  b lo c k  w i th a rel a t ively f l a t  top and s teep s ide s . Toge ther w i th i ts extens ion 

into Wyoming where i t  i s  cal led the Laramie Range , and a re l ated s t ruc ture t o  the 

south , the We t Mountains , the Front Range c on s t i tutes  a moun tain b e l t  up to 60  m i l e s  

wide and 2 5 0  mi l e s  long ( s e e  Figure 2 . 3 . 4 - 3 ) . The c ore o f  t h e  range i s  c omposed o f  

c omp l exly folded and faul ted Precambr i an igneous and metamorph ic roc ks . Because o f  

the mineralization as soc i ated w i th geologic s truc ture i n  the Colo rado Mineral B e l t , 

the Front Range has b een thoroughly inv e s t igated ( Boos  and Boos , 1 9 5 7 ; Lovering and 
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Goddard , 1 9 5 0 ; Twe to and S ims , 1 9 63 ) . The contac t b e tween the P r e c amb r i an c ry s tal 

l ine b a s ement rock and the ove r ly i ng sedimentary rock s equen c e  dips s teep l y  eas tward 

i n to the Denver B a s in j u s t  wes t o f  the P l an t  s i t e . 

The Front Range Upl i f t  i s  charac t e r i z ed by comp l ex fo ld ing and faul t ing r e fl ec 

t ing s everal pe riods o f  sup er impo sed de forma t i on . Al though many o f  the s t ruc ture s 

wi thin the Fron t Range Up l i ft are rela ted to the Laramide o rogeny , the b lock faul t ing 

that produced the up l i ft is b e l i eved to be late Te r t i ary in age ( Ep i s  and Chapin , 

1 9 7 5 ; S co t t , 1 9 7 5 ) .  There i s  some evidence that the b l o c k  fau l t ing has continued 

into the Qua ternary ( S co t t , 1 9 7 0 ; Wi tkind , 19 7 6 ;  Ki rkham and Roge r s , 1 9 7 8 ) . 

Folds 

The dominant fo ld i n  the v i c i n i ty of Rocky Flats is  the Front Range mono c l ine , 

wh ich paral l e l s  the en t i re eas t flank o f  the F ront Range Up l i f t  ( s e e  F i gure 2 . 3 . 4- 3 ) . 

The mono c l ine i s  s t eeply d ipped and l o c a l ly ove rturned . The fo l di ng i s  t ight and 

wi th i n  a short d i s tance , t h e  dip o f  the beds changes from almo s t  verti cal to almo s t  

horizon tal . The s i te i s  s i tuated o n  the f l a t - lying beds , j u s t  t o  the eas t o f  the 

mono c l in e  ( se e  F i gure 2 . 3 . 4 - 6 ) . 

Other folds i n  the v i c i n i ty o f  Ro c ky F l a t s  are b ro ad and relat ive l y  gent l e . 

Spenc e r  ( 1 9 6 1 ) shows s t ruc ture c o n tours on the top o f  the Fox Hi l l s  S ands tone , which 

i ndi c a t e  seve ral minor sync l ines  and ant i c l ines i n  the  C re taceous uni ts in the  v i c in i ty 

o f  the s i te . There i s  no evidence o f  any Qua t e rnary depo s i t s  b e ing i nvolved in any 

folding or t i l t ing in the Ro cky F l ats  area . 

F au l t s  

There are n o  iden t i f i ed fau l t s  underlying the Ro c ky F l a t s  Plant  s i te , w i t h  the 

excep tion of a po s s i b l e  p roj e c t ion of the Egg l e s ton fau l t ,  which would cut the north

eas t c o rn e r  of the buffer zone . Fau l t s present w i t h i n  the Rocky F l a t s  area fa l l  i n to 

four c a tegor i e s : ( 1 )  fau l t s  o E  Precambri an age , ( 2 )  Cretac eous growth fau l t s  along 

the we s t  flank o f  the Denver B a s i n , ( 3 )  fau l t s  r e l a t ed to the Laramide o rogeny , and 

( 4 )  fau l t s  rela ted to pos t - Laramide b l o c k  fau l t ing . I n  some c a s e s , there i s  eviden c e  

to i n d i c a t e  that fau l t ing o c curred a l ong pre- exi s t ing fau l t s  ( e . g . , t h e  locat ion o f  

Precamb r i an fau l t s  con t ro l l ed , i n  part , the l o ca tion o f  Laramide fau l t s ) .  A d e s c r i p 

t ion o f  i d en t i f i ed fau l t s  i n  t h e  Roc ky F l a t s  a r e a  i s  presented i n  the fo l lowing 

paragraphs . The l o c a t ions o f  the s e  fau l t s  are shown on F i gure 2 . 3 . 4 - 4 .  Po s s ib l e  

fau l t ing assoc i a ted w i th fluid inj e c t i on a t  the Ro cky Moun tain Arsenal  i s  di s c u s s ed 

i n  S e c t ion 2 . 3 . 4 . 7  ( De rby E a r t hquake S e r i e s ) .  

Idaho Spring s - Ra l s ton S hear Zone - Precambr i an faul t s  have been mapped i n  the 

Precambrian metamo rphic rocks we s t  of the P l an t  s i t e , and are general ly re ferred to 

a s  shear zone s o r  b re c c i a  reefs  ( We l l s , 1 9 6 7 ) . The c l o s e s t  o f  the s e  fau l t s  to the 

s i te is the Idaho Spring s -Ra l s ton shear zone , l o c a ted about 3 . 8  mi l e s  ( 6  km) to the 
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we s t . Twe to and S ims ( 1 9 6 3 ) report that the I daho Spring s - Ra l s ton shear zone was 

formed during the l a t e - Precamb rian , and is part of a s e r i e s  of northe a s t - trending 

zone s t raced acros s central Color ado . The Idaho S p rings - Ra l s ton shear zone is not 

known to have d i sp l aced any rocks younge r than Precambrian , and there i s  no evidence 

to ind i c a t e  that the fau l t  has been ac t ive s ince Precamb r i an t ime . The s teeply 

dipping shear zone t rends about N500E and range s f rom about 0 . 5  mile to 1 . 5  mi l e  ( 0 . 8  

to 2 . 5  km )  i n  width ( We l l s , 1 9 67 ) . 

A map o f  basemen t  ro c k  three m i l e s  north o f  the s i te i nd ic a t e s  a buried s t ruc ture 

that may b e  a cont inuation of the shear zone ( Spenc e r , 1 9 61 ) . Magn e t i c  and grav i ty 

anomal i e s  re l a t ed t o  the shear zone in the Front Range a l s o  sugges t  an eas tward 

c on t inuation o f  the zone ( Behrendt and Baj wa ,  1 9 7 2 ; and Z ie tz , 1 9 7 2 ) . The northea s t 

ward extens ion o f  t h e  shear zone in t h e  Precambr ian b a s ement r o c k  could be t h e  c ause 

of  the b ro ad f l exure that s eparates the two deeper portions o f  the Denver B a s in ( s ee 

di scuss ion under F au l t s  in the Marsha l l - Superior- Louisvi l l e  Area ) . 

L ivings ton F au l t  - There i s  a s e r i e s  o f  northwe s t - t rending fau l t s  o r  brec c i a  

re e f s  mappe d  in the h i l l s  several mi l e s  no r thwes t  o f  the s i te . Wel l s  ( 1 9 6 7 ) repo r t s  

t h a t  the s e  fau l t s  originated during t h e  Precambr i an and w e r e  l a t e r  a c t ivated during 

the Laramide o rogeny . The L ivingston faul t ,  a l i t t l e  more than 3 mi l e s  ( 4 . 8  km) f rom 

the s i te , is the c l o s e s t  o f  the s e  fau l t s  ( s ee F i gure 2 . 3 . 4 - 4 ) . The fau l t s  gene ral ly 

cons i s t  o f  a zone up to 1 . 5  m i l e s  ( 1 . 9  km )  wide o f  subp a ra l l e l  fau l t s  charac t e r ized 

by brec c i a  and gouge . Parts of  the fau l t s  have been rec rys t a l l ized and l o c a l ly 

contain secondary mineral enri chmen t . There i s  no geo logic  evidence to indi c a t e  that 

the L ivings ton fau l t  has been ac t ive dur ing the period of po s t - Laramide block fau l ting . 

Where the Livings ton fau l t  c ro s s e s  Coal C reek , i t  i s  i n t e r s e c t ed by the I daho 

Springs -Ral s ton shear zone . The L ivings ton fau l t  b ranche s  into f ive splay s , two o f  

which cont inue t o  the south and southeas t ,  and may connec t  wi th the Go l den faul t .  

Go lden F au l t  - The Go lden fau l t  i s  one o f  the maj o r  front a l  fau l t s  i n i t i a t ed 

during the L aramide o rogeny and i s  the c lo s e s t  o f  the maj o r  fau l t s  to the Rocky F l a t s  

s i te . The exi s tence  o f  the fau l t  i s  evi dent from d e l e t ion and d i s p l ac ement o f  maj o r  

s t ratig raphi c  r o c k  un i t s  ( Van Horn , 1 9 7 2  and 1 9 7 6 ; Smith , 1 9 64 ; a n d  S co t t ,  1 9 7 2 ) . 

Boos and Boos ( 1 9 5 7 ) b e l i eve the Go l den fau l t  i s  an under thru s t  w i th nearly 1 1 , 0 00 

feet  ( 3 , 3 0 0  m )  o f  s e c tion hav i ng been fau l t ed out just we s t  of Go l den . Scott ( 1 9 7 0 )  

repo r t s  a s t rat i graph i c  throw o f  about 8 , 0 0 0  feet  ( 2 , 40 0  m )  i n  the s ame area , where 

it d i p s  about 7 0 °  we s t .  Berg ( 1 962 ) demons trates the fau l t  dips s te ep ly to the wes t ,  

south o f  Go l den . 

The t rend o f  the Go lden faul t general ly fo l lows the range front w i th i t s  mapped 

l o c a tion extending f rom southe a s t  of Morri son to north of Go lden ( F igure 2 . 3 . 4 - 4 ) . 

Surfa c e  mat e r i a l  covers and obscures the a c tual l o c a t ion and a t t i tude o f  the fau l t  

p l an e  over mo s t  o f  i t s  lengt h .  The t race o f  the Go lden fau l t  be comes v e ry inde f i n i t e  

n o r t h  o f  Van B ibbe r  Creek , about 5 mi l e s  ( 8  km )  south o f  the s i t e . 
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S t ruc ture in the v i c in i ty o f  Ral s ton Re s e rvo i r  ( F igure 2 . 3 . 4 - 4 )  i s  comp l ex , w i th 

the j un c t ion o f  the Go lden and Livings ton faul t s , Rals ton dike , and a lobe- shaped , 

low- angle thrus t .  Thi s  s t ruc ture i s  shown by Van Ho rn ( 1 9 7 2 ) as a low- angle thrus t 

coming out from the Go lden fau l t  and displac ing the Fox Hi l l s  S ands tone abou t 0 . 7 5 

m i l e  ( 1  km ) to the eas t ( s ee F i gure 2 . 3 . 4- 7 ) . Thi s  s t ruc ture could a l so b e  de s c ribed 

as a grav i ty s l ide ( Shuc k ,  1 9 7 6 ) . Such s l i de s  are common in o th e r  areas o f  the Ro cky 

Moun tain region ( Grose , 1 9 7 2 ) . A t race o f  the Go lden fau l t  con t inues northw e s t  from 

the lobe - shaped thru s t  and is shown as conne c t ing w i t h  two trac e s  o f  the L iv ings ton 

faul t ( Van Horn , 1 9 7 2 ; Sheridan et al . ,  1 9 67 ; and We l l s , 1 9 67 ) .  The re is evidence 

from s e i smic  p ro f i l ing ( Shuc k ,  1 9 7 6 ; Money , 1 9 7 7 ) and d i s p l aced fo s s i l  z ones in the 

P i e rre shale ( Van Horn , 1 9 7 2 ) , that ano ther t race o f  the Go lden fau l t  continues under 

and north of the Ral s ton dike for s l igh t ly ove r a m i l e  ( 1 . 6  km ) , wi th rapi dly decreas

ing d i splacemen t s . In ou t c rops of  the P i e rre Shale  one mile  ( 1 . 6  km )  southw e s t  of  

Rocky Flats  Lake ( F igure 2 . 3 . 4 - 7 ) , there i s  no evidence for this  t rac e o f  the faul t .  

S co t t  ( 1 9 7 0 )  documen ted the presence o f  a sma l l  graben feature we s t  o f  Golden 

that has displaced Quate rnary grave l s . He a t t ributed the graben to the Go lden fau l t  

and in ferred t h e  e n t i re faul t may be ac t ive . The graben found by S c o t t  ( 1 9 7 0 )  was 

t renched by Kirkham ( 1 9 7 7 ) and was shown to have displac emen t s  w i t h  a t  leas t two 

periods of moveme n t  b e tween the Yarmouth and S angamon interglac ial p e r iods ( se e  

F i gure 2 . 3 . 4 - 5 ) . Th i s  i s  the only known p l a c e  along the Go lden fau l t  zone w i t h  

evidenc e o f  Quat e rnary movemen t . Kirkham b e l i eves t h e  graben t o  be on a minor t rac e 

in the Go lden fau l t  zone , and sugge s t s  that o th e r  loc a l i t i e s  w i t h  Qua t e rnary fau l t ing 

might be found along the main t race of the fau l t  o r  o th e r  minor traces wi thin the 

fau l t  zone . A report by Ki rkham and Rogers ( 1 9 7 8 )  conc ludes that the Go l den fau l t  i s  

a c t ive . The c apab i l i ty ( s e e  the d e f i n i t i on o f  a " c apab l e  fau l t "  in the glos sary ) o f  

the Go lden fau l t  i s  to b e  d e t e rmined and wi l l  be di scussed in de t a i l  in the final 

S a fe ty Analys i s  Repo r t  ( SAR ) for the Roc ky F l a t s  P l an t . 

Fau l t s  in the Marsha l l - Superio r - Lou i sv i l l e  Area - A s e r i e s  o f  no r theas t - trending 

fau l t s  has been mapped north of the P l an t  s i te ( Spenc e r ,  1 9 61 ; Co l ton and Lowri e ,  

1 9 7 3 ) . The s e  fau l t s  break the up turned sedimentary beds that  comp ri s e  the we s t  l imb 

o f  the Denver Bas in i n to northeas t - trending b l o c ks . The maj or fau l t s  wi thin the z on e  

a r e  shown on F i gure 2 . 3 . 4- 4 .  The fau l t ing i s  c l early ind i c a t ed by sur fac e outcrops 

of Fox H i l l s  S ands tone . The i n forma t ion con c e rn ing the l o c a t ion and a t t i tude o f  the 

faul t p l anes was obtained , for the mos t  part , from dri l l  ho l e s  and exposures of the 

fau l t  in the coal mines of the area . Re l a t ive movement of fau l t  p l an e s  has formed 

hors t s  and grabens w i t h  the c u to f f  and repe t i tion of the Fox H i l l s  S ands tone . B e tween 

the faul t s , beds are folded into an t i c l ines and syn c l ine s .  Col ton and Lowri e  ( 1 9 7 3 ) 

repo r t  that the faul t s  dip s te eply to the northwe s t . 

The s e  northeas t - trending faul t s  are though t to be re l a t e d  to the Laramide 

orogeny and are con s i de red by Spenc e r  ( 1 9 6 1 ) as a po s s i b l e  continua t ion of the Ral s ton 

shear zone . Recent basemen t maps also in fe r  the presence o f  a buried s t ructure in 
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the Precambrian c rys t a l l ine basement ( Zi etz and Ki rby , 1 9 7 2 ; B eh rendt and Baj wa , 

1 9 7 2 ) . A d i f fe rent interpretation ( Blume , 1 9 7 4 )  i s  that the fau l t s  are not a re flec 

t ion o f  co rresponding fau l t s  in the basement comp l ex ,  but are related to the folding 

of the sediment ary roc ks around the buried b a s ement s t ruc ture . During the forma t i on 

o f  the Denver Basin in the Laramide o rogeny , the pre senc e o f  this basement s truc ture 

requi red adj u s tment of s ed iment ary rocks c aused by compres s iv e  forces . Thi s  adj us tment 

could have resulted in the fo rmation o f  the fau l t  b l ocks found in the area . Fo lds 

observed wi thin the block may b e  a type of drag fo l d .  

The fau l t s  have no geomorphi c  exp re s s ion and there i s  no evidence t o  ind ic a t e  

that any o f  t h e  fau l t s  h a s  b een a c t iv e  in Quaternary t ime . 

Eggl e s ton Fau l t  - The northwe s t - t rending Egg l e s ton Reservo i r  fau l t  h a s  b e en 

mapped by Spencer ( 1 9 6 1 ) j u s t  to the north o f  the P lant s i t e , and p roj e c ted through 

the northeast  corner o f  the s i te by Hurr ( 1 9 7 6 ) . The area around Egg l e s ton Reservo i r  

was checked for evidence o f  Quaternary fau l t  d i s p l a c emen t along the faul t .  The 

out c rop pattern of the Fox Hi l l s  S ands tone ind i c a t e s  the p re s ence of the faul t  in 

bedrock at the re s e rvo i r ; however , there is no evidence to indi c a t e  any p o s t -Wisconsin 

movement o f  the faul t .  The r i gh t  abutment o f  the Egg les ton Dam is  a p ed iment remnant 

c apped by gravel depo s i t s . Th i s  gravel depo s i t , al though younger than the Roc ky 

F l a t s  Al luvium , i s  p re -W i s c ons in in age based on c r i t eria that are used to d i f feren

tiate surf i c i al depo s i t s  in the Fron t Range are a , such as so i l  pro f i l e  development 

and s trat i graphi c  suc c e s s i on ( Malde , 1 9 5 5 ; and S c o t t , 1 9 65 ) .  The t e rrace surface s  

north and south o f  the reservo i r  are smo o th and conco rdant and do n o t  show any topo

graph i c  exp re s s ion of the exi s tence of an underlying faul t .  

Hurr ( 1 9 7 6 )  reported evidence for a northwe s t - trend ing fau l t  acro s s  the north

east  c o rner of the s i t e  ( Fi gures 2 . 3 . 4 - 4 ) . The fau l t  was shown by Hurr to b e  a 

cont inuat ion o f  the Egg l e s ton faul t , al though the s trike d i f fers from that shown by 

Spencer ( 1 9 6 1 ) . Hurr infers the faul t ' s  pres enc e on the b a s i s  of an o f fset  sp ring 

l ine and two apparen t o f f s e t s  in the Cre tac eous sedimentary rock unde rlying the Roc ky 

F l a t s  Al l uvium ( s ee F i gures 2 . 3 . 4- 6  and 2 . 3 . 4- 7 ) . A field  check o f  the fau l t  ind i c at ed 

that the inferred fau l t  has no geomo rphi c  exp re s s ion and there i s  no apparent d i s 

p lacement o r  t i l t ing o f  the p ediment and overlying Rocky F lats Al luvium . I f  the 

fau l t  doe s exis t ,  i t  has no t been a c t ive s ince the Roc ky F l a t s  Al luvium was depo s i ted . 

The Eggl e s ton fau l t  and the p o s s ible southward p ro j e c t i on wi l l  b e  s tudied and results 

o f  thi s inve s t igat ion dis cus s ed in detai l in the P l ant SAR . 

Valmont Fau l t  - The Valmont fau l t  i s  desc ribed b y  S c o t t  ( 1 9 7 0 ) a s  d i s p l a c ing 

Quaternary depo s i t s . The fau l t  i s  exposed in a roadcut eas t o f  Boulder in the south 

eas t c o rner o f  the intersect ion o f  7 5 th Avenue and Valmont Road in S e c t ion 2 4 , TIN , 

R70W . The locat ion i s  approxima tely 1 0  m i l e s  ( 1 6  km )  north o f  the s i t e . Displac e 

ment o n  the fau l t  was ver t i c al , w i th about 5 feet  ( 1 . 5  m )  o f  d i s p lacement . I t  d i s 

p laced S locum al luvium o f  I l l inoian o r  S angamon age ( approximately 2 5 0 , 000  years 

B . P . ) on the south , downward agains t Fox Hill s ands tone on the north . The fau l t  
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trends N50 0E and paral l e l s  the early - Tertiary Valmont dike ( Sc o t t , 1 9 7 0 ) . The faul t 

c anno t b e  trac ed e i ther e a s t  o r  west  o f  the roadcu t ,  and i t  i s  not a s soc iated w i th 

any o f  the bedro c k  fau l t s  in the area , as mapped by Col ton and Lowri e  ( 1 97 3 ) .  

The Slocum Alluvium has been dated as 2 0 0 , 0 00 to 2 5 0 , 000 years o l d , which s erve s  

as the maximum age o f  faul t ing . The minimum age o f  faul ting c anno t be determined in 

an absolute s ense , but geomorphic evidence indicates  that the faul t is p re -Wi s c ons in . 

A s o i l  pro fi l e  has developed on the surface ac ros s  the f au l t  with the grav e l s  in the 

al luvium s t rongly weathered . A heavy conc entration o f  c al iche has develop�d in the C 

hor izon o f  the s o i l  pro f i l e , whi c h  ind i c a t e s  a s o i l  o f  pre-Wis cons in age ( Bake r , 

1 9 7 3 ) .  There i s  no surfac e express ion o f  the faul t .  Based on this  evidence ,  the 

Valmont fau l t  is cons idered p re-Wisc ons in in age and a t  l e a s t  150 , 000  years o l d . 

Other Pos s i b l e  Fau l t s  - Hurr ( 1 9 7 6 )  shows a short northeas t - t rending fau l t  i n  a 

cut along the Denver and Rio Grande We s tern Rai l road , approximately 1 . 5  m i l e s  ( 2 . 5  

krn )  south o f  the s i te ( se e  F igure 2 . 3 . 4- 4 ) . The fau l t  i s  shown to d i splace Verdo s 

Al luv ium , which i s  approximately 600 , 0 00 to 7 0 0 , 000  years o l d . A careful f i e l d  check 

of the area ind i c ated that the apparent d i splacement might be a c hanne l  contac t and 

not a faul t .  Evidence whi c h  sugg e s t s  a chann e l  contact inc ludes the lack o f  de forma

t ion at the c on tac t and the lack o f  any geomorphic expre s s ion of the feature . The 

feature wi l l  be inv e s t igated and the findings d i s cu s s ed in more detail  in the P lant 

SPUR . 

Ackerman ( 1 9 7 4 ) d i scus s ed a p o s s i b l e  3 0 - foot ( 9  m )  s tep in the c ontac t b etween 

the Rocky Flats  Al luvium and the underlying bedrock , j u s t  north o f  Roc ky F l a t s  Lake 

( see Figure 2 . 3 . 4 - 4 ) . Ackerman sugge s t s  that the down - to - th e - e a s t  s t ep might b e  

fau l t  rel ated . The s tep i s  based on the interp retation o f  shal low s e i smic re frac t ion 

data . Davi s ( 1 9 7 6 ) , us ing deep s e i smic re f l e c t i on data , did not s e e  any evidence for 

a faul t  at thi s  locat ion . 

Remo te sens ing image ry interpretation by EG&G , Inc . , for the Roc ky Flats  Fac i l i ty 

i den t i fied a s e r i e s  o f  northwe s t - t rending pho to l i neaments in the vic inity o f  the 

s i te . The locat i on o f  these l ineament s  i s  shown in the EG&G report ( see Appendix 

C - l ) .  S everal types o f  aerial photographi c  imagery were used in the l ineament ana l 

y s i s : ( 1 )  c o l o r  negative f i lm with scales  o f  1 : 1 4 , 0 00 , 1 : 3 5 , 0 00 and 1 : 3 8 , 000 ; ( 2 )  

four- c amera mul t i spec tral photography with s c a l e s  o f  1 : 1 9 , 5 00 and 1 : 39 , 000 ; and ( 3 )  

infrared thermal mapping with a high - a l t i tude long - wave - length s c an , a l ow - a l t i tude 

long -wave - length s c an , and a mul ti spec tral mul t i sc an . 

Lineaments were de fined from the photographs by topographic features such as 

s t ream o rientat ions and c ont inu i ty of tributary s tream a l i gnment s  ac ros s  main drain

age s . F i e l d  inves t igations were conducted to veri fy thes e  and o ther suspec ted fau l t 

related feature s .  Some evidence o f  faul ting in the Arapahoe Formation was found . A 

s e i smic re flec t ion survey c onduc ted by Dav i s  ( 1 9 7 6 )  ind i c ated no appreciab l e  d i sp l ac e -
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ment s  in rock formations at dep ths exc eeding 600 feet ( 180 m )  b e low the ground 

surface . Thi s  survey indi cates  that a maj o r  fau l t  o r  shear zone i s  not as soc i ated 

w i th the l ineaments . The s i gni f i c ance of the s e  l ineament s  to sur face rup ture at the 

s i t e  wi l l  b e  s tudied and the resul t s  di scussed in greater detail in the S a fe ty Analys i s  

Report fo r the Roc ky F l a t s  P l ant s i te . 

2 . 3 . 4 . 7  Hi s torical S e i smi c ity 

H i storically , Co lorado has b e en an area of re l at ively low s e i smic ac t iv i ty . 

F i gure 2 . 3 . 4 - 8  shows h i s torical  e arthquakes that have oc curred w i thin 200 m i l e s  ( 3 2 0  

km )  o f  the Roc ky Flats  P l ant s i te . W i t h  t h e  exc ep t ion o f  t h e  Derby earthquakes 

located northeast of Denver , mo s t  of the h i storical  s e i smi c i ty has oc curred w i thin 

the Southern Roc ky Mountain Tec tonic Provinc e ( see Figure 2 . 3 . 4- 3 ) .  As a result  o f  

publ i c  c omment on the DEI S , the r e l ationship o f  the Derby earthquakes to the Roc ky 

Mountain Ars enal deep we l l  inj e c t i on o f  wastewater has b e en c la r i f i ed in th i s  s e c t ion . 

The f i r s t  reported earthquake in the s tate occurred in 1870 . With the p o s s ib l e  

exception o f  a n  earthquake i n  1882 ( Modi fied Merc a l l i  V I I ) , there hav e  been n o  l arge 

damaging earthquakes in the S ta t e  of Colo rado , according to hi storical  records ( Hadse l l , 

1 9 68 ) . Becau s e  o f  the absence o f  d e s t ru c t iv e  e arthquakes , very l i t t l e  ins t rumentat ion 

and research e f fort had been expended on s tudying Colorado s ei smi c i ty unti l  1 9 6 2 , 

when a series  o f  percep t i b l e  earthquakes oc curred a t  the Roc ky Moun tain Arsenal 

( RMA ) . The s e  earthquake s have been various ly cal l ed Denve r  earthquakes , the Derby 

earthquakes o r ,  the Commer c e  C i ty earthquake s .  Much o f  the p re s en t  d ay knowledge o f  

the s e ismi c i ty o f  C o lo rado i s  based o n  instrumentat ion and research resu l t ing from 

the Derby earthquake s .  Some m i c roearthquake ac t iv i ty has been rec orded in the vic inity 

of the Go lden fau l t  southw e s t  of the s i te . However ,  the location accuracy of the 

m i c roearthquakes is poor and it is not po s s ib l e  to relate them to a spec i fi c  geologic 

s t ruc ture ( O s terwald e t  al . ,  1 9 7 3 ) .  

H i s to ry o f  S e i smographi c  S ta t ions i n  Colorado 

The f i r s t  s e i smograph ic s t a t ion in Colo rado was ins t a l l ed in 1 9 0 9  a t  Regi s 

Co l lege in nor th Denve r  by Father Armand W .  For s t al l .  The record s  obtained were no t 

suitable fo r determining earthquake magni tude o r  location , but were a u s e fu l  sour c e  

o f  in formation o n  earthquake o rigin times and t o  ver i fy o ther sourc e s  o f  data , such 

as f e l t  repo rts . 

F rom 1 9 5 4  to 1 9 5 9 , the Unive rs i ty o f  C o l o rado operated a three - c omponent Benio f f  

s e i smograph i n  Bould e r , Colorado , a s  part o f  a general geophy s i c a l  program . The s e  

reco rds are the primary source o f  ins t rumental in format ion o n  earthquake s prior t o  

1 9 6 1  ( Krivoy and Lane , 1 9 66 ) . 
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S ince Decembe r  1 9 6 1 , the Colorado S chool o f  Mines has operated a thre e - component 

Ben i o f f  s e i smograph at the Cec i l  H .  Green Observatory in Bergen Park , Colorado . Thi s  

ins t rument i s  c apab l e  o f  de t ec t ing earth quakes with Richter magni tudes o f  one and 

greater in north Denver , which i s  the area o f  the Derby earthquake seri e s . Thi s  

s tat ion has provided much o f  the s e i smo logical ins t rumental data for the s tate s ince 

1 9 61 . 

In January 1 9 6 6 , the U . S .  Geo logical Survey e s tab l i shed a dens e  ne twork o f  

s e i smographi c  s tat ions i n  the v i c in i ty o f  the Rocky Mountain Ars enal ( no r th Denver 

are a )  to obtain accurate hypoc en tral locat ions of the earthquakes that had b e en 

oc curring in the v i c in i ty s in c e  1962 . Ini t i a l l y  this network was moni tored fo r s ix 

hours each day as a f i e ld operation , but by 1968 , a continuous mon i to red sy s t em had 

been e s tab l i shed . The sens i t ivi ty o f  the s e i smographi c  ne two rk made i t  po s s i b l e  to 

locate earthquakes to wi thin �l km accuracy in the v i c ini ty of RMA and to detec t 

even ts wi th magni tudes as low as - 1 . Thi s  netwo rk was later abo l i shed a fter the 

frequency of the Derby earthquake s diminished . 

Wi th the increas e o f  intere s t  in ear thquake a c t i v i ty in Colorado that resul ted 

from the s e i sm i c  a c t iv i ty a t  the RMA , the neces s i ty for a s tate -wide s e i smographic 

ne twork c apab l e  of locating earthquake s anywhere ' in the s tate was real ized ; con s e 

quently , in 1 9 7 1  t h e  Colorado S chool o f  Mines , in conj un c ti on w i th t h e  National 

Oc e an i c  and Atmo spheric Adminis tration ( NOAA ) , instal l ed a netwo rk o f  s ix sho r t 

pe riod s e i smographi c  s tat ions at various locat ions throughout t h e  s tate . A partial 

map of  e p i c en tral locat ions fo r 1 9 7 1 , us ing data from thi s  n e twork , has b een pub l i shed 

by the Colo rado S chool of Mines ( S imon , 1 9 7 2 ) . 

Regional S e i sm i c i ty Catalog and Epi c entral P l o t  

The h i s torical  s e i smi c i ty wi thin a 2 0 0 -m i l e  ( 3 20 km )  radius o f  t h e  Roc ky F l ats 

P l an t  s i te i s  shown on F i gure 2 . 3 . 4- 8  and i s  inc luded in Tab l e  2 . 3 . 4 - 1  as a catalog . 

Reported earthquake s from 1 8 7 0  through 1 9 7 7  are inc luded i f  the ir s iz e  i s  such that 

( 1 )  the local  Richter magni tude is equal to or greater than approx ima tely 3 . 5  and ( 2 )  

the maximum intens i ty i s  Modi fied Merca l l i  I I I  o r  gre ater . In add i t ion , i f  the event 

is reported in a pub l i s hed s ourc e , but wi thout an ass igned magni tude or maximum 

intensi ty ,  i t  i s  inc luded . Each c atalog l i s t ing inc ludes data , origin t ime in GMT 

( Greenwich Mean Time ) , location in l a t i tude and longi tude , focal  depth , maximum 

inten s i ty ( Modi fi e d  Merc a l l i ) or magn i tude , d i s tance to the P l ant s i te , qua l i ty o f  

l o c a tion determinat ion , data sourc e , and comments . 

The earthquakes are p l o t ted on F i gure 2 . 3 . 4 - 8  according to the i r  ins trument a l ly 

determined locat ion or locat ion o f  maximum inten s i ty .  Ear thquake locat ions b a s ed on 

maximum intens i t i es are shown as diamond s . Ins t rumental l o c a t ions are shown as 

o c t agons . The s iz e  o f  the symbol increas e s  wi th reported magni tude o r  with the 

a s s i gned maximum intens i ty .  
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Date 

Dec .  1870 
Nov . 1871  
Sep t .  1880 
Nov . 1882 
Nov . 1882 
Oct . 1888 
Jan .  1889 
Dec . 1891  
Aug . 1894 
Ma r .  1895 
Nov . 1901  
Nov . 1 9 13 
Oct . 1916 
Apr .  1928 
Feb . 1941 
Aug . 1944 
Sep t .  1944 
Aug . 1952 
1952 Medicine 
Jan . 1954 
Jan .  1954 
Jan .  1954 
Feb . 1954 
Feb . 1955 
May 1955 
Aug . 1955 
Nov . 1955 
Jan .  1956 
Jan .  1957  
Aug . 1958 
Dec . 1959 
Oct . 1960 
Oct . 1960 
Jan .  1962 
Feb . 1962 
June 1962 
Dec . 1962 
Dec . 1962 
Jan . 1963 
Apr .  1963 
Apr .  1963 
May 1963 
June 1963 
July 1963 
July 1963 
Nov . 1963 
Aug . 1964 
Sept . 1964 
Jan . 1965 
Feb . 1965 
Feb . 1965 
Ma r .  1965 
Apr .  1965 
May 1965 
June 1965 
July 1965 

TABLE 2 . 3 . 4- 1  

S I GNIFICANT EARTHQUAKES WITHIN 200 MILES OF THE ROCKY FLATS PLANl-� 

North 
Localitl': Latitude 

Pueblo 38 . 5  
Georgetown 39 . 7  
Aspen 39 . 3  
Louisville ( ? )  40 . 0? 
Gunnison 38 . 6  
Ros ita 38 . 1  
Glenwood Springs 39 . 5  
Axial Basin 40 . 5  
Georgetown 39 . 7  
Steamboat Springs 40 . 5  
Buena Vista 38 . 8  
Ouray 38 . 2  
Boulder 40 . 0  
Creede 3 7 . 8  
Aspen 39 . 3  
Montrose 38 . 5  
Mt . Gunnison 38 . 8  
Esterbrook ,  Wyo .  42 . 5  

Bow , Wyo . 41 . 9  106 . 2  
Bosler , Wyo . 41 . 5  
Jelm , Wyo . 41 . 1  
Alcova , Wyo . 42 . 6  
Rangely 40 . 0  
Steamboat Sp rings 40 . 5  
Medicine Bow , Wyo .  41 . 9 
Lake City 38 . 0  
Rocky Ford 38 . 2  
Lama r 3 7 . 9  
E s terbrook ,  Wyo . 42 . 5  
Jelm , Wyo . 41 . 1  
Foxpark ,  Wyo . 41 . 1  
Ridgeway 38 . 3  
Aspen 39 . 2  
Montrose  38 . 4  
Cimarron 38 . 4  
Commerce City 39 . 8  
Commerce City 39 . 8  
Commerce City 39 . 8  
Commerce City 39 . 8  
Commerce City 39 . 9  
Commerce City 39 . 8  
Commerce Ctiy 39 . 8  
Simla 39 . 3  
Commerce C ity 39 . 8  
Commerce City 39 . 8  
Pueblo 38 . 3  
Di llon 39 . 7  
Wamsutter ,  Wyo . 41 . 9  
Rocky Flats 39 . 9  
Broomfield 39 . 9  
Commerce City 39 . 8  
Commerce City 39 . 8  
Commerce City 39 . 8  
Climax 39 . 4  
Commerce City 39 . 8  
Commerce City 39 . 8  

(in chronological order) 

Wes t  1 
Longitude Distance 

104 . 0  1 15 . 7  
105 . 7  29 . 6  
106 . 7  89 . 7  
105 . 0? 13 . 1  
107 . 0  131 . 3  
105 . 2  123 . 6  
107 . 3  115 . 0  
108 . 0  153 . 9  
105 . 7  29 . 6  
107 . 1  108 . 8  
106 . 2  92 . 3  
107 . 7 ? 178 . 0  
105 . 0  13 . 1  
107 . 0  173 . 8  
106 . 8  9 4 . 5  
107 . 9  173 . 7  
107 . 5  144 . 3  
105 . 0  180 . 4  
148 . 1  339 . 7  
105 . 5  112 . 1  
106 . 0  90 . 3  
106 . 7  199 . 4  
108 . 8  188 . 6  
106 . 7  89 . 7  
106 . 2  148 . 1  
107 . 0  162 . 5  
103 . 7  142 . 0  
102 . 6  196 . 4  
105 . 0  180 . 4  
106 . 0  9 3 . 4  
106 . 2  98 . 6  
107 . 6  169 . 3  
106 . 9  102 . 5  
107 . 8  173 . 4  
107 . 6  164 . 9  
104 . 9  1 7 . 3  
104 . 9  1 7 . 3  
104 . 9  1 7 . 3  
104 . 9  1 7 . 3  
104 . 8  21 . 4  
104 . 9  1 7 . 3  
104 . 9  1 7 . 3  
104 . 0  76 . 1  
104 . 9  1 7 . 3  
104 . 9  1 7 . 3  
104 . 6  114 . 5  
106 . 0  44 . 4  
107 . 8  194 . 2  
105 . 3  5 . 2  
105 . 1  5 . 5  
104 . 9  17 . 3  
104 . 9  1 7 . 3  
104 . 9  17 . 3  
106 . 3  6 7 . 6  
104 . 9  1 7 . 3  
104 . 9  1 7 . 3  
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Azimuth
2 

145 . 7  
243 . 6  
243 . 4  

55 . 2  
227 . 8  
179 . 9  
257 . 1  
286 . 7  
243 . 6  
293 . 3  
215 . 7  
229 . 8  

55 . 2  
214 . 5  
244 . 9  
237 . 3  
239 . 3  

3 . 3  
IV 

352 . 1  
332 . 5  
337 . 5  
273 . 4  
298 . 4  
339 . 7  
217 . 1  
144 . 8  
133 . 6  

3 . 3  
333 . 5  
328 . 1  
230 . 3  
242 . 8  
234 . 4  
232 . 1  
111 . 3  
111 . 3  
111 . 3  
111 . 3  

88 . 3  
111 . 3  
111 . 3  
122 . 1  
111 . 3  
1 1 1 . 3  
163 . 4  
253 . 0  
316 . 4  
276 . 5  

83 . 9  
111 . 3  
111 . 3  
1 1 1 . 3  
240 . 3  
111 . 3  
111 . 3  

I 
. 3 ntens�tl': 

VI 
IV 
VI 
VII 
IV 
IV 
V 
VI 
V 
V 
V I I ?  
V 
I I I  
V 
IV 
VI 
VI 
IV Aug . 

V 
IV 
IV 
V 
V 
IV 
VI 
VI 
V 
I I I  
I V  
V 
VI 
V 
IV 
V 
V 
V 
V 
IV 
V 
IV 
IV 

V 
I I  
IV 

I I I  

V 
I I  
V 

IV 
I I I  

Magnitude4 

5 . 5  

4 . 4  
4 . 7  
3 . 1  
3 . 6  
3 . 8  
3 . 2  
3 . 2  
3 . 2  
3 . 5  
4 . 4  
3 . 7  
3 . 1  
2 . 8  
4 . 0  
4 . 1  
2 . 0  
4 . 6  
3 . 2  
3 . 1  
3 . 4  
4 . 3  
3 . 1  
3 . 1  



TABLE 2 . 3 . 4- 1  (continued) 

North West  
Date Localitl': Latitude Longitude 

July 1965 Denver 39 . 7  104 . 9  
Sept . 1965 Commerce City 39 . 8  104 . 9  
Sep t .  1965 Commerce City 39 . 8  104 . 8  
Sept . 1965 Commerce City 39 . 8  104 . 9  
Sep t .  1965 Castle Rock 39 . 5  104 . 9  
Sept . 1965 Commerce City 39 . 8  104 . 9  
Sep t .  1965 Commerce City 39 . 8  104 . 9  
Sept . 1965 Commerce City 39 . 8  104 . 8  
Nov . 1965 Commerce City 39 . 8  104 . 9  
Nov . 1965 Commerce City 39 . 8  104 . 9  
Nov . 1965 Commerce City 39 . 9  104 . 7  
Nov . 1965 Commerce C ity 39 . 8  104 . 9  
Jan . 1966 Commerce City 39 . 8  104 . 9  
Jan . 1966 Commerce City 39 . 8  104 . 9  
Apr .  1966 Fairp lay 39 . 2  106 . 0  
Sep t .  1966 Ridgeway 38 . 3  107 . 6  
Oct . 1966 Trinidad 37 . 4  104 . 1  
Oct . 1966 Castle Rock 39 . 3  104 . 6  
Nov . 1966 Glenwood Springs 39 . 6  107 . 3  
Nov .  1966 Commerce City 39 . 8  104 . 9  
Nov .  1966 Commerce C ity 39 . 8  104 . 9  
Dec .  1966 Aspen 39 . 3  106 . 7  
Jan . 1967 Somerset 39 . 0  107 . 5  
Jan .  1967 Yampa 40 . 1  107 . 0  
Feb . 1967  Commerce City 39 . 9  104 . 8  
Apr .  1967 Ridgeway 38 . 3  107 . 8  
Ap r .  1967 Commerce City 39 . 9  104 . 8  
Apr .  1967 Commerce City 39 . 9  104 . 8  
Apr .  1967 Commerce C ity 39 . 9  104 . 9  
Apr .  1967 Commerce City 39 . 9  104 . 8  
Apr .  1967 Commerce City 39 . 8  104 . 9  
Apr .  1967 Commerce C ity 39 . 9  104 . 8  
Aug . 1967  Commerce City 39 . 8  104 . 9  
Aug . 1967 Commerce City 39 . 9  104 . 7  
Nov .  1967 Commerce City 39 . 9  104 . 6  
Nov . 1967 Comme rce C ity 40 . 0  104 . 7  
Nov . 1967 Commerce C ity 39 . 9  104 . 7  
June 1968 Redstone 39 . 3  107 . 4  
May 1969 Wiggins 40 . 4  104 . 4  
Sept . 1969 Collbran 39 . 4  107 . 9  
Ap r .  1970  Rangely 40 . 1  108 . 9  
Apr .  1970  Rangely 40 . 1  108 . 9  
May 1970  Broomfield 39 . 9  105 . 1  
Jan . 19 7 1  Glenwood Sp rings 39 . 5  107 . 3  
Ma r .  1 9 7 1  Steamboat Sp rings 40 . 7  107 . 0  
Aug . 19 7 1  Brighton 39 . 9  104 . 8  
Nov . 19 7 1  Glade Park 38 . 9  108 . 7  
Ma r .  1 9 74 Steamboat Sp rings 40 . 7  107 . 1  
Jan . 1 9 75 Lorna 39 . 3  108 . 6  
Mar .  1 9 7 7  Dixon 41 . 2  107 . 1  
Sept . 1 9 7 7  Carbondale 39 . 3  107 . 3  

,', Based on revised Blume report (Blume 1974) . 

Distance 

20 . 9  
17 . 3  
22 . 3  
1 7 . 3  
31 . 5  
17 . 3  
17 . 3  
22 . 3  
1 7 . 3  
1 7 . 3  
26 . 7  
1 7 . 3  
17 . 3  
17 . 3  
64 . 0  

169 . 3  
182 . 0  

52 . 0  
113 . 5  

17 . 3  
17 . 3  
89 . 7  

138 . 4  
98 . 7  
2 1 . 8  

174 . 9  
24 . 2  
23 . 1  
15 . 6  
22 . 0  
1 7 . 3  
23 . 1  
17 . 3  
26 . 7  
32 . 1  
27 . 7  
26 . 7  

124 . 3  
53 . 1  

150 . 2  
196 . 6  
196 . 6  

5 . 3  
115 . 6  
109 . 0  

23 . 0  
198 . 0  
1 1 3 . 0  
189 . 0  
139 . 0  
1 1 9 . 0  

1 .  Epicentral distance from the Rocky Flats Plant , in miles . 

1 
Azimuth2 

129 . 2  
111 . 3  
106 . 3  
1 11 . 3  
149 . 0  
111 . 3  
1 1 1 . 3  
106 . 3  
1 1 1 . 3  
1 1 1 . 3  

88 . 6  
1 11 . 3  
111 . 3  
111 . 3  
222 . 0  
230 . 3  

160 . 5  
141 . 5  
260 . 5  
111 . 3  
111 . 3  
243 . 4  
243 . 7  
277  . 1  

93 . 4  
232 . 4  

8 1 . 7  
9 0 . 1  
98 . 4  
84 . 2  

1 1 1 . 3  
8 6 . 5  

111 . 3  
88 . 6  
88 . 8  
74 . 2  
88 . 6  

252 . 0  
5 2 . 5  

258 . 0  
275 . 1  
275 . 2  

84 . 4  
256 . 7  
301 . 6 

2 .  Eqicentral  azimuth from the Rocky Flats Plant , in degrees east o f  north . 
3 .  Modified Mercalli S ca le . 
4 .  Ri chter body-wave magnitud e .  
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I . 3 ntens�tl': 

V 

V 

IV 
V 

IV 
V 

V 
V 
V 

VI 

I I I  
V I  
I I I  

V I  
I I I  
I I I  

V 
VI 

Magnitude4 

4 . 6  
3 . 8  
4 . 7  
4 . 1  
4 . 8  
3 . 1  
4 . 1  
4 . 6  
3 . 5  
4 . 5  
4 . 4  
3 . 8  
3 . 5  
3 . 5  
4 . 7  
4 . 2  
4 . 6  
3 . 0  
3 . 9  
3 . 1  
4 . 3  
3 . 3  
4 . 4  
3 . 8  
4 . 3  
4 . 5  
5 . 1  
4 . 4  

4 . 3  
3 . 8  
4 . 5  
4 . 3  
5 . 3 
3 . 7  
5 . 2  
4 . 4  
3 . 8  
4 . 2  
5 . 3  
4 . 3  
4 . 1  
4 . 3  
4 . 3  
4 . 4  
3 . 8  
4 . 0  
3 . 5  
3 . 7  
3 . 5  
3 . 0  



Data Sourc e s  and Location Accuracy - The accuracy o f  earthquake locat ions and 

the c omp l e tene s s  of the h i s torical catalog are s igni f i c antly related to the t ime 

period in whi c h  the earthquakes o c curred . In the l a s t  1 0 0  years , there has b een a 

tremendous inc rease in the populat ion o f  Colorado , as we l l  as s igni f i c ant advances in 

the sc i ence of s e i smol ogy . The ab i l i ty to locate ear thquake s ,  based on f e l t  repor ts , 

has improved c ons iderably with the increas ing populat ion d i s tribut i on . I ns t a l l at i on 

o f  s e i smograph i c  s tat ions and imp l ementation o f  the digital  c omputer has greatly 

aided in locat ing e arthquake s  instrumentally in Colo rado and the surrounding region . 

Prior to the e arly 1 9 6 0 ' s ,  earthquake locat ions were based p r imari ly on f e l t  

repo rts  from pub l i shed newspaper accounts and o ther h i s torical  document s  ( Hads e l l , 

1 9 68 ) . The s e  p re - instrumen tal ear thquakes were ass igned geographi c  loca t ions based 

on the locations o f  the maximum reported intens i ty .  Because populat ion s iz e  and 

d i s t ribut ion are such c r i t i c a l  factors in report ing o f  intens i t i e s , and since the 

populat i on of Colorado and neighboring s tates  in the 1 8 0 0 ' s  and early 1 9 0 0 ' s  was 

relatively sma l l  and unevenly d i s tributed , pre - in s t rumental ear thquake locat i ons may 

c ontain e rrors up to �3 0 m i l e s  ( 50 km ) . The principal data sour c e s  for the p r e 

ins t rumental locations a r e  Had se l l  ( 19 68 )  and Doc ekal ( 1 9 7 0 ) . The s iz e s  o f  t h e  p r e 

ins trumental earthquake s ,  expres s ed as maximum intens i ty ,  al s o  may b e  inaccurate 

because of the l imi ted and unevenly d i s tributed populat ion and b e c au s e  of pos s i b l e  

d i s to r t ion o f  f e l t  reports in newspape r  accoun t s  o f  t h e  day . 

Although the f i r s t  s e i smograph was ins t a l l e d  in Col orado and the Roc ky F l a t s  

region in 1 9 0 9 , ins trumentally determined earthquake locat i on s  were n o t  po s s ib l e  

unt i l  1 9 6 2  when a suffi c i en t  number o f  s e i smographi c  s t at ions were in operat ion 

( Hads e l l , 1 9 68 ) . The sourc e for the instrumental locat i on s  l i s ted in Tab l e  2 . 3 . 4- 1  

i s  the NOAA Ear thquake Data F i l e , whi c h  i s  a c omp i lation o f  o the r sourc e s . A minimum 

location ac curacy for such locat i on s  i s  e s t imated to be 9 - 12 m i l e s  ( 1 5 - 2 0  km )  at a 

de t e c tion lev e l  magn i tude 3 . 0  to 3 . 5 .  

Colo rado Earthquake of November 1 882 

A great deal of specu l a t ion has c entered around the locat ion , s iz e , and f e l t  

area o f  the 1882 ear thquake . The mos t  defin i t iv e  re ference o n  this  particular s e i sm i c  

even t i s  that o f  Had s e l l  ( 1 9 68 ) , in which a n  ep i c entral intens i ty o f  VI I i s  a s s igned 

to a region no rth of Denver near l a t i tude 40 0N and longi tude 1 0 5 °W ,  b as ed on reports 

of the earthquake as pub l i shed by newspapers in November 1882 . 

Thi s  postulated locat ion i s  approx imately 7 m i l e s  ( 11 km )  north o f  the Rocky 

Mountain Ars enal and could be as c lo s e  as 1 3  m i l e s  ( 21 km )  to Roc ky Flats . Earl i e r  

s tud ies  o f  the s e i smic i ty o f  Colorado had l oc ated this  earthquake e p i c e n t e r  in Vai l 

Pas s , about 1 0 0  m i l e s  ( 1 60 km )  we s t  o f  the locat ion given by Hads e l l  ( 19 68 ) . The 

Vail P a s s  locat i on had been made wi thout in format ion that was avai l ab l e  to Hads e l l ; 

the location north o f  Denver c an b e  sub s tant i ated with recently ava i l ab l e  info rma t i on . 
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C rude e s t imat e s  o f  the magn i tude o f  th i s  s e i smic even t  were made u s ing r e l at ion 

s h i p s  b e tween non - in s t rumen tal  data , wh i c h  inc l ud e  ep i c e n t ral inten s i ty and c i rc u l ar 

fe l t  area , and in s trumen tal l y  d e t e rmined magni tudes for Co l o rado earthquake s f rom 

1 9 6 2  to 1 9 6 7  ( Hads e l l , 1 9 68 ) . The e s t imated R i c h t e r  magn i tude s o f  the 1882 earthquake 

from the s e  r e l a t ionsh i p s  is 5 . 0  � 0 . 5  us ing e p i c entral  i n tens i ty ,  and 6 . 7  � 0 . 6  u s ing 

c i rcular fe l t  are a .  Th i s  d i s c repancy p robab l y  re f l e c t s  the unre l i ab i l i ty o f  fe l t  

repo r t s  ( Hadse l l , 1 9 68 ) . However ,  based on a c r i t i c a l  exami nat ion o f  newspap e r  

accoun t s  o f  the 1 8 8 2  earthquake , i t  i s  fe l t  t h a t  t h e  magn i tude o f  t h i s  even t was 

approximat e l y  5+ ( Hads e l l , 1 9 68 ) . The damage repo r t s  for the 1882 earthquake as 

given in l o c a l  newspap e r s , are s im i l a r  to repo r t s  for the Derby eart hquakes of magn i 

tude s 5 to 5 . 3  that occurred in 1 9 6 7  i n  app roxima t e l y  the s ame area . The 1882 earth

quake is  d i s c u s sed in gre a t e r  detai l i n  the John A .  B lume and Assoc i a t e s  report 

( 1 9 74 ) . Th i s  w i l l  be further inve s t igated and the resul t s  o f  th i s  s tudy wi l l  be 

repor t ed in the S a f e ty Analys i s  Repo r t  for the Rocky Flats P l an t . 

Derby Earthquake S e r i e s  

F rom Apr i l  1 9 6 2  t hrough June 1 9 7 2 , over 1 8 0 0  ear thquakes were l o c a t ed in t h e  

v i c in i ty o f  the Rocky Moun tain Arsenal ( RMA ) . Prior to 1 9 6 2 , l i t t l e  s e i smi c i ty was 

n o t ed in t h i s  are a .  The po s s i b l e  exc e p t i on wa s the 1 8 82 earthquake ( d i s c u s s e d  p re 

vious l y ) , wh i c h  Had s e l l  ( 1 9 6 8 ) l o c a t e d  i n  the app rox ima t e  v i c i n i ty o f  the Derby 

earthquakes ( s e e  F i gure 2 . 3 . 4 - 8 ) . 

The beginning o f  the D e rby Eart hquake s equen c e  corre sponded to the i n i t i a t i on o f  

pump ing fluid into a d e ep we l l  for wa s te di spo s a l  purp o s e s  a t  t h e  Ro c ky Moun tain 

Arsena l . A 1 2 , 045- foo t ( 3 614 m)  we l l  was d r i l l ed i n  the Denver B a s in by the U . S .  

Army ; the b o t tom 1 0 0  fee t ( 3 0 m )  was dri l l ed into Precamb ri an c rys t a l l ine basement 

rocks . Fluid inj ec t i on under pres s u re into t h i s  we l l  began March 8 ,  1 9 62 and con 

t inued t hrough S ep t embe r  3 0 , 1 9 6 3 . Grav i ty feed was i n i t i a t ed in Augus t  1 9 64 and 

cont inued un t i l  Apr i l  1 9 6 5  when p r e s s u re inj e c t i on recommenc ed . A l l  fluid inj e c t ion 

at the we l l  t e rminated on Feb ruary 2 0 , 1 9 6 6 . The f i r s t  earthquake to be a s s o c i a te d  

wi t h  t h e  Derby s equen c e  w a s  recorded 47 days a f t e r  t h e  beginning o f  fluid inj e c t ion 

in 1 9 62 . Inc luding thi s  f i r s t  De rby Earthquake on Apr i l  24 , 1 9 62 , there have been 

1 , 80 9  eve n t s  recorded a t  B e rgen Park through June 23 , 1 9 7 2 . Prior to inj ec t ion 

s toppage , the l arge s t  event recorded was magni tude 3 . 8 ,  wh i ch occurred Novembe r  2 1 , 

1 9 6 5 . In 1 9 67 , however ,  a f t e r  inj ec t ion c e a s ed , there were three eve n t s  o f  approx i 

mat e ly magn i tude ( body -wave ) 5 o r  gre a t e r  ( Apri l 1 0 , 1 9 6 7 , M = 4 . 9 ;  Augus t  9 ,  1 9 67 , 

M = 5 . 3 ;  and Novembe r  2 7 , 1 9 6 7 , M = 5 . 2 ) . The ene rgy r e l eased by the s e  three eve n t s  

w a s  g r e a t e r  than the t o t a l  ene rgy r e l e a s ed b y  a l l  p revi ous even t s  in t h e  s e r i e s . 

The fi r s t  eviden c e  o f  a corre l a t ion be tween earthquake ac t iv i ty and fluid inj e c 

t i on a t  t h e  RMA we l l  was p r e s e n t ed b y  Pan ( 1 9 6 3 ) and Wang ( 1 9 65 ) . Evans ( 1 9 6 6 )  

demons trated a spec tral  and t empo ral  r e l a t ionship b e tween f l u i d  inj e c t ion a t  the RMA 
we ll and a s e r i e s  o f  over 7 0 0  minor earthquake s . Subs equent inve s t igators (Healy 
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e t  al . ,  1 9 6 6 ; Maj o r  and S imon , 1968 ) have c o rroborated thi s  corre l a t ion and p o s tul ated 

the theory that the earthquake s  were triggered by inj e c t ion of fluid and involved a 

mechan i sm where hydros ta t i c  inc reas e in fluid pres sure was suffi c i ent to redu c e  the 

fri c t ional re s i s tanc e  of the c rys tal l ine basement rocks to frac turing . Whi l e  thi s  

theory has only b een partial ly sub s t an t iated by add i t ional inv e s t igation s , i t  has 

s ince become a c c epted that p r e - ex i s t ing tec ton i c  s tr e s s  p l ayed a maj or ro l e  in the 

earthquake generation a t  RMA ( S imon , 1 9 6 9 ) and that a comb inat ion of the two fac tors , 

pore pres sure and tec tonic s t re s s , was necess ary to produce the De rby Earthquakes . 

Fol lowing the ons e t  o f  percep t i b l e  earthquake s a t  RMA , there have b een extens ive 

s tud i e s  of the sur f i c i al geology o f  the Denver Basin , and i t s  s truc tura l geology has 

been infe rred from geophys i c al inves t igations . Geophys i c al s tudi e s  made p r i o r  to the 

con s t ru c t ion of the well were corroborated by later s tudies performed in 1 9 6 6  and 

1 9 6 7 , which indicated that there i s  no surface evidence o f  rec ent faul t i ng in the 

v i c in i ty of the RMA ( De Vo to , 1 9 68 ) . Inves t i ga t ion of cores made at the t ime o f  

dri l l ing y i e lded evi den c e  o f  frac turing only i n  the Precamb rian crystall ine b a s ement i 
rock s . 

Ear thquake locations , u s ing the high den s i ty USGS n e twork d i s c us s ed earl i e r , 

outl ine a roughly e l lipsodial zone about 2 m i l e s  by 6 m i l e s  ( 3  k i lome ters by 1 0  

ki lome ters ) ,  whi ch inc lude s the disposal we l l . The long axi s  o f  the zone trends 

N60 o W , and local  depths of earthquake s range from 2 . 8  to 3 . 4  m i l e s  ( 4 . 5  to 5 . 5  km ) . 

The f i r s t  mo t ion o f  compre s s ional wave arrival s i s  c on s i s tent with r i gh t - latera l  

s trike s l ip mo t ion along faul t  surfac e s  that a r e  s t e e p l y  dipp ing and para l l e l  to the 

trend of the zone of e p i c enters ( Healy and o thers , 1 9 6 6 ) . The point o f  neare s t  

app roach o f  thi s  z one t o  the Roc ky F l a t s  P l an t  s i te i s  14 m i l e s  ( 2 2 km ) . 

2 . 3 . 4 . 8  Geo logic Haz ards 

Minor l ands l iding has o ccurred along the s teep - s ided bluffs of the d i s s e c ted 

Roc ky Flats  Al luvium ( Van Horn , 1 9 7 2 , 1 97 6 ; and S imp son , 1 9 7 3 ) , and i s  genera l ly 

caused by hydra t i on and lubricat ion o f  the montmori l lonite c l ay in the Arapaho e 

Format ion ( Hurr , 1 97 6 ) . The s e  s l ide s , which are smal l  and local in nature , re fl e c t  

mas s was t ing a t  the margins o f  Roc ky Flats  Al luv i al expo sure s ,  i n  response t o  s tream 

entrenchment in the under lying bedrock . Thi s  poten t i a l  for mino r s l iding along the 

bluffs  around the s i te is not c onsi dered haz ardous to the Roc ky F l a t s  P l an t . No 

o ther l andsl ides are presen t  near the P l ant s i te . 

Amuedo and Ivey ( 1 9 7 8 )  show the poten t i a l  for sub s idence hazards in t he Loui svi l l e  

quadrang l e . The only haz ard potential iden t i fied near the P l an t  s i te i s  assoc iated 

with sur f i c i a l  and underground c lay and coal mines 1 . 5  miles ( 2 . 5  km) we s t  of the 

Rocky Flats  P l ant . Sub s idence a s s o c i ated w i th these mines i s  local in nature , howeve r ,  

and no hazard poten ti a l  exi s ts for mine - re l ated sub s idence at the P l an t  s i te . No 

flui d - re l ated sub s i dence due to o i l , gas , or groundwater extrac t i on has been reported 
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in the area . The potential  fo r such sub s idence i s  cons i de red to b e  low because o f  

the pauc i ty o f  o i l  we l l s  i n  the area and the thin veneer o f  Rocky F l a t s  Al luvium 

overlying bedrock . The al luvium i t s e l f  i s  compacted and has suffi c i ent geo log i c  age 

such that no natural sub s idence w i l l  occur . No subs idenc e - re l at ed hazards are known 

to exi s t  at the Roc ky Flats  P l an t  s i te . 

Ac tivi t i e s  by man in the Rocky Flats  area are l imited to bui lding , road , and 

c anal cons truc t ion ; impoundment o f  sma l l  reservo i rs ; and excava t i on o f  grave l  and 

c l ay p i ts . None o f  thes e  ac t ivi t i e s  poses  a hazard to the P l ant s i te . Sma l l  reser

vo irs  in the s i te v i c ini ty e i ther lie downs tream to the ea s t , are too smal l ,  or are 

on drainages which would not a f fe c t  the P l ant s i te should fai lure o c cur . A po s s ib l e  

s e i smic haz ard r e l a t e d  t o  man - induced earthquakes a t  the Ro cky Mountain Arsenal was 

d i s cu s s ed earl i e r . 

2 . 3 . 5  Hydrol ogy 

The hydrology o f  the Rocky F l a t s  P l ant s i te has been described by Hurr ( 1 9 7 6 ) . 

Th i s  s e c t ion i s  a summary o f  Hurr ' s  work . Previous inve s t igations o f  the area inc lude 

repo rts by John A .  B lume & Associates  ( 1 9 7 4 )  and Engineering - S c i enc e , Inc . ( ES I ,  

1 9 74 ) . The hydrology i s  a f fec t ed by rain fal l  patte rns and o ther aspe c t s  o f  c l imate , 

wh ich are d e s c ribed in S e c t i on 2 . 3 : 6 ,  and by the s tra t i graphy and geologic s truc tures 

in the area wh ich are desc ribed in detai l in S ec tion 2 . 3 . 4 .  Only aspec t s  pertinent 

t o  the surface and groundwater hydro logy are summarized here . 

The top o f  the impermeab l e  P i erre Shale ( l ate  C re t ac eous age ) i s  approx ima t e ly 

1 , 0 0 0  fee t ( 30 0  m )  b elow the P l an t , and i s  cons idered by Hurr ( 19 7 6 ) to be the base  

of  the  hydro logic sys t em wh ich could b e  a f fec ted by ope rations a t  the  Rocky F l a t s  

P l ant s i te . Three bedrock formations a r e  impor tan t to t h e  hydrology o f  the s tudy 

s i t e : the Fox Hi l l  S ands tone and the lower Larami e Format ion , whi ch are a t  6 0 0  to 

800  fee t  ( 1 85 to 250 m) b elow the P l an t , and the Arapahoe Formation , whi ch direc tly 

unde r l i e s  the surfi c i a l  depo s i t s  a t  the P l ant s i te ( Figure 2 . 3 . 4- 6 ) . 

Surfi c i a l  depo s i t s  a t  the Rocky Flats  P l an t  that are impo rt ant t o  the hydrology 

are terrace alluvium and val l ey - fi l l  and are generally l e s s  than 5 0 - fe e t  ( 15 m )  

thi ck . The Rocky F l a t s  Al luvium , which unde r l i e s  t h e  P l ant , dominates t h e  topography 

and hydrology of the P lant area . The Roc ky F l a t s  Alluvium i s  a broad , p l anar depo s i t  

which , in this  area , i s  a thin al luv i a l  fan depo s i ted downs lope from the mou th o f  

Coal Creek Canyon . Where the base o f  the Roc ky Flats  Al luvium has been exposed by 

ero s i on , con t a c t  springs are c ommon . The nex t - to - youngest  Qua ternary depo s i t s  are 

the Ve rdo s and S locum Alluviums . These format i ons are of l i t t l e  hydro logic impor

t anc e , exc ep t south of Leyden , whe re conta c t  sp rings a t  the base of the Verdos Allu

vium have provided a muni c ipal water supply for Leyden . 
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2 . 3 . 5 . 1  Surface Water Hydrology 

The surface water sys tem cross ing the P l an t  s i te supp l i e s  water to two reser

vo irs  used fo r mun i c ipal water supp ly and recharges aqui fers used for domes t ic water 

supply . Cons e quent ly , the ac c idental release of a contaminant into the surface water 

sys t em could a f f e c t  both surface and groundwater qua l i ty . ( S ee F igure s 2 . 3 . 9 - 2  and 

2 . 3 . 9 - 3 ) . 

S treams 

F iv e  s treams o c cur near the Roc ky Flats P lant s i te . Of thes e , No rth Walnut 

Creek , South Walnut Creek , and Woman Creek drain the Roc ky Flats  P lant s i te ; a l l  o f  

these are ephemeral . The o ther two s treams in the area are Coal Creek and Ro c k  

Cree k . North Walnut C reek and South Walnut Creek head wes t  o f  the P l ant and flow 

eas tward into Great We s tern Re servo i r . Great Wes tern Re servo i r  supp l i e s  water to the 

c i ty of Broom f i e ld . Woman Creek a l s o  o riginates wes t  o f  the P l an t , drains the south 

port ion of the Roc ky Flats  P lant s i t e , and f lows eas tward into S tandl ey Lake . S tandley 

Lake provide s i rrigation s torage and the mun i c ipal water supp ly for the c i ty of 

Wes tmins ter . Coal Creek has i t s  h eadwater in the Front Range and i s  the l arge s t  

stream near the P l ant . Coal Creek and Rock C reek drain the area north o f  the P lant . 

The Roc ky Flats  s i te drainage pat tern and location o f  s treams i s  shown in Figure 

2 . 3 . 9 . 2 .  

S ix ditches convey water through the are a . The South Boulder D ivers ion Canal 

carries water southward from South Boulder Creek ( north of the P l an t  s i t e ) to Ral s ton 

Re s e rvo i r , whi c h  s uppl i e s  wa ter to the c i ty of Denver .  The water supply fo r the 

Ro cky Flats  P l ant is obtained from South Boulder Diversion Canal and Ral s ton Reser

vo ir . The L a s t  Chance , Church , McKay , and Kinnear Di tch and Re servo i r  Company di tches 

divert water from Coal Creek . The Las t Chance D i tch d e l ivers water to Ro cky F l a t s  

Lake and Twin Lake s . Out flow from Roc ky Flats  Lake i s  transpo rted o u t  o f  t h e  area by 

Smart D i t ch . The Church D i tch supp l i e s  water to Upper Church Lake and Great Wes te rn 

Re servo i r ; McKay Di tch supp l i e s  water to Great We s t e rn Reservo i r ; and Kinnear Di tch 

and Re servoir Company D i tch supp l i e s  water to S t andley Lake . 

Prec ipi tation 

Precipi tat ion , princ ipally from rainfa l l  and to a l es ser extent from snowmel t ,  

produc e s  surface runo f f  in the Roc ky F l ats area . Three rainfa l l  gauges were operated 

by Hurr near the P lant s i te . Graphs of cumu l a t ive precipitat ion on Walnut C re ek and 

Woman Creek basins , during 14 -minute increments for s e l e c ted s to rms are shown in 

Hurr ' s  report ( 1 9 7 6 ) . The maximum rainfa l l  intens i ty for the s to rms s hown was app rox 

imately 0 . 6  inch ( 1 5 . 2 mm )  per hour during May 6 ,  1 9 7 3 . Rainfal l intens i t i e s  for the 

other s torms range from l e s s  than 0 . 1  inch ( 2 . 5  mm) per hour to about 0 . 5  inch ( 1 2 . 7  

mm ) per hour . 
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Daily precipi tat ion totals  for the Woman Creek , North Walnut Creek , and Roc ky 

F l a t s  precipi tation s tations are documented ( Hurr , 1 9 7 6 ) . The period o f  record for 

rainfa l l  a t  the Walnut and Woman Creek s tations i s  insu f fi c ient for a frequency 

analys i s  of rain fal l .  Howeve r ,  rain fal l - recurrence interval data were e s t imated by 

Hurr ( 1 9 7 6 )  for the Rocky F l a t s  P l ant from a report by the Denve r Regional Counc i l  o f  

Gove rnments ( 1 9 7 2 ) . 

S t reamflow 

The water that moves th rough s tream and man -made chann e l s  in the Rocky F l a t s  

P l ant s i te resu l t s  from d i re c t  surface runo f f  fo l l owing periods o f  rainfall and 

snowme l t , base flow supp l i ed by seeps and springs , and diversions and was tewater from 

various man - related ac tivi t i e s . The network o f  s treams and chann e l s  is a potential 

transmi s s ion system for contaminan ts derived from the P l an t  s i te . 

S t ream- gauging s tations , e s tab l i shed in 1 9 7 2  on North Walnut Creek , South Walnut 

Creek , and Woman C reek have measured ou t f l ow from the Plant are a .  The s e  s tat ions 

a l so have provided data for de riv ing rain fal l - runo f f  relat ions and fo r e s tima ting 

rate o f  water movemen t through the network o f  s treams . Daily s treamflow fo r each o f  

the three gauging s ta t ions i s  provided i n  Hurr ( 1 9 7 6 ) . Phy s i c al charac teri s t i c s  for 

the total and subd ivided parts of the three basins are l i s ted by Hurr ( 1 9 7 6 ) . 

North Walnut Creek - Un t i l  September , 1 9 7 4 , North Walnut Creek drained an area o f  

1 . 24 mi 2 ( 3 . 21 km2 ) above the gauging s tat ion . The natural s t reamflow was augmented 

by dive r s i ons from Coal Creek through Church and McKay di tches . A new ditch was 

c ons truc ted in September 1 9 7 4  from SWI/4 NWI/4 , S e c t ion 1 0 , T2 S ,  R70W , to the center 

of S e c tion 2 ,  T2S , R70W , where it j o ined a sma l l  tributary to Walnut Creek that 

enters downs t ream from the gauging s tat ion . I n  e ffec t , this di tch intercepts a l l  o f  

the f l ow from the wes tern part o f  the bas i n , inc luding the Coal C reek divers ion , and 

diverts the flow around the g auging s tat ion . The remaining part o f  the bas in has a 

comb ined drainage area o f  0 . 84 mi 2 ( 2 . 1 8 km2 ) .  Three on - c hannel reservo irs  p re s ently 

regulate flow at the gauging s tat ion . Two of these on - c hanne l reservoirs were con

s t ruc ted during 1 9 7 4 ; the other was cons truc ted prior to 1 9 7 2 . 

South Walnut Creek - The total drainage area of South Walnut Creek above the gauging 

s tation is 0 . 46 mi 2 ( 1 . 1 9 km2 ) .  The eas tern sub - b a s in drains the north - c entral p art 

o f  the P lan t area and has a drainage area of 0 . 21 mi 2 ( 0 . 54 km2 ) .  Thi s  sub -basin has 

four on - c hannel retent ion reservo i rs . 

Prior to l a te 1 9 7 4 , e f fluent from the P lant ' s  l aundry and san i t ary s ewage d i sposal 

sys tem was dis charged into South Walnut Creek . Thi s  dis charge , wh ich averaged 6 . 8  

m i l l i on gal l ons ( 2 5 . 7  Megal i ters ) per month during 1 9 7 1 - 7 3 , re sulted in cont inuous 

flow in S outh Walnut Creek and Wal nut Creek below the mouth o f  South Walnut Creek . 
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S ince l a t e  1 9 7 4 , the prac t i c e  has been to keep a l l  pro c e s s  was tewat er on the P l ant 

s i te and d i s charge it  by evaporat ion . S ani tary was te e f fluent i s  r e l eased into South 

Walnut Creek after c omp l e t e  tes ting to veri fy e f fluent qua l i ty and compl iance with 

app l i c ab l e  s tandards . 

Woman Creek - Prior to July 1 9 7 3 , the area s outh o f  the P lant that was drained by 

Woman Creek above the gauging s tation was 2 . 1 0 mi 2 ( 5 . 44 km2 ) .  In July 1 9 7 3 , the 

gauging s tation was moved up s t re am from the on- channe l  retent ion res ervo i r  to a s i te 

where the total drainage area was 1 . 7 7 mi2 ( 4 . 5 8 km2 ) .  The natural flow o f  Woman 

Creek is augmented by d ivers ions from Coal Creek through Kinnear D i t c h ; this  flow i s  

conveyed down s tream t o  S tandl ey Lake . Other sources o f  flow augmentat ion are l eakage 

and sp i l l age from South Boulder Divers ion C anal , and s easonal pump ing to dewater a 

c l ay p i t . Prior to June 1 9 7 5 , backwash from the P lant ' s  water- supp ly f i l t e r  sys tem 

was also  d i s charged into Woman Creek . Groundwater from the south hal f o f  the P l ant 

may a l so enter Woman Creek at t imes . 

On - Channe l Re s e rvo i rs - The on-channel res ervo irs were surv eyed in the spr ing o f  1 9 7 2  

t o  dete rmine the area and volume ( Table 2 . 3 . 5 - 1 )  o f  the operat ing poo l s . Mo s t  o f  the 

dams have been rai s ed s ince 1 9 7 2  and the area-vo lume relat ionship extended . Two 

add i t i onal reservo irs were cons tructed in 1 9 7 4  on Walnut Creek . The e f fec t  o f  the 

reservo irs on the daily flows of Woman C re ek , Walnut C reek , and South Walnut Creek 

was sma l l  be fore the prac t i c e  b egan of s toring some P l an t  out flow on the P l an t  s i te . 

The re s ervo irs were usua l ly ful l  so that inflow and out flow were nearly equal . The 

mo s t  s igni fi c ant e ffec t was the t iming and he igh t  of peak flows resul ting from s to rms . 

Number 

A- l 

A-2  

A- 3 

B - 1  

B - 2  

B - 3  

B - 4  

C - 1  

TABLE 2 . 3 . 5 - 1  

VOLUME OF P LANT RESERVO IRS 

Drainage 

North Walnut Creek 

North Walnut Creek 

Retained 
( ga l lons ) 

1 , 640 , 0 0 0  

6 , 67 0 , 0 0 0  

North Walnut Creek 14 , 1 1 0 , 0 0 0  

South Walnut Creek 7 9 5 , 0 0 0  

South Walnut Creek 1 , 9 3 0 , 0 0 0  

South Walnut Creek 9 3 5 , 0 0 0  

South Walnut Creek 5 9 8 , 0 0 0  

Woman C re ek 2 , 0 5 7 , 0 0 0  

Eas t Landfi l l  3 , 5 5 5 , 00 0  
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( ac r e - f e e t )  

5 . 0 3 

2 0 . 47 

43 . 3 0 

2 . 44 

5 . 9 2 

2 . 87 

1 . 84 

6 . 14 
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Wat e r  Budge t - - Great Wes tern Res e rvo i r  - The muni c ipal water supply for part o f  the 

c i ty of Broomfield is s tored in Great Wes tern Res ervo i r . An e s timated 50 to 7 5% o f  

the munic ipal supp ly was d iverted from C l ear C reek , and the remaining perc entage was 

equal ly divided b e tween d ivers ions from Coal Creek and e ffluent from the Rocky F l a t s  

P l an t . A wa ter budget o f  annual reservo i r  opera tion ( Tabl e 2 . 3 . 5 - 2 )  provides an 

e s t imate o f  net unmeasured inflow to the reservo i r . Net inflow is ac tual inflow 

minus reservo i r  evaporat ion and s e epage . An e s t imate o f  average annual evapo rat ion 

is 300 to 400 ac re - fee t  per year , based on data extrapo lated from Ral s ton Re servo i r  

b y  Hurr ( D .  B .  Adams , oral c ommun i c at ion , 1 9 75 ) .  There are n o  measurements o f  s e epage 

outflow ; however , s e epage is e s t imat ed to b e  50 acre - fe e t  per year . In FY 1 9 7 5 , the 

net annual inflow was 2 , 7 9 7  acre - feet . Assuming 3 9 7  acre - fe e t  o f  evaporation and 48 

acre - fe e t  of s e epage l o s s , the ac tual inflow was about 3 , 242 acre - fee t . 

TABLE 2 . 3 . 5 - 2  

ESTIMATED F Y  1 9 7 5  WATER BALANCE FOR GREAT WESTERN RESERVOIR 

In flow Out fl ow 
Ac r e -

Gal lons x 1 03 Acre-
1 0 3 feet feet Gal lons x 

Walnut Creek 4 0 6  1 3 2 , 3 1 5  C i ty o f  Broomfield 2308  7 5 2 , 1 7 7  

Evapo ration 3 0 0  9 7 , 77 0  

Release t o  Creek 
and 

McKay Di tch 3 0 0  9 7 , 77 0  S eepage 642 2 0 9 , 2 28 

General Runo f f  740 241 , 1 6 6  

Lower Church 
D i tch 1804 5 8 7 , 924 

Total 3 2 5 0  1 , 0 5 9 , 1 7 5  3 2 5 0  1 , 0 5 9 , 1 7 5  

2 . 3 . 5 . 2 Groundwater Hydrol o gy 

Groundwater aqui fers at the Rocky F l a t s  P l ant s i t e  are the Roc ky F l a t s  Al luvium , 

Val l ey- F i l l ,  Arapahoe Format ion , and Laramie- Fox Hi l l s  aqui fer s . Recharge i s  from 

rainfal l ,  snowme l t , and perc o l a t ion from s t reams , d i tche s , and reservo i rs . D i sc harge 

is by s e ep s , spring s , base flow to the streams , and evapotransp iration . Groundwater 

a l so leav e s  the Rocky F l a t s  P l ant s i te as subsur face flow . 

Roc ky F l a t s  Al luvium Aqui fer 

Groundwater in the Roc ky F l a t s  Alluvium is recharged by i n f i l tration of water 

from rain , snowme l t , and surfac e - water sourc e s . The infil trat ion rate is high . 

Moreland and More l and ( 1 9 7 5 , Tab l e  5 )  reported that i n f i l trat ion rates in the top 5 

feet ( 1 . 5  m )  o f  so i l  developed on the Rocky F l a t s  Al luvium range from 0 . 2  to 6 . 0  inch 
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( 5  to 1 5 0  mm ) per hour . Branson and o thers ( 1 9 64 ,  Tab l e  2 )  reported that in f i l trat ion 

rates for s tony s o i l  on the Ro c ky F l a t s  Alluvium range from 3 . 90 to 7 . 35 inches ( 9 9  

to 1 8 7  mm ) per hour . 

The water tab l e  in the Roc ky Flats Al luvium r i s e s  in re sponse to recharge during 

the spr ing and dec lines when recharge eas es during the remainder o f  the year . The 

hydrograph ( Hurr , 1 9 7 6 )  shows tha t , overal l ,  the water tab l e  decl ined from Ap ri l 1 9 7 4  

to March 19 7 5 .  Re charge caused the water tabl e  t o  r i s e  from March to June 1 9 7 5 , 

after which the water tab l e  began to decl ine . Recharge from precipi tat ion c aused the 

r i s e  in water l eve l in October and November . A few o f  the numerous sharp peaks on 

the hydrograph were c aused by natural recharge , but mo s t  are due to recharge from 

i rr i ga t ion o f  a sma l l  plo t o f  trees . 

The wate r - l evel  changes c aused by irrigat ion indicate that the e f fec t ive poro 

s i ty o f  the alluvium i s  about 0 . 1 0 .  Water lev e l s  respond to irrigation wi thin 2 to 4 

hours when the water l evel  i s  1 0  to 2 0  feet ( 3  to 6 m )  below land sur fac e . Thus , 

wa ter percolates through the a l luv ium at about 5 feet ( 1 . 5  m )  per hour . I f  the 

infi l t rat ion rate is 0 . 5  feet ( 0 . 1 5 m) per hour , then the e f fec t ive poro s i ty of the 

a l luvium is 0 . 1 0 .  

Groundwater in the Roc ky Flats  Al luvium flows genera l ly eas tward ; movement i s  

l arge ly contro l led b y  the topography o f  the bedro c k . The direct ion o f  groundwater 

movement i s  perpend icular to the water t ab l e  con tours . Hydraul i c  conduc tivi ty o f  the 

al luvium i s  e s t imated to b e  abou t 35 fee t  ( 1 0 . 7  m) per day . The hydrau l i c  gradient 

range s from 0 . 0 2 to 0 . 0 5 .  Assuming an e f fec t ive poro s i ty o f  0 . 1 0 ,  the pore velo c i ty 

ranges from 7 to 1 8  feet ( 2 . 1  to 5 . 5  m )  per day . 

Groundwater flow in the Roc ky Flats  area i s  contro l led by buried chann e l s  in the 

bedrock where the a l luvium is thickes t .  Areas where the water tab l e  is below the 

base of the a l luvium are outs ide the boundary of saturated a l luvium ( Hurr , 1 9 7 6 ) . 

The boundary moves as the water tab l e  varies in re sponse to seasonal changes in 

recharge . 

S eeps and springs , supplied by groundwater in the a l l uvium , i s s ue from the 

a l luvium-bedro c k  contac t a long the s ides of val l eys in the area . Frequently the 

locat ion of seeps are marked by c hanges in the indigenous vege tation . Various types 

o f  gra s s e s , which have a h igh demand for wat e r  and wi l t  qui c kly when the supp ly i s  

restri c ted , are found at springs and seep s . During spring and e arly summe r ,  when 

groundwater dis charge is greates t ,  the gras s e s  are lush and v igorous in c ontras t to 

the s emiarid vege tat ion of adj acent areas . Later in the s eason , as the groundwater 

d i s c harge decrea s e s , the gras s e s  wi l t  and turn yel low wh i l e  the s emiarid vegetat ion 

continues to thrive because of greater tol erance to water defic iency . S eepage that 

is no t evapotranspired by the p lant s  e i ther cont ributes to the base f l ow of the 

s treams o r  recharges the Val l ey - F i l l  Al luvium .  
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';rou n dwa t ,  
a . L �v i um )  al or � I 

' u v i um ( P r e - Piney Creek , Piney Creek , and pos t - P iney Creek 

i J U  '. , ! , :  ,) 1, L h e  v a l l ey s  in the Ro cky F la t s  Plant area i s  recharged 

by ;) /'e c :i r i : a t i (J i l , ' ) : . : (" , OIl from s t reams dur ing period of surfac e -water runo f f , and 

by " , ; c: p s  ane! sp r i  n g o d ! :  " it : l cg i ng from the Roc ky Flats  Al luv ium . D i scharge from this 

V a , i c y - F i l l  Al l uv i um i s  by evapotrans p i rat ion and by seepage into o ther geologic 

i. e  (;", := i ons and s t re ams . Tle d i re c t ion o f  groundwater flow generally i s  along the 

c o � � s e  o f  t he s t re am .  Du r i n g  periods of h i gh sur fac e -water flow , water is l o s t  to 

b d fi �  s t o rage i n  the a 1 1 u v i wn and returns to the s t ream after runo f f  sub s i de s . 

'L�1e Va l l ey - F  i 1 1 /\ 1 1  uvium i s  usua l ly better  sorted than the Roc ky F l a t s  Al luvium 

a ;; (,  t :1 e ce fore i s  mo re p e rm e a b l e . Pore veloc i ty i s  e s t imated to range from 1 5  to 25 

f22 l ( 4 . 6  to 7 . 6  m) p e r  d a y , depending on the hydrau l i c  grad i ent . The depo s i t s in 

t ie 5 t re am chann e l  a rc u f: u a l J y  very coarse and very permeab l e . Po re veloc i t i e s  in 

tt.e c h annel depos i t s  lIl a v  b e  s ev e ral hundred feet per day . 

T;1e moveme n t  o f  g rou ndwa t e r  into and out o f  the Val l ey - F i l l  Al luvium var i e s  

a', J;1g �' h e  ] c:ng t, h  o f  t ; ; '. ·  ,· a l l eys . In the upp e r  reaches o f  the val l eys where the 

Va� : ey - F i l 1  i s  u n e! e l i :: i n by the Roc ky F l a t s  Alluv ium , wat e r  move s  from the Val ley

L , i �  Aluv iuIll to t he r; o c ky F l ats  Al luvium . Groundwater d i s charge to s t re ams does not 

0 2 2 ,l r  i n  the upp e r  r e a c h e s  o f  the val l eys . Downs tream , where the val l ey bo t tom is  

b e l ow the base o f  t h e  Ro c ky F l a t s Al luv ium , water move s  from the Roc ky Flats  Alluvium 

to =r,e Val l ey - F i  1 1 ; grounchv'a t e r  flows from the Val l ey - F i l l  aqui fers to the s treams . 

\<:h e , e  t h e  val l ee ':o h a \ ,: I.)( ': cn c u t  into bedrock , wa ter moves from the s t reams into the 

Vc. i � cy - F i l l  (lnd L h : i i  rc· c h a r g c s  the underlying bedrock format i on . 

G roundwa t e r  d i s c ha rge by evapo t ransp i ration o c curs throughout the val l eys . F rom 

Ju�y to S ep t emb e r  1 9 7 4 , s t r e am f l ow in Woman C reek was observed to fluctuate d iurna l 

ly ( �u rr , 1 9 7 6 ) ;  t h e  range w a s  0 . 2 5 to 0 . 5 0 f t3/s ( 0 . 0 0 7  to 0 . 0 1 4  m3/s ) .  The fluctua

t i Jl1 S  were c au s e d  by d i urnal changes in evapotransp i rat ion . Down s t ream from the 

pOl�t of o b s e rva t i on , Wom a n  Creek c e a s ed to flow en ti rely because of s tream flow 

l o s s e s  to the Val l ey - F i l l  A l l uvium and the sub s equent evapo tran sp i rat ion and recharge 

tc ':: ;-, e Dedro c k  fo rma t i on . 

The Arapahoe Forma t i on i s  recharged by leakage from s t re ams and groundwater 

move�en� from the ove rlying a l luvial  depo s i ts . The main recharge area i s  unde r  the 

Ro c�y F l at s  Al luvium , we s t  of the P l ant area , a l t hough s ome recharge from the Val l ey 

F i i l  o c curs along t h e  s t re am val l eys north and sout h  o f  the Rocky Flats  P l ant . 

Recr.&rge i s  grea t e s t dur i ng the spring and early summe r  when rainfal l and s t ream flow 

are �he grea t e s t  and wa t e r  l evels  in the Rocky Flats  Alluvium are highe s t . 
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Groundwater movement in the Arapahoe Formation i s  down d ip to the ea s t . Hydrau 

l i c  conduc tivity i s  e s t imated to be about 0 . 3  to 0 . 4  fee t  ( 0 . 09 to 0 . 1 2 m )  p e r  day 

( Wi l son , 1 9 6 5 ) and the hydrau l i c  grad i ent i s  about 0 . 0 3 .  Assuming an e ffe c t ive 

poro s i ty of 0 . 10 to 0 . 1 5 ,  the pore veloc i ty is about 0 . 1  feet ( 0 . 03 m) per day . 

Although there are a few seeps along the s ides  o f  some val l ey s  whe re the Arapahoe 

Format ion c rops out , mo s t  o f  the groundwater flows eas tward , out o f  the are a . 

The e ffe c t  o f  fau l t ing on groundwater movement in the Arapahoe Formation i s  not 

known . The Egg l e s ton fau l t  ( see S e c t ion 2 . 3 . 4 . 6 ) may extend into the Roc ky Flats  

P lant site  from the  north . Drag along the  fau l t  p lane could reduc e permeab i l i ty and 

impede the movement of groundwater through the Arapahoe Formation to the northeas t .  

Larami e - Fox H i l l s  Aqui fer 

The lower sand s tone uni t  of the Larami e Formation 

are c o l l e c t ively c a l led the Laram i e - Fox Hi l l s  aqui fer . 

the aqui fer c rop out we s t  o f  the Roc ky F l a t s  P lant and 

e as t . Recharge to the aqu i fer oc curs along the rather 

and the Fox H i l l s  S ands tone 

The s teeply dipping beds o f  

quickly flat ten toward the 

l imited outc rop area exposed 

to sur fac e -water flow and leakage from overlying a l luvium .  

Wi thin the Roc ky F l a t s  P lant s i te , groundwa ter movement i s  to the e a s t  o r  south

eas t . To the north near Marshal l ,  faul t ing has d i s rupted the Laramie - Fox Hi l l s  

aqui fe r t o  the ex tent that regional patterns o f  flow are greatly a l tered . In the 

southern part of the area , in the v i c in i ty of Leyden , flow pattern s  are di s rup ted by 

the unde rground gas - s t o rage operations of the Pub l i c  S e rv i c e  Company of Colorado . 

The Larami e - Fox Hi l l s  aqui fer and the Arapahoe Forma t ion aqui fer are s eparated 

by s everal hundred feet of relatively impermeable shale ( the upp er uni t  of the Lara-

mie Fo rma t i on ) ; c on sequently , there is  l i t t l e , if  any , hydrau l i c  c onnec t ion between 

the two aqui fer s . Furthermore , the recharge area for the Larami e - Fox H i l l s  aqui fer 

is cons iderably we s t  of the Ro cky F l a t s  Plant . There fore , P lant operat i ons , as  

currently prac t i c ed , should have l i t t l e  or no e ffec t  on the Laramie - Fox Hi l l s  aqu i fer . 

2 . 3 . 5 . 3  Materi a l  Movement in the Hydro logic Sys tem 

I n fi l trat ing Groundwate r  

The d i s tribu t ion o f  chemical c on s t i tuent s  that enter the hydro logic envi ronment 

w i l l  b e  c ontro l led l argely by exi s t ing hydrogeologic c ondi t i ons . Infil trat ion from 

rainfa l l  carri e s  soluble c ons t i tuen ts downward in the s o i l . Particulate matter 

c anno t trave l more than a few inches into the s o i l  zone because of ad sorp t i on on the 

so i l  partic l e s . P o s s i b l e  infil trat ion i s  moni tored in a s e r i e s  o f  hydrological  tes t 

we l l s . As a re sul t o f  pub l i c  comment ,  the d i s c u s s ion o f  the t e s t  we l l  mon i to ring 

program has been expanded . 
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D i s s o lved cons t i tuents that enter the s o i l  may sorb on c l ay part i c le s , undergo 

ion exchange , precipitate when evaporation of the s o i l  mo i s ture oc curs , prec ipi tate 

by chemical reac tion , or move to the saturated zone . The sorp t ion-desorp tion pro c e s s  

and i o n  exchange b y  e lution wi l l  no t only cause the rate o f  s o lute transport to b e  

d i f ferent from the r a t e  o f  water movement , b u t  a l so w i l l  cause d i fferent ial  movement 

of the cons t i tuents , depending on the i r  re lative partic ipation in the chemical  reac 

tions and phy s i c a l  proce s s e s . I f  sorp t ion i s  high � some chemical cons t i tuents may b e  

e f fec t ively trapped in the upper p a r t  o f  the s o i l  zone . Prec i p i ta t e s  ( insolub l e  

materia l ) may be moved into t h e  saturated zone . The t o t a l  trave l time to move material 

through the soil to the saturated zone could range from hours to months , depending on 

local pre c i p i tat ion , infil trat ion cond i t i ons , s o i l  type , and the chemical rea c t ions 

and phys i cal proc e s s e s  that occur . Pre c ip i tates depo s i ted by chemical reac t ion , in 

mo s t  cases , p robab ly w i l l  not be mob i l ized by sub sequent infil trat ion from rainfa l l . 

The chemical envi ronment that c aused prec i p i tat ion probab ly would no t b e  changed by 

the add i t ional infi l t ration . Infi l t rat ion by wa ter of greatly di ffe rent chemical 

character i s t i c s , however , could change the chemi cal env i ronment enough to al low 

d i s solut ion and sub sequent migration . 

D i s s o lved cons t i tuents in the s aturated z one are subj e c t  to the s ame p roc e s s e s  

j u s t  desc ribed f o r  t h e  unsaturated zone , except that t h e  concentration o f  d i s s o lved 

material would b e  lower . Movement of di s solved cons t i tuents in the s a turated zone 

genera l ly fo l lows groundwat e r  flow , a l though di spers ion c an be important . Di ffu s i on 

has minimal e ffe c t  on the transport o f  d i s s o lved cons t i tuents in the al luvial de

posits  o f  the s tudy area . 

P lutonium and ame r i c ium ,  be ing re l a t ively insolub le and in particulate form , 

migrate at an extreme ly s low rate ( Krey , 1 9 7 4 )  through the s o i l  and are retained in 

s ediments o f  ponds and s t re ams ( Se c t ion 2 . 3 . 9 . 4 ) ,  ( USEPA ,  1 9 7 5 ) .  Although the water 

o f  the Arapahoe Formation i s  recharged through surfic ial al luvium and through infi l 

trat ion by the creeks north and south o f  the P l ant , there i s  no evidence that p lutonium 

or ame r i c ium trave l beyond the firs t 3 0  cm from the surfac e . In fil tration into the 

Arapahoe Formation by particulat e s , espec i a l ly plutonium , is ther e fore not to be 

expe cted . Monitoring of 35 sha l l ow t e s t  we l l s  ( 10 - 50 f t ) indi cates that plu tonium 

has no t moved into the groundwater near the sur fac e , and extens ive moni toring a t  

greater depths there fore i s  no t nec e s s ary . 

We l l  water in hydro logic  t e s t  ho l e s  i s  moni tored by Ro cky F l at s , and measurements 

have been made in shal low and deeper we l l s  in the s i te v i c inity . S everal sha l l ow 

we l l s  about 2 0  fe e t  deep were dri l l ed in 1960  to moni tor fo r po s s i b l e  movement o f  

materi a l s  from the solar evaporation ponds . Ano ther series  o f  sha l l ow we l l s , about 

30 feet deep , was dri l l ed in 1 9 7 1  to moni tor for movement of plutonium from the A- , 

B - and C - series  ponds . An even more extens ive s er i e s  o f  shal low wel l s  was dri l led in 

1 9 7 4  to moni tor the cons t i tuents of groundwater throughout the Ro cky F l ats are a . Al l 
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o f  these we l l s  are used to mon i to r  water in the shal low Roc ky F l a t s  Alluvium , which 

i s  d i re c t ly charged at a h igh rate from sur fac e -water infi l t rat ion . In addi t ion to 

these shal low we l l s , three deeper we l l s  ( about 150 fee t deep ) were d r i l led in 1 9 6 6 . 

One o f  the s e  we l l s  connects  to the Roc ky Flats  Al luvium to the west  o f  the P l an t  and 

the o ther two into the Arapahoe format ion to the east  o f  the P l ant . The Arapahoe 

formation is connec ted almo s t  dire c t ly to the Ro c ky Flats  Al luvium .  No on - s i t e  we l l s  

have been dri l l ed into the deeper Laram i e - Fox Hi l l s  Aqu i fer , which do e s  no t appear to 

b e  conne cted with groundwater in the Roc ky Flats  s i te area . 

Samp l e s  taken from the we l l s  do not indicate movement o f  plutonium into the 

groundwat e r . Mos t o f  the s e  s amp l e s  show plutonium content b e l ow 1 p C i/l o f  plu tonium 

alpha activ i ty . The s e  concentrations are s igni f i c antly below the Radioac t iv i ty 

Concentrat ion Guide ( ERDA Manual Chap ter 0524 ) level o f  1 6 6 7  pCi/l for plutonium in 

wate r ,  and the EPA Interim Drinking Water S t andard of 1 5  pCi/l alpha , exc luding 

natural uranium . L e s s  than 5 out of mo re than 1 0 0  measurements over a 1 0 - year s amp l ing 

period , inc luding two at a w e l l  into the Arapahoe Formation east of the solar ponds , 

show l eve l s  o f  2 or 3 pCi/l . Readings above 1 pCi/l have been c aused by contamina t i on 

o f  the water samp l e s  from sources  external to groundwater movement .  Improved s ampl ing 

proc edures ,  more frequent c o l l e c t i on s , and we l l - head seals  have shown the s e  data to 

be anomalous . Ame r i c ium readings in the we l l  water have b e en approximately equal to 

the plutonium reading s . 

To determine i f  there i s  any plutonium in o f f - s i t e  groundwater , Rocky F l a t s  has 

had water s amp l e s  c o l lec ted from s even exi s t ing o f f - s i t e  we l l s  near the Roc ky Flats  

P l ant . The s e  we l l s  are  dri l l ed into  the  Laram i e - Fox H i l l s  aqu i fe r ,  wh i ch is  the 

principal o f f - s i te groundwater supp ly aqui fer . Al l of the wel l samp l e s  showed s ome 

evidence o f  p lutonium , but the amount was e s s ent i a l ly con s tant and showed no c o rr e l a 

t ion w i t h  whe ther the we l l s  w e r e  down s lope or up s lope from the P l ant . The measured 

plutonium l evel s  were approximately 0 . 02 pCi/l and apparently re sulted ent i re l y  from 

background plutonium . Thus , there is no evidence that the general groundwater 

avai l ab l e  to o ff- s i te personne l has been a f fe c ted in any way by Roc ky Flats  opera

t ions . Thi s  is not surp r i s ing since mo s t  measurement s  of p lutonium mob i l i ty in s o i l s  

l ike tho s e  around Roc ky F l a t s  have indicated that the p lutonium i s  t ightly held in 

the s o i l  and move s downward very s l owly ( s ee S e c t ion 2 . 9 . 3 ) . 

The hydrologic t e s t  we l l s  were dri l l ed to various depths from 1 0  to 1 5 0  feet 

into the Roc ky Flats Al luvium and in some cases  into the unde rlying Arapahoe Forma t ion . 

The we l l s  are cased with 6 - inch- diameter i ron or p l a s t i c  p ipe . The we l l  cas ing i s  

p e r forated throughout the bot tom 10 feet i n  each we l l . The we l l s  are c emen ted at the 

top to prevent percolation of sur face runo f f  down the s ide of the cas ing . Mos t  o f  

the wel l s  are provided wi th t ight f i t t ing covers . The few except ions had loosely 

fi t t ing hinged l ids which are  now sealed with p l a s t i c  covers . The loo s e - f i t t ing l id s  

l e d  t o  contaminat i on o f  t h e  we l l  from sur face material s ;  thi s  r e s u l t e d  in t h e  anomalous 

data ment i oned above . 
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Runo ff and S t ream F low 

Runo ff from prec ipitat ion may transport d i s s o lved con s t i tuents and par t i culate 

matter into the s t reams where the rate of transport wi l l  b e  contro l l ed by flow 

velo c i ty and channel charac teri s t i c s . D i s s olved con s t i tuen ts and part i c l e s  that are 

smal l enough to be transported in suspens ion wi l l  move at about the same vel o c i ty as 

the s tream flow , al though there wi l l  b e  some dispers ion e f fec ts . Coarse par t i c l e s  

that a r e  moved a s  b edload w i l l  move much s l ower than t h e  wa te r .  Large par t i c l e s  w i l l  

b e  depo s i ted in the s tream b e d  a s  s tre am flow recedes , and wi l l  n o t  b e  moved again 

unt i l  the next high flow . In some ins tanc e s , part i c l e s - - even sma l l  p ar t i c l e s - -wi l l  

not b e  remob i l ized b y  a flow ve loc i ty that prev iously transported them , because the 

flow mus t exceed some thresho ld value to s cour the par t i c l e s  o f f  the channel bo ttom . 

Overal l ,  the t ime requ i red fo r d i s s o lved and suspended material to t rave l  a given 

d i s tance along a s tream i s  longer than the time requ i red fo r wate r  to travel the same 

d i s tanc e . Thi s  is due to the rippl e - and-pool nature o f  the s treams , as expl a ined in 

Hurr ( 1 9 7 6 ) . 

Ero s ion and S edimentat ion 

The rate of e ro s ion and transpo rt of s o i l  and rock gene rally is low . The h i gh e s t  

r a t e  o ccurs in Apri l ,  May , and June , when stream flow i s  greate s t . Ins tantaneous 

point samp l e s  of suspended - sediment concentra t ion on Woman Creek indi cate highe s t  

suspended - s ediment concentration o c curs during period s  o f  high flow ( Hurr , 1 97 6 ) . 

Maximum suspended - s ediment d i s charge during h igh flow i s  e s t imated to b e  about 7 5  to 

1 0 0  tons ( 68 to 9 0  me tric  tons ) per day . Us ing a spe c i f i c  volume o f  1 5  ft 3 ( 0 . 42 m3 ) 

per ton , the suspended - sedimen t load indicates a maximum removal during high flow o f  

from 0 . 0 0 6  t o  0 . 0 08 mm o f  sediment p e r  day from the l and- surface area o f  the drainage 

basin . 

Sedimen t transported by Walnut Creek and i t s  tributar i e s  ac cumulates  in Great 

We s tern Reservo i r . A survey and de terminat ion made in Oc tober 1 9 5 3  of the s t ag e 

capac i ty r e l ation for t h e  reservo ir de fined z ero c apac i ty a t  z ero s tage ( a l t i tude o f  

5 , 844 feet ( 1 , 7 81 . 3  m )  above mean s e a  l evel ) .  Ano ther survey , in S ep tembe r  1 9 7 3 , by 

the U . S .  Geo log i c al Survey , showed that sediment accumulat ion had raised the s t age 

height of z ero c apac i ty to 1 7 . 5  feet ( 5 . 3  m) ( al t i tude of 5 , 861 . 5  feet ( 1 , 7 8 6 . 6  m )  

above the mean s e a  l evel ) .  Al though a direct me asure o f  the vo lume o f  s ediment 

ac cumulated during the 20 - year p eriod could not be made b ec ause of d i s c repan c i e s  in 

the initial  c apac i ty data , it is e s t imated that 200 to 3 0 0  ac re - fe e t  ( 25 0 , 0 0 0  to 

3 7 0 , 00 0  m3 ) of sediment ac cumulated in the reservo i r .  Th i s  vo lume of sediment ind i 

c a t e s  an average removal rate o f  about 0 . 0 0 3  mm o f  sediment p e r  day from the drainage 

basin over the 20 -year pe riod . The Walnut Creek sed iment load per un i t  area is qui t e  

s imi lar t o  the obs erved sediment load o f  Woman C reek . 
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2 . 3 . 6  Meteorology 

Regional and local c l imatologi c a l  characteri s t i c s  and d i f fus ion meteoro logy are  

di scussed in this  sec t ion . The discuss ions are b a s ed on ava i l ab l e  d a t a  from l o c a l  

weather s tat ions . S ome c l imato logical and d i f fu s i on d a t a  a r e  b e ing ac cumu l ated on 
the P l ant s i te wi th the aid o f  a meteorological da t a - c o l l e c t i on tower  and t e l eme t ry 

sys t em . 

2 . 3 . 6 . 1  Regional C l imato logy 

Long - t e rm regional c l imatology data were ob tained f rom fou r N a t i on a l  O c ean i c  a 0 � 
Atmo spheric  Admin i s t ra t ion ( NOAA ) s ta t ions : Denver , Fort  C o l 1 1 n s , G r e e l ey , and 

Boulde r . The c l imato logical summaries for the s e  four s t a ti o n s , pres en ted in Tab ·. e s  

2 . 3 . 6 - 1  through 2 . 3 . 6 - 4 ,  i l lu s t rate t h e  s easonal and severe wea t he r  c ondi t ions i n  tie 
north - c en t ral part of Co lo rado . In general ,  the regi on exp e r i e n c e s  a mild , sunny , 

semi -arid c l imate w i th f ew t emperature extreme s . 

Thunders to rms , from which damaging local weather can d e v e l op ( t ornadoes , ha l '. , 
high winds , and f looding ) ,  o c cur about 5 0  days per year i n  the a re a , b a s ed on S tap l e 
ton International Ai rpo r t  data . The maximum f requency o f  thunders torms i s  i n  the 

summe r s eason because of convec t ive heat ing . The max imum recorded p o i n t  rain faL. �  

fo r durations o f  5 minutes  t o  2 4  hours at Denve r  are given i n  Tab l e  2 . 3 . 6 - 5  ( USWF , 
1 9 6 3 ) . 

Because o f  the inland loca tion , hur r i c anes do not reach t h e  a re a . Loc a l ize� 

hurri c an e - force chinook winds , however ,  gus t ing to veloc i t i e s  o f  app rox ima t e ly � c s 
mph , have b een recorded a t  the Roc ky F l a t s  P l an t  on four o c c a s i on s : March 1 9 5 6 , 

January 1 95 9 , January 1 9 7 2 , and Novembe r  1 9 7 2 . Wind gu s t s  o f  Hp t c  150 mph have '')ee� 

recorded a t  the Nat i onal Center for Atmo spheric Res earch ( N CAR ) , ap p rox ima t e l y ! 

m i l e s  north -northwe s t  o f  the P l an t . The NCAR fac i l i ty i s  lo c a t ed imme d i a t e l y  al" 2 c e1'. ;: 

to the foo th i l l s  south o f  Boulde r , Colorado , and i s  t h e r e fore s u b j e c t  t o  much b i f � e r  
wind veloc i ti e s  then the  Roc ky F lats  P l ant , which i s  approxlm� t c l y  2 � i i l e s  eaS L 0 �  
thes e  s te ep s lope s . 

A tornado s tudy by M .  E .  P autz ( 1 9 6 9 ) shows t h a t  o f  a l l 1 o ·  , ld d o (� s  o c c urring 

during the 1 3 -year p e ri o d  o f  the s tudy , 2% were in Col orado . l 'he s t udy a l s o  show� 

that , during the s ame period , only five tornadoes were repo r t e d  i n  the 1 degree 

longi tude by 1 degree l a t i tude square that contains the  Ro c ky f l a L s  P l a n t . O the r 

s tudi e s  ind i c a t e  that , on the average , tornadoe s  ob s e rv ed n e a r  L h e  R o c ky Moun t a � ns 

are smal l er and contain l e s s  energy than tho s e  o c curring f a r t h e r  e a s t .  For these 

reason s , d i s cu s s ed more extensively b e l ow , it appears that  there i s  a l ow prob a b ! � � ty 

o f  a tornado oc curring at the Roc ky F l a t s  P lant and , correspond i ngly , a l ow proh n h i l i 

t y  o f  damage . 

2 - 5 7  
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C L I MATO LOG I CA L  SUMMARY 

Normals, Means, And Extremes 
LATITU D E  390 4 5 '  N 

LONGITUDE 1 040 5 2' W ( 1 936 - 1 974) 

DENVER, CO 

ELEVATION : 5 2 8 3  feet 

.c 
" o � 

(a) 

� 
� .� 
o E 

J 4 3 . 5 
F 46 . 2  
M 5 0 . 1  
A 1> 1 . 0 
M 70 . )  J 80 . 1  

I J I 8 7 . 4 1 " i 8 5 . & I 5 7 7 . 7  
o 1>1> . 8  
N 5 3 . 3  
o 41> . 2  

Y II.  I 1> 4 . 0 

!! 
� � Water equivalent 

Precipitation in inch� 
Relative 

humidity pet. Temperatures of � C r-1 

Normal 
Degree days - -1 

Normal 

, 

Extremes 

tS-;��_+ __ 

Wind 

Snow. Ice pellets Fastest mile 

I ' I 
E I : :::l 2: C" 01 I 
E 1 .c. "E ii "E t;  � � '  i '  

I 
' I h ' I n : i '8 o E  � I a: E  >- .z: ..Q  >- I u 

1 6 . 2  2 9 ' 911> 9 1 1 9 7�_ 2 5  1 9 1> ]  1 0 8 8  0 

1 5  1 5  

1 9 . 4  32 . 8  7 6  1 9 6 3  - 1 8  1 962 9 0 2  0 
2 ] . 8  3 7 . 0  84 1 9 7 1  -4 1 9 6 2  8 6 8  0 
3 3 . 9  4 7 . 5  84 1 9 6 5  I 5 1 9 73 5 2 5  0 
4 3 . 6  5 7 . 0  93 1 9 7 4  26 1 9 7 2  2 5 )  5 
5 1 . 9 6 6 . 0  98 1 9 7 1  36 1 969 80 I t O  

5 8 . 1>  n . o  
5 7 . 4  ? l . 1>  
4 7 . 8  1> 2 . 8  
3 7 . 2  H . o  
2 5 . 4  3 9  . .. 
1 8 . 9  ] l . 1>  

3 1> . 2 1 5 0 • 1  

1 0 3 1 1 9 7 3  
1 0 0  1 1/1>9 

9 7  1 9 6 0  
8 7  1 9 7 3  
7 8  1 9 7 3  
7 J  1 9 7 3  !JUL 

1 0 )  1 9 7 3  

4 ]  1 9 7 2  
" I  1 9 1> 4  
20 1 9 7 1  

3 1 9 1> 9  
- 2  1 9 1> 1  

- 1 8  1 9 7 2 

JAN 
- 2 5  1 1 91>3 

o I 2 4 8 ! o 208 1 
1 2 0  5 4  
4 0 8 5 
7 6 8  0 

1 0 04 0 

1> 0 1 6 1 610 

� (; z 

0 . 6 1  
0 . 67 
1 . 2 1  
1 . 9] 
2 . 6 4 
1 . 9 3  

1 . 7 8 
1 . 29 
1 . 1 3 
1 . 1 3 
0 . 76 
0 . 43 

1 5 . 5 1  

-:--� � >-
.£ £ 
� " � 0 

! � i I 
i .- c I 

---,--- � � � � :B , I I I I I 'g 
E � ! � � � e 05 1 7 2 3  1 .� c: a a. E .c E :; �.c L "" g  L '., -� ,. ... I � .� c :e 'x � � . � ci � � "I ci � � ..; � � : � E > � .£ .; ( Local tllne) � E � :g  � E 6 .; � 

4 0T T looT 40 40 14 1 4�4 14 21> 15 25 25 25 

2 3 . 7  1 9 4 8  1 2 . 4  1 91> 2  6] 45 48 63 9 . 2  S 41> \ 511 191>9 72 1 
1 8 . 3  1 91>0 9 . 5  1 9 5 3  1>7 44 44 61> 9 . 3  S 49 Nil 1 9 5 3  7 1  
2 9 . 2  1 9 6 1  1 1> . ]  1 9 5 2  69 4 2  4 1  6 5  9 � 9 1S 5] II Nil 1 9 5 2  70 i 
2 8 . )  1 9 ] 5  1 7 . 3  1 9 5 7  1>8 )8 3 4  59 1 0 . 4  S 51> NW 1 9 6 0  61> ! 
1 3 . 1>  1 9 5 0  1 0 . 7  1 9 5 0  10 ]8 3 6  1>1 9 . 4  5 43 511 1 9 1>4 64 1 

0 . 3  1 9 5 1  0 . 3  1 9 5 1  12 ]9 ]7 62 9 � 0  5 47 S 1 9 5 1>  70 

::. E � i � � I � 

1 . 02 1 9 62 
1 . 0 1  1 9 5 3  
1 . 4 8  1 9 5 9  
] . 2 5  1 9 6 7  
3 . 5 5 1 913 
3 . 1 1> 1 910 

40 

1 . 44 1 9 4 8  
1 . 66 1 9 6 0  
2 . 89 1 94 4  
4 . 1 7 1 9 4 2  
7 . 3 1  1 9 5 7  
4 . 69 1 9 6 1  

0 , 0 1  1 9 5 2  
0 , 0 1  1 9 7 0  
0 , 1 3 1 9 4 5  
0 . 0 3  1 9 6 ]  
0 , 06 1 9 74 
0 , 1 0 1 9 4 0  

1> . " 1  ) 9 65 
4 . " 7 1 9 5 1  
4 . 1> 7  t 9 1> 1  
4 . 1 7  1 96 9  
2 . 91 1 9 46 
2 . 8 4 1 9 7 ) 

MAY 
7 . 3 1 1 1 9 5 7  

0 , 1 7 1 1 9. 3 9  
0 , 06 1 9 6 0  

T 1 9  .. 4 
0 , 05 1 96 2  
0 , 0 1  1 949 
0 , 0 4 1 9 4 1>  

S E P  
T 1 1 944 

2 . 4 2 1 1 9 6 5  
3 , 4 ] 1 9 5 1  
2 , 44 1 9 ] 6  
1 , 7 1  1 9 4 7  
1 , 00 1 94 6  
1 . ) 8  1 97) 

MAY 
) . 5 5 1 1 97) 

0 , 0  
0 . 0  

2 1 . 3  
. H  , 2  
3 9 . 1 
] 0 . 8  

1 9 3 6  
1 969 
1 946 
1 9 73 

0 , 0  
0 . 0  

1 9 . 4  
1 2 , 4  
1 5 . 5  
U . 8  

1 9 ] 6  
1 9 69 
1 9 4 6  
1 9 73 

12 ]6 ] 6 1 5 9 
10 " 3 5 1 5 9  
7 2  40 3 7  6 3  
6 6  ) 6  ] 7  6 0  
70 44 5 1  6 7  
&6 4 5  5 2 i 6 5  

NOV I S ! p  
39 . 1 1 1 946 1 1 9 . 4 1 1 9 3 6 1 6 9  40 4 1  6 2  

8 '. 5  5 
8 . 2  5 
8 . 2  5 
8 . 2  5 
8 � 7  S 
9 ', 0 S 

9 ', 0  Is 

56 SW 1 9 6 5  
42 5 11  1 9 7 2  
4 7  Nil 1 9 "  
4 5  N il  1 9 5 8  
4 8  II 1 9 6 2  
5 1  NE 1 9 5 3  JUL 
56 1 5 11 1 19 6 ' 

70 
7 2 ! 
74 ' 
7 2 ' 
65 
68 

70 

Means and ext remes above are f r om  exis t ing and comparable exposure s . Annual e x t remes have been exceeded at other s i tes in the l o ca l i t y  as fol lows : 

H ighe s t  temperature 1 0 5  in Augus t 1 8 7 8 ; lowe s t  temperature - 3 0  in February 1 93 6 ; max imum mon th l y  prec i p i t a t i on  8 . 57 in May 18 7 6 ;  min imum mon thly 
pre c i p i t a t ion 0 . 00 in December 1 88 1 ;  maximum pre c i p i t a t i on  in 24 hours 6 . 53 in May 1 8 7 6 ;  maximum monthly snowfa l l  57 . 4  in De c ember 19 1 3 ; max imum 
snowfa l l  in 24 hours 2 3 . 0  in Apr i l  188 5 ; fas te s t  m i l e  of wind 6 5  from Wes t  in May 1 93 3 . 

( 0 )  Length of record, yea rs , through the 
current year unl ess otherwise noted , 
based on January data . 

( b )  70° and above at Al askan s ta t i ons.  
Less  than one �al f .  
Trace . 

NORMALS - Based on record for the 1 94 1 - 1 970 period . 
DAT E OF AN EXTREME - The most recent in cases of mu l t i pl e  

occurrence . 
PREVA I L I NG W I N O  DI RECT ION - Record through 1 96 3 .  
W I N O  DI RECTION - Numera l s i n d i c a te tens of degrees cl ockw i s e  

from true north . 0 0  i nd i cates c a l m .  
FASTEST M I L E  W I N D  - Speed i s  fa stest observed I -mi nute val ue 

when the d i ,-ection i s  i n  tens of degrees . 
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TABLE 2 . 3 . 6 - 2  

CLIMATOLOGICAL SUMMARY 
MEANS AND E X T R E M E S  FOR P E R I O D  1951- 1973 

B a U L O E R ,  CO  

E L fVA T I ON 5420 

TEMPERA TUR E ( , F )  PRECIPITATION TOTALS (INCHES) 

MONTH 

JAN 

FEB 

MAR 

APR 

MAY 

J UN 

JULY 

AUG 

SEPT 

OCT 
NOV 

DEC 

YEAR 

MEANS 

::E ::E "' 
> ::E > "' 
: ><  ..l !  - z  � �  < -O ::E 

46 .0  2 1 . 4  

48 . 4  2 4 . 1  

5 2 . 4  2 7 . 0  

62 . 3  3 5 . 8  

7 2 . 1  4 5 , 8  

8 2 . 0  5 4 . 4  

8 7 . 9  6 0 . 3  

86 . 2  H . B  

7 8 . 1  49 . 8  

6 7 . 9  4 0 . 4  

H . O  2 9 . 0  

47 .4  23 .5  

6 5 . 4 1 3 9 . 2 1 

EXTREMES MEAN NUMBER 
OF DAYS 

MAX. MIN. 
> 
..l 0 .... 0 .... 0 ", � �  � �  :r ", '"  0: '"  O � .... 8 �  0: 0 '"  0: Z >  < 0  0( 0  Z O z < > U �  < � := iii °N ;;i � �  o( ..l  � ", S OJ < � 3  OJ 'o �  "' :x:  > 0 > o � <  � .. � .. 

33 . 7  72 5 1 9 -22 63 1 2  0 5 26 2 
36 . 3  7' 54 8 - 15  5 1  1 0 3 23  0 

39 . 7  79 7 1 26 -3_ 60 3 0 3 22 0 

49 . 1  B3- 60 2 1  5 59 10  0 0 10 0 
59.0  93  54 20 22 54 2 0 0 1 0 

68 . 3  104 54  23  30 51 2 7 0 0 0 
74 . 1  104 54  1 1  4 2  72 5 14  0 0 0 

7 2 . 5  1 0 1  69 B 43  72  25  10  0 0 0 

6 3 . 9  97+ 59 6 2 2  7 !  19 2 0 1 0 

54 . 1  90 53 1 10  69 13  0 0 6 0 

4 1 . 6 79 52  4 -2 5 1  2 0 2 19 0 

35 . 5  75 65 4 - 16  7 2  6 0 3 25  I 

1 JUL I . JAN 
52 . 3  10" j54 [ 1 1  -22 j 63 1 12 1 33 1 16 1 133 1 ' 1 

+ ALSO ON EARLIER DATES 

Z < 
OJ ::E 

.63  

. 8 1  

1 . 54 

2 . 1 1  

3 . 2 1  

2 . 1 1  

I . B2 

1 . 5B 

1 .66  

1 . 20 

1 . 04 

.68 

1 8 . 39 1 

t;; .... > 
� �  OJ 
E �  .... > '" < ..l 0: Z < "' - < > 0( 0: <  ", 0  OJ OJ < OJ ,, ::E  > " 0  > 0 ::E 

1 . 52  6 2  .98  62 08 1 0 . 1  

1 . 53 56  1 . 0) 57 28  1 2 . 0  

3 . 86 70 1 .48  5 2  2 1  1 9 . 5  

6 . B 5  57  3 . 3 1  5 7  02 1 2 . 0  

9 . 2 7  5 7  3 . 37  69  07  1 . 3  

5 . 34 69 2 . 65 63  16  . 1  

5 . 2 0  65  1 .49 69  17 .0 

7 . 49 51  3 . 06 5 1  0) .0 

4 . 89  6 1  1 , 64 71 17 1 . 7  

5 . 39 69 1 . 61  51  05 5 . 9 

2 . 1 5  72 . 85 70 U 1 1 . 7  

I . "  5 1  . 5 5  72 2 9  1 0 . 6  

MAV MAV 
9. 27 'r' 57 I 3 . 37 1

' 691 
7

1 84 . 9
1 

SNOW. SLEET 

.... ::E > '" :> ..l OJ 
::E :X:  .... :x: - .... '" � t  '" � �  < < > "' OJ  OJ OJ < > ", 0  > 0 

2 5 0 1  6 2  1 5 . 0  6 2  o e  
2 5 . 6  6 5  1 2 . 0  7 1  2 1  

5 6 . 7  7 0  2 7 . 0  70 1 1  

44 . 0  5 7  19 . 0  5 9  09
1 

6 . 6  7 3  4 . 0  7 3  0 1  

2 . 2  5 1  

! 

I 
2 1 . 0  7 1  I B  . 0  71  17 

49 . 3  69 1 3 . 0  6 9  1 2  

2 6 .  B 72 1 5 . 0  7 2  01  

1 1 . 4  6 7  9 . 0  7 2  2 9  

M A R  MAR 

5 6 . 7 1 7°1  2 7 . 0]70 / 3 1  I 

MEAN NUMBER 
OF DAYS 

OJ I OJ I � '" '" 0 � � ; ::E 

o 0 8 � � I � 
� "': .,...; 

2 0 

2 0 

4 1 

5 1 

6 2 

5 1 

5 1 

4 1 

3 1 

3 1 

3 1 

3 0 

4 5 1  10 j 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 
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U .  S. DEPARTMENT or COMMERCE. WEATHElI BUREAU 

IN COOPERATION WITH GREElE! CHA!a!:R Of' COIlIIERCE 
CLIMATOGRAPHY or THE UNITED STATES NO. 20 " �-35k6-4 

CLIMATOLOGICAL SUMMARY. 
LONGITUDE 1040 41' " 

ST A 1101'1 GREElF.! .  CO LOR A!lC; 
[uv. (GROUND) 4648 ft. mal 

Temperature (' F ) 

Means Extremes 

MEANS AND EXTREMES FOR PERIOD 1 88 7 - 1 9 5 4  

Precipitation Totals (lnche.) Melin n u mber of d a y" 

� Tem perahnet' 
.. ----'--. ---'--�.... '1-- · · - . . 

" >- Snow, Sleet. Hail -e - T 

8 � � f-----r;;-�----[
]
"-· -r --- -- , � 

.
. , Mj' i M>n 

" � � - " .,  " � ., : Q I" i." !"(l  ..r:: 8 A 'E en 'E - .!! 8 .!! 0.. "" � !  I tl ,�o ' ,.£ , � � ".., >- .§ � 0 � "" 0 m "" � � � "" @ "H � ... � >. "" I ·u °8 II:! �i � �. Iti � ' � !� ! � o .... H � .5 0 0 t7' IG � :  IV IV � � IV 10 0 II:! � --;:: II:! d) 0 010  ...... 0 ..21 � ..£  0 
� 0 a 0 8 � � :a .:. � .£  >- � � C9 >- � � 8 

_ _ :: _  :='_�� � - 1�-- o l�, �tl�-� I
� _�:o 1 i: 

(a) 61 61 61 61 61 61 67 67 60 60 1 60 i f 30 i 30 I )0 1 30 : )0 
Jan. 40.� 9.3  24.9 70 1943,{ -36 1942 1243 0.31 1 . 28 1921 3 . 8  20. 5  1899 9.0 1 1921 1 I 0 'I 8 ! 31 i ? i.j M .  
Feb. 43.9 13.1 28. 5  77 1932 -45 1899 1022 0.39 0.98 1923 5 .6 1 5 . 0  I 1923 8 . 0  1932,l 1 0 1 )8 :  h t  
.... r. 52.3 a . a  37.1 84 1910 -30 1932 865 0.76 1 .69 1909 6 . 8  37 .0 , 1906 10.0 192)'{ 2 I 0 2 !  2 9  · lIer 
Apr. 62.9 )2.1 47.5 89 1910 - 2 194� 525 1 . 56  2 . 10 1920 4 .2 34 .0 1920 11.0  1944 4 0 " : 1 5  • ' ''Jiit. 
\lay 71.8 41. 8  56.8 96 1942.,t 18 1909 276 2 .36 3 .09 1909 0.3 1 5 .0 1908 15.0 1908 I 6 2 * !  ( Iiu .• June 82 .7 50.4 66.6 106 1954 28 1919 66 1 . 54 2 . 51 1911 0 . 2  T 195o,t T 1937 4 lO 0 : .)un" 

July 89.,3 55.4 72.4 107 193b.f )4 1908 6 1 . 57 4 .61 1909 T T 1951,{ T 1951,{ 3 20 I 0 I 0 : () !Jul:. 
A"8. 87.7 53.6 70.7 105 1938 35 1895 6 1.06 2.03 1915 0 0 0 3 I 15 0 O !  0 Au� . 
Sept . 79 . 5  43.6 61.6 99 1954,1 20 1926 139 0.88 3 . 21 1902 0.2 6.0  1895 6.0 1895 2 I 5 1 0 0 'Sert . 
Oct. 67.0 32,0 49. �  91 1910 - 8 190� 470 0.93 2 .69 191� 1 . 9  30. 0  1906 9.0 1942 2 0 " 16 0 .(>c'l: .  
NOT. 52.4 19.7 )6.1 82 19)4.,t -18 1952,1 867 0.39 0.89 1946 3 . 7  21 . 5  19

.

46 10.0 194� 1 j' 0 3 2 9  1 ·Ne", , 
Dee. 41. 5  10.7 26 .1  78 11192 -37 1919 1206 0.39 1 .02 1938 4 .8 J4.j !9.!1 �0 !,225l _ _  1 _ ,Cl � ;ll j 5 p . "  

July Feb. July li ar .  >lay . 
Year 64.3 )2 .0 48.2 107 1936 -45 1899 6690 12.14 4 . 61 1909 3 1 . 5  37.0 1906 15.0  1908 30 52 I 24 1",, ' lr� t Yf'a, 

(a) Average length of record , years. 

T Trace, an anount too small to measure. 

+ Also on earlier dates, months or years. 

• Less than one half. 



N I 
CJ'. ..... 

TABLE 2 . 3 . 6 - 4  

l A T I TUDE N40 35  

lON G I TUDE W l o 5  05 

CLIMATOLOGICAL SUMMARY FORT C O L L I N!, CO 

E L E V A T I ON 5001 

TEMPERATURE ( ' F )  

MEANS EXTREMES 

MONTH � � )-'" 
)- '" ..J " t;; " I-

� ! X "' � "' ''' ..J !  I- O x '" 0 '" � �  < :!i  z � �  .: )- u �  0 '" <!i � S ,, � � "' x  )-

JAN 4 1 . 5  1 3 . 6  2 7 . 6  6 8  5 3  1 2  -32 

FEB 44 . 9  1 B . 2  3 1 . 6  75 54  8 -41 

MAR 49 . 4  2 2 . 6  36 . 1  79 7 1  26 -23 

APR 59 . 8  3 2 . 2  4 6 . 1  83+ 6}  } 9  - 8  

MAY 69 . 6  4 2 . 7  5 6 . 2  90 69 27 2'. 
JUN 7 9 . 5  " . 1  6 5 . 3  102 54 2 3  33 

JULY 8 5 . 5  5 6 . 5  7 1 . 0  10?+ 54 11  40 

AUG 83 . 7  , • •  6 69 . 2  99 69 8 39. 

SEPT 7 5 . 0  4 4 . 7  5 9 . 9  9 5+  59  6 2 1  

OCT 64 . 7  34 .6  49 . 7  87 67 3 8 

NOV 50 . 5  2 3 . 2  3 6 . 9  7 3+  64 8 -1 7 

DEC 4 3 . 2  1 6 . 9  3 0 . 0  7 3  5 7  9 - 1 8  ... 

J U L  
YEAR 6 2 . 3 1 3 4 . 2 1 4�. 3 1 102+ 154 1" 1-· 1 

• ALSO ON EARLIER DA ITS 

M E A N S  AND E X T . E M E S  FOR P E R I OD 1951-1973  

-

MEAN NUMBER 
OF DAYS 

MAX. MIN. 

t;; � ,, � 
" � � �  � i:  ,, �  0: z >  � g  Z O Z ;!i z  '" .: � :: 2 � �  ': ..J  .: .: '" 'N � b l:l  � ", 0  � )- " � .:  � .,  � .,  � \,l � )-

62 10  0 7 30  5 .42  1 . 17 62 

51 1 0 4 27 2 . 4 1  . 7 0  6 2  

5 6  1 2 0 3 2 7  1 1 .03  3 . 38 61  

5 9  1 2  0 } 1 4  0 1 . 7 2  4 . 4 2  7 1  

6 2  1 0 0 2 0 2 . 70 7 . 06 6 1  

5 1  2 4 0 0 0 1 . 82 5 . 2 7  65  

52 8 9 0 0 0 1 . 49 4 . 27 6 1  

6 4  3 0  6 0 0 0 1 . 5 2  7 . 39 5 1  

7 1  19 1 0 1 0 1 . 19 4 . 00 61 

69 14 0 0 1 1  0 1 . 08 4 . 85 69 

5 1  2 0 2 26 } . 62  2 . 29 73 

72  10  0 5 30 2 .40  1 . 17 73 

F E B  AUG 15 1 10 1 1 20 I 22 1 168 1 1 1 I 1 4 . 40 1 7 . 39 15 1 1 

PRECIPITATION TOTALS (INCHES) 

SNOW, SLEET MEAN NUMBER 
OF DAYS 

l-'" � )-� ;, ..J  1- )- � :o: ': ..J '" Z - I- '" � - .: )- .: � �  .: "' .: '" .: "' '" \,l " )- " � )-

. 86 62 08 7 . 2  1 8 . 7  7 1  

. 4 1  61  2 6  6 . 4  1 3 . l  55 

1 . 06 61  1 8  1 2 . 0  32 . 6  70 

2 . 1 8 57 02 6 . 2  2 7 . 5  57 

3 . 2 1 6 }  1 3  . 3  2 . 0  57 

2 . 71 65 17  . 0  

1 . 58 6 1  07  . 0  

3 . 06 5 1  03 .0 

1 . 62 71 1 7  . 8  1 5 . 0  7 1  

1 . 67 5 1  05 2 . 7  1 4 . 7  69 

.80 73 0 2  6 . 5 22 . 0  7 3  

. B 2  5 8  1 2  5 . 7  1 8 0 1 67 

M A V  M A R  
3 . 2 1 16 1 1 1 3 1 4 7 . 8 1 3 2 . 6 1 70 1 

--

I-'" "' 1- :0:  ;!i t:  '" .: )-"' "'  '" <!i \,l "  )-

1 3 . 0  62 0 8  

9 . 0  56 08  

1 7 . 0  56  14 

1 8 , 0  5 7  02 

2 . 0  7 3  O }  

1 0 . 0  7 1  17  

1 2 . 0  6 9  1 2  

1 2 . 0  7 3  O. 
1 2 . 0  58 1 2  

i 

� I � I � '" '" 0 o 0 � 
� I � � 
� I S( � 

: 1 0 0 

0 0 

3 0 0 1 
4 1 0 1 5 1 

: 1  4 1 

4 1 

: I : I : I 
'1 

2 0 0 

1 0 0 

APR J 18 :?L7l....�.L..:.41_
71 1 
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MAXIMUM RECORDED POINT RAINFALL 
AT DENVER , COLORADO 

( 1 8 7 6 - 1 9 6 1 , Updated through 1 9 7 5 ) 

Amount 
Dura t ion ( inche s ) Date 

5 min . 0 . 9 1 7/14/1912 

10 min . 1 . 3 6 7/14/1 912 

15  min . *1 . 5 7 *7/2 5/1 9 6 5  

3 0  min . *1 . 9 9 *7/2 5/1 9 6 5  

1 hr 2 . 2 0 8/2 3/1 9 2 1  

2 hrs 2 . 54 8/2 3/1 921 

3 hrs 2 . 7 2 8/2 3/1 9 2 1  

6 hrs 2 . 9 1 8/2 3/1921 

1 2  h r s  3 . 9 0  8/2 3/1921  

24 hrs 6 . 5 3 5/2 1/1 8 7 6  

*Updated values from L .  W .  Crow , a c on su l t ing meteoro l og i s t . 

A report ent i t l ed " Deve l opment o f  a Des ign Bas i s  Tornado for the Roc ky F l at s  

S i te , Colorado" ( McDonal d  and Minor , 1 9 7 2 ) addre s s e s  t h e  probab i l i ty o f  tornado 

oc currence at Rocky F l a t s . On the b a s i s  o f  this report and the s t a t i s t i c a l  rec ords , 

i t  i s  conc luded that i f  a tornado were to occur at Rocky F l a t s , i t  woul d  not have the 

ext reme inten s i ty a s s o c i ated with tornadoes of the Midwe s t  for several reasons . 

F i rs t ,  thunde rstorms bui l d  up we s t  o f  and over the ContInental Divide o f  the Rocky 

Mountains and a l so a l ong a l ine ranging from 5 0  to 1 0 0  m i l e s  east  o f  the D ivide . 

Between the s e  two areas , conve c t ive ac tiv i ty i s  usua l l y  suppre s s ed because o f  downward 

a i r  movement al ong the east  s l ope of the mountains . S evere tornadoe s  are assoc i ated 

with " rot ating thunders torms , "  which usua l l y  requ i re at l ea s t  an hour to develop from 

c onvec t ion c e l l s . Dur ing this time , a thunde rs torm wi l l  dri ft downwind an apprec i ab l e  

d i s tanc e - - probab ly 4 0  t o  5 0  m i l e s . Thus , thunderstorm devel opment i s  inhib i ted in 

the region immediately eas t of the mountains ( where the Rocky F l a t s  P l ant i s  l oc a ted ) ,  

and those that do form under the normal we sterly winds do no t have time to deve l op 

ful l tornad i c  intens i ty whi l e  s t i l l  near the mountains . 

S econdly , the mo i s ture ava i l ab l e  to serve th�nderstorms east  o f  the Ro ckies 

come s primari ly from the Gul f  o f  Mex i c o , and trave l s  in the l ower l ayers o f  the 

atmosphere . Increases in te rrain e l evation reduces propo rtionately the amount of 

this mois ture and the energy s tored as l atent heat . The net e f fect is that there i s  

con s i de rably l e s s  l a t en t - heat energy avai l ab l e  t o  Colorado tornad i c  s torms than to 

ones at l ower e levations far ther eas t and southeas t .  
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Thi rdly , from inv e s t i gat ions by Thom ( 1 9 63 ) , i t  appears that the paths o f  torna 

does that do o c cur in Colorado , parti cularly tho s e  adj acent to the mountains , are 

shorter and narrower than tho s e  o f  the Midwe s t . The refo re , i f  3 0 0 -mph winds are 

as sumed c harac ter i s t i c  of the mos t  s evere tornadoe s  o f  the Midwe s t , i t  appears that 

an uppe r  l imit o f  200 mph is more appropriate fo r Colorado tornado e s . Acc o rding to 

h i s to r i c a l  records , there apparently are no c a s e s  of tornadi c  winds in exc e s s  of 2 0 0  

mph in t h e  region immediately eas t o f  t h e  Roc ky Mountains . 

2 . 3 . 6 . 2  Local C l imatology 

The e l evat ion a t  which the P lant i s  s i ted and the s lopes o f  the Roc ky Moun tains 

near the P l ant modi fy the regional c l imate and influenc e d i spers ion charac te r i s ti c s .  

F i gure 2 . 3 . 6 - 1  dep i c ts the monthly mean wind veloc i t i e s  for 19 7 6 , peak gu s t s  fo r 

19 7 6 , and the 2 4 - year ave rage o f  peak gus t s . As shown in the figure , the ave rage 

wind veloc i t i e s  are moderate in compari son with the p eak gus ts . The 24- year ave rage 

for mean wind velo c i ty was 8 . 24 mph . 

Winds a t  Roc ky Flats , al though variab l e , are p redominantly we s t e rly , wi th s tronger 

winds oc curring during winter . F i gure 2 . 3 . 6 - 2  shows the wind direc t i on , frequency , 

and average velo c i ty for each direct ion , as recorded fo r 19 7 6 .  Over a 17 - year period 

( 1 9 5 3  to 1 9 7 0 ) , we s t  winds oc curred 2 5% o f  the t ime ; over 5 0% o f  the winds had a 

we sterly component . The s tronger gus t s  ( greater than 40 mph ) also  were from the 

we s t . 

S tap l e ton Internat ional Ai rport shows the mo s t  frequent wind d i r e c t ions as be ing 

from the south and southwe s t . In general , air that has p a s s ed ove r  Rocky F l a t s  

merges with air that h a s  p a s s ed over Denver and move s  to t h e  northeas t .  The Sou th 

P l a t t e  River val l ey , about 2 0  miles  eas t o f  the Roc ky F la t s  P lant , i s  the terrain 

feature along whi c h  thi s  t rans i tion from we s te r ly to northerly flow approache s comp l e 

t i on . 

Temperature extremes recorded at the Roc ky F l a t s  P l ant have ranged from 102  OF 

on July 1 2 , 1971 to -26 O F  on January 12 , 1 9 6 3 . The 24 -year ave rage max imum tempera

ture was 76 O F , the average minimum was 22 O F , and the ave rage annual mean was 49 . 6  

OF . F i gures 2 . 3 . 6 - 3 , 2 . 3 . 6 - 4 , and 2 . 3 . 6 - 5  d i sp l ay the monthly variations in mean , 

maximum , and minimum temp e rature s . A p l o t  o f  heating degree days , showing a 1 9 7 6  

cumu l a t ive total o f  6 , 2 6 9  degree days , i s  given i n  F i gure 2 . 3 . 6 - 6 .  

The re l a t ive humidity for the p a s t  23 years averaged 46% , wh ich a l so was the 

average for 19 7 6 .  The 2 3 -year record is 60% ,  in 1 9 6 0 . F i gure 2 . 3 . 6 - 7  shows the 

average mon thly relative humid i t i e s  for 1 9 7 6  and for the p a s t  2 3  years . F i gures for 

monthly and annua l  average relative humid i ty as a func tion of t ime of day for a 

Denver weather s ta t ion were shown p revious ly in Tab le 2 . 3 . 6 - 1 .  
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Annual average prec ipitation a t  the Roc ky Flats  P lant i s  s l igh t ly over 15 inche s . 

The maximum yearly prec ip i ta t ion rec orded over a 24-year period was 24 . 87 inches in 

1 9 69 ( Tab l e  2 . 3 . 6 - 6 ) . The greatest  amount in any one day was 3 . 40 inches in May 1 9 6 9 . 

Norma l l y , more than 80% o f  the prec ipitat ion fal l s  from Apr i l  through Septemb e r . 

Figure 2 . 3 . 6 - 8  shows the monthly and to tal pre c i p i tat ion for 19 7 6 , p lus the 24 -year 

cumu l a t ive average . Heavy runo ff some t imes o c curs , part icul arly during thunders torms 

and spring thaws , along the c reeks that traverse the P lant s i te . S in c e  the s tream 

beds are cons iderably lower than the P lant bu i l d ing s , and the terrain p rovides exce l 

l en t  drainage , maj o r  flooding o f  P l ant fac i l i t i e s  i s  cons idered prac t i ca l ly impo s s ib l e . 

2 . 3 . 6 . 3  

TAB LE 2 . 3 . 6 - 6  

ANNUAL RAINFALL AT THE ROCKY FLATS P LANT 
( inche s ) 

Year 

1 9 5 3  
1 9 5 4  
1 9 5 5  
1 9 5 6  
1957  
1 9 58 
1 9 59 
1 9 6 0  
1 9 61 
1 9 62 
1 9 63 
1 9 64 

D i ffus ion Me teoro logy 

Rainfal i 

1 1 . 2 6  
7 . 7 6 

14 . 7 7 
1 3 . 42 
22 . 67 
1 8 . 07 
1 9 . 65 
1 3 . 7 2 
1 6 . 08 

8 . 2 6 
1 2 . 23 

8 . 7 9 

Year 

1 9 6 5  
1 9 6 6  
1 9 67 
1 9 6 8  
1 9 69 
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  
1 9 7 5  
1 9 7 6  

Rainfall 

1 8 . 87 
1 0 . 24 
2 2 . 5 4 
1 2 . 7 1 
24 . 6 7 
1 8 . 5 6 
14 . 3 0 
1 4 . 7 8 
2 1 . 5 5 
1 3 . 7 3 
1 2 . 22 
1 3  . 5 1 

The dispers ive charac t e r i s t i c s  o f  the atmo sphe re are func t ions o f  horizontal and 

ve r t i c a l  a i r  movemen t  and o f  mix ing b e tween and wi thin air mas s e s . The s e  charac t e r 

i s t ic s  a r e  de fined in t e rms o f  wind s p e e d  and d i r e c t ion , and thermal ( temperature ) 

gradient s ,  which are fur ther c ategorized into hydro s ta t i c  s t ab i l i ty c la s s i ficat ions . 

The mo s t  c ommonly used c l as s i fication sy s t em i s  that o f  Pasqu i l l  ( Pasqui 1 l , 19 6 1 )  in 

which the di spersion parame ters are s eparated into s ix s t ab i l i ty categories  ( s e e  

Tabl e  2 . 3 . 6 - 7 ) . 

2 - 68 



TABLE 2 . 3 . 6 - 7  

C LAS S I F I CATION OF ATMOSPHERIC STAB I L ITY 

S tabi l i ty 
C l a s s i fic ation 

Extreme ly uns tab l e  
Moderat e ly uns t ab l e  
S l igh t ly uns t ab l e  
Neutral 
S l ightly s tab l e  
Moderately stab l e  

Pasqu i l l  
Catego r i e s  

A 
B 
C 
D 
E 
F 

° 0* 

( degrees ) 

2 5 . 0  
2 0 . 0  
1 5 . 0  
1 0 . 0  

5 . 0  
2 . 5  

Temperature Change 
with He igh t  ( D C/10 0  m )  

> - 1 . 9  
- 1 . 9  to - 1 . 7  
- 1 . 7  to - 1 . 5  
- 1 . 5  to - 0 . 5  
- 0 . 5  to 1 . 5  

1 . 5  to 4 . 0  

*S tandard devi ation o f  horizontal wind d i re c t ion fluc tuat i on over a period of 15  
minutes to 1 hour . The values are averages for each s tab i l i ty c l a s s i f i cation . 

Technical  description and data are contained in Appendix B - 1 ; however , to 

convey the phys i c a l  meaning of Pasqui l l ' s  S t ab i l i ty C l a s s e s  A through F ,  drawings 

dep i c t ing the outl ine of a p l ume during each s t ab i l i ty cond i t ion are pre s ented in 

Figure 2 . 3 . 6 - 9 .  Mo s t  notewor thy is the amount of ve r t i c a l  undulat ion in the p l ume . 

In Type A d i f fus ion ( extreme ly uns tab l e ) dur ing a bright sunny day w i th l ight winds 

of variab l e  direc t ion , large convec t iv e  mo tions in the a tmo sphere c ause a relatively 

rap id d i spers ion of the e ffluent downward through a large vo lume of the atmosphe re . 

In Typ e F d i f fus ion ( modera tely s t ab l e ) ,  which usually oc curs at n i ght when wind 

d i re c t ion is steady , there is almo s t  no ver t i c a l  mo t ion and no ver t i c a l  expans ion o f  

the plume . Wind meander c auses  the l i t t l e  di spers ion that do e s  take place . 

D i ffus ion meteoro logy for the Roc ky Flats P l an t  s i te i s  based on five years o f  

hour ly ob servation s  ( 1 9 6 0 - 1 9 64 )  a t  S tapl eton Internat ional Ai rport ( USDC , Apr i l  

1 9 7 5 ) ,  five years ( 1 9 7 0 - 1 9 7 4 ) o f  observat ions every three hours a t  S tap l e ton Interna

ti onal Airport ( USDC , July 1 9 7 5 ) ,  and on hourly obs ervation s  during three years 

( 1 9 7 2 - 1 9 7 4 ) a t  the Roc ky F l a t s  P l ant ( Crow , 1974 ) . The data inc lude j o int frequency 

d i s t r ibut i on s  of wind speed and direct ion for s ixteen 22 . 5 - de gree s e c tors , five wind 

speed group s , and six Pasqu i l l  s t ab i l i ty c la s s e s . Tab l e s  IV and V o f  Appendix B - 1  

present the data for Denver and Roc ky F l a t s , respec t ive ly , a s  de termined b y  Crow 

( 1 97 4 ) . The info rmat ion i s  based on a me thod deve loped by Turner ( 19 69 )  for de t e r 

mining t h e  s t ab i l i ty category from o rdinary surfac e -weather observation s . 

Evaluat ion o f  thes e  data shows a relatively high inc i denc e o f  s t ab l e  ( Types E 

and F )  and neutral ( Type D )  cond i t ions . Type E and F s t ab i l i ty c atego r i e s  oc cur 30 

to 40% of the t ime a t  both Denver and Roc ky F l a t s , with an a s soc iated average wind 

speed of 3 to 4 meters per s econd . Type D c a t egory o c curs 40% to 5 0% o f  the t ime a t  

b o th locat ions , with a n  as soc iated ave rage wind speed o f  5 t o  7 m e t e r s  per s e cond . 

The s e  data a l so show that winds are predominately from the we s t  over Rocky F l a t s  and 

from the south and south- southwe s t  ove r  Denver . 
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The di ffus ion parame ters are used to determine the appropriate di ffus i on category 

and wind speed to apply to short - term ( in s t antaneous ) ai rborne e ffluent re leases  

( thus determining the r e l ative sho r t - term conc entration)  and to  c a l culate the annual , 

average , ground - l eve l , r e l a t ive c oncentrations as a fun c t ion o f  s e c tor and d i s t anc e 

from the P lant . The sho r t - t e rm r e l at ive conc entration s  are used to e s timate accident 

dose s , and the annual ,  average , relative conc entrat ions are used to e s t imate no rmal 

operat ing dos e s  from radioac t ive emi s s ions as a fun c tion of sec tor and dis tance from 

the P lant . 

For a s s e s s ing environmental impac t ,  i t  i,s reasonab le to choo s e  " exp ec ted" or 

average cond i t i on s  as acc ident evalua t i on base s . Pasqu i l l  Type E d i f fus ion and a 3 . 0  

me ter-per- second wind speed were chosen to rep re s ent expec ted cond i t i ons during 

shor t - t erm airborne e f fluent releas e s . The s e  choic e s , a l though not wors t - c as e , we re 

c onservative since ( 1 )  the s e  s tabl e  cond i t ions oc cur somewhat l e s s  than 5 0% of the 

t ime and ( 2 )  the P l ant s i te con s t i tutes an e l evated source term for the high population 

dens i t i e s  which are a t  lower e l evations than the Plant . The neare s t  downwind fencel ine 

for the P l ant s i t e  is app rox imately 3 km away from and 1 0 0  m be low the l ev e l  at which 

a hypothetical  release from an ac c i dent c ould o c cur . For such an e l evated source the 

Pasqu i l l  Type E c ondi t ions give a h igher conc entration at a d i s tance of 3 km than 

would the use  of a more s t ab l e  we ather c l ass . Annua l ,  average dispersion parame ters 

were determined on the bas i s  o f  the on- s i t e  data shown in t ab l e s  o f  Appendix B - 2 . 

A comp l e t e  exp l anat ion o f  the methods used to determine di ffu s ion c o e f f i c i ents , 

the as sump t ions used , and results o f  the calculat ions for each o f  the s ixteen 22 . 5 -

degree sec tors a t  d i s tan c e s  from 1 0 0  me ters to approx imately 80 , 0 0 0  meters ( 50 

mi l e s ) are pre s ented in Appendix B .  

2 . 3 . 7  Material Movemen t  and Wind Eros ion 

Material movement by w ind transpo r t , pres ented here in re spons e  to pub l i c  c omment 

on the DEIS , i s  severely l imi ted by exi s tent vegetat ive cover . E s timates by the S o i l  

Conservation S e rv i c e  during 1 97 8 ,  ind i c ate v irtually n o  wind e ro s ion i s  to b e  an t i c i 

pated , given the pre s ent vege tative c over . Addi t ionally , s tud i e s  made b y  o f f - s i t e  

re s earchers ( Wh i c ker , 1 9 7 7  and Ca ine , 1 9 7 8 )  sub s tant i a te the s e  e s t imate s . A summary 

o f  Whi cker ' s  work i s  inc luded as Appendix A- 2 .  Only a smal l  frac tion (� 2%) o f  the 

P l ant l and i s  bare . The s e  d i s turbed area$ inc lude two c l ay p i t s  along the wes tern 

s i t e  b oundary ; and a grav e l  p i t , s ani tar) landf i l l , and outs ide s torage area c om

pound s , al l nor thwe s t  o f  the fenc ed security are a . 

Any ac t iv i t i e s  whi ch require d i s tur�ance o f  the s o i l  curren t ly mus t  have the 

approval o f  the P lant Env ironmental Sc iet�ces  Departmen t .  Such a c t ivi t i e s  are ( 1 )  mon i 

tored for s o i l  c ontaminat ion , ( 2 )  moni tored for a s so c i ated a i rb orne radioac t iv i ty , 

( 3 )  not permi tted above a c ertain wind speed , ( 4 )  kep t mo i s t  to inh i b i t  dus t genera

t ion , and ( 5 )  h ave soil s tab i l iz e r  app l i e d  b e tween periods o f  d i s turbanc e .  Also , 
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d i s turbed �reas are revege tated as soon as prac t i c ab l e  subs equen t to the s o i l  d i s tur

banc e .  

2 . 3 . 8 Background Radi oac tiv i ty 

The background radioac t iv i ty in the Roc ky F l ats vic ini ty come s from natural and 

man-made sourc es . Na tural background radia tion in the general area is somewhat 

higher than that in the Uni ted S tates as a who l e  ( Kl ement , e t  al . ,  1972 ; CDH , 1 9 76 ) . 

The somewhat higher natural background
,

i s  due to the e l evation o f  the area and the 

geologic depo s i ts o f  natura l ly radioac t ive materials  such as uranium and thorium . 

The Denver area doses  from natural bac kground radiation are l i s ted in Chap ter 3 ,  

Tab l e  3 . 1 . 2 - 6 .  

Man -made re l e a s e s  o f  long - l ived radio i s o topes have added to the rad i a t i on back

ground . The s e  contributions are a sma l l  frac t ion o f  the natural b ac kground rad i a t i on 

l eve l . Fal lout from pas t  nuc l ear weapons t e s t ing has contributed about the s ame 

background plutonium l eve l s  to the Roc ky F l at s  area as in the r e s t  o f  the Uni t ed 

S tate s . P lutonium c oncentration s  in the amb i ent a i r  coming from fal l out background 

are about 0 . 0 0 0 04 x 1 0 - 6  � C i/m3 ; plutonium concentrat ion in the s o i l  from weapons 

fal lout is about 1 . 5  x 1 0 - 3  � Ci/m2 ( 0 . 0 2 d/m/g , as suming a s o i l  dens i ty of 1 . 5  g/cm3 

and a s o i l  s ampl e d ep th o f  1 0  c en t imeters ) .  The Colorado Department o f  Heal th has 

e s tab l i shed a value of 0 . 0 8 d/m/g for bac kground plu tonium in s o i l  measured to a 

depth o f  0 . 3  em ( 1/8 inch ) . Thi s  i s  the average o f  value s fo r s amp l e s  taken from 

s i te s  more than 1 0 0  m i l e s  from Rocky F la t s . HAS L Report 249 ( Krey and Kraj ewsk i , 

1 9 7 2 ) d i s cu s s e s  the di fferenc e s  in i s o topes o f  Roc ky F l a t s  p lutonium and fallout 

plutonium that a l l ows s eparation of the two component s .  

2 . 3 . 9  Plu tonium in So i l  and Sedimen t 

In add i t ion to the background radiat ion d i scus s ed above , there i s  rad i a t i on f rom 

past  releases  o f  long - l ived alpha ac tivity from Roc ky F l a t s . Th i s  rad i a tion i s  

greater near the Roc ky F l a t s  fac i l i ty and drops o ff quickly with increas ing d i s tance 

from the P l ant . The past releases  have led to some infil trat ion of the surfac e 

wate r ,  pond s ediment s ,  and s o i l  in the v i c inity o f  the P l ant . In add i ti on to the 

in forma t ion p rovi ded in the DE I S , a d e s c ription o f  so i l  s amp l i ng me thods used by 

various agen c i e s  has been added to th i s  impac t s t a tement as S e c t ion 2 . 3 . 9 . 3 .  

2 . 3 . 9 . 1 Source o f  P l u tonium in So i l  

Concentrations o f  plu tonium in s o i l  around Rocky F l a t s  have been e s timated b y  

t h e  Colorado Department o f  Heal th , DOE ' s  Envi ronmental Measuremen t s  Laboratory , 

formerly ERDA ' s  Heal th and S a fety Laboratory , the P l ant ' s  prime c on trac tor , and by a 

private organizat i on c a l led the Colorado Comm i t tee for Envi ronmental Info rmat ion 
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( CC E I ) .  In general , measurements made by the d i f ferent group s have shown s im i l ar 

resu l t s  for surface plutonium l evel s ( Krey and Hardy , 1 97 0 ; Krey and Kraj ewski , 1 9 7 2 ; 

Mart e l l  and Po e t , 1 97 2 ; and Dow , 197 2 ) . 

Krey and o thers , ( 19 7 6 ) ( hereafter re ferred to as the HAS L dat a )  ind i c a t e  that 

r e l e a s e s  from past operat ions have amounted to about 11 cur i e s  of plu tonium , about 

9 9% o f  which was leakage from s te e l  drums containing contaminated c u t t ing o i l  during 

1 9 5 9  to 1 9 6 9 . S ome uranium was al so present in the o i l . Thi s  e s t imate was made by 

c omparing the computer p rogram and isopleth data ( F igure 2 . 3 . 9 - 1 )  and inc lude s p luto 

nium e f fe c t ively d i sp e rsed to infinity . The HAS L data sugg e s t  that o f  the 11 C i , 8 . 6  

C i  are on s i te . O f  the amount o f f  s i te , the HAS L data ind i c a te that about 1 . 5  C i  are 

inc luded in the area above 0 . 0 0 3  � Ci/m2 , which extends up to about 5 m i l e s  from the 

P lan t b oundary . About 1 . 9  Ci are spread at d i s t anc es far from the P l ant at l ev e l s  

equal t o  o r  be low the l evel  o f  p lutonium from fal lout ( 0 . 0 0 1 5 � C i/m2 ) .  Of t h e  total 

8 . 6  Ci inc luded on- s i t e , the HAS L data e s timate that about 1 . 7  Ci are inc luded in the 

area that was covered with asphal t ( Krey , e t . al . ,  1 97 6 )  S e e  Figure 2 . 2 . 2 - 2 . 

The HAS L e s timate o f  the total amount o f  p lu tonium di spersed by the o i l  l eaks 

( 1 1 C i ) is highe r than the e s t imat e  o f  the total amount o f  p luton ium avai l ab l e  to b e  

dispersed . The po tent ial  amount was e s t imated by Roc ky Flats  on the bas i s  that the 

5 , 0 0 0  gal of o i l  that leaked from the barre l s  c ontained 86 g ,  or 6 . 3  C i , of plutonium . 

The Roc ky F l a t s  e s t imates o f  the amount o f  plutonium ac tua l l y  di spersed b eyond the 

area c overed by the asphalt  pad also  are lower than the HAS L e s t imate s . Thi s  appears 

primarily due to the use of di fferent samp l ing depths by HAS L and Rocky Flats personnel .  

The HAS L data ind i c a te that the samp l ing depth needs to b e  about 10 c entime t e rs ( 4  

inche s )  t o  ensure that 90% o f  the total plutonium i s  samp l ed . The Rocky F l a t s  e s t i 

mat e s  inc luded the total amount d i spersed out t o  only the 0 . 0 1 3 - � Ci/m2 isopleth , and 

thus do no t repre sent the total amount d i spersed . 

Mart e l l  and Poe t c ontend that the plutonium i s  contained almo s t  who l ly wi thin 

the uppe r  c entimeter o r  two of und i s turbed s oi l . HAS L data , t aken at a depth o f  2 0  

cm , w a s  intended t o  provide a n  e s timate o f  the total invento!y ,  inc luding any p lutonium 

found a t  depths greater than 2 cm . An unamb iguous determinat ion o f  the depth d i s t r i 

bution o f  p lutonium i s  comp l i c ated b y  the presence o f  fallout plutonium ,  whi c h  mus t  

b e  separated from the Roc ky F l a t s  plu tonium , and b y  the di fficulty i n  a s suring that 

s o i l  s amp l e s  are in " undi s turbed areas . "  For the purpo s e s  o f  thi s  E IS , however ,  i t  

i s  a s sumed that the HAS L total inventory samp l e s  are repre s entative and thus the 

l arger e s t imate s of p lu tonium di spersal made by HAS L w i l l  b e  used . 

The work o f  Marte l l  and Poet , based on l - cm ( 0 . 4  in . ) samp l e s , does no t sugg e s t  

greater plutonium inven tories  wi thin t h e  0 . 0 0 3 - � Ci/m2 contour , b u t  Mar t e l l  and P o e t  

do sugg e s t  that t h e  to tal  inventory from t h e  o i l  spi l l  b eyond t h e  0 . 0 0 3 - � C i/m2 

contours i s  4 C i  o f  plutonium ( in compari son to the 1 . 5  C i  e s t imated by HAS L ) . The 

e s t imation o f  the total inventory in the region o f  l ow c on c entrat ions depends almo s t  
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enti rely upon extrap o l a t ions o f  concentration s  and concentrat ion grad i ents  from areas 

of h i gher conc entra t ion , since it would require prohibi t iv e  amount s  of sampl ing to 

dete rmine low - l ev e l  i sop l e ths at great d i s tanc e s . Mart e l l  and Poet do not indic ate 

how the i r  e s t imate was made . The HAS L e s timates  were made on the b as i s  of cons id

erab l e  wo rk to determine approp r i a t e  extrapo l a t ion fac tors that best f i t  the data ; i t  

i s  probably the b e s t  e s t imate ava i l ab l e . The HAS L e s t ima tes  w i l l  thus b e  used through 

out th i s  S tatement to a s s e s s  imp ac t .  I t  shoul d  b e  no t ed , however , that s o i l  samp l ing 

both on and o f f  s i t e  is an ongoing proc e s s , wi th greater accuracy in resul ts b e ing 

derived as improved t ec hno logy and more soph i s t i cated equipment b e c ome avai lab l e . 

The Roc ky Flats  contrac tor c o l l ec t s  over 5 0  samp l e s  annual ly from a l ternate 5 0 0 - fo o t  

s e c t ions o f  a g r i d  in t h e  P lant ! s  exc lus ion area . The geome try o f  a l l  samp l e s  i s  

c are fu l ly contro l led b y  driving a 1 0 - b y  1 0 - cm ( 4 - b y  4 - in . ) cut ting tool S cm ( 2  

in . ) into und i s turbed s o i l , then exc avat ing the s o i l  conta ined w i thin the tool c av i ty . 

The s o i l - analys i s  p rogram through 1 9 7 7  al so includes the annual c o l lec t i on o f  s amp l e s  

from 1 8  degre e s  o f  arc on 

the center of the P lant . 

Moni to ring Report , 1 9 7 7 ) .  

three c irc l e s  having 1 - , 2 - , and 5 -mi rad i i  conc en tric  wi th 

The data are repo rted annual ly ( Annual Envi ronmental 

There has b e en great intere s t  in removing the p lu tonium conta ined in the soi l 

unde r  the aspha l t  p ad .  For thi s  purpo s e , budget ing i s  unde r conside ra tion for a 

dev i c e  which wi l l  mine the s o i l  from under the pad and s ep arate the p lu tonium and the 

fine so i l  par t i c les  from the remainder of the so i l .  The p l utonium port ion would then 

b e  sent to di sposal or s to rage , and the large , remaining bulk woul d  b e  re turned to 

the Roc ky F l a t s  env i ronment . Laboratory experimentat ion has shown th i s  approach to 

be feasib l e . P i lo t  p l an t  work is b e ing p l anned . 

Mart e l l  and P o e t  sugges t  the po s s i b i l i ty that there are h igher p lu tonium l eve l s  

in areas o ther than tho s e  indicated a s  be ing contaminated from the o i l  l eak . Thi s  

might b e  exp l ained b y  maj o r  releases  o ther than from the o i l  l eak . Thi s  po s s i b i l i ty 

i s  di sputed by Krey o f  HAS L ( Krey , 1 9 7 4 ) . As measured by on - s i t e  moni tors , p a s t  

re l eases from the Rocky F l at s  fac i l i ty from b o th routine and acc i dental c aus e s , 

exc luding the o i l  l eak , repres en t  on ly about 1% o f  the amount r e l eased from the o i l  

leak . 

Given the numbe r  o f  on - s i t e  e f f luent moni tors , i t  i s  improbab l e  that r e leases  

several orders o f  magni tude above t hose reported could have o c c urred wi thout detect ion . 

Further , da ta from air samp l ers on the P lant and in the surrounding v i c ini ty , which 

have been samp l ing c on t inuou s ly during the Pl an t ! s  l i fe t ime , do  not sugg e s t  any 

maj or ,  unde tec ted releases  nor do they sugges t that the h i gher l ev e l s  o f  resuspended 

mate rial pre sent in the o i l - l eak area al so exi s t  e l s ewhe re . Nev e r the l e s s , c ont inued 

envi ronmental mon i toring programs are b e ing c onduc ted , inc lud ing mapp ing radi a t i on 

l eve l s  by air , wh ich c an even further de fine the radia tion background in the Roc ky 

F l a t s  area . 
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In add i t ion to the measured plu ton ium l eve l s  in the env i ronment ,  there i s  some 

ame r i c ium - 241 , wh i ch is a l s o  an alpha emi t te r .  Th i s  amer i c ium - 241 comes from direct  

re l eases  from the  P l ant in  add i t ion to the dec ay o f  p lutonium - 241 , wh ich i s  a b e t a  

emi tter . Henc e ,  to ensure c on s erva t i sm , a n  ame ric ium- 241 v a l u e  equal t o  5 0 %  o f  t o t a l  

p lutonium a l p h a  a c t ivi ty wi l l  be u s e d  in e s t imat ing future re l eases . 

P lutonium - 241 has a rel atively short hal f - l i fe ( 1 3  years ) ,  so that over a period 

of about 70 years , mo s t  of the b e t a - emi tt ing p lutonium- 241 wi l l  have decayed to the 

l onge r - l ived americ ium- 241 ( ha l f - l i fe of 433 years ) .  Thu s , i t  i s  p o s s i b l e  that the 

total a lpha ac t ivity in the envi ronment wi l l  inc rease over the immediate term . Rocky 

F l a t s  p luton ium has only about 0 . 3 6% p l u tonium - 241 by we ight , which means that the 

ratio o f  amer i c ium alpha ac t iv i ty to p l utonium a lpha a c t iv i ty c anno t inc rease to more 

than about 0 . 1 5 .  H i s tori c a l l y , p lutonium - 241 we i ght percentages as high as 0 . 65 have 

oc curred , but even then an a c t i v i ty increase of no more than 25% is p o s s ib l e . At 

present , the to tal activity o f  ame ric ium - 241 i s  about 10% o f  the total p l u tonium 

a lpha a c t ivity (Marte l l  and Poe t ,  1 9 7 2 ) , though the ratio o f  ame r i c ium - t o - plutonium 

a c t iv i ty var i e s  in d i f ferent s amp l e  med i a , sugges t ing di f ferent frac t ionation o r  

s eparat ion o f  the two e l emen t s  i n  the envi ronment .  The resuspens ion o f  plutonium and 

ame ric ium in s o i l  is di scussed in S e c t ion 3 . 1 . 2 . 1 .  

2 . 3 . 9 . 2  S tandards for P lutonium in S o i l  

" 
The only Federal s tandards now app l i c a b l e  to p l utonium in the environment are 

thos e for the l eve l s  of p lutonium in air and drinking water ; cons equen t l y , there are 

no o ff i c i a l  Federal s t andards with wh ich to compare indic ated o f f - s i te p l u tonium 

leve l s  in s o i l . In 1 9 7 4 , the EPA was charged with the respon s i b i l i ty o f  c onsidering 

whe ther guide l ines were needed to p rotec t the heal th and s a fety o f  the publ i c . In 

1 9 7 7 , the EPA r e l e ased a gui danc e document in draft form , " Proposed Guidance on Do s e  

L imi ts f o r  Pe rsons Exposed to Trans uranium E l ements i n  t h e  General Envi ronment . "  The 

gui danc e  provides s c reening l eve l s  for a i r  ( 1  fCi/m3 ) and for s o i l  ( 0 . 2  � Ci/m2 ) .  

The s e  sc reening l eve l s  are values which indi cate a need for further tes t ing to deter

mine whe ther do s e  l im i t s  are exceeded in areas having unc ontro l l ed ac c es s . The EPA 

spec i fi e s  that the s o i l  te s t ing me thod sha l l  be adequate to analyze so i l  to a one 

c en t imeter depth and having a s o i l  part i c l e  s i z e  o f  l e s s  than two m i l l ime ters . The 

neasured concentration i s  modi fied by use o f  an " enrichment fac tor , "  which takes into 

ac coun t the contribut ion of p lutonium assoc iated with s o i l  p ar t i c l e s  in the inhal eab l e  

s i z e  frac t i ons . Extens ive data taken i n  areas surrounding the P l ant ind i c a t e  that 

there are no areas which have higher concentra t i ons of plutonium in s o i l  than the EPA 

s o i l  s c reening l eve l . Indeed , the highe s t  c oncentration i s  about 3 5% o f  the EPA 

l imi t .  L i kewi s e , concentrations o f  plutonium in a i r  a t  the Ro cky F l ats P l ant are 

s everal orders of magni tude lower than the EPA s c re ening l im i t for a i r . 

2 - 7 6  



The S ta t e  o f  Colorado in 1 9 7 3  adop ted the fol lowing radiat ion c on t ro l  regu l a tion : 

" RH4 . 2 1 

4 . 2 1 . 1  

Perm i s s i b l e  L ev e l s  o f  Radioac t ive Material in Uncontro l led Areas 

P lutonium . Con t amination of the soil in exc e s s  of 2 . 0  d i s integrations p e r  

minute o f  p lutonium per gram o f  dry so i l  o r  square c en t imeter o f  surface 

area ( 0 . 0 1 m i c ro curie p lutonium p e r  s quare m e t e r )  p r e s ent s a s u f f i c i ent 

haz ard to the pub l i c  health to requi re the u t i l i z a tion of spec i a l  t echniques 

o f  cons t ruc t ion upon p roperty so contaminated . 

Evaluat ion o f  p roposed control techniques shal l b e  avai l ab l e  from the 

Department o f  Heal th upon reques t . "  

The Colorado S tate guide l ine doe s  no t b an c on s t ru c t ion on l and containing pluto

nium- in- s o i l  c oncentrat ion s  greater than 2 d/m/g ( 0 . 01 � C i/m2 ) ,  but i t  s tates that 

any such l and might requ i re " sp e c i al techniques of cons t ru c t ion . "  On the b as i s  o f  

the S ta t e  regu l a t ions , r e c ent data indic ate that about 1 , 00 0  acres  o f  l and outside o f  

the 6 , 5 0 0 - ac r e  P l ant s i te may require spec i a l  measures prior to c ons truc t ion . The s e  

data were ob t a ined from s ixty s o i l  s amp l e s  co l l ected and analyzed b y  a DOE contrac tor . 

S amp l e s  c o l l e c t ed from p l owed ground contained l ev e l s  o f  p lutonium s igni f i c antly 

lower than the S tate guid e l ine . The remaining 1 , 00 0  acres was found to inc lude so i l  

that c ontained p lutonium a t  concentrat ions greater than 2 dim/g . Prope r  charac teriz a 

t i on o f  the s e  l ands , however ,  should b e  made by' evaluation o f  grouped s amp l e s  i n s te ad 

o f  individual s amp l e s  for a total inventory approach to haz ard evaluation . Such an 

evaluat ion c an b e  made wi th medi an value s . The medi ans for s amp l e s  typ i c al o f  the 

Colorado proc edure were 2 . 0  d/m/g for one parce l  and 7 . 0  d/m/g for ano ther parcel . 

The s ame lands s amp l e d  to a gre a t e r  depth ( 5  c en t ime ters versu s  0 . 3  c en time ters ) 

y i e lded medi ans o f  0 . 7  and 1 . 4  d/m/g , respe c t iv e ly . The Colo rado Department o f  

Hea l th has des igna ted a s  a " general area o f  conc e rn "  which i s  currently d e f ined a s  

the area b ounded by S imms S treet through S tandl ey Lake o n  the eas t ; 8 0 th Avenue 

extended to Highway 7 2 , and Highway 72 to H ighway 93 on the sou th ; Highway 93 to the 

west ; and Highway 128 to the north ( se e  Figure 2 . 3 . 9 - 1 ) .  P lutonium - in - s o i l  measurement s  

have been made a t  s everal locat ions wi thin the S ta t e - d e s i gnated area o f  c once rn . One 

of these was in the Walnut Creek Dev e l opment No . 2 whi c h  is about one m i l e  e a s t  o f  

the e a s te rn Roc ky F l a t s  P l ant boundary . The measurements ind i c a t ed pluton ium l ev e l s  

o f  0 . 0 5 to 0 . 90 d/m/g , whi c h  a r e  a l l  l e s s  than t h e  S ta t e  guide l ine l eve l . Other 

measurement s  were made on soil s amp l e s  from the Good F inanc i a l  Corporation p roperty 

j us t  e a s t  o f  Indiana S treet  and adj acent to the Ro c ky F l a t s  P l an t ' s  e a s t  b oundary . 

The s e  measurements ind i c ated p lutonium concentrat ions in the range from 0 . 0  to 1 4 . 1  

d/m/g o f  s oi l . Nine o f  the 2 1  analyses yi elds  l eve l s  greater than the S ta t e  guide l ine 

of 2 d/m/g , and the Colorado Department of H e a l th recommended that special  techniques 

b e  app l ied during development of the l and . The s e  spe c i a l  techniques may invo lve 

ei ther deep p lowing of the l and or removal of the top s o i l . 
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The S tate measurement s  to which the guide l in e  i s  re l ated were made us ing s amp l e s  

o f  t h e  agronomic s o i l  ( i . e . , rocks greater than two m i l l ime ters diame ter were exc luded , 

but the remain ing s o i l  was not trea ted to retain only the resp irab l e  p ar t i c l e s ) .  

The adopt ion o f  the S tate guide l ine o f  2 d/m/g p luton ium in dry s o i l  by the 

Colorado Board of Hea l th was b a s ed on three i t ems : ( 1 )  a rev iew o f  the l i t erature 

showed that the sugge s t ed value was b e low any ava i l ab l e  s tandards or guide l ines ; ( 2 )  

for s oi l s  con taining concentrations o f  2 d/m/g pluton ium , a i r  s amp l ing resu l t s  were 

not detec tab ly above wo rldwide fa l l ou t ; ( 3 )  the v? lue provided in the S t ate regu l a t ion 

for p lu tonium in s o i l  wou l d  be s igni fi cantly d i f ferent from wo r l dwide plutonium 

fal lout in s o i l . I t  was de termined that , by us ing a fac tor o f  ten above the max imum 

worldwide fal lout value , the S tate woul d  not inadvertently condemn any proper ty that 

might have e l evated l eve l s  due s o l e ly to wor l dwide fal lout . I n  1 9 7 6 , three years 

a fter adopt ion of the s tandard , the Colorado Department of Heal th p repared a do s e  

a s s e s smen t evaluation o f  the S tate s t andard and veri fied that the S ta t e  had adopted 

an u l t racons ervat ive s t andard ( CDH , 1 9 7 6 ) . 

Both the EPA gu idanc e and the Colorado regulat ion are based on evaluat ion o f  

heal th e ffec t s  and e s t imates o f  heal th r i s k . The mode l s  for thi s  eva luation were 

based on work by researchers who have inves t igated the e ffec t s  of nuc lear weapon 

de tona tions in Japan , the e ffec t s  o f  radium on radium watch d i a l  painters , the e ff e c t s  

o f  radiat ion on p a t i en t s  who rece ived rad i a t ion treatmen t s , and t h e  e ffec t s  o f  p luto

n ium on animal s .  Thi s  res earch has been revi ewed , and the model s  were developed and 

reported by the Nat ional Ac ademy of S c ienc e s  ( 1 9 7 2 , 1 9 7 6 ) . 

The ac tual dose c a l c u l a t ions on which the EPA guide l i n e  and the Co l orado regu l a 

t ion a r e  b a s ed make u s e  o f  an imp l ied resuspens ion fac tor , i . e . , t h e  ratio be tween 

the measured s o i l  content and the a i rborne c oncentrat ion . Changes in the de fin i t ion 

of s o i l  concentra t ion values woul d  require a corresponding change i n  the imp l ied 

resuspen s i on facto r , as  the ac tual amount of p luton ium i n  the air c annot b e  changed 

by arb i t rary d e finit ions . Thus , the o n ly val id way to define s o i l  concentrat ion s for 

comparison w i t h  the Colorado guide l ine i s  through use of the S t ate s o i l -measurement 

t echnique upon whi c h  the guide l ine i s  based . The s e  measurements  inc luded all  the 

s o i l  in the s amp l e  t aken , no t j us t  the re s p i rab l e  dus t  frac t ion . The Colorado S t ate 

Department of  Heal th , in a 1 9 7 6  pape r ,  conc luded that the present S tate gu ide l in e  

" c an s t i l l  b e  con s idered to be u l t racon s e rvat ive . Further re s tr i c t io n  and cons ervat i sm 

by modi f i c at ion o f  the s t andard i s  unwarran ted" ( CDH , 1 9 7 6 ) . S imi l arly , compari son 

of measured s o i l  concentrat ion s with the EPA guide l ine requi res the u s e  of s amp l e s  

obtained b y  u s e  o f  the EPA s amp l ing parame ters . The E PA s amp l ing p arame ters are 

s im i l a r  to tho s e  of the Colorado Department of Heal th . The s amp l ing technique o f  

J e f ferson Coun ty Hea l t h  Department ( JCHD ) resul t s  i n  c oncentrations o f  p l utonium i n  

re s p i rab l e  dus t ( as de fined by JCHD ) , r a t h e r  than in s o i l . T h e  do s e  e s t imate mod e l  

f o r  t h e  EPA guidan c e  d o e s  no t app l y  t o  t h e  JCHD s amp l i ng resu l t ;  conc entrat ions o f  

i sotopes i n  respirab l e  du s t  c anno t b e  compared with EPA guidan c e . 
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The mo s t  recent measurement s  made by the Colorado Department o f  He a l th , for the 

Good F inanc i a l  Corpo ration and o ther l and developers , were made us ing the 0 . 3  cm 

( 1/8 inc h )  s amp l e  dep th as recommended by the S tate . Thi s  i s  a shallower dep th than 

that rou t inely used by Ro c ky F l a t s  personne l ,  who s amp l e  to 2 inches  ( 5  cm ) depth . 

Comparison o f  resu l t s  has shown reasonab l e  agreement b e tween the two d i f feren� s amp l ing 

technique s .  Th i s  sugge s t s  fairly uni form concen tration s  o f  p luton ium in the upper 

few inches of so i l .  No corre l a t ion be tween s o i l  conc entrations and conc entrations o f  

i s o tope s  i n  re s p i rable dus t  ( as de fined b y  JCHD ) has been shown . Mod e l s  have not 

been pub l i shed that would relate JCHD conc entrations to a i rborne concentrations and 

quan t i t i e s  o f  i s o tope s  tha t  are inhaled . 

S everal inve s t igators have prop o s ed s t andards : Healy ( 1 9 7 4 ) , 2 . 25 � C i/m2 ; 

Anspaugh , e t  al . ( 19 74 ) , 6 to 200 � C i/m2 ; Kathren ( 19 68 ) , 0 . 04 � C i/m2 for urban areas 

to 4 � C i/m2 for rural areas . Thi s  r e s e arch i s  re ferenced in the background material 

p rovi ding bas i s  for the EPA s tandard ( EPA , 1 9 7 7 ) .  

The s tudi e s  o f  C .  Johnson and o thers ( 1 9 7 6 )  have a s s umed the impac t o f  a s t andard 

wi thin Je fferson County only , inasmuch as dec i s i ons of the Je f fe rson County Commi s 

s ioners have been based on the recommendations o f  Dr . Johnson , Director o f  Je f fe rs on 

County Hea l th Department . Dr . Johnson ' s  wo rk does no t recogn i z e  the e f fi c ac y  o f  

hea l th data accumulated b y  the earl i e r  researchers ( Na t ional Ac ademy o f  S c i en c e s , 

19 7 2 , 1 9 7 6 ) . There i s  no health mode l a s s o c i ated with the s amp l ing o f  J e f fe rson 

County Hea l th Department , which measures concentration s  of plutonium in respi rab l e  

dus t , rather than in s o i l . The measurement i s  n o t  accep t ed by the EPA a s  a n  appropr i 

a t e  means o f  eva luating s o i l  concentrations f o r  compari son w i t h  t h e  EPA s t andard 

because the mode l s  rep r e s ent ing transport from the s o i l  to the body include factors 

fo r expec ted resuspens ion , r e sp i rab i l i ty ,  and body retent ion . The mod e l s  are there fore 

no t app ropriate to concentrations in s o - c a l led respirab l e  dus t ( EPA , 197 8 ) . 

2 . 3 . 9 . 3  So i l  Samp l ing 

The purpo s e  of s o i l  s amp l ing program s  c an general ly b e  related to one o r  more 

spec i fi c  obj e c t ive s . The s e  are a s  fol lows : ( 1 )  depo s i t  invento r ie s , ( 2 )  agricultural 

ava i l ab i l ity , ( 3 )  r e suspension ava i l ab i l i ty , and ( 4 )  d i s tribution of contaminant . 

U s e  o f  s o i l  measurements to e s t imate area inventori e s  o r  e f fec ts requi r e s  the s e lec t ion 

o f  a s ta t i s t i c a l l y  s u f f i c i ent numbe r  of rep re sentative s i te s , with the den s i ty of the 

s i te s  depending on the accuracy sought and the s lope of the concentration grad i en t s . 

The mos t  u s e ful measure o f  the concentration o f  depos i ted material in s o i l  i s  

related t o  the amount o f  radioa c t iv i ty per uni t are a . S amp l ing should there fore b e  

done in s u c h  a way so t h a t  t h e  weight o f  t h e  m a t e r i a l  c o l l e c ted c an b e  direc t ly 

re lated to the area s amp led and that the dep th o f  the s amp le i s  known . The measure 

ment s  on a weighed a l iquo t o f  the s amp l e  can then b e  r e l ated to area concentration . 
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The amount o f  radioac t ivity per gram o f  s o i l  i s  frequen tly report ed . I t  c anno t b e  

converted to concentrat ions per uni t  area unl e s s  add it ional vo lume - re l ated informa

tion is a l s o  reported . 

I f  an accumul at ion o f  depo s i t s  ove r  a period o f  t ime i s  to be e s t imated , the 

area to be s amp l ed shou l d  be und i s turbed fo r at l ea s t  that s ame t ime interval . A 

s e cond c ri terion , that o f  repre s entativene s s  o f  the s amp l e  s i t e , depends on the 

env ironment and the meteoro l o g i c a l  and c l imato l o g i c a l  factors for the area . A third 

c r i terion , that the depo s i ted materi a l  remain in p lace , general ly requires that the 

area should h ave l iv i ng vege tat ion . We l l - deve l oped , grassy areas are we l l  suited to 

s amp l e  co l l e c t ion . 

I t  i s  d e s i rab l e  to s amp l e  a re l a t ively l a rge area to obtain the mo s t  representa

tive s amp l e  pos s ib l e . Various procedures requ i re c o l l e c t ing b e tween five and twen ty 

five cores or subs amp l e s  to make up the d e s i red area , with suffic ient s ampl e  material  

for  p ro c e s s ing and analys i s . 

For total  inven tory e s timate s , i t  i s  nec e s sary to s amp l e  a l l  o r  mo s t  o f  the 

deposi ted materi a l , whi ch means s amp l ing to the neces sary depth . I f  i t  i s  p o s s i b l e , 

i t  i s  b e s t  to co l l ec t  a few p r e l iminary s o i l  p ro f i l e s  to determine the depth o f  

penetration o f  the ma terial  s ough t . I t  i s  usua l ly adequa te to s e l e c t  a dep th contain

ing 90 to 95% of the total . I n  the Ro cky F lats  are a ,  thi s  amount s  to s amp l ing to 

dep ths of 10 to 20 cm . 

To eva luate the agri c u l tural avai l ab i l i ty o f  a contaminant , i t  i s  no t nec e s s ary 

to measure the total  material depo s i ted but only that amount in the roo t  zone o f  the 

c rop of intere s t  in the s tudy . In mos t  c as e s  th i s  wou l d  be the dep th of the c u l tivated 

zone . The avai l abi l i ty o f  a contami nan t to a p lant i s  rarely 1 0 0 % .  Th i s  may mean 

that the analyses may be conduc ted on par t i a l  ex trac ts of the soi l rather than on 

comp l e t e  d i s o lutions of the total s o i l  samp l e . 

Fo l l owing an acute release o f  a c ontaminant , surfac e - so i l  s amp l ing soon a fter 

the event c an be used to de fine the d i s t ribution pat tern . Thi s  woul d  require s ampl ing 

only the top 5 cm of s o i l , inc luding the vegetation . Experience has indicated that 

attemp t s  to s amp l e  a shal l ower depth resu l t  in l e s s  reprodu c i b l e  resul t s . 

The mo s t  impo rtant fac e t  o f  so i l - s amp l e  c o l l e c tion i s  proper d e f i n i t ion o f  

m i s s ion and obj ec tive s . The obj e c t ive desc ribes the overa l l  resu l t  d e s i red and the 

mi s s ion s e t s  the qua l i ty or acceptab i l i ty of the resul t .  The m i s s ion shou l d  addre s s  

such fac tors a s  ( 1 )  the intrin s i c  variab i l i ty o f  t h e  med ium t o  be s amp l ed , ( 2 )  the 

requ i red accuracy and the numbe r  of rep l i cates ne c e s sary to provide adequa te p rec i s ion , 

( 3 )  the choice  o f  proc edure needed to minimiz� c ro s s - contamination , and ( 4 )  the c o s t  

o f  s amp l ing , s amp l e  preparat i on , and analys i s .  
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S o i l - s amp l ing ac t ivi t i e s  at Roc ky Flats  have been used to eva luate acc idental 

and/or l ong - term operat ional re l eases  of radionuc l ides . The proc edures used have 

varied con s i derably , depending on the organizat ion and obj ec t ives . The s e  proc edures 

are di scus s ed in the fo l l owing page s . 

The Nuc lear Regulatory Commi s s ion ( NRC ) in i ts Regulatory Guide 4 . 5  s tates by 

way o f  introduc t ion that "no s ingle s o i l  s amp l ing" me thod i s  adequate to s amp le al l 

s o i l  type s  a t  a l l  locat ions . For examp l e , a me thod d e s i gned to samp l e  cohe s ive s andy 

l o am so i l  may no t be sui tab l e  for s amp l ing the dry loose s o i l  c ommon to some arid 

areas of the Uni ted S t a te s .  Roc ky so i l s  present prob l ems for all s amp l ing methods . 

Two s amp l ing me thods are desc ribed by the NRC : the Health and S a f e ty Labo ratory ( now 

Envi ronmen ta l Measurements Laboratory ) Proc edure Manua l  method and the NAEG ( Nevada 

Appl ied Ecology Group Reports , such as NVO 1 7 8 , June 1 9 7 7 ) method . 

The HAS L me thod requ i r e s  c o l l e c t i on o f  1 0  o r  more cores for a compo s i t e  s amp l e . 

A good p a i r  o f  s amp l ing too l s  i s  an 8 . 9 - cm-di ameter top - so i l  cut te r  and a 8 . 3 - cm - d i a 

m e t e r  barre l auger t h a t  cuts a n  8 . 9 - cm - d i ameter s amp l e . T h e  top - so i l  c u t t er i s  u s e d  

to remove t h e  s o d  to a dep th o f  5 cm , and t h e  auge r  t a k e s  t h e  remaining s amp l e  to the 

dep th d e s i red ( 20 to 3 0  cm ) . The c ompo s i ted samp l e s  are s c reened to remove the 

grea ter- than - two -mi l l imet e r  frac t ion ; the remaining material  is then c rushed , b l ended , 

and pulve ri zed for radiochem i c al analys i s . Resu l t s  o f  s amp l ing by t h i s  me thod are 

reported by Krey and Hardy ( 19 7 0 ) , Krey and Kraj ewski ( 1 9 7 2 , Krey ( 1 9 7 4 ) , and Krey , 

e t a l . ( 1 9 7 6 ) . 

The NAEG method uses  a s t e e l  r ing ( 1 2 . 7 - cm d i ame ter by 2 . 5 - cm dep th ) . The ring 

is p re s sed into the so i l  and the s o i l  inside the r ing is removed wi th a di sposable 

p l as t i c  spoon . Soil i s  next removed from out s id e  the ring to the 2 . 5 - cm dep th , the 

ring is  p r e s s ed into the so i l  another 2 . 5  cm and ano ther s amp l e  i s  taken . A s amp l e  

cons i s t s  o f  s o i l  taken from a minimum dep th o f  5 cm . 

The Colorado Department o f  Heal th recommends c o l l e c t ing s o i l  s amp l e s  to a dep th 
2 o f  0 . 3  cm over an area o f  3 0  cm . Twenty - five s amp l e s  are c o l lec ted into a compo s i te 

s amp l e  from each s e c tor . The compo s i te s amp l e  i s  dried and s i eved through a 1 0 -mesh 

s creen ( 2 -mm op enings ) .  The fine mate rial  i s  coned and quartered to a 3 0 - g  frac t i on . 

Thi s  frac t ion i s  finely ground and mixed u s ing a mortar and p e s t l e . A 2 - g  frac t ion 

of thi s  portion is taken for plutonium analy s i s . Re sul t s  have been reported for 

samp l e s  taken in the years 1 9 7 0  through 1 9 7 4 , ( CDH , 1 9 74 ) . 

S i nce 1 97 3 ,  Roc ky F l a t s  pers onne l have c o l l e c ted s o i l  s amp l e s  u s ing a j ig ,  1 0  by 

1 0  cm in area and 5 cm in dep th . The j ig i s  pres sed into the so i l , the surrounding 

s o i l  is c ar e fu l ly removed , and the soi l wi thin the volume of the j ig i s  c are fu l ly 

removed with a s coop and trans ferred to a s amp l e  c ontainer . I t  i s  c ommon prac t i c e  to 

take four sub s amp l e s  at the four c ardinal d i r e c t i ons about 1 0  m apart plus one sub

s amp l e  a t  the c enter . The five sub s amp l e s  are comp o s i ted in the f i e ld . Subs equent 
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s amp l e  t re a tmen t inc ludes drying , sc reening through a 1 0 - me sh s i eve , weighing both 

fract ions , bal l -mi l l ing the fine frac tion , and weigh ing out sui tab l e  a l i quo t s  for 

radiochemical  analy s e s . 

In i t s  document ,  " P roposed Guidance On Do s e  Limi t s  Fo r P e r sons Expo s ed to Tran s 

uranium E l ements i n  t h e  Gen e ral Envi ronment "  ( US EPA Pub l i c a t ion , Septembe r  1 9 7 7 , 

Annex V ,  p age 1 1 ) ,  the Envi ronmental Prote c t ion Agency " re commends that for undi s turbed 

s i t e s  where s o i l  measuremen t s  are taken to evaluate the inha l a t i on pathway , s o i l  

s amp l e s  should b e  taken to a depth o f  one cent ime t e r  and t ransuranium e l emen t a c t ivity 

be measured in a l l  s o i l  p ar t i c l e s  less  than 2 mm in s i z e . S everal individual s amp l e s  

may b e  comp o s i ted f o r  a s ingl e measurement . "  

The Je f fe rson County Heal th Department recommends s amp l ing only surface dus t  

f rom an area o f  4 m2 . After c o l l e c t i on , the s amp l e  i s  d i saggregat ed by ul trasonic 

v i b rator and p e roxide s o lut ion and separated into a part i c l e  s i z e  fract ion b y  aqueous 

s e dimentat ion . The l e s s  than 5 - � m  size is analyzed for plutonium . The conc ent rat ion 

obtained is d e fined by the au thors a s  plutonium in respirab l e  dus t  ( Johnson et al . ,  

1 9 7 6 ) . The data are not dire c t ly comparabl e  to that ob tained b y  o th e r  workers who 

report plu tonium concentrations in s o i l . S e e  S e c t ion 2 . 3 . 9 . 2 .  

2 . 3 . 9 . 4  Radioac tivity in Sedimen t s  

I n  add i t ion to r e l e a s e s  o f  plutonium to t h e  a tmosphere , there hav e  b e en p a s t  

r e l e a s e s  o f  radioact ive material f rom t h e  P l ant to wa t e r  e f fluents . The s e  l at t e r  

releases  have contributed to a n  increase in b ac kground radiat i on in ponds and res e r 

voi rs o n  the s i te and in t h e  immedi a t e  v i c in i ty . S ince the s tart -up o f  P l ant opera

t ions in 1952 unt i l  Dec emb e r  2 1 , 1 9 7 3 , wate r  containing decontaminat ed proc e s s  and 

l aundry was t e  was released through the B- s e r i e s  p onds to South Walnut C re e k . Thi s  

c reek j oins North Walnut Creek , which flows into Great Wes t e rn Reservoi r .  D i s charges 

from cool ing wat e r  b lowdown and s team c ondensate were d i s charged to P ond A- I ,  whi l e  

f i l t e r  backwash wa t e r  from the water treatment fac i l i ty was di scharged t o  Pond C - l . 

These ponds are shown in F igures 2 . 3 . 9 - 2  and 2 . 3 . 9 - 3 . Mos t  o f  these d i scharges h ave 

now b e en s topped ( the P l ant is working towards a z ero total l i quid d i s charge system ) . 

However ,  t reated s an i tary l iquid was t e  w i l l  c ont inue to b e  d i s charged to Walnut C reek 

and Gre a t  Wes te rn Re s e rvoi r  unt i l  the c omp l e t ion of the rever s e  o smo s i s  facil i ty .  

Operat i on s  should c ommenc e in the early 1 9 8 0 ' s .  Whi l e  the wat e r  that f lowed into 

Great Wes tern Reservoi r  did no t exc eed app l i c ab l e  Radioac t iv i ty Conc entration Guides 

set forth in ERDA Manual Chap t e r  0 5 24 , dated 1 9 7 7 , it did contain s ome l ow- l evel  

c oncentra t i on s  of  plutonium and uranium . Most o f  the radioac t ive materi a l s  s e t t l ed 

out i n  the s ed iment o f  the pond s , resul t ing in measurable amount s  o f  rad ioac t iv i ty . 

Operating within a c on t rac tual agreement with the Div i s ion o f  Biological  and 

Environmental Research of ERDA , Colo rado S ta t e  Univers i ty p ersonnel ana lyzed sediment 

s ampl e s  and water s amp l e s  from the on- s i t e  ponds ( Johnson , et al . ,  1 9 74 ) . Shown in 
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F igures 2 . 3 . 9 - 4  through 2 . 3 . 9 - 9  are the ave rage s ediment and water concentrations o f  

p lutonium i n  the on- s i t e  ponds exi s t ing i n  1 9 7 4  ( two have been added s ince then ) . As 

c an b e  seen from the s e  f i gures , the B - s e r i e s  holding ponds ( which d i d  re c e iv e  proc e s s  

was te ) c ontain the maj o r  inventory o f  p lutonium . E s t imates o f  the total  inventory 

based on the CSU s tudy , o f  pluton ium t rapped in the s ediment o f  the B - series  ponds in 

the years 1 9 7 1  and 1 9 7 3  are shown in Tab l e  2 . 3 . 9 - 1 . 

TABLE 2 . 3 . 9 - 1  

I NVENTORY O F  PLUTONI UM I N  SEDIMENT O F  B - SERIES PONDS 

Pond Total Inventory ( curie s ) 

1 9 7 1  1 9 7 3  

B - 1  0 . 0 85 2 . 9  

B - 2  0 . 0 2 7  0 . 04 

B - 3  0 . 0 1 9  0 . 04 

B - 4  0 . 0 0 5  0 . 0 0 5  

TOTAL 0 . 1 3 6  2 . 985  

As  c an b e  seen in Tab l e  2 . 3 . 9 - 1 , the total inventory of  plutonium in Pond B - 1  

inc reased dramat i c a l ly b e tween 1 9 7 1  and 1 9 7 3 . There were no maj or releases  from the 

P lant during this t ime , but pond reconstruc t ion a c t iv i t i e s  resul ted in d i s turbance s  

o f  the bot tom sediment o f  the channel up s tream o f  Pond B - 1 . Thi s  c aused much o f  the 

up s t ream s ediment to be t rans ferred to the B - 1  pond , increas ing i t s  total  inventory . 

I t  i s  probab l e  that s everal addi t ional cur i e s  o f  p lutonium remain trapped in the 

s ediment b e tween the was t e  d i s charge p ipe and the inl e t  o f  Pond B - 1 . As c an be s een 

from the figure s , however , the p lutonium suspended in the water was e s s en t i a l ly a l l  

redep o s i ted i n  Pond B - 1 .  This i s  in agreement w i th the CSU measurements ,  ind i c at ing 

that plutonium put into the wa ter w i l l  qui ckly redep o s i t  into the b o t tom s edimen t s . 

The holding p ond s ed iments do not contain p lutonium o r  ame r i c i um at c onc entra t i ons 

s u f f i c i ently high to b e  recl aimed . After the ponds are no l onger used to hold e f fluent 

from the s ewage treatment p l ant , it may b e  d e s i rab l e  to remove the accumu l a t ed s ed i 

ment s .  A p l an would then b e  formulated for removal and disposal o f  them . Removal 

would involve the b e s t  avai l ab l e  control methods to prevent d i spersal  o f  the low 

concentrat i ons o f  radioac t ive mat e r i a l s  contained in the sediments . The me thods o f  

c o l l e c t i on and d i sposal  would b e  s im i l a r  t o  tho s e  used i n  c l e aning the solar evapora 

t ion pond s . Tab l e  2 . 3 . 9 - 2  shows measured releases  from p ond B - 4 . 
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TAB LE 2 . 3 . 9 - 2  

RADIOACT IVE RE LEASES FROM POND B - 4  

P lutonium Alpha Americ ium Alpha Activi ty** 
Year ( I:!Ci ) ( J.J Ci )  ( J.J  Ci ) 
1 9 5 3  NA* NA 1 12 6  
1 9 54 NA NA 1 2 2 6  
1 9 5 5  NA NA 1 0 9 9  
1 9 5 6  NA NA 1 6 5 3  
1 9 5 7  NA NA 1 8 6 3  
1958  NA NA 2 7 9 6  
1 9 5 9  NA NA 5800 
1 9 60 NA NA 5 9 0 0  
1 9 6 1  NA NA 6 1 10 
1 9 62 NA NA 5 5 0 0  
1 9 6 3  NA NA 2 3 6 0  
1 9 64 NA NA 2 6 20 
1 9 6 5  NA NA 2 6 3 0  
1 9 6 6  NA NA 4227 
1 9 6 7  NA NA 2 7 65 
1 9 6 8  NA NA 2982  
1 9 6 9  NA NA 4384 
1 9 7 0  5 1 9  2 5 6  3 3 6 9  
1 9 7 1  860 508 6 7 2 3  
1 9 7 2  4 9 0 3  7 9 4  1 0 2 6 5  
1 9 7 3  4 0 0 0  NA 8 9 9 0  
1974 391  102  1 60 5  
1 9 7 5  400 123 2 1 8 8  
1 9 7 6  542 1 5 6  2 7 3 0  
1 9 7 7  464 2 2 3  4 2 6 0  

* NA - Not Ana lyzed 

**From 1 9 5 3  to 1 9 7 0 , the figures represent a lpha activ i ty measured after an ac tinide 
s eparat ion resul t ing in a mix ture o f  plutonium and uranium , exc luding a l l  o ther 
ac tinides . F rom 1 9 7 0  through 1 9 7 6 , the figures represent alpha a c t iv i ty derived 
from spec i fi c  measuremen ts of plutonium plus uranium p lus ame r i c ium . 

Prior to Dec ember 21 , 1 9 7 3 , a l l  l aundry waste water and o ther pro c e s s  wa s te 

water c ontaining p lutonium , uranium , and americ ium concen trat ions b e l ow the rad i o 

ac tivity con c entrat ion gu ides were treated a t  t h e  s ewage treatment p l an t and h e l d  i n  

t h e  B - series  pond b e fore rel eas ing to South Wal nu t  Creek . S ince t h i s  date , o n l y  

s ani tary was te wa ter h a s  been treated at t h e  s ewage treatment p l ant and re l eased t o  

South Wal nut Creek . Sho r t ly a f t e r  Decembe r  2 1 , 1 9 7 3 , basins a n d  diges ters were 

throughl y  c l eaned to remove the res idual s o l ids which contained p lutonium , uranium 

and americ ium ac t iv i ty . 

The total a lpha a c t iv i ty in the release waters typ i c a l ly i s  muc h  greater than 

the p lu tonium alpha ac tivi ty . The d i f ference between the total  a c t iv i ty and the 

plutonium ac tivity is due to a lpha a c t iv i ty from ame r i c ium and from uranium and i t s  
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daughters . Uranium ac t iv i ty i s  due almo s t  en t i r e ly to the natural uran i um content o f  

the water taken into the Ro c ky F la t s  P l ant . The cont inua l r e l e a s e  o f  p lutonium from 

the on - s i te ponds means that there w i l l  be some add i t ion o f  res idual rad i a tion in 

o f f - s i te water sys tems , particularly in Wal nut Creek l e ad ing from the B - s er i e s  ponds 

and in Great We s tern Re s e rvo i r , whi c h  receives Walnut Creek wate r .  Measuremen t s  by 

CSU on Walnut Creek at Indiana S t ree t  are s hown in F i gure 2 . 3 . 9 - 1 0 . The s e  measurement s  

indi cate  some bui l dup o f  p lu tonium i n  the sediments . The l ev e l s  are on the o rder o f  

10  p Ci/g . 

Sma l l  amounts o f  p lu ton ium - 2 3 9  have ac cumu l ated in the s e dimen t o f  Great We s te rn 

Re s e rvo i r . The average p lu tonium concentration in 2 0  s amp l e s  from that s e dimen t i s  

3 . 13 + 2 . 81 d/m/g ( 1 . 4  � 1 . 2 6 pCi/g ) . That quan t i ty was c a l c u l a ted from samp l e s  and 

anal y s e s  by the EPA during 1 9 7 3  ( USEPA , 1 9 7 3 ) . The p l u tonium conc entrat ion in the 

Gre a t  We s t ern Rese rvo i r  s ediment is l e s s  than 0 . 1% of that in the B - 1  pond sugge s ting 

the s low tran s fe r  of p lutonium downs tream .  The 1 . 4  p Ci/g l eve l of concentration in 

Great We s te rn Reservo i r  s ediment i s  about equa l to that o f  the soil  in the area . The 

source of the p lu tonium a c t iv i ty in the r e se rvo i r  sediment may b e  from a i rborne 

depo s i t s  as  we l l  as waterborne r e l ea se s . Core s ediment s tudies  done in 1 9 7 4  by 

B a tt e l l e  Northwe s t  Labora to r i e s  ( unpub l i shed ) sugge s t  thi s  conc l u s ion . The EPA data , 

which show s e dimen t a c t iv i ty l ev e l  increa s e s  b e tween 1 9 7 0  and 1 9 7 3 , app e a r s  t o  

c o r r e l a t e  w i t h  t he p r ev i ou s l y  me n t i o n e d  p o nd r e con s t r uc t i o n . 

Given the Great We s tern Res e rvo i r  sediment con c entrations and the CSU value for 

t rans fer of p lu tonium from s ediment to water , if there were no further addi tions o f  

p lutonium into that r e s e rvo i r , the expec ted p lutonium concentrat ion i n  i t s  water 

woul d  b e  about 0 . 0 14 pC/I . On the ba s i s  of a s teady input o f  1 0 0 0  � C i/yr into the 

r e se rvo i r , the average water concentration , not count ing depo s i t ion into the b o t tom 

sediment s ,  wou l d  b e  about 0 . 2 5 pCi/l . Ac tual conc entrations should b e  somewhere 

be tween the s e  value s . Ac tual measurement s  over the p a s t  f iv e  years ( 1 9 7 3  through 

1 9 7 7 ) in Gre a t  Wes tern Res ervo i r  have shown an ave rage conc entrat ion o f  p lu tonium i n  

the water o f  l e s s  than 0 . 0 7 pCi/l , b u t  1 9 7 8  concentrations a r e  con s i s tently l e s s  than 

0 . 0 2 pCi/l . The DOE Radioac t iv i ty Conc entrat ion Guide ( RC G )  fo r p lutonium concentra

t ion in water to which the general pub l i c  may b e  expo sed i s  1 , 6 6 7  pCi/l . The r e c en t ly 

e s tab l i shed EPA drinking wa t e r  s t andards l imi t gro s s  a lpha ac t iv i ty to 1 5  pCi/l . The 

average p lutonium concentrat ion in S t andley Res e rvo i r  during th i s  s ame five - y�ar 

period has  been l e s s  than 0 . 04 pCi/l . 

The total  alpha conc entrat ion in the waters o f  Great We s t ern Reservo i r , about 

1 0  p C i/ l , i s  dominated by the radioac t iv i ty o f  the uranium decay chain . B a s ed on 

Roc ky F l a t s ' measurement s  of P l ant int ake and d i s charge water , thi s  uran ium a lpha 

content i s  due a lmo s t  who l ly to the natural uran ium content o f  the water in the 

general area . For exampl e , in 1 9 7 2  the uranium alpha content in Ral s ton Re s e rvo i r , 
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the main source o f  Rocky F l a ts raw wat e r ,  ave raged about 2 0  pC i/l . More recent l y , in 

the sp ring o f  1 9 7 8 , i t  was noted by Rocky F l a ts and the Colorado Dep artment of Heal th 

that the total long - l ived alpha activity in Rocky F l at s  wat e r  had drama t i c a l ly in 

creased . I t  wa s found that thi s  inc rea s e  was c aused by el evated c oncentra t i ons o f  

uranium in raw water from R a l s ton R e s e rvo i r . In fac t ,  two analyses  in March 1 9 7 8  

ave raged 61 pCi/l , four s amp l e s  in Ap r i l  1 9 7 8  ave raged 1 7  pC i/l , and in May , the 

conc entrat ion dropp ed to an average o f  2 pCi/l . The l im i t  for uran ium in wa ter is 

about four t imes that for p lutonium ( S tandard for Radiat ion Pro t e c t ion Annex A, ERDA 

Manual Chap ter 0 5 2 4 , March 3 0 , 1 9 7 7 ) . 

The r e  are mea surab l e  l eve l s  o f  ame r i c ium in Great We s t e rn R e s e rvo i r . Rocky 

F l at s  measurement s  ind i c a te that ame ricium - 2 4 l  l ev e l s  in the water are about equal to 

those of p l utonium . S ince the ame r i c ium l evel  in the s o i l  i s  about 10% o f  that o f  

p lutonium , there i s  an indicat ion that ame r i c ium i s  mo re mob i l e  than plu tonium in 

water . Ame r i c ium is p i c ke d  up more readily from s o i l  runo f f , and reaches a higher 

equ i l i b rium l ev e l  in the wat e r  in r e l a tion to the sediment concentrat ion . As mentioned 

p reviou s l y , c oncentra t i ons of amer i c i um- 2 4 l  in the wa ter wi l l  increase in coming 

years to reach annua l , average , background l ev e l s  of somewhat unde r  0 . 1  pC i/l . Thi s  

w i l l  s t i l l  b e  we l l  b e low appl i cab l e  st andard s . The mo s t  restric t ive DOE and Colorado 

l im i t  for ame ri c i um concentrat ion is 1 , 3 3 0  pC i/l ; the EPA drinking wa ter s tandard 

l imits  a lpha a c t ivi ty to 15 pCi/l . 

During 1 9 7 3  the re wa s a l evel  o f  trit ium above bac kground in Great We s t e rn 

R e s e rvo i r . That increase c ame from an acc idental r e l e a s e  o f  1 0 0  to 5 0 0  curi e s  o f  

trit ium t o  the envi ronmen t .  The re l ea s e  began in Apr i l  o f  1 9 7 3 , and was i den t i f i e d  

in June 1 9 7 3 . ( The natural bac kground l evel  o f  t r i t ium in the wat e r  prior to the 

acc idental r e l e a s e  wa s about 600 pCi/l . )  Of the amount r e l eased , EPA e s t imated 5 6  

curies  o f  tri tium reached the Gre at We s te rn Res e rvo i r  ( DS EPA , 1 9 7 4 ) , l eading to 

ini t i a l  conc entra t i ons ( a s suming comp l e t e  mix ing ) of 1 2 , 0 0 0  pCi/l . Thi s  concentration 

has decreased as noncon taminated wa ter has flowed into Great We s t e rn Re s ervo i r . 

Measurements taken by Roc ky F l a ts from Oc tober through D e c emb e r  o f  1 9 7 3  ave raged 

8 , 2 0 0  pCi/l . By J anuary o f  1 9 7 5 , the l ev e l  o f  t r i t ium in Great We s te rn Reservo i r  was 

4 , 0 0 0  pC i/l , which is wha t  is exp e c t e d  s ince Great We s te rn Reservo i r  contents , on the 

average , turn over onc e a year , reduc ing the ave rage concentrat ion by a fac tor of two 

p e r  year . By the end o f  19 7 6 , trit ium l eve l s  in the re s e rvo i r  were at o r  near the 

regional background l evel  of approx ima t e l y  600 pC i/l . The DOE e f f luent l im i t  for 

t r i t ium c on c entration in water to wh ich the general pub l i c  has a c c e s s  i s  1 x 1 0 6 

pCi/l ; the EPA s t andard for drinking wat e r  i s  2 0 , 0 0 0  pCi/l . 

2 . 3 . 9 . 5  Other Sourc e s  o f  Radioac tivity 

The r e  are some amoun t s  o f  low- l evel  p lutonium i n f i l trat ion into the s o i l  sur

rounding s evera l  on- s i t e  bui l d ings . Thi s  p lutonium i s  from p a s t  l e aks , contamination 
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inc idents , and buri a l  o f  rad i o a c t ive materi a l s  on s i t e . For s ev e ra l  years , l aundry 

water c ontaining low c onc entrations o f  p lutonium was a l l owed to flow into the upp e r  

reache s o f  Wal nut Cre e k . Th i s  p ra c t i c e ,  a l though l ong s i n c e  d i s c on t i nued , p roduc ed 

measureab l e  amounts of p lutonium in s tre am s edimen t . Some p lutonium - c ontaining s o i l  

h a s  b e en removed and pac kaged f o r  shipment to DOE was t e  di spo s a l  s i te s ; however ,  

b e c au s e  o f  s afe ty and c o s t  c on s ideration s , remova l  o f  a l l  on - s i t e  so i l  c ontaining 

p luton ium has not been a t temp ted . S everal thous and gal lons o f  o i l  c ontaining uranium 

res idues were burned in p i t s  on the e a s t  edge o f  the P l an t  s i te during the 1 9 5 0 ' s .  

The s e  p i ts have recently been exc ava ted and the contaminated s o i l  was p a c kaged fo r 

shipmen t . 

The Rocky F l a t s  P l an t  has dis continued on - s i te bur i a l  o f  any radioa c t ive materia l s . 

Ro c ky F l at s  i s  c arrying out an extens ive moni toring p rogram to l o c a t e  plutonium 

depo s i t s for c l e an up and di spo s a l . Further d i s c us s ion o f  the s e  a c t ions appears in 

S e c t ions 5 . 2 . 4 and 5 . 5 . 1 .  On - s i t e  plu tonium in the env i ronment i s  contro l l ed to 

preven t  transport by air and wat e r  to the surrounding are a . Mon i to ring demons t rates 

the e f fec t ivene s s  of the contro l s . 

I n  summary , one maj or increase in o f f - s i te , b ac kground p lutonium l ev e l s  resul t ing 

from past operations o f  the Rocky F l a t s  Plant was c aused by the oi l - l e akage inc iden t . 

Th i s  incident d i spersed some 2 . 6  C i  o f  p lutonium o f f  s i te . Other releases  to surfac e 

water have resulted i n  d i sp e rsal  o f  much sma l l e r  amount s  o f  plu tonium o f f  s i te . A 

maj o r  t emporary increase in o f f - s i t e  rad iat ion o c curred when about 5 6  C i  o f  t r i t ium 

were rel eased to the Great We s te rn Re s e rvo i r . Plu ton ium fi res at the Rocky F l a t s  

P l an t  have n o t  contributed d i s c e rnibly to t h e  p l utonium b a c kground in t h e  are a . 

2 . 3 . 1 0 Ecology 

2 . 3 . 1 0 . 1  Vege t a t ion 

The Roc ky F l a t s  P l an t  i s  located at an e l evat ion o f  about 6 , 0 00 feet above sea 

l eve l , at  the app roximate e l evation whe r e  p l ains gra s s l and vege t a t i on meets  lowe r 

montan e  fo re s t . The present veg e t a t ion o f  the upper p l ains gra s s l and region has been 

charac t e r i z ed ( Marr , 1 9 64 ) as c ons i s t ing primarily of heav i l y  graz e d  p a s tures c omposed 

o f  a mix ture of  herb s  and o f  rela tively unp a l a t ab l e  gras s e s . In i s o l ated , undi s turbed 

s i t e s , there are patches o f  b i g  and l i t t l e  b lu e s t em ,  need l e  gras s , and s id e - o a t s  

grama . Pric kly pear c a c tus and yuc c a  are abundan t where overgraz ing has b e en extreme . 

Wi ld p lums and hawthorn are c ommon in the sma l l  ravine s .  The l owe r montane fore s t  

region i s  charac t e r i z ed by ponderosa p i n e  and c ommon j uniper i n  addi t ion t o  patches 

of gra s s e s  and f l owering herb s . Wi l lows , c o t tonwood , and river b i rch grow along 

s t reams . 
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Wi thin the Rocky F l a t s  bounda ri e s , a vari e ty o f  vege t a t io n  thrive s . Inc luded 

are s p e c i e s  of f l o ra repre s e n t a t ive of t a l l  gra s s  p r a i ri e , short gras s p l a i n s , lowe r 

mon t an e , and foo t h i l l  rav i n e  region s . I n t roduced Euras i an weeds make up a s i gni f i cant 

p o r t ion of the vege t a t ive cove r .  I t  i s  evident that the vege t a t ive c over i n  the 

Ro c ky F l a t s  region has  been rad i c a l ly a l t e red by human a c t ivi t i e s  such a s  burn in g , 

t imb e r  c u t t i ng , road bui l d i ng , and ove rgraz ing for many years . Land w i th i n  the 

o r i g i na l  2 , 5 2 0 - ac re s i t e  boundary , howeve r ,  has not been grazed s i n c e  1 9 5 1  and gener

a l ly has been und i s turbed s i n c e  that t ime . Some areas that had to b e  d i s turbed h ave 

b e e n  r e s e eded w i th n a t ive g ra s s  mixture s . 

Webe r  and others  ( 1 9 7 4 )  c onduc ted an i nventory o f  the botany a t  the Rocky F l a t s  

s i t e f rom June through S ep tembe r o f  1 9 7 3 . They reported t h a t  3 2 7  spec i e s  o f  vascular 

p l a n t s , 25  l i chens , 1 5  b ryophy t e s , and one  mac ro s c op i c  green a l gae spe c i e s  had been 

ob s e rved i n  the  a re a . An  anno t a t ed l i s t  of  spec i e s  o c curring on the  Rocky F l a t s  s i t e  

i s  given i n  App endix A ,  none be ing o n  the endangered spec i e s  l i s t . 

The veg e t a t i o n  o f  Ro cky F l a t s  was mapped i n  1 9 7 4  by the P l an t  Ecology Laboratory , 

I ns t i tu t e  o f  Arc t i c  and Alp i ne Research o f  the Un ive rs i ty o f  Colo rado ( C lark , 1 9 7 7 ) . 

Tho s e  s tud i e s  i nd i c a t e  that the area encompa s s e d  by the o r iginal  s i t e boundary , 

e s p e c i a l l y to the eas t and south o f  the P l an t , i s  charac t e r i z e d  p r ima r i ly by me adow 

type hab i ta t , l a rg e l y  b l ue - gr a s s  and whe a t - gra s s . Re s t r i c ted are a s  o f  marsh and 

s t ream - bank vege t a t ion o c c u r  a long the s everal c re e ks that t rave r s e  the P l an t  s i t e ; 

h ighe r  e l ev a t i ons freque n t l y  are re l a t ively dry and b ar ren , charac t e r i z ed by c h e a t  

gras s and nodd ing th i s t l e . Web e r  s ta t e s  t h a t  t h e  nodd ing th i s t l e  f i r s t  appeared i n  

the Ro c ky F l a t s area about the mid- 1 9 6 0 ' s  and h a s  " exp loded ove r the a re a , c omp l e t e l y  

dom i na t i ng fal low and d i s t u rbed areas . "  

We s t  o f  the P l ant s i t e , the sub s trate i s  c ompo s e d  l arge l y  o f  rock and coarse 

grave l ;  the vege t a t i o n  is  dom i nated by June gras s , Klamath we e d , and nodding thi s t l e . 

Th i s  area i s  poc k-ma rked by l ow gravel  mounds , appare n t l y  formed by the ac t iv i t i e s  o f  

poc ke t  £oph e rs (Murray , 1 9 6 7 ) . The s e  mounds freque n t l y  support vege t a t i on that i s  

somewh a t  d i f fe rent from surround ing areas . 

I t  appears  that vege tat i o n  i s  recove r i ng from the graz i ng that oc curred p r i o r  to 

Gove rnmen t  acqui s i t i on of the l and . Th i s  is evidenced by the p r e s e n c e  of gra s s e s  

l i ke b i g  b l ue s tem and s i de - o a t s  grama that are s e n s i t ive t o  d i s turban c e s . I n  1 9 7 5 , 

about 4 , 0 0 0  a c r e s  s u rround ing the P l an t  s i t e  were purcha sed to e n l a rge the P l an t ' s  

b u f f e r  zone . Much o f  the area l y i ng b e twe en the o l d  and new boundar i e s  had b e e n  

ove rgrazed ; c o n s eque n t ly , i t  suppo r t s  a re l a t ively s p a r s e  vege tat ive c over charac 

t e r i z e d  by June gras s , cheat  gra s s , and Klamath weed . 
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2 . 3 . 10 . 2  Wi l d l i fe 

The e c o logi c a l  change s that h ave o c curred in the Boulder- Denver region during 

the l a s t  hundred years have resul ted in maj o r  changes in the nature o f  w i l d l i fe 

communi t i e s  in the area . Dev e l opment o f  the fur trade fo l l owed by extens ive u s e  o f  

the region for l iv e s to c k  produ c t ion l ed t o  the demise  o f  the beave r ,  buffal o , a nd 

ant e l op e . During the p a s t  3 0  o r  40 year s , indu s t r i a l  dev e lopment has des t royed 

con s iderab l e  wi l d l i fe hab i t a t  and has u surped the natural winter range of e l k  and 

deer . Thes e  changes are p a r t i cu l ar l y  s i gni f i c ant to the l arger animal s .  Even some 

o f  the medium- s i z ed forms have been a f f e c ted , a s  evidenced by the partial  e l iminat ion 

of den s i t e s  for foxe s  and river bot tom hardwoods for rac coons . In addi t ion , movement 

to feeding grounds and o ther spe c i a l  env i ronment s  has b een dete rred or p revented by 

ro ads , fenc e s , and c ana l s  ( Qu i c k , 1 9 64 ) . 

There are no e f f e c t ive barriers to animal migrat ion or movement on o r  o f f  the 

undeve l oped areas of the Ro c ky F l a t s  s i t e  wh ich support a vari e ty o f  animal s  c l a s s i 

c a l ly a s so c iated w i th the we s tern prairie  regions . N o  rare or endangered spe c i e s  

have b een reported or have b een found among the w i ld l i fe inhab i t ing or migrat ing 

through the area ( s e e  Appendix A ) . The mo s t  common l arge mammal is the mul e  dee r , 

o f  wh i c h  mo s t  o f  the e s t imated 1 0 0 - 1 25 appear to b e  p e rmanent re sidents o f  the s i te . 

Wh i te - t. a i l ed j ac k  rabb i t s  and the desert  c o t tontai l a l so inhab i t  the area . Carnivore s 

o c curring in the area inc lude coyote , red fox , s t riped s kunk , and long - t a i l ed wease l .  

Badger and raccoon are o c c as iona l ly ob s erved . Muskrat o c cur in the v ic in i ty o f  the 

s t re ams and pond s . 

Winsor and others , ( 1 9 7 5 ) ini t i ated a mark- and- recap ture p rogram during the 

summer o f  1 9 7 3  to e s t imate dynami c s  and bioma s s  o f  the sma l l -mamma l  popul at ion . 

Spe c i es c aptured inc luded deer mou s e , thirteen - l ine ground s quirre l , northern pocket 

gophe r ,  h i sp i d  pocket mou s e , s i l ky pocket mou s e , harv e s t  mous e , meadow vol e , and 

hou s e  mouse . 

Commonl y  o b s e rved b i rds include wes te rn meadowl arks , horned l arks , mourning 

dove s , and vesper sparrow . A v ar i e ty of ducks ( ch i e f l y  mal l ards ) ,  k i l l deer , and red

winged b l ac k  b i rd s  are s een in areas adj acent to s i t e  pond s . M a l l ards and o the r 

duck s  frequently ne s t  and rear young on s eve ral o f  the pond s . Common b i rd s  o f  prey 

ob served in the area inc l ude marsh hawk s , red - t a i l e d  hawks , Ferruginous and Ame r i c an 

rough - l egged hawk s , and great horned owl s . 

Bul l  snakes and rat t l e snakes are the mo s t  frequent ly ob s e rved rep ti l e s . Eas tern 

y e l l ow- b e l l i ed rac e r s  a l s o  have been seen . The e a s t e rn short -horned l iz ard has been 

reported on the s i t e , but the s e  and o ther l iz ards are no t c ommonly obs erved . The 

weste rn p a inted tur t l e  and the wes tern p l ains garter snake are found in and around 

many o f  the ponds . 
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A l i s t  o f  mamma l s , b i rd s , amph i b i an s , and rep t i l e s  ob s e rved on the s i t e  i s  given 

in Appendix A- I .  

2 . 3 . 1 0 . 3  Aqu a t i c  Li fe 

Four s t re ams flow w i th i n  the P l an t  bounda r i e s :  Rock Cree k , No rth and South 

Wa lnut C r e e ks , and Woman Creek ( s e e  F i gure 2 . 3 . 9 - 2 ) .  Ro c k  Creek i s  an intermi t tent 

sp ring- fed s t re am tha t trave r s e s  the nor thwe s t  portion of the s i t e . B e c au s e  o f  i t s  

smal l s i z e  and intermi t tent flow , i t  i s  unl i ke l y  that t h i s  s t ream contains any s i g 

ni f i c an t  numb e r s  o f  f i sh o r  benth i c  o rgani sms . Lind s ay Pond , loc ated on Ro c k  Cree k ,  

i s  a sma l l  farm pond contain ing h e avy growths o f  aqu a t i c  vegetation and supporting a 

b a l an c ed popu l a t ion o f  minnows ( Reds ide Dac e ) and b l a c k  b a s s  ( W-W S e rv i c e s ,  1 9 7 6 ) .  

Other ponds ( s e e  F i gures 2 . 3 . 9 - 2  and 2 . 3 . 9 - 3 )  are loc ated on Walnut C re e k , wh i c h  

i t s e l f  suppo r t s  a smal l popu l a t ion o f  fathead minnows . Inc luded among the on - s i te 

pond s are Ho ld ing Ponds A - I ,  A - 2 , and A - 3 on North Wa lnut Cree k .  Z i l l i c h  ( 1 9 7 4 )  

repo rted c o l l e c ting fathead minnows in Pond A- I .  Pond A - 2  r e c e iv e s  p roc e s s  w a s t ewater 

and l aundry was t e s  pump ed from Pond B - 2 . Large algal ma t s  frequently are found in A-

2 ,  howev e r , w h i c h  is probably the re s u l t  o f  laundry wa s te s  i n  the pond prov i d i ng an 

adequate supply o f  nu tri en t s . Pond A - 3 i s  used to hold wa t e r  during periods  o f  h igh 

runo f f ; it is not ma inta ined as a p e rmanen t  pond . 

South Walnut C r e e k  and Ponds B - 1 , B - 3 , and B - 4  rece ive sani tary e f fluent from 

the s ewage t re a tment p l a n t ; th i s  has a marked e f fe c t  on the s t ream and pond s . 

Z i l l i c h  found that primary p rodu c t iv i ty was 27 times  higher i n  Pond B - 4  than at 

l o c a t i on s  a t  Woman Creek , wh i c h  rec e iv e s  no s ewage e f fluen t . J ohnson , e t  al . ,  ( 1 9 7 4 )  

reported that , p robably a s  a re s u l t  o f  the l arge pH fluc tuations that oc cur , zoop l ank

ton popu l a t i ons we re s p a r s e  in Ponds B - 1  to B - 4 . The dive r s i ty o f  benth i c  macro

inve rtebra t e s  i n  Pond B-4 was comparab l e  to that of Woman C r ee k .  The numb e r  o f  

facu l ta t ive o rganisms remained high ; even r e l a t iv e ly s e n s i tive s i de swimm e r s  , may fl i e s , 

and c add i s fl i e s  we re p re s en t . Pond B - 2  rec e iv e s  l aundry w a s t e s , wh i c h  are r e t a ined 

for an ave rage o f  one month b e fore b e ing pumped to Pond A- 2 .  As might b e  expe c ted , 

B - 2  suppor t s  l arge r algal popu l a t ions than o th e r  ponds on South Wa lnut Creek . E ffort s 

by W-W S e rv i c e s  ( 1 9 7 6 )  pe rsonn e l  to c o l l e c t  f i s h  from Ponds B - 1 , B - 3 , and B - 4  p roved 

fu ti l e , a l though they did f i nd many c ray f i s h  in Pond B - 4 . 

Woman C r e e k  i s  an epheme ral s t re am that re c e iv e s  s to rm runo ff and i rrigat ion 

wa t e r s ; i t  doe s no t r e c e ive d i s charge s from Roc ky F l a t s  operation s . Prev i o u s ly the 

only d i s charge s to Woman Creek w e re cool ing towe r b lowdown , wh i c h  was d i s continued in 

late 1 9 7 4 , and wa t e r - treatme n t - p l an t  fi l te r  backwa s h , wh i c h  was d i s continued in 1 9 7 5 . 

One hold ing pond , C - l ,  i s  located on the s t ream . Woman C r e e k  s upports  an aqu a t i c  

b i o t a  typ i c a l  o f  t h a t  o c c urring i n  sma l l  h i gh - p rairie  s t ream s  re c e iv i ng a min imum o f  

agricul tural l and runo f f  and dom e s t i c  o r  indus t r i a l  wast e s . B e c au s e  o f  the l ow 
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n u t r i e n t  con t e n t  i n  Woman Creek , the s t re am supp o r t s  smal l e r  algal popul a t i on s  than 

doe s  Wa lnut Creek wi th i t s  e f fluent  from s ewage t r e a tme n t . The rocky b o t tom o f  Woman 

C r e e k  s upp o r t s  a re l a t iv e ly diverse  b i o t a  composed o f  may fl i e s , caddi s fl i e s , and 

o t h e r  forms typ i c a l  o f  c l ean water s t re ams . Redside  dace mi nnows are abundan t in the 

s t r e am and i n  Pond C - l , and a few b luegi l l  a l so are p re s ent . 

I n  the s o u t he a s t e rn part  o f  the mo s t  r e c e n t l y  acquired s i te p roperty , there i s  

ano th e r  farm pond that i s  fed b y  Smart D i tch . The pond ( i den ti f i ed as Pond D - l )  was 

found t o  contain fathead mi nnows . 

A l i s t  o f  aqu a t i c  organ i sms known to occur in the s treams and ponds o f  the Rocky 

F l a t s  are a i s  g iven in Appendix A .  

2 . 3 . 1 0 . 4 Land Managemen t  

The operat ing con trac tor a t  Rocky F l a t s  has supported a numbe r o f  programs to 

l e arn about , p ro t e c t , and improve the  local  envi ron s . Te s t  plots of deciduous and 

coni fe rous t r e e s  were p l an t ed to d e t e rmine spe c i e s  b e s t  s u i ted to the Rocky F l a t s  

are a . S u c c e s s fu l  vari e t i e s  were p l an ted as windbreaks . Approx ima t e ly 5 0  ac re s , 

inc l uding o l d  grave l p i t s , were rec l aimed by top s o i l  p l ac emen t , s e eding , fer t i l iz a 

t i on , and irrigat ion . A b a s e l ine wa t e r  qua l i ty survey o f  t h e  a r e a  w a s  comp l e te d  

( Z i l l i c h , 1 9 74 ) . Re su l t s o f  the s tudy ind i c a t e  that P l an t  e f fl u e n t s  have n o t  been 

de l e te rious to invertebrate and f i s h  popu l a t ions , and that sp e c i e s  dive r s i ty i n  Rocky 

F l a t s  e f fluent  s t re ams is s imi l ar to t h a t  i n  una f fe c ted s t reams . 

The c a t t l e  fenc e around the p e r i me t e r  o f  the P l an t  si t e  now p reve n t s  grazing by 

dome s t i c  s toc k ;  i t  a l so aids in p reve n t i ng unau thorized human i n t ru s ions o n  the 

former range l and . Part i a l re covery o f  the vege t a t io n  from p a s t  d e c ade s o f  graz ing 

wi l l  probably occur by way of i n c re a s ed vege t a t ive c ove r ,  a l though the l and is unl i kely 

ever to be r e s tored to i t s  nat ive pra i r i e  condi t ion . 

An env i ronmental  c o n s i de ra t i on o f  p a r t i c u l a r  i n t e re s t  to the l oc a l  commun i t i e s  

and s urrounding popu l a t i on re l a t e s  to the p o s s i b l e  u s e s  o f  the l and rec ent ly acquired 

by DOE as an ex t e n s i on of t h e  bu f f e r  zone . A t o ta l  land - u s e  p l an is curr e n t l y  under 

revi ew for th i s  are a , wh i c h inc l udes  a l l  Gove rnmen t - owned p roperty ou t s ide the fenced 

s e curi ty are a . The p l an provides a comp l e t e  de s c r i p t ion of  p re s en t  cond i t ion , ident i 

f i e s  current ac t i v i t i e s  o n  the l and , and e s tab l ishes  guide l in e s  for future l an d  u s e . 

The primary purpose  o f  t h e  b u f fer zone i s  to p r e s e rve a sub s t an t i a l  b and o f  

unoc cup ied l and i n  a n  open , unde rdeve l oped s t a t e  t o  minimize the typ e s  o f  pro b l ems 

that o ft e n  a r i s e  from c lo s e  p roximi ty of indu s t r i a l  fac i l i t i e s  to res iden t i a l  communi 

t i e s . Such enc roachment i s  conce ivab l e , e s pe c i a l ly i n  l igh t o f  increased ac t ivi ty i n  

l and deve lopment becau s e  o f  g rowth w i thin Denve r - area s uburb s . Recommendat i o n s  were 
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s o l i c i ted from in terested p art i e s  in gove rnmen t ,  educat ion , and the p r ivate s e c to r ,  

and fol l owing further eva luat ion and d i s c u s s i on s , the long - term management p rogram 

wi l l  be forma l ized and imp l emen ted .  

2 . 4  WIND ENERGY TEST FAC I L ITY 

A 45 1 - ac re s i te in the northwe s t  corner o f  the P l an t  s i t e has b een e s tab l i shed 

for a Sma l l  Wind Energy Convers ion Sys tem te s t  fac i l i ty .  The purp o s e  o f  the fac i l i ty 

i s  to p rov ide the cap ab i l i ty for a b ro ad range o f  t e s t ing various des igns o f  sma l l  

wind ene rgy convers ion system s . 

The s i te i s  s t i l l  b e ing dev e l op ed . A general l ayou t o f  the fac i l i ty provides 

f ive rows of test s i te s . Two are comp l e t ed and the remaining three rows are in the 

p l anning s tage , with i n s t a l l a tion s chedul e d  for the fa l l  of 1 9 7 8 . The firs t group o f  

wind turb ine generators ins t a l l ed deve lop about 2 t o  1 5  kW i n  powe r output . Later  

uni t s  may produce up to 100 kW . Ro tor d i ameters for the un i t s  range f rom about 1 3  

f e e t  t o  abou t 100 f e e t . T o  p rovide 3 0  f e e t  o f  ground c l e aranc e , t e s t  p l at forms i n  

t h e  40 - to 8 0 - foo t  height range have b e e n  u t i l ized f o r  mo s t  generator un i ts . The 

t e s t  p l a t forms wi l l  b e  of s everal d i f fe r en t  typ e s  inc luding s ingl e - po s t  s t e e l  or 

conc re te , guyed po s t , and thre e - and four - p o s t  tru s s e d  tower d e s i gn s . 

Each t e s t  s i t e  con s i s t s  o f  four maj or componen t s : a wind turb ine generator 

moun ted on a towe r ( in s t a l l ed on a concrete t e s t  pad ) and a s hed . Located in the 

shed is the power d i s t r i bu t ion and managemen t  equ ipment , a s  we l l  as  the f i rs t - s tage 

data c o l l e c tion equipment . There are two maj o r  meteoro lo g i c a l  tower s i te s  l o c ated at 

the t e s t  fac i l i ty for data c o l l ec t ion at 1 0 - , 2 0 - , 30 - and 40 -me t e r  l eve l s . A variety 

of towers i s  curre n t l y  in s ta l l ed at the fac i l i ty .  Energy generated by the wind 

turb ine generators flows to a batte ry s to rage sys tem and then to a DC mo tor coup l ed 

to an AC gen e rator . Th i s  comb i nation provides  powe r for the data c o l l e c tion sys tem . 

A t e s t  center occupying approxima te l y  1 5 , 0 00 s q  f t  i s  p l anned fo r the s i te to 

hous e  o ff i ce s , data s torage equipme n t , and power s torage b ank s . The bui lding wi l l  be 

d e s i gned to u t i l iz e  wind - generated power and so l ar heat ing for much of i t s  prac t i c a l  

power and hea ting needs . Power and d a t a  c ab l e s  wi l l  b e  l aid underground , adj acent to 

the ac c e s s  paths , from the t e s t  center to the wind turb i ne generators and meteoro

l o g i c a l  towers . A l each fi e l d  or s e a l ed septic sys tem wi l l  s e rve the s an i tary s ewage 

needs of the t e s t  c en te r . F inal  s e l ec t i on o f  a sys tem wi l l  depend on groundwater 

l eve l s  and on p e rc o l a t i on te s t  resu l t s . A paved access  road approximate ly 25  feet  

wide w i l l  b e  con s truc ted to connec t  the te s t  center w i th C o l o rado S tate  Highway 128 . 

A p aved parking l o t  w i l l  b e  l o c a ted at the t e s t  center . A demons tration i rrigation 

plot con s i s t s  of a we l l , s to c k  tank , and sprinkl ing sys tem to i rrigate a 40 to 80 

foo t- d i ameter p l o t  adj acent to the t e s t  cente r . 

Th i s  proj e c t  has no adverse  e f fe c t  on the Denver- area popu l at ion . Loc a l  and 

national bene f i t s  re s u l t  from the i n c re a s ed emp l oyment for the p roj e c t ,  the purchase 
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o f  mat e ri a l s  and supp l i e s , and the in fo rmat ion that w i l l  b e  obtained , whi c h  i s  app l i 

c ab l e  t o  the developme n t  o f  a non - p o l l u t ing energy sourc e .  S i n c e  an Env i ronmental 

As s e s sment repo rt has  been p rep ared fo r the Wind Te s t  S i te , it  w i l l  not b e  d i s c u s s e d  

further i n  t h i s  Impac t S ta t emen t . 

2 . 5  MAJOR ACT IVITIES AND FAC I L ITIES  

Th i s  s e c t ion is  d ivided i n to e i gh t parts  to d e s c ribe the c h i e f func tions of  the 

Ro c ky Flats P l an t . Beginning w i t h  the fab r i c a t ion o f  various m e t a l s  into di f fe r en t  

shap e s  for t h e  national weapons programs , the s e  fun c t ions cont inue w i t h  t h e  r e c overy 

o f  p l u tonium and ame r i c i um from p l u to nium res idue s ; re s e arch into new t echnique s , 

e qu ipme n t , and mat e r i a l s ; and spec i a l  proj e c t s  in supp o r t  o f  o th e r  members o f  the DOE 

weapons c omp l ex . Nuc l e ar we apons are no t a s s emb led on s i te . Mat e r i a l s commonly han

dled a t  the Roc ky F l a t s  P l an t  in k i l ogram quant i t i e s  inc lude plutonium , enriched and 

dep l e ted uranium , and ame r i c ium . Materi a l s  handled in gram or mi l l igram quant i t i e s  

fo r re s earch and ana l y t i c a l  a c t iv i t i e s  inc lude curium - 244 , nep tunium - 2 3 7 , thorium - 2 2 8 , 

and uran i um - 2 3 3 . A vari e ty o f  i so topes  are h andled in l e s se r  quant i t i e s . The s e  are 

i temized and up dated on a regular b a s i s  i n  repo r t s  to the Co lorado Dep artmen t o f  

Heal th . A s  a re s u l t  o f  pub l i c  commen t  o n  the DE I S , t h i s  s e c t ion h a s  been expanded t o  

prov i de more d e t a i l  o n  p e rsonne l p ro t e c t ion and t h e  h e a l t h  and s a fe ty aspec t s  o f  

hand l ing radioa c t ive e l emen t s , bery l l i um ,  and s e l e c ted s o lv en t s . 

2 . 5 . 1  Spe c i al F ea ture s o f  P l utonium - Handl ing Fac i li t i e s  

2 . 5 . 1 . 1  S truc ture and Equipment 

P l utonium mus t  b e  s t o red and proc e s s ed under s tr i c t l y  con t ro l l e d  envi ronmental  

cond i t j ons to as sure both a h igh qua l i ty produ c t  and p ro t e c t ion o f  p e rsonn e l  from 

tox i c  e f fe c t s  ( Appendix G ) . Con t ro l s  are a c h i eved pr imar i l y  by enc l o s ing the p l u to 

nium ( and much o f  the pro c e s s  equipmen t )  i n s i de s ta in l e s s  s te e l  enc losures c a l l e d  

g l ove boxe s , whi c h  a r e  des i gned to contain the  mat e r i a l  and i t s  emi s s ions ( s e e  Figur e s  

2 . 5 . 1 - 1  and 2 . 5 . 1 - 2 ) . E l a s tomer i c  glove s h av ing a c e n t e r  l ay e r  imp regnated w i t h  l ead 

ox ide are a t tached to the g l ove box e s  to p e rm i t the s a fe h andl ing of p l utonium . The 

g l ove boxes typ i c al ly h ave l e ad- imp regnat ed g l as s w indows and l e ad s h i e lding to 

p ro t e c t p e r sonne l from gamma rad i a t ion and X ray s . Hydrogenous mat e r i a l s  are u s ed 

where neu t ron s h i e lding i s  requ i red . Where po s s ib l e , glove boxes are conn e c t e d  by 

c lo s e d  conveyo r l i n e s  wi thin wh i c h  the radioac t ive mat e r i a l  is t ransported b e tween 

g l ove boxe s . 

The ground - floor fab r i c a t ion and as s embly areas i n  each plutonium manu fac turing 

b u i lding are d ivided i n to modu l e s , and each modul e  i s  s eparated from adj a c e n t  ones by 

wide c orridors . The glove boxes and enc lo sed conveyors ( Zone I ) ,  modu l e s  ( Zone I I ) ,  

2 - 9 9 



F i gure 2 . 5 . 1 - 1  I n t e r i o r  View o f  Glove Box 

F i gure 2 . 5 . l - 2  Ex t e rior View of Gl ove Box 
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and the corridors and she l l s  o f  the bu i l ding ( Zone I I I )  p rovide three di s t in c t  bar

r i e r  s tage s or zone s for containing radioac t ive material s .  The vent i l at ion a i r  

pres sure in Zone I i s  negative with respec t to t h a t  o f  Zone I I ; Zone I I  pres sure i s  

nega t ive with re spect  t o  Zone I I I ; and Zone I I I  pres sure i s  nega tive wi th re spe c t  to 

the outs ide envi ronment .  Thu s ,  a i r  p a s s e s  from nonradioac t ive are a s  to ones that 

potent i a l ly are increas ingly more radioac t ive , i . e . , from the outdoors to Zone I I I  to 

Zone II to Zone I .  The air exhau s ted from a l l  Zone I area s  is f i l tered through at 

leas t four s tage s o f  HEPA ( High E f f i c i ency Particulate Ai r )  fi l t e rs b e fo re i t  is  

d i s c harged to the atmo sphere . Zone II  and Zone I I I  exhaust  air is  also pas sed through 

HEPA f i l ters . Thi s  vent i l at ion sys tem i s  d i s c u s s e d  l a t e r  ( S e c t ion 2 . 7 . 1 )  in greater 

deta i l . 

To minimiz e the po s s i b i l i t i e s  o f  f i re , an inert ( n i trogen ) a tmosphere , contain

ing l e s s  than 5% oxygen ,  i s  maintained in glove boxe s , conveyors , and vau l t s  that may 

pres ent a f i re hazard . Thi s  a tmo sphe re is cont inuous l y  mon i tored ; an a l arm sounds i f  

the oxygen level exc e eds 5% . Automa t i c  we t - p ip e  sprinkl e r  sys tems throughout each 

fac i l i ty provide p rotec t ion agains t  fire . Except ion s  occur where nuc l ear c r i t i c a l i ty 

s a fe ty con s iderations prec lude sp rinkl e r  u s e  o r  where there i s  no fire poten t i a l . 

Where water c anno t be u s ed , s p e c i a l  f i re prevention techniques  such a s  inert atmo s 

phere , or fire suppre s s ion sys tems such as c arbon dioxide are frequently u s ed . Heat 

and smoke d e t e c tors located a t  s t ra tegic p l ac e s  actuate automa t i c  sys tems and p rovide 

l o c a l  and P l an t -wide alarms and locat ion s igna l s .  Manual f i re - a l arm s tations a l s o  

a r e  l o c a t ed throughout the bui ldings and a r e  connec ted to t h e  P lant - wide alarm sys tem . 

Dual , o f f- s i t e , e l e c trical  powe r sourc e s ,  in addi tion to on - s i te d i e s e l - e l e c t r i c  

generators provide power f o r  emergency l igh t ing and f o r  a l l  vent i l a t ion control 

equipmen t , u t i l i t i e s , and p ro c e s s  equipment that mus t  cont inue to fun c t ion for safe ty 

and fo r containment o f  radioac t ive materi a l s  ( s e e  S e c tion 3 . 2 . 2 . 4 ) . 

2 . 5 . 1 . 2  Rad i a t ion and S a fe ty Con tro l s  

To detec t trends i n  concentrations  o f  radioac t ive ma t e ri a l  i n  the a i r  i n  working 

areas , open- face con t inuous air f i l ter s amp l ers are l o c a t ed at the Zone II exhaus t  

duc t s  and work areas . S amp l ers  located near the exhaus t  duc t s  are s e ns i t ive to 

abnormal condi tions wh i ch may deve lop in the gene ral operat ing are a . Data from the s e  

s amp l ers  veri fy t h a t  conc entrations o f  alpha- emi t t ing radionu c l i des  a r e  as l o w  a s  

prac t i c a l  and wi thin t h e  guide l i n e s  g iven in ERDA Manual Chap ter 0 5 2 4 , i . e . , 2 . 0  

pCi/m3 for p lu tonium - 2 3 9  i n  cont ro l led areas . 

To d e t e c t  unexp e c ted r e l e a s e s  and provide for rap id a l arm to emp l oy e e s  in the 

area , s e l e c tive alpha a i r  mon i tors ( SAAM ) are l o c a t ed i n  the a i r - flow p a t t e rn s  o f  

Zone I I . A central ized readou t sys tem i s  u s ed a s  a means o f  detec ting the location 

of  a l a rm condi tion s , as  wel l  a s  po s s ib l e  s amp l e r  mal fun c t i on s . It  p rovides cont inuous 

in formation from a l arge area to a heal th p ro t e c ti on work force in a centra l i z e d  
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locat ion . Data printouts  are u s ed for record k e ep ing purpo s e s . A respon s e  to a SAAM 

al arm in the p lutonium fac i l i ty i s  as fo l l ows : ( 1 )  P ersonn e l  in the area don respira

tors . ( 2 )  The area i s  ev acuated . Individual j udgement i s  requ i red but , in some 

c a s e s , more s e rious s i tua t i on s  h ave been avoided by p ersonne l  in r e s p i ratory equipment 

taking ac t ion to control the source of contamina t ion . ( 3 )  Rad i a t i on Moni toring 

pe rsonne l enter the are a equipped with at l e a s t  ful l - face mask respi ratory p ro t e c t i on . 

( 4 )  Po s s i b l e  s amp l e r  mal func t ion i s  veri fied or the source o f  contaminat ion i s  deter

mined and cont ained . ( 5 )  The level o f  contaminat ion i s  determined . ( 6 )  The area i s  

c l e aned and re turned t o  normal operations . 

All emp l oyee s i n  plutonium areas who work w i th radioac t ive ma t e r i a l s  are re 

qui r ed to wear pro t e c t iv e  c lo th ing . Al l employee s  are required to do s e l f -moni to ring 

when l e av ing rad i at ion control are a s . All employees who h ave been in rad i at i on 

control areas mus t b e  moni tored by a Radi ation Moni tor b e fore l e av ing the s e curi ty 

control area . P ersonne l who are required to wear p ro t e c t ive c lothing are requ ired to 

shower at the end of the s h i f t . 

S e l e c t ive alpha a i r  moni to r s  are a l s o  located in the exhaust  s tacks o f  p ro c e s s  

and re s earch bui ldings t o  p rov ide d i r e c t  moni toring o f  t h e  e f fluen t s  at the i r  r e l e a s e  

point . A detai led de s c ript ion o f  t h e  sys tem i s  pres ented i n  S e c t ion 2 . 1 0 . 1 . 1 .  

Con s tant a i r  mon i toring throughout the work areas and the s tack al arm s y s tem p rov ide 

a h ighly r e l iab l e  sys tem for a l e r t ing the P l an t  to an acc idental r e l e as e . 

2 . 5 . 2  P l u tonium Fab r i c a tion and As s emb ly 

2 . 5 . 2 . 1  Operdt ions 

P l u tonium ingo t s  and parts are generally s tored in c lo s e d  containers wi thin 

vaul t s . The l a te s t  vau l t  bu i l t  has  an inert a tmo sphere contained w i th in 10 - inch 

thick conc r e t e  wal l s  wi th windows o f  l aminated g l a s s  enc l o s ing ge l l e d  water . Material  

i s  introduced into and retr ieved from the vau l t  by a comp u t e r - op e rated thre e - ax i s  

r e t r i ever ( F i gure 2 . 5 . 2 - 1 ) . 

P i e c e s  o f  p lu tonium metal are d r i l l e d  or broken to p rov ide s amp l e s  for as s ay i n  

prepara t i on for c a s t ing a l loys . T h e  p luton ium metal  f o r  c a s t ings i s  in the form o f  

sc rap , but tons , and brique t t e s . Feed material  i s  me l ted i n  a tantalum c ruc i b l e  i n  a 

vacuum induc tion-hea ted furnac e .  The mo l ten me tal i s  poured through a tantalum 

funn e l  into a coated graphi te mo ld to form an ingo t o f  the required s hape and al loy 

content . 
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F igure 2 . 5 . 2 - 1  S to rage Vau l t  and Re t r iever 
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Used molds are recoated in a glove box prior to being reused . Unusab l e  mo lds  

and plu tonium s c r ap generated in the  p roc e s s  l i nes are  removed f rom the l ines in  

protec tive b ags . The material i s  then moni tored and shipped in metal d rums to o th e r  

p roc e s s  build ings for recovery o r  di spo s a l . When n o  longe r usabl e ,  molds c ontain ing 

p lutonium above s p e c i fied l im i t s  are p ro c e s sed to recover the p lutonium . The remaining 

was t e  mat e r i al and mo lds , mon i to red to b e  sure they are b e low s p e c i f i ed plutonium 

l im i t s , are t rans ferred in s ea l ed containers to a DOE - app roved was t e  s to rage fac i l i ty .  

P luton ium ingo t s  are pro c e s sed th rough me tal lurgical  operations invo lving reduc 

t ion ro l l ing , b l anking , forming , and heat treating . Metal s c rap f rom the s e  opera

tions i s  then degrea s ed -- a p roc e s s  fo r removing o i l s  and grea s e s  f rom metal sur

face s , particularly the oily f i lm remain ing from forming operations . Th e s c rap i s  

then recyc l e d  through t h e  found ry . 

Machining operat ions are p e r fo rmed on engine l athe s , j ig bore r s , and numer i c a l  

control machine s .  Hydrau l i c  o i l  coolant fo r t h e  machines  i s  c i rcul ated th rough 3 0 -

m i c ron f i l te r s  for p lutonium remova l  and , when d i s c arded , i s  pumped through one 

m i c ron f i l ters into s to rage tanks . F rom these tanks , th e o i l  i s  again f i l tered , then 

p roc e s sed and conve rted into a gel for trans fe r  to a DOE - approved was te s to rage 

fac i l i ty .  Carbon t e trachloride is used to wash o i l  f rom part s , too l s , glove s , and 

mach ine s , and for degreas ing turn ings prior  to b rique t ting . Carbon tetrachlo ride i s  

used i n  glove boxes . The emp l oy e e s  are pro tected b y  the glove - box containment f rom 

breath ing the fumes and coming into contact  with the l i quid . An e s t imate o f  the 

amount of c a rbon te trachl oride r e l eased to the outside atmosphere , based on the rate 

of consump t i on ( Se e  S e c tion 2 . 8 ) , is 0 . 7 9 g rams per s econd . Th i s  r e l e a s e  i s  wel l 

b e low the l imi t s e t  by the Colo rado Air P o l lut ion Con t ro l  Ac t ,  Regulat ion Numbe r  

E i gh t , o f  44 . 7  g rams p e r  s e c ond . Used c arbon te trachlo ride i s  h andl ed i n  the s ame 

mann e r  as spent o i l  coo l ant . 

P luton ium parts are ul t rason i c a l l y  c l e aned w i th t r i ch l oroe thane and , when r e 

qui red , are radiographed . T h e  parts  are dimens ional ly inspec ted u s ing surface 

p l a t e s , o p t i c a l  c omparato r s , and e l e c tronic gauge s  with l a s e r  interferome ters . 

S pe c i al glove box e s  are used to s tore , repai r ,  and cal ibrate gauging equipmen t .  

Fo l l owing insp e c tion the parts  are a s s emb l e d  w i th o th e r  componen t s . The t e rm " a s s em 

b l ed "  inc lude s s u c h  operat ions as c l eaning , b raz ing , marking , welding , we igh ing , 

matching , s amp l ing , heating , and moni toring for surface con taminat ion . " C l eaning " 

r e f e rs to such vari ed me thods a s  w i re b rushing , ul trasonic s ,  wiping , and vapor de

greas ing . "Marking " means gritb l as t ing and e l e c t romarking . " Inspection"  a s sume s  

many form s  and uses  a var i e ty o f  aids : de s t ructive and nonde s t ructive t e s t ing , 

rad iography , vi sual method s , gauging , ult rasoni c s , t ens i l e  t e s t s , eddy currents , dye 

penet rant s ,  and acou s t i c  emi s s ion . "We lding" may b e  in the form o f  Tungs t en Inert 

Gas ( T I G ) , Pres surized Inert Gas Me tal Arc ( P I GMA ) , E l e c tron B e am ( EB ) , or re s i s t ance 

we ldi ng . " Braz ing" r e fe rs to me tal j oining us ing vacuum induc t ion furnac e o r  e l e c t ron 

bomba rdment techn i que s .  
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P l utonium r e s e arch and the recovery o f  s c rap are d e s c ribed in S e c t ions 2 . 5 . 6  and 

2 . 5 . 7 .  

2 . 5 . 2 . 2 .  Hea l t h  and S a fety Aspec t s  o f  Handl ing P lu tonium 

P l uton ium i s  a s i lv e ry grey m e t a l  wh i c h  i s  warm to the tou c h . I t  turns quickly 

to a du l l  green i s h - go l d  c o l or upon expo sure t o  a i r . The surface oxide whi c h  forms in 

a i r  is  l o o s e ly a t tached to the metal , and i s  ea s i ly b rushed from i t .  The oxide i s  a 

very fine powder wh i c h  adheres  to surfaces w i th which i t  comes in contac t . I t  i s  

inso l ub l e  in wate r , but i t  c an usual l y  be removed b y  washing w i th a d e tergent s o l u t ion . 

P l utonium - 2 3 9  i so tope emi ts a lpha and gamma radi a t ion . The gamma radiat ion i s  

o f  l ow energy . Worker s  are s h i e l ded from the gamma rad i a t ion b y  mean s  o f  l ead

impregnated glass  and l ea d - i mp regnated g love s  in the g love box e s  ( S e c t ion 2 . 5 . 1 . 1 )  

and by the containers in wh i c h  the metal  i s  transported and s tored . Alpha radiation 

penetrates  only a few hundre th s  of a m i l l im e t e r  of t i s su e , and there fore c anno t c au s e  

phys i c a l  damage , as l ong a s  i t s  source remains  o u t s ide t h e  human body . 

The p rimary p re c au t ion fo r hand l ing p l u tonium i s  to prevent s i tuations  in whi c h  

oxide could b e  introduced into t h e  body . Wo rkers w i t h  open wounds d o  no t work in the 

plutonium - handl ing areas . No smoking , e a t i ng , o r  drinking is a l l owed in the p l utonium 

areas . P l u tonium i s  always contained by g l ove boxes or spe c i a l  containers in normal 

operation s . To detec t po s s i b l e  breach o f  conta inmen t ,  wo rkers make frequent inspe c 

tion s , inc luding ( 1 )  s e l f -moni toring o f  hands when removing them from a g love box and 

( 2 )  mon i toring of c lo th ing when l eaving the p l uton ium are a . 

I f  c onta inmen t  i s  b reached the fol lowing precau t ions  are t aken : 

1 .  P l u to n i um oxide i s  washed from skin and the worke r ' s  c lo th ing i s  removed s o  

t h a t  no p l u tonium oxide wi l l  b e  sub s e quent l y  ing e s ted o r  i nh a l ed . 

2 .  I f  p l utonium oxide could b e  p re s e n t  in the a i r , a respirator i s  wo rn or an 

a i r  supp l y  i s  provi ded . 

3 .  I f  a wound or l ac e rat ion occurs , pluton ium oxide mus t b e  removed . Thi s  c an 

usual l y  b e  accomp l i shed by was h i ng . P l u tonium tox i c i ty i s  d i s cu s s e d  in 

d e t a i l  in Vo l ume I I , Appendix G .  

Mo s t  p lu tonium metal  i n  bulk form i s  no t e as i ly i gn i t ed . F i n e ly divided or 

reac t iv e  p l utonium i s  combus t i b l e . Eas i ly ign i ted forms inc lude powders , turn ings 

and c h i p s  from machining operations , and s ku l l  ( i . e . , the impuri ty - c ontaining was te 

from the top o f  a c a s ting ) . Many other me t a l s ,  including s t ee l , are combu s t i b l e  when 

they are i n  t h e s e  fo rms . P r e c au t i onary measures taken to prevent combus t ion includ e  

the  fo l l owing : 
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1 .  Inert  a tmospheres are u s ed in glove boxe s . 

2 .  Forms which are read i l y  ign i te d  are converted to s tab l e  ( i . e . , twi c e  burned ) 

p l u tonium oxide wi thin 24 hours o f  the i r  forma t ion . 

3 .  I n troduc tion o f  any combu s t i b l e  i n t o  the glove box l i ne i s  avo ided . When 

i t  is nec e s s ary to use combu s t ib l e  mat e ri al s  i n  the l i ne , they are care fu l l y  

con t ro l l ed . 

4 .  P l utonium m e t a l  i s  s tored in special  cont ainers in contac t wi th heat det e c 

tors . 

Nuc l ear S a fe t y  fun c t ion s con t ro l  p l u ton ium s to rage and handl ing so that a s t a t e  

o f  s e l f- sus taining f i s s ion o r  nuc l ear c r i t i c al i ty w i l l  n o t  occur . The quan t i ty , 

geome try , and phys i c a l  fo rm are fac tors wh ich are cons idered in e s t ab l i shing nuc l ear 

mat e ri a l s  s a fety l imi t s , i . e . , the quant i t i e s  of f i s s i l e  material  of a s ta ted type 

wh i ch may be l o c a t ed i n  a de fined p l ac e . The nuc l e ar s a f e ty con tro l s  are d i s cu s s e d  

more ful ly in S e c t ion 3 . 2 . 2 . 6 .  

There are many re s t r i c t ions , con t ro l s , and requi red p roc edures whi ch app l y  to 

the hand l ing and transport o f  p lutonium , operations invo lving i t , and p rac t i c e s  

wi thin p l u tonium areas . Th e s e  are enumera ted i n  the Ro ckwe l l  I n terna t ional Hea l t h , 

S a fe ty , and Envi ronmen t Manual and in operationa l s a fe ty analy s e s  documen t s . Wo rkers 

who hand l e  rad i o ac t ive m a t e r i a l s  mus t  be c e r t i fied to ensure that they know and 

unde rs tand the re s t r i c t i on s  and p ro c e dures . Rad i a t ion Mon i tors ( S e c t ion 2 . 6 . 2 . 6 ) 

p rovide spec i a l  a s s i s tance i n  d e t e c t ing radi a t ion or radioac t ive ma t e r i al ou t s ide 

normal confinemen t .  

A l l  employees wear personal dos ime t e r s  wh i ch measure the amoun t s  o f  ex tern a l  

rad i a t ion wh ich t h e y  rece ive . Analys i s  o f  urine and body coun t i ng t e chn i ques  p rov ide 

measurement of any i n t e rn a l  radioac t i v i ty wh ich may be pres ent . ( S e e  Append ix H . ) 

2 . 5 . 3  Beryl l ium Fabr i c a t ion 

2 . 5 . 3 . 1  Op erat ions 

C l ean , s o l id-meta l , beryl l i um s c rap from comme rc i a l  sourc e s  and other DOE 

fac i l i t i e s  i s  shipped to Roc ky F l a t s  and mixed w i th s c rap from Rocky F l a t s ' p roc e s s 

ing . The comb ined s c rap i s  p l aced in graph i t e  c ruc i b l e s  coated w i th b e ry l l ium oxide 

( BeO ) and me l t ed in a vac uum furnac e .  The mo l t en m e t a l  i s  poured i n t o  a B eO - c o a ted 

graph i te mo l d  and a l l owed to s o l i d i fy and cool b e fore be ing exp o s ed to foundry a i r . 

Exhaus t s t reams from the furnac e s  are pump ed th rough a s i ngl e - s tage rough i ng f i l t e r , 

and with the room a i r ,  th rough a s e r i e s  o f  HEPA f i l t e rs be fore b e i ng vented to the 

a tmosphe re . Exhaus t  s tacks are con t inuous ly mon i to red for beryl l i um .  
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The ingot i s  s awed into s l ab s , c al l ed b i l l e t s , that are mac hined by a m i l l ing 

operation . F looding the s aw and m i l l  cutter w i th machining o i l  p revent s  ai rborne 

c ontam ination . Used oil i s  comb ined w i t h  a s o l idi fying agen t , p lac ed in metal  drums , 

and tran s f erred to a DOE - approved s to rage s i t e . 

A s t e e l  " c an " i s  we lded around the b i l l e t  in such a way that the b i l l e t  i s  

vacuum s ealed t o  p ro t e c t  the b e ry l l ium from the atmo sphere during s ub s e quen t opera

t ions . The c anned b e ry l l ium b i l l e t  is  then heated in an e l ec tr i c  furna c e  that i s  

cont inuou s ly purged w i th the inert gas , argon . A f te r  b e ing heated , the c anned b i l l e t  

i s  redu c e d  i n  thi c kn e s s  b y  r o l l ing and i s  then anneal e d . 

The s t e e l  c an i s  cut away , e tched to r emove res i dual b e ry l l ium , and s o l d  a s  

s c rap . S o l i d  b e ry l l ium s c r ap i s  recyc led b a c k  into t h e  c a s t ing s tep . The remaining 

b e ry l l ium is etched , redu c e d  in thickn e s s  ( ro l l ed ) , annea l e d , and cut i nto the d e 

s i red shap e . Sur fac e oxidat ion that occurs during ro l l ing i s  r emoved by e tching each 

b l ank w i th n i t r i c  acid . The b l anks are once again heated and formed into the des ired 

con f i g ur a t i on .  O n c e  f o rme d , t h e  p ar t s  a r e  a i r - co o l e d  a n d  unde r g o  a f i n a l  h e a t  t r e a t 

m e n t . 

The parts are machined in a spec i a l  mac hine shop r e s e rv ed for b e ry l l ium work . 

Al l machines in thi s  shop are equ ipp ed w i th a h i gh - speed a i r  down - dra f t  sy s tem that 

remov e s  machin ing chips as they are generated , and c o l l e c t s  them in drums that are 

i s o l ated from the atmo sphere . The s e  chips  are not  expo s ed to mach i n i ng o i l ; con s e 

quently , they a r e  c l ean , dry , and c an b e  reused o r  s o l d  as s c rap t o  t he beryll ium 

indu s try . Machined part s are " chem i c a l ly m i l l e d "  in a s o l u t ion o f  phosphoric , 

c hromi c ,  and sul furi c  acids . Fumes  from t hi s  operat ion are " sc rubbe d "  i n  a c au s t i c  

s c rubb e r  prior t o  d i s charge into the f i l t e r  p l enum . 

Some bery l l i um i s  welded by me l t ing regions o f  a part and m ixing i t  w i th mo l t en 

alum inum . Thi s  work i s  a lway s done in a pro t e c ted envi ronmen t , e i ther inert gas or 

vacuum . Bery l l ium i s  analyzed at the Roc ky F l a t s  P l ant by c ertain l aboratory opera

tion s . Re s u l t ing r e s idue s are di sposed o f  by packaging and s h ipp ing to long - te rm 

s torage a t  a DOE - approved s i te ( s e e  S e c t ion 2 . 7 . 4 ) . 

2 . 5 . 3 . 2  Heal th and S a fe t y  Aspec t s  o f  Handl i ng Bery l l ium 

Many bery l l ium compounds are tox i c  and , i f  inhal ed , c an give r i s e  to c l i n i c a l  

cond i t ions  frequently c harac terized as " b eryl l ium d i s e as e . "  Other t e r m s  are some 

times u sed , such as "b e ry l l ium poi soni ng , "  " be ry l l i um intox i c a tion , "  and " b e ry l l io s i s . "  

Inhalat ion i s  the p rimary mode o f  b e ry l l ium entry into the body , and c l in i c a l  symp 

toms may be e i ther acute or chron i c . The e f f e c t s  o f  acute exposure inc lude 

1 .  Skin e f fe c t s  such as dermat i ti s ,  conjunc t iv i t i s , and u l c e rat ion o f  conta

minated l ac eration s . Healing o f  con t aminated wounds may b e  incomp l e t e  

unt i l  t h e  beryll ium i s  removed . 
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2 .  Upp e r  respi ratory e ffe c t s  such as swo l l en mucous memb rane s ,  b l e edi ng , f i s sure s , and ulcerat ion . 
3 .  Lower r e s p i ratory e ffec t s  such a s  cough , che s t  p a i n s , and shortne s s  o f  breath . 
4 .  Chem i c al pneumon i t i s  and pu lmonary edema . 

Chro n i c  b e ry l l ium poi soning usu a l l y  a f fe c t s  the respi ra tory t rac t and o ft e n  

OCcurs a f t e r  a l ong l a t e n t  pe riod o f  5 to 1 0  years , o r  even 2 0  years  o r  more . The 

chronic d i s e a s e  is o ften tri ggered by a b i o l ogi c a l  t rauma such as i l l n e s s , surgery , 

o r  pregnanc y . Death may OCcur a f t e r  a l ong dura t i on and i s  usually caused by pulmonary 

i n s u f f i c i en c y  o r  heart fai l u r e . In r e c e n t  yea rs , long - t e rm s t e ro i d  the rapy has 

p roven e ffec t ive , and the progno s i s  of chron i c  bery l l ium d i s e a s e  has been a l t e red 

favo rably . D e t a i l e d  evaluations  of b e ryl l i um heal th e f fe c t s  have been pe r fo rmed by 

the EPA in e s tab l i shing e f fluent  l imi t s ,  and l i t e ra ture covering this  work i s  ava i l 

able  ( USEPA , March 1 9 7 3 ) . 

P ro t e c t ive measures aga i n s t  du s t  c on ta i n ing beryl l i um pa r t i c l e s requ i re good housekeep ing ; proper ven t i l a t i on , inc luaing the u s e  o f  exhau s t  hoods ; immediate ava i l abi l i ty of  re s p i ratory e quipmen t ;  and p e r fo rmanc e  of  c e r tain opera t i on s  und e r  " we t "  condi tions . Room - a i r  moni toring and smear s amp l e s  o f  f l o o r s  and fixtures a r e  u s ed to evaluate t h e  e ffe c t ivene s s  o f  t h e  pro t ec t ive measure s . Emp l oye e s  in beryl l i um areas wear pro t e c t ive c l o thing ; they mu s t  wash be fore e a t ing , dr inking , smok i ng , and prior  to l eaving the work area . The s e  p re c a u t ions p ro t e c t  employees from inhal i ng b e ry l l ium i n  quan t i t i e s  exc eeding t he Occupa t i onal  S a fe ty and He a l th Admi n i s trat ion ' s  Threshold Limi t Va lue ( TLV ) o f  2 JJ g/m3 
o f  a i r  ( t ime - we i gh t ed concen tra t i on fo r an 8 -hour day o f  a 40 - hour wee k ) . A i r  s amp l e s  c o l l ec t ed on bery l l ium op e ra t i on s  cons i s t e n t l y  average l e s s  than 1 0% o f  the TLV . 

I n  1 9 7 2  the Na t i onal I n s t i t ute o f  Occupa t i onal S a fe ty and He al th ( N IOSH) i s sued 

a " c ri te r i a "  docume nt concerning bery l l i um and l i s t ed i t  as  carc i nogen i c . More 

recen t l y , N IOSH p ropo sed that the s t andard o f  2 JJ g/m3 be lowered to 0 . 5  JJ g/m3 . Much 

o f  the bas i s  fo r thi s  p roposed reduc t i on was the resul t of a s e r i e s  o f  repo rt s , 

Bayl i s s  I and Bayl i s s  I I  ( N I OSH , 1 9 7 1  and 1 9 7 2 ) and pap e rs by T .  F .  Mancuso ( 1 9 7 0 )  

and W .  D .  Wagn e r  and o thers , ( 1 9 6 9 ) . A l a t e r  repo r t , Bayl i s s  I I I , c l aims on epidem i o 

l ogi c a l  g rounds tha t human beings expo sed t o  bery l l ium incur a lung cancer ri s k . I f  

a c c ep t ed , thi s report s t rengthens the Gove rnmen t ' s  c a s e . The s e  papers have produced 

d i s c u s s ion about the c arc inogenic  p o t e n t i a l  of b e ry l l i um because o f  the con t rove r s i a l  

i n t e rpretat ions and d a t a  i n c luded i n  t h e  repo r t s  ( Shap l ey , 1 9 7 7 ) . Mancuso ' s  s tudy 

s ugge s t ed a s l i gh t ly h i gher canc e r  rate in tho s e  persons having p ri o r  respi ratory 

i l lne s s . Indu s t ry has sharply que s t i oned the data and i n t e rpre tat ions from the s e  

repo r t s . I t  has been poin ted o u t  that the  l a rge s t  numbe r o f  lung cancer c a s e s  i n  the 

Bayl i s s  I I I  repo r t  O c curred among wo rke rs emp l oyed by the indu s t ry five years o r  l e s s  

and that four c as e s  that had been c l as s i f i ed as be ing 
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there for approx imately 2 0  years ac tua l ly worked there a year o r  l e s s . Mo reover ,  i t  

has been found that o f  the 47 repor ted lung c anc e r  c a s e s , s ome 3 0  had wo rked for the 

b e ry l l ium indus try l e s s  than 1 year , 24 had worked l e s s  than 6 months , 17 had worked 

l e s s  than 3 months , and 1 had been h i red and t e rminated the s ame day . 

The s e  s tudi e s , wh i c h  in them s e lv e s  have que s t i onab l e  s ta t i s t i c a l  val i d i ty , have 

been p e r fo rmed on o c cupat ion a l ly exp o s ed p e rsons where the l eve l s  of exposure are 

muc h  higher than envi ronmen tal l eve l s  to which the pub l i c  might be expo sed . 

2 . 5 . 4 Uranium Fabrica tion 

2 . 5 . 4 . 1  Operation s  

Dep l e ted uran ium , enriched uran ium and , i n t e rmi ttently , uran ium - 2 3 3  a r e  hand led 

at  Rocky F l a t s . Dep l e ted uranium has a percentage o f  uranium - 23 5  sma l l e r  than the 

0 . 7% o f  the total  we igh t . Comp l e te chem i c a l  analy s e s  o f  a l l  uranium al loys are 

conduc ted routinely in the Analy t i c a l  Labo ratory , which uses s amp l e s  of machine 

turn ings , s aw chip s , o r  b roken parts . 

The fab r i c a t ion o f  dep l e ted uranium al loys i s  an important p ro c e s s  a t  Ro c ky 

F l a t s . An e l e c trode con s i s t ing o f  a deple ted uranium tube i s  f i l l e d  w i t h  appropriate  

al loy i ng mate ri a l . The tube and contents are arc-melted into a cyl indri c a l  copper 

mo ld . Thi s  mo ld i s  water cooled in a c lo s ed sys t em . The f i r s t - me l t  ingo ts become 

the e l ec trodes  fo r arc.  reme l t ing into ingo t s  hav ing s l ightly l arger d i ame ters . The s e  

ingo t s  are then s awed into b i l l e t s  o r  puc ks for further proce s s ing .  

Cons o l idation o f  recyc l e d , dep l e te d-uranium - a l loy s c rap i s  the ma in funct ion o f  

one o f  t h e  P l ant ' s  foundr i e s . Large ingo t s  for extrus ion , ro l l ing , and forging are 

a l so c a s t  in t h i s  are a . O c c a s i onal ly , shaped c a s t ings are made that requ i r e  only 

finish  machining . Thi s  foundry a l s o  s tores feed uranium and burns was t e  uranium 

c h i p s  and sc rap into an oxide form for DOE - approved , o f f - s i te s torag e . Rough - fo rmed 

parts o r  rough c a s t ings are turned into fin i s hed parts in thi s  general are a . After 

be ing inspec ted and be fore f inal o f f - s i t e  s h ipment , f i n i s hed parts are a s s emb l ed into 

a component o r  are pac kaged and s tored . 

D ep l e ted uran ium al loy s can be ro l l ed , formed , extruded , shearspun , and swaged . 

Roc ky F l a t s  has the capab i l i ty o f  machining b i l l e t s  from foundry - supp l i ed ingo t s , 

mac hining t e s t  spec imens , and mechan i c a l l y  and me tal lograp h i c a l ly t e s t ing the spec imens . 

Within th i s  uran ium p ro c e s s ing area are b i l l e t  preheat ing furnac e s , vacuum heat

treating furnac e s , and ovens capab l e  o f  anne al ing and age hardening any o f  the a l loy s . 
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Uranium - 2 3 3  i s  o c c a s iona l l y  hand l ed at the Rocky F l a t s  P l an t . I t  i s  hand l ed 

wi thin glov e - box conta inmen t because o f  i t s  spe c i fic activ i t y  be ing higher than other 

uran ium i so t op e s  hand l ed at Ro cky F l a t s . 

The P l an t  has the c apab i l i ty fo r the machin ing and a s s embly o f  enriched uran ium . 

Parts  returned t o  Rocky F l a t s  because o f  age a re d i s a s s emb l ed , and the enriched 

uran ium is separated and sent  to Oak Ridge , Tenn e s s e e  for recyc l ing . 

2 . 5 . 4 . 2  H e a l t h  and S a f e ty Aspe c t s o f  Hand l ing Uranium 

Enri ched uran i um contains  alpha - emi t t ing radionuc l ides . As in a l l  work are as , 

hand l ing precautions for uranium inc l ude the use  o f  fac i l i t i e s  h av i ng adequate vent i l a 

t ion , as  rec ommended b y  t h e  Ame r i c an Conference o f  Gove rnmental  I ndus t r i a l  Hygeni s ts 

( ACG I H )  ( 1 9 7 4 ) . Air  s amp l e s  and smear surveys are taken to veri fy the e f fe c t ivene s s  

o f  the control s .  The radioac tivi ty o f  dep l e ted uran ium i s  sma l l  p e r  un i t  weigh t ; 

there fore , the p rinc ipal conc e rn when working w i th th i s  ma t e r i a l  i s  the e l ement ' s  

cqemi c a l  toxi c i ty .  I f  taken into the body , dep l e ted uranium c an c au s e  damage to 

v i t a l  organs . The kidneys may be damaged as a r e s u l t  o f  uranium ente ring through a 

break i n  the skin . Inhalat ion may cause lung damage . Emp l oy e e s  who handl e  uranium 

are requi red t o  shower b e fo re leaving a uran ium are a . 

2 . 5 . 5  Fab r i c a tion o f  Other M e t a l s  

2 . 5 . 5 . 1  Operat ions 

Equipmen t  exi s t s  a t  Roc ky F l a t s  for ro l l ing , c onven ti onal forming , hydro fo rming , 

high- energy - ra t e  fo rming , extruding , heat  treating , shearing , machining , e l e c trop l a t 

ing , and inspec ting many kinds o f  nonradioac t ive metal s . I n  add i t ion to b e ry l l ium 

( d i scussed p revious l y ) , s ta i n l e s s  s te e l  and aluminum are the principal metals  fabri 

c ated . Tan talum , t i t anium , tungs ten , copp e r , c admium , go l d , s i lve r , l ead , and nicke l  

a r e  a l so u s e d  a t  various times f o r  sp e c i a l  order work and f o r  res e a rc h  and deve l opmen t .  

Forgings , press ings , and bar s tock are mac h i ned by conventional me thods , wi th a 

wa t e r - b a s e  c oo l an t , into f i n i shed par t s . The equipment used inc lude s nume r i c a l  

control  ma chine s , engine l a th e s , mi l l ing machine s , d r i l l s , and automatic threading 

mac hines . Fini s hed p ar t s  are we l ded , e l e c t ro e tched , c l e aned , and given nond e s t ruc 

t ive t e s t s  such a s  X ray , dye pene tran t , and leak t e s t s . 

Prec is ion mach ining , and tool grinding shop s , l o c a t ed in areas that do no t con

t a in radi oac t ive material s ,  fab r i c a t e  too l s , gauge s ,  fixtures , graphi te mo lds , and 

c u t t i ng tool s for a l l  areas o f  the P l an t . The s e  s hop s work p rimari l y  wi th too l 

s t e e l s  and aluminum . They have comp l e t e  h e a t - treating fac i l i t i e s , whi c h  inc l ude a 

s a l t  bath , furnac e s , and o i l - quench ing tanks , and have the c apac i ty for turning , 

mi l l ing , we l ding , grinding , and e l e c trical - d i scharge machining . 
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Machine shop pe rsonn e l  a l s o  work w i th too l s te e l s  and u s e  machine too l s  to 

fab r i c ate graphi t e  mold s . The tool grinding shop is u s ed for fab r i c ating a l l  typ e s  

o f  c u t t ing too l s  f rom high- speed s t e e l s  and carbide s . 

2 . 5 . 5 . 2  Hea l th and S a f e ty Asp e c t s  

E l aborate dus t  co l l e c t ion sys tems a r e  u s ed w i th t h e  machine too l s  when graphi t e  

i s  c u t  and too l s  a r e  g round . Coo lan t s  are used to control ai rborne emi s s ions during 

the machining o f  s t e e l s  and a l uminum . Machin i s t s  and m e t a l l u rg i c a l  operations person

n e l  use p e rsonal p rotec tive equipment such as eye and hand p ro t e c t ion and s a f e ty 

shoe s .  Indu s t r i a l  Hyg i ene survey s operation s  invo lving dye p enetran t s , welding , 

c l e an ing , heat treating , and o i l  quenching to ensure that p e r sonn e l  expo sures to 

toxi c  o r  noxious mater i a l s  are kept we l l  b e l ow recommended s t andards . 

2 . 5 . 6  Pluton ium and Amer i c ium Recov ery 

2 . 5 . 6 . 1  Plutonium Recovery 

The p r imary obj e c t ive o f  the p l u tonium recovery p roc e s s  i s  the re covery o f  

p l utonium from a l l  res idue s generated during p l u tonium - r e l ated f ab r i c a t ion , a s semb l y , 

and r e s earch ope r a t ion s . Re s idu e s  no rma l ly are s o l i d  materials  varying i n  p l utonium 

content f rom a few percent to almo s t  pure p lu tonium metal  suitab l e  for u s e  in foundry 

operation s . 

The suc c e s s  o f  the ove r a l l  operat ion i s  measured by the puri ty o f  the p lu tonium 

metal  p roduc ed , adherenc e to e s t ab l i shed operat ing procedu re s , the generation o f  a 

minimum amount o f  wa s t e , a s s urance that d i s charge s to the env i ronment are at the 

lowe s t  practicable  l eve l ( ALAP ) , and that a l l  di scharge s are we l l  under a l l  app l i c ab l e  

EPA , Colo rado Department o f  Heal th , DOE , and operat ing c on trac tor emi s s ion leve l 

l imi t s . 

P lu tonium recovery proc e s s e s  are divided into two c ategori e s , som e t imes c a l l e d  

" fas t "  and " s l ow" recovery . Some r e l a t iv e l y  pure p lu tonium r e s i due s requ i re only a 

min imum o f  p ro c e s s ing to p roduce a p l u tonium ni trate solut ion from whi c h  the pure 

p l uton ium me tal c an b e  extrac ted . Th i s  con s t i tu t e s  the " fa s t "  recov e ry operation . 

On the o ther hand , some r e s i dues  have high plutonium content but requ i re extens ive 

pur i f i c at ion . The s e  r e s idue s , plus r e s idues  having a low concentrat ion o f  p lutonium , 

requ i re mul t i p l e  ope ra t i on s  to concentrate and puri fy the plutonium into a sui tab l e  

n i trate solut ion . Thi s  con s t i tute s the " s low" r e covery operation . Both s treams are 

then c omb ined in the part  of the p roc e s s  in whi ch the puri fied p lu tonium n i trate 

solu tion i s  conve rted into plutonium metal . 
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The proc e s s ing requ i re d  for low pluton ium res i dues  and tho s e  re s idues  requiring 

extens ive puri ficat ion ( " s low" recovery ) cons i s ts of the fol lowing opera t i ons : 

1 .  Inc ineration - - contro l led burning o f  p lutonium- contaminated was t e  to reduce 

bulk and convert me tal compound s to oxide s . 

2 .  Re s i due D i s so l u t i on - - ac id leaching p lutonium re s i dues  to get the plutonium 

into s o l u t i on for further proc e s s ing . 

3 .  Laboratory Was t e P roc e s s ing- - recov e ry o f  p lutonium from was t e re s idues o f  

the l abora tories that p e r form s amp l e  analy s e s  for p roduc t ion contro l  o r  i n  

s upport o f  deve lopment s tudi e s . 

4 .  High- Lev e l  Ion Exc hange - - s e l e c t ive anion and c a t i on s eparations o f  l iquid 

forms invo lving plutonium concentration s  exc eeding 0 . 0 0 5  gil . 

5 .  Chloride S a l t  P roc e s s i ng - - remov ing p l u tonium and ame r i c i um from mol ten s a l t  

and e l e c t ro re fining re s i due s . 

6 .  P roc e s s  Fume S c rubbing- - c l eaning various by - p rodu c t  ga s e s , such as n i t rogen 

oxide by washing them with c au s t i c  l iquids to remove radioac t iv i ty and to 

neutra l iz e  acidic  gas e s . 

The " fa s t "  recove ry proce s s  encompas s e s  the fo l lowing s t eps , wh i c h  are required 

to c omp l e t e  the recycl ing of the high - leve l p lutonium s t reams and to puri fy the 

p l utonium to the des ired degre e . The s e  operat ions culminate in the convers ion o f  

puri fied plutonium n i t rate s o l ut ion to p lutonium me ta l . 

1 .  Ox ide D i s solution- - ac id d i s so l u tion and l e aching o f  p l u tonium compounds and 

r e s idues from various sourc e s , y i e lding a plutonium ni trate s o l ut ion . 

2 .  Feed Evaporat ion and Batching - - concentration and b l endi ng o f  radioac t ive 

feed to achi eve de s i red concentration s  of a c i d , p lutonium , and c e r tain key 

impur i t i e s . 

3 .  P re c ip i tation - - conversion o f  p l u ton ium ni trate solut ion to s o l i d  p lutonium 

peroxide . 

4 .  Calc inat ion - - convers ion o f  p l utonium pe rox ide to p luton ium oxide by heat ing . 

5 .  Hydro fluorinat ion - - conve rsion o f  plutonium oxide to plutonium tetra fluoride , 

u s ing anhydrous hydrogen fluoride vapo r .  

6 .  Redu c t i on - - convers ion o f  p lutonium tetrafluoride to pluton ium met a l , which 

i s  then tran s f e rred to s torage unt i l  needed . 

7 .  Ame r i c ium Recovery - - addi tional p roc e s s ing to change this  radioac tive by

p rodu c t  of the pluton ium re covery p ro c e s s  into oxide form . 

A re s i due s torage area i s  maintained for s to ring , t rans fe rring , and account ing 

fo r p lutonium content in a l l  mat e r i a l s  con s t i tu t ing feed for the operat ions j us t  

noted . Thi s  area a l s o  inc lude s fac i l i t i e s  f o r  packaging res idues  that a r e  b e low the 

l imi t of recoverab l e  p lutonium . The l a t t e r  res idues are trans ferred to a DOE - approved 

s torage s i t e . The l im i t s  for recoverab l e  p luton ium vary accord ing to the type o f  

res idue invo lved . 
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The s ide s t re am s  o f  was t e  l i qui ds gene ra ted during the recov e ry operations and 

having p lutonium content b e l ow approxima t e ly 1 0 - 3  gil are treated in the p roc e s s  

was te treatment p l an t  ( s ee S e c t ion 2 . 7 . 3 ) . 

2 . 5 . 6 . 2  Ame r i c ium Recov e ry 

A s e c ondary obj e c t ive o f  recov e ry p ro c e s s e s  i s  the recovery o f  ame ri c ium , a 

t ransuranium e l ement that appears in p lutonium mate r i a l s p roc e s s ed a t  the Roc ky F l a t s  

P l an t  s i te a s  t h e  resul t o f  the b e t a  d e c ay o f  241 pu . The only ame r i c i um i sotope o f  

s i gn i f i c an t  concentration found in p lu tonium materia l s  proc e s sed a t  Roc ky F l a t s  i s  
241Am . Rad i a t ion expo sure from the gamma rad i a t ion ( 5 9 . 6  KeV ) from 241Am is contro l -

l ed by shie l ding . Ame r i c ium i s  pe riod i c a l l y  s ep arated from p lu tonium r e s idue s . 

Ame r i c ium i s  separated from plutonium metal  r e s idue s by contac t ing the mo l ten 

p luton ium w i th a hal ide s a l t  mixture in an ine r t  a tmo sphere . The ame ri c ium is r e 

covered from t h e  r e su l t ing s a l t  res idue and i s  s o l d  to t h e  rad i o i s o t op e  p o o l  a t  Oak 

Ridge National  Laboratory , Oak Ridge , Tenne s s e e . 

A quan t i t a t ive s eparation o f  ame r i c ium from l iquid p roc e s s  s t r e ams c ontaining 

plutonium i s  done by a p lutonium p e roxide p r e c i p i t a t ion pro c e s s .  The ame r i c ium 

frac tion from this  proc e s s  go e s  to a was t e - treatment fac i l i ty whe re i t  i s  p repared 

for burial as  s o l id was te . 

Al l ame r i c ium recov e ry operations are c on tained in g love boxe s . S h i e l d ing from 

a lpha and gamma emi s sions  i s  p rov ided for each p ro ce s s  operat ion . 

2 . 5 . 6 . 3  S a f e ty and Env i ronment a l  Conc e rn s  

P luton ium and ame r i c i um a r e  hand l e d  with great care and wi th p a r t i cu la r  a t tent ion 

to the s a f e ty of operating pe rsonne l .  All ope r a t ions involv ing p lutonium and ame r i 

c ium in any fo rm a r e  condu c t e d  i n  g love box e s  o r  other enc l o sures  t o  prevent d i r e c t  

human con tac t wi th t h e  e l emen t . The chemi c a l s  hand l e d  i n  t h e  chem i c a l  recov e ry 

p roc e s s  are c on ta ined wi thin g love boxe s . S t r i c t  adhe renc e to ope r a t ing rul e s  i s  

mandatory ( s ee S e c tion 2 . 5 . 1 ) . 

Exhau s t  gas s t reams are s crubbed to remove by - p roduc t gas e s  such a s  n i t rogen 

oxide o r  sul fur d ioxide . E s t ima t e s  o f  max imum po s s ib l e  ai rborne emi s s ion s are given 

in S e c t ion 2 . 8 . L iquid was t e s  are handl e d  a s  p roc e s s  was t e  l iqu i d s  and are no t 

d i scharged to the envi ronment ( s ee S e c t ion 2 . 7 . 3 . 2 ) .  
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2 . 5 . 6 . 4 New Re c o v e ry F a c i l i t y  

P l u t o n i um r e co v e ry op e r a t i on s  w i l l  b e  t r an s fe r r e d  t o  a n ew p l u t o n i um fa c i l i t y 

now und e r  c o n s t ru c t i o n . The p r e s e n t  fa c i l i t y  w i l l  t h e n  b e  us e d  fo r r e s e a r c h  a c t i v i t i e s  

and l i m i t e d  p l u t o n i um r e c o v e ry o p e r a t i on s  f o r  o u t  o f  t h e  o r d i n a r y p l u t o n i um r e s i du e s  

t h a t  r e q u i r e  s p e c i a l  r e c o v e ry t e c hn i que s a n d  canno t b e  a c c o mmo d a t e d  i n  t h e  n e w  fa c i l i t y .  

Th e s e  r e s i du e s  c an c o me f r om e i t h e r  r e s e a r c h  o r  p r o du c t i on o p e r a t i o n s . The n e w  

fa c i l i t y w i l l  b e  a f o ur - l e v e l , p a r t i a l l y b u r i e d  s t ru c t u r e  o f  r e i n fo r c e d  c o n c r e t e  

c o n t a i n i n g  a b ou t  1 8 6 , 7 0 0  s q ua r e  fe e t  o f  p r o c e s s  f l o o r  s p a c e . Th i s  s t ru c t u r e  wi l l  

h o u s e  t h e  p h y s i c a l  and c h em i c a 1  o p e r a t i o n s  fo r r e c o v e r i n g  and r e f i n i ng p l u t o n i um 

me t a l  and ame r i c i um o x i d e , p l us a c en t r a l  v a u l t  f o r  i n t e r im s t o r a g e  a n d  a u t o ma t e d  

r e t r i ev a l  o f  p l u t o n i um m e t a l , i n - p r o c e s s  s o l i d c o m p o un d s  o f  p l u t on ium , a n d  o t h e r  

ma t e r i a l s . 

In the new fac i l i ty ,  as in the exi s t ing one , p l u tonium recove ry opera t i ons wi l l  

b e  div ided i n to two general kinds : prima ry recovery and s e condary recovery ( compar

ab l e  to " fas t "  and " s l ow "  recovery ) . Primary recovery c on s i s t s  of  tho s e  s teps re

qui red t o  pro c e s s  impure p l u tonium metal  and p l u ton ium compounds to the  pure m e t a l . 

S econdary recovery cons i s t s  o f  tho s e  proce s s e s  required to reduce the concen t r a t i on 

o f  plutonium in s o l u t ions to the l owe s t  p rac t i c ab l e  l ev e l  be fo re they are trans f er red 

to the wa s te t reatment fac i l i ty .  The p lutonium recovery proc e s s e s  in the new fac i 

l i ty wi l l  b e  i s o lated i n  g love boxe s , canyons , vaul t s , p i p i ng , p ro c e s s  e quipmen t ,  and 

conveyor s y s t ems that are main tained under a c o n t ro l l ed envi ronmen t .  

The new fac i l i ty wi l l  include a bui lding fo r fluorine s to rage , with a sys tem 

c apac i ty of app roxima t e ly 150 pounds . Leak d e t e c t i on c apabi l i ty wi l l  be p rovided . 

The f luorine wi l l  be used to convert  p luton ium oxide t o  pluton i um t e t ra fluoride . 

Wi thin the p rimary recovery op e ra t i on s , impure pluton ium metal  wi l l  b e  e i ther 

( 1 )  puri f i ed th rough a pyrochem i c a l  ( mo l ten s a l t )  p roc e s s  or ( 2 )  c onve rted to an 

oxide and then p roc e s s ed ( toge t h e r  wi t h  o ther plutonium compounds ) through a s e r i e s  

o f  w e t  and d ry chem i c a l  s teps to p roduce a plutonium m e t a l  bu t ton o f  high puri ty . 

The general s t eps requ i red are c omparab l e  to tho s e  previ ous ly l i s ted fo r the exi s t ing 

fac i l i ty .  

S e c ondary recov e ry l i kewi s e  wi l l  invo lve cyc l ing various s o l u t i ons remai ning 

from the prima ry recove ry p ro c e s s e s  and o ther sourc e s  through add i t i onal s t eps ( fi l 

t r a t i on , ion exchange , precip i t a t i on ) . Th i s  wi l l  reduc e the res idual p l u ton ium and 

ame r i c i um content to a concentration o f  1 0 - 5  gil , as  de t e rmined by prec i s e  l abo ra t o ry 

analy s e s , to p e rm i t  tran s ferring the s o l ut i ons to the was t e  treatment fac i l i ty .  Any 

r e s i dues ( o r  s o lutions ) con taining plutonium o r  ame ric ium in exc e s s  o f  that l im i t 

wi l l  be recyc l e d  back through the prima ry o r  s e c ondary recovery opera t i on s . 

The mode rn equipment and improved t e chno l ogy t o  be used in this  fac i l i ty wi l l  

minim i z e  any r e l e a s e  o f  p lutonium t o  the envi ronmen t .  
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2 . 5 . 7  Res e arch and Engine e r ing 

P rob l ems involving s c i ent i fi c  inv e s t igation outs ide the c ap ab i l i t i e s  of p roduc 

tion p e rsonn e l  and equipmen t are the concern o f  Re s earch and Engineer ing ( R&E ) . 

R e s e arch e f for t s  are c h i e fly d i re c ted toward developing and improving the methods by 

which metal parts are produced for nuc l e ar weapon s . 

Re s e arch i n  the produc t i o n - o ri ented fields  o f  metal lurgy , c o a t ings , j o ining , 

ma t e r i a l  evaluat ion , nondes t ruc t iv e  t e s t ing , machining , a s s emb ly eng ineering , and 

chemi s t ry i s  condu c t ed by many R&E group s in s everal areas o f  the P l an t .  

2 . 5 . 7 . 1  Me t a l l u rgy 

The Phy s i c a l  Me t a l lurgy group c onduc t s  fundamen tal  i nve s t igations in to the 

prop e r t i e s  and b ehav i o r  o f  a numbe r  of mat e ri a l s  sudh a s  pluton i um , b e ry l l ium ,  

uran ium , and s everal grade s o f  commer c i a l  ferrous and nonferrous al loys . The e f f e c t s  

o f  fab r i c a t ion pro c e s s e s  and c hemi c a l  comp o s i tion o n  c ry s tal l a t t i c e  parame t e r s , 

m i c ro s t ruc ture , and mechan i c a l  propert i e s  are evaluated to charac t erize  the mat e ri a l s 

and to improve o r  contro l the proc e s s e s . Me t a l lurgi c al support i s  p rovided for the 

dev e l opmen t , p ro c e s s  p rob l em s olving , and improvemen t o f  fab r i c a t i o n  proc e s s e s . Te s t  

p roc edures  for mat e r i al evaluat ion are dev e loped and impl emented . 

Labo ratory fac i l i t i e s  provide c ap ab i l i ti e s  in the areas o f  X ray d i f frac t ion , 

e l e c tron mic roprobe analy s i s , tran smi s s i on and s c anning e l e c t ron m i c ro s c opy , op t i c a l  

metal lography , d i l atome t ry , and mec han i c a l  t e s t ing . Al loy s a r e  mel ted and heat - treated 

on a l aboratory s c al e . 

P lu tonium Me tal lurgy p e rsonn e l  p e r fo rm m e t a l lurg i c a l  s tudi e s  in the 7 0 0  Comp l ex .  

Group p roj e c t s  encomp a s s  conventional c a s t ing , ro l l ing , and forming o f  plu tonium and 

i t s  a l l oy s . I n  addi tion , the me t a l s  may be fab r i c a ted by l e s s  conventional techn i 

que s  such as swaging , high- energy - ra t e  forging , e l e c t ro shap ing , and i s o s t a t i c  pre s 

s ing . Ex tensive plu tonium a l loy s tudi e s  are p e r fo rmed that r e qu i r e  h e a t - trea t i ng , 

d i l a tome t ry , metal lography , X ray d i ffrac t ion , micro - and mac rohardn e s s  t e s t ing , and 

mechan i c a l  t e s t ing . Powd e r  metal lurgy is a l s o  ava i l ab l e  as a fab r i c a t ion t echnique . 

Plu ton ium Me t a l lurgy p rovide s P lant -wide metal l ographic s ervi c e s  for p lutonium-

contain ing s amp l e s . 

The ac t iv i t i e s  and operat i on s  o f  the General Me t a l lurgy group i nvo lve the fab r i 

c a t ion o f  bery l l ium , uran ium , and s tain l e s s  s t e e l  al loys a s  a pr imary conc e rn . 

Machining , metal lography , and mechan i c a l  t e s t ing a l so support the fab r i c a t ion p rogram . 

Cas t ing operations are done i n  the Produc t ion Foundry and in an R&D fac i l i ty .  

Ro l l ing i s  done in a P roduc tion fac i l i ty and in another bu i ld ing in the 800  are a . 

Othe r me talworking operation s , such a s  forging , ex t ruding , deep- drawing , shear 

sp i nn ing , and swaging are a l s o  done in the 8 0 0  area . 
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Hea l th and s a fety aspec t s  o f  hand l ing plutonium and o f  plutonium fac i l i t i e s  

( S e c t ions 2 . 5 . 2 . 2  and 2 . 5 . 1 . 1 ,  respec t ive l y ) ,  bery l l ium ( S e c tion 2 . 5 . 3 . 2 ) , and uranium 

( S ec tion 2 . 5 . 4 . 2 )  app l y  to R&D j us t  a s  to Operat ions . 

2 . 5 . 7 . 2  Coat ings 

The Coat ings group deve l o p s  phy s i c a l  vapo r depo s i t i on p ro c e s s e s . Thi s  include s 

e l ec t ron - b e am and e l e c t ron - bomb ardmen t evapo ration , hot ho l l ow c athode ion p l a t ing , 

and o ther coat ing t echn i qu e s . Many ma t e r i a l s  such as go l d , s i lver , p l a t inum , c hromium , 

mo lybdenum , tungs ten , b e ry l l ium , dep l e ted uranium , enriched uranium , p l u tonium , 

a l um inum , t i t anium , copp e r , and s t a in l e s s  s te e l  are emp l oyed in thi s  work . The 

func t ion o f  the g roup is to devel op c o a t ing proc e s s e s  for weapon app l i c a t ions a s  

spec i a l  order wo rk and support t o  Produc tion . 

The Coat ings group has 18 maj o r  coating sys t ems . A coat ing s y s t em i s  comp o s ed 

o f  a vacuum chamber , a sys tem o f  vacuum valves and pump s , mul t i p l e  e l ec t r i c a l  power 

supp l i e s , contro l l e r s , and i n s t rumentat ion . The s e  coat ing sys t em s  a re l o c a t ed i n  

s even di fferent bui ldings and o c cupy about 1 0 , 0 0 0  s quare f e e t  o f  floor  space in R&D 

l aborato r i e s  and produc tion areas . The depo s i te d  coat ings are charac t e r i z ed us ing 

t echno lo g i e s  d i s cu s s ed in S e c t ion 2 . 5 . 7 . 1 .  

P lutonium coating operations are contained ins ide gl ove boxes . Al l o ther coat 

ing operations take p l a c e  ins ide s t e e l  o r  g l a s s  vacuum chamb e r s . The d i f fusion 

pump s , c o l d  t raps , and f i l ters  on vacuum pump exhau s t s  p revent the e s c ap e  of  depo s i 

ted ma t e r i a l s .  Fume hoods w i th s t rong a i r  drafts  are provided i n  the l aboratory 

areas for ac i d - e tch ing operations and c l e aning e quipmen t . Was t e  chem i c a l  res idue s 

are p l aced e i th e r  in s p e c i a l  pro c e s s  drains o r  in spec i a l  p l a s t i c  bo t t l es for ship

ment t o  on- s i t e  pro c e s s ing fac i l i t i e s . Al l exhau s t  a i r  f rom the l aborato ry areas is  

f i l t e r ed b e fo r e  it  i s  r e l ea s ed . A i r  s amp l e r s  ins ta l l e d  in the l aborato r i e s  detec t 

the presence o f  ai rborne con taminan t s . S hould a concentration o f  con taminan t s  ap 

proach pres e t  s a fe ty l imi t s , a l arms would be a c t ivat ed . The source i s  iden t i f i e d  and 

c o rre c t ive ac tion i s  taken as app rop r i a t e . Ai r s amp l i ng i s  condu c t ed at ope r a t i on s  

i nvo lving toxic ma t e r i a l s  ou t s ide g l ove box e s  t o  ve r i fy tha t con t ro l s  a r e  adequate . 

2 . 5 . 7 . 3  Jo ining 

Thi s o rganization is devo ted to r e s earch and deve l opment of pro c e s s e s  and equip 

ment t o  support metal - j o ining requi rements o f  new weapons p ro grams , t o  imp rove exi s 

t ing j o ining proces s e s , and t o  support manu fa c turing o n  produc t ion j o ining probl ems . 
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2 . 5 . 7 . 4  Nond e s t ru c t iv e  Te s t ing 

The Nond e s t ru c t ive Te s t ing ( NDT ) o rganizat ion p e r fo rms the nec e s sary res earch 

required to develop advanced nonde s t ru c t iv e  t e s t s  for new weapons s y s t ems . I t  app l i e s  

dev e l oped te s t  methods t o  new and exi s t ing weapons p rograms , t ran s f ers these  t e s t s  to 

Nond e s t ru c t ive Te s t ing NDT Operation s , and fol lows up w i th support to NDT Operations 

for any p roc e s s  improvemen t s  o r  troub l e - shoo t ing that may b e  requi r ed . 

2 . 5 . 7 . 5  Machining and Gag ing 

Thi s  organizat ion dev e lops mach ining t ec hn i ques  fo r a l l  new weapons p rograms and 

supports  manu fac turing i n - p ro c e s s  improvement and proc e s s  troub l es hoot ing . Machining 

and Gag ing R&D is engaged in r e s earch on new machin ing technol ogy to dev e l op surfac e s  

that have greater contour ac curacy , improved s u r face f i n i sh , and to deve lop improved 

gaging me thods .  Machining techno l ogi e s  such as e l ec trodis charge machining , e l e c tro

chem i c a l  mi l l ing and grinding , and p rec i s ion l app ing have b een deve l oped . 

2 . 5 . 7 . 6  Ope ra t ions and P l an s  

Thi s  group i s  r e spon s i b l e  fo r p rogram p l ann ing o f  R &D  ac t ivi t i e s , budget con t ro l , 

and p ro c e s s  deve l opment coo rdinat ion . Thi s  department does no techni c a l  wo rk . 

2 . 5 . 7 . 7  Con t ro l  S y s t ems Deve lopment 

Thi s group is respon s i b l e  fo r app lying m i c ropro c e s s o r  con t ro l techno logy to 

produc t ion equipmen t to automate proc e s s e s . The work is princ ipal l y  e l ec t ri c a l  and 

e l e c t ronic in nature . 

2 . 5 . 7 . 8  Chem i s t ry 

Chemi s try R&D i s  conc e rned wi th ( 1 )  eva l ua t ing fi e l d  re turn un i t s , ( 2 )  co rros ion 

expe rimen t s  w i th p lutonium , ( 3 )  the e ffec t s  o f  radiat ion on material s ,  ( 4 )  surface 

chem i s t ry ,  ( 5 )  radiometric  count ing s y s t ems to a s s ay plutonium in p ro c e s s  sc rap r e s i 

due s , ( 6 )  mon i toring i n s t rumen tation t o  p reven t unautho r i z ed movement o f  nuc l ear 

materi a l s , ( 7 )  envi ronmental s ensor s , ( 8 )  d i g i t a l  logic systems for p roc e s s  con t ro l , 

( 9 )  me thods for inc inerat ing radioac t iv e  was t e s , ( 1 0 ) v i t r i fication , c ement ing , or 

coat ing incinerator ash for long- t e rm s torage , ( 1 1 )  me thods for concentrat ing nonc om

bus t ib l e  l iquid was t e s , ( 1 2 )  proc e s s e s  for recover ing and puri fying ac t inides  from 

was t e  s t reams , ( 1 3 )  improved pro c e s s e s  for recover ing and puri fying p luton ium by 

chem i ca l , pyrochemi c a l , and hydri ding t echn iques , ( 14 )  metal  c l e aning and pol i shing , 

( 1 5 ) imp roved g l ov e -box g l ove s , gas ke t s , bags , bag c lo sure s , and f i l ters , ( 1 6 )  wa t e r  

recyc l e  s y s t em s , ( 1 7 ) con tainers fo r pac kaging , sh ipp ing , and s toring l ong - l ived 

t ran suran i c  nuc l ides  off s i t e , and ( 1 8 )  new d i s so lut i on , prec i p i t a t ion , so lvent 

ext rac tion , and ion- exchange recovery technique s .  
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2 . 5 . 8  Spec i a l  Order Ope rat ions 

I n  add i t ion to war r e s e rve ( WR )  p roduc tion , spec i a l  fab r i c a t ion , t e s t i ng , and 

as s emb ly are p rovided fo r weapons deve lopment p rograms . Such spe c i a l  o rder p roj e c t s  

are comp l e ted by spec i a l  engi neering and as s emb l y  g roup s . Spec i a l  o rder wo rk mo s t  

o ften c en t e r s  a round WR proto type s .  Wi th DOE approva l ,  howev e r , i t  may a l so inc lude 

work outside  WR p rograms , such as modi f i c a t ions to t ruck t rac tors , trai l e r s , ra i l road 

cars , and e s c o r t  vehi c le s  fo r the s a fe and s ecure transpo r ta t ion o f  nuc l ear �a t e ri al s .  

2 . 6  SUPPORT ACT IVITIES AND FAC I L ITIES 

In c lo s e  support of  the princ ipal  P l ant ac t ivi t i e s  d e s c ribed i n  S e c tion 2 . 5  are 

the fo l lowing P l an t  func t ions and sys t ems : Qual i ty Enginee ring and Con t ro l ; Heal th , 

S a fe ty , and Env i ronmen t ;  S e c u r i ty ; Uti l i ty and Maintenan c e  S e rv i c e s ; E l e c tr i c i ty ; 

Fue l  Sys tems ; Inert Gas Sys tems ; Wa ter Sys tem ; S t e am Sys tem and Ma t e r i a l  Shipmen t s . 

2 . 6 . 1  Qual i ty Engine e r i ng and Control 

The func tions of  Qua l i ty Engineering and Contro l ( QE&C ) are to ( 1 )  maintain an 

e f fe c t ive qual i ty p rogram thru e s tab l i shed qua l i ty manua l s  and p l an s , ( 2 )  e s tab l i s h  

requi rements for qua l i ty b a s ed on des ign and cont rac t s pe c i fication s , ( 3 )  ensure that 

p rocurement and warehous ing of materi a l s  con form to e s t ab l i shed requi remen t s , ( 4 )  

p rovide the contro l s  ove r  fab r i c a t ion and a s s embly p rocedure s ,  too l s  and gauge s ,  

nond e s t ru c t ive t e s ts , chemical  analy s e s , and shipping nec e s s ary to ensure tha t the 

p roduc t s  are bui l t  and d e l ivered as requi red , and ( 5 )  analyze the c aus e s  of inadequate 

o r  variab l e  qua l i ty to improve the p roduc t .  Thes e  func tions requ i re inspec t ing , 

t e s t ing , 
,
c a l ibrat ing e quipment , p e r fo rming chemi c a l  analys e s  o f  ma teri a l s , obtain ing 

corre c t ive a c t ion when nec e s s a ry , and i s suing repo r t s . QE&C is divi ded into five 

main s e c tions : Qua l i ty Engine e r i ng , S e rvic e Laborator i e s , S t andards Laboratory and 

Ins t rument a t i on Management ,  Nond e s t ru c t ive T e s t i ng , and Qual i ty Ac c ep tanc e . 

2 . 6 . 1 . 1  Qua l i ty Engineering 

The operating contrac tor maintains an e f fec tive qua l i ty p rogram to ensure requi 

s i t e  l evel s  o f  qua l i ty throughout a l l  areas o f  contract p e rformanc e .  Qua l i ty wi l l  

no t b e  comprom i s ed in r e l a t i on to c o s t s  o r  s chedul e s . Contro l s  are e s t ab l i shed and 

maintai ned through e n t i r e  manu fac turing p roc e s s e s  from p rocuremen t o f  raw ma t e r i a l  to 

shipment o f  fini shed p roduc t .  Resul t s  o f  inspec tions , t e s t s , and evaluations are 

documented and analyzed for p reventing o r  detec ting and correc t ing d e f i c i enc i e s . An 

aud i t i ng p rogram ensu res that e s tab l i shed qua l i ty and operat ing p roc edure s are b e i ng 

fo l l owed . 
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After d e s i gn revi ews have e s t ab l i shed mat e ri a l  requi remen t s , supp l i e r s  are 

s e l e c t e d  on the basis of aud i t  evaluat ions and pas t performanc e .  Supp l i er s  are 

requi red to submi t s p e c i f i ed t e s t  data wi th incoming mat e ri a l . When r e c e ived a t  

Roc ky F l a t s , t h e  mat e r i a l  i s  subj e c t  to v e r i f i c a t ion inspe c t ion and t e s t s . Any 

detec ted nonconforman c e  i s  reported and approp r i a t e  corre c t ive a c t ion i s  taken . 

Numerous pro c e s s  control techniques are used as c i rcums tan c e s  warran t . All 

operat ing p roc edure s are first approved by Qua l i ty Engineering . P ro c e s s e s  and produc t 

are qua l i f i ed ac cording to p rede t e rmined p l an s . The p rodu c t  i s  i n s p e c t ed o r  t e s ted 

a t  the s tart of a p roduc tion run and a t  e s tab l i shed i n - p ro c e s s  i n t e rv a l s  to ensure 

cont inuing comp e t en c e  o f  peop l e  and p ro c es s e s . S tat i s t ic a l  qua l i ty control me thods 

are avai l ab l e  as p ro c e s s  control too l s . Any d e f e c t s  in the fini shed p roduct are 

document e d  and are analyzed to d e t e c t  trends o r  uns a t i s fac t o ry c ond i t ions as a bas i s  

f o r  management a t t ent ion and c o r re c tive ac tion . 

2 . 6 . 1 . 2  S e rv i c e  Labo rat o r i e s  

There a r e  three ma in s erv i c e  l abo rator i e s : 

1 .  A P lu tonium Labo ra to ry measures the plutonium , the impuri t i e s , and the 

a l loys in metal s , l iquids , and oxide s . Thi s  laborato ry c an analyze gases  

and organ i c s  by  m a s s  spe c t rome t ry , gas chromatography , and by in frared and 

thermal techn i que s .  I t  c an measure the i s o topes  o f  p luton ium , uranium , 

boron , and other e l emen t s . 

2 .  A General Laborato ry analyz e s  s amp l e s  o f  uranium , s t ain l e s s  s tee l , gas , and 

env i ronmental and mi s c e l l aneous s amp l e s . I t  c an a l so u s e  analyt i c a l  me thods 

such a s  a tomi c  ab s orpt ion , neutron ac tivation , and X- ray fluo r e s c enc e . 

3 .  A Radiochemical  Laboratory analyz e s  s amp l e s  f rom Chemi c a l  Ope ra ti ons and 

measures t rac e r  e l emen t s . I t  a l s o  makes m i c ro s c op i c , c a lorime t ri c , X - ray 

d i f frac t ion , fluo re scent , and spe c i a l  inve s t igat ions of mi s c e l l aneous 

s amp l es·. 

More s pe c i fi c a l ly , the s e rv i c e  l aboratori e s  per fo rm the fo l l owing func t ions : 

o Assay WR buttons , ingo t s , and samp l e s  for impur i t i e s , i sotopic conten t , 

a l l oy s , and maj or e l emen t s  to d e t e rmine comp l i an c e  w i th chemical  s p e c i f i c a 

t i o n s  and proc e s s  contro l s ;  d e t e rmine impu r i t i e s  i n  gas e s  f o r  comp l ianc e 

wi th spec i fi c a t ions . 

o D e t e rmine comp l iance wi th chemical spec i f i c ations o f  mi s c e l laneous vendor 

ma t e r i a l s ,  such a s  glov e - box glove s , chemi c al s , and aluminum . 

o Determine p lutonium , uranium , and impuri t i e s  in r e - submi t ted s amp l e s  and 

chemical  s tandard s , wi th the required pre c i s ion and accuracy . 

o Measure inventory s amp l e s  o f  m e t a l s , oxide s , solution s , s c rap , and s ludge s  

for plutonium and uranium content . 
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o D e t e rmine the e l ements reque s ted in R&D s amp l e s  for devel opment control . 

o Analyze envi ronmental s amp l e s  for comp l iance w i th S ta t e  and Federal regu l a 

t i on s . 

o Deve lop and improve ana lyt i c al method s for ex i s t ing and new program s . 

o Support other P l ant operations such a s  Produc tion , R&D , and Envi ronmen tal 

S c iences wi th analys e s , inve s t i ga t i ons , and measuremen t s . 

o Coordinate exchange p rograms for p l u tonium me tal  and i s o tope s amp l e s , 

b e ry l l ium s amp l e s , and plutonium ox ide c a l o rime t ry s amp l e s ; p a r t i c i p a t e  in 

uranium-metal  samp l e  p rogram . ( The exchange programs are with o th e r  DOE 

contrac tor and vendor l abora t o r i e s  to improve prec i s ion measuremen t s , 

di s c u s s  me thods and ins t rumen t a t i on , and improve commun i c ations . )  

o Par t i c i pate in programs sponsored o r  supported by DOE such as S a feguard s , 

Hal f - L i fe S tud i e s  o f  Radioact ive I s o tope s ,  Ame r i c an S o c i e ty for Te s t ing 

Ma t e r i a l s  ( ASTM ) , and Joint ( U . S .  and U . K . ) Working Group ( JOWOG ) , and p ro 

grams t o  eva luate prec i s ion measurement s  and dev e l op r e l a t ed analy t i c a l  

me thods . 

o Maintain e f f i c i ent l aboratory operat ions by the u s e  o f  c e r t i fied equipmen t  

and proven me thods . 

The s e  S e rv i c e  Labora tori e s  have the heal th and s a f e ty feature s found i n  a l l  the 

p ro c e s s  bui ldi ngs : heat , neu t ron , and al pha rad i a t ion d e t e c�ors , f i re and sprink l e r  

s y s t em a l arms connec ted t o  the F i re Department , fire - rated doo r s , emergency gene rato r s , 

two and four - s tage HEPA exhau s t  f i l te r s , eye baths , s a fe ty showers , s a f e ty g l a s s  in 

mo s t  glove boxe s , and supp l i e d - a i r  ava i l ab i l i ty .  

2 . 6 . 1 . 3  S t andards Laboratory and I n s t rume n t a t ion Management 

A thi rd s e c t ion o f  Qual i ty Engi nee ring and Con t ro l  is the S t andards Laboratory 

( which inc lude s three separate l aboratori e s : Chem i s t ry S t andards , Dimen s ional Metro

l ogy , and Phy s i c a l  Metrology ) and Ins trumentation Management .  

Chem i s t ry S t andards c a l ibrates  and c e r t i f i e s  chemi c a l , i sotopi c ,  c a l orime tr i c , 

rad iome t ric , and vo lume t ri c  measuremen t s . Dimens i onal M e t ro l ogy c a l ibrates  and 

c e r t i fi e s  measureme n t s  o f  l ength , angl e , surface fini sh , roundn es s , and o ther r e l ated 

cond i t ion s . Phy s i c a l  M e t ro logy c a l ibrates  and c e r t i f i e s  e l ec tri c a l , envi ronmental , 

and ma s s  measuremen t s  and s tanda rd s . The func t ions o f  the s e  three g roup s are a s  

fo l l ows : 

o Maintain c e r t i fied re fe renc e s t andards and measuring equi pmen t  fo r t ra c e 

ab l e  p rogram measuremen t s ; ma intain l abora t o r i e s  and p rovide s ta f f  sui tab l e  

f o r  the s e  a c t i v i t i e s . 

o P rovide measu rement s e rv i c e s ,  such a s  c a l ibrat ion and con t ro l  p rograms , and 

capab i l i ty survey s . 
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o Mai n t ain adequate  records o f  c a l i b ra t ion data and equ i pment s t a tu s ; no t i fy 

u s e r s  o f  the c a l ibration s t a tus o f  the i r  e quipment . 

The I n s t rumentation Management group con t ro l s  i n s t rumen t  purchase , u s e , and 

d i s p o s a l  for the P l ant , and p eriodi c a l ly aud i t s  the equipment . I t s  c e n t ra l  manage 

ment emphas i z e s  do cumentat ion o f  the u s e , main tenanc e ,  and c a l ibration o f  e qu i pmen t ,  

to e nsure fu l l  u t i l izat ion . 

2 . 6 . 1 . 4  Nonde s t ru c t iv e  Tes ting 

Nond e s t ruc t iv e  Te s t i ng ( NDT ) p rovide s s e rv i c e s  fo r the various manu fac tu ring 

operations . NDT t e s t s  are p e r fo rmed to evaluate p roduc t .  Group s l i ke Was te Manage 

ment , I ndu s t r i a l  S a fe ty , and Maintenanc e a l so u s e  NDT s erv i c e s  for the fo l l owing 

te s t s : 

1 .  Dye Penet ran t for surface anoma l i e s . 

2 .  Radiography ( X  ray and gamma ) fo r i n t e rnal d e f e c t s , gap s , po s i t ions , and 

measuremen t s . 

3 .  U l t rasonic Sc anning for w e l d  pene t ra t ion , intern a l  d e fe c t s , bond integr i ty . 

4 .  Eddy Current for we l d  pene tration , coati ng t h i c kne s s . 

5 .  Acou s t i c  Emi s s ion for y i e l d i ng o f  ma t e r i a l  unde r s t re s s . 

6 .  Tens i l e  T e s t ing for spec i fi c  phys i c a l  prop e r t i e s  o f  materi a l s . 

7 .  Leak Chec king for l eak ra t e s . 

8 .  Dens i ty D e t e rmina t ion o f  ma t e ri a l s . 

9 .  We igh i ng . 

10 . Leak , Eddy Cu rren t , Pres sure , Drop , Tens i l e , and Burs t T e s t s  for Was t e  

Managemen t .  

Nonde s t ruc t iv e  Tes t ing p e r fo rms the fo l lowing func tions : 

o Evalua t e s  t e s t  r e su l t s  for c omp l i an c e  w i th acceptan c e  c r i te ria . 

o Maintains records o f  t e s t s . 

o Repo r t s  de fec t ive cond i t i on s . 

o Dev e lops t e s t ing procedures to me e t  the demands o f  spe c i ficat ions . 

o Works w i th des ign agency NDT group s to ensure cont inu i ty i n  des ign intent  

and e s tab l i shes  new t echnique s and parame ters . 

2 . 6 . 1 . 5  Qual i ty Ac cep tanc e 

This  s e c t ion o f  Qua l i ty Enginee ring and Contro l i s  approp r i a t e l y  d i s cus sed l as t ,  

for i t  ac t s  as  the Roc ky F l a t s  P l ant ' s  agent in c e r t i fy ing the p roduct  to the cus t o 

mer . T o  ac comp l i sh i t s  goa l s , Qua l i ty Ac cep tanc e i s  divided i n t o  t h r e e  i n s p e c t ion 

groups , one each i n  the 400 , 7 0 0 , and 800 Are a s ; a Gauge Con t ro l  and Evalua t i on Group 

in the  7 0 0  Area ; and a F i n a l  Qua l i ty Accep tanc e and C e r t i f i c a t ion group in the 400 

Are a . 
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Qual i ty Con tro l I n spec t ion 

o P rov ides ac c e p t an c e  inspec t ions o f  hardware , c omponen t s , suba s s emb l i e s , 

and as s emb l i e s ; rec ords inspec t i on re sul t s . 

o P rov ides i n s p e c t ions fo r s e tup eva lua t ion , p roc e s s  contro l , c ap ab i l i ty 

s tudi e s , p rocurement , and spec i a l  orders . 

o Repo r t s  de fe c t s  as d i rec ted by Qual i ty Enginee ring . 

o Checks the c al ibra tion s t atus o f  measuring equipmen t .  

Gauge Con t ro l and Evaluat ion 

o Part i c ipates  in pre - p rodu c t i on p l ann ing to d e t e rmine gaug i ng requ i r e 

ment s .  

o Originates tool order s and requ i s i t ions for gauge s used for pro c e s s  

contro l and final accep t anc e ; obtains des ign agency approval o f  gauge 

des igns . 

o Conduc t s  measurement c apab i l ity s tudi e s . 

o Provide s in format ion for wri tten inspec t ion p rocedur e s . 

o Re s o lves  insp e c t ion and gauging p rob l ems . 

o Rev i ews spec i fic a t ions for the i r  e f fec t on inspec t ion p ro c edure s and 

equipment . 

Final Qual i ty Acc eptanc e and C e r t i f i c a t i on ( FQAC ) 

o Revi ews qua l i ty evidence for comp l i anc e with spec i fi c a t i on s . 

o Ensures that ma t e r i a l s o r  parts to be accep t ed c an be t raced to accep t 

ab l e  sourc e s . 

o Make s c e rtain  that a l l  operat ions have been s a t i s fa c t o r i l y  p e r fo rmed 

accord ing to the current writ ten p roc edure s .  

o Phys i c a l ly c on t ro l s  p ro cured WR p roduc t ,  Was t e Management supp l i e s , 

and i n - p ro c e s s  mate r i a l  un t i l  required inspec t i ons and t e s t s  are 

comp l e t ed . 

o Ke eps records o f  WR p roduc t .  

o As directed by DOE Qual i ty As surance Inspec t i on Procedure ( QAI P )  

i n s t ruc t ion she e t s , acqu i r e s  the n e c e s s a ry qua l i ty evidence and o r i g i 

n a t e s  t h e  C e r t i ficate  o f  Inspect ion ( C I )  f o r  p roduct t o  b e  subm i t t e d  

to DOE ' s  Qua l i ty Assurance Insp e c t ion Agency ( QAIA ) . 

o As the au tho r i z e d  ac ceptan c e  agent , s igns the C I s  c e r t i fying to DOE 

that the product  mee t s  sp ec i fi c a t ions . 

o As semb l e s  s tockp i l e  rec ords for s torage per des ign spe c i f i c a t i on s . 
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2 . 6 . 2  The Hea l th , S a fe ty , and Envi ronment Program 

F rom i t s  beg inning i n  the early 1 9 5 0 ' s ,  Roc ky F l a t s  has always had a s a fe t y  

program d e s i gned to promo te per sonne l s a fety and p ro t e c t i on o f  t h e  env i ronmen t .  The 

program i s  de t a i l ed in the He a l th , S a fe ty , and Envi ronment Manual d e f in ing s t andard 

s a fe ty p o l i c i e s  and prac t i c e s  for the fo l lowing subj e c t s : Ac c ident Preven t i on , 

Ac c i dent I nve s t i ga t i on and Repo r t i ng , Chem i c a l  S a fe ty , Engineer ing and Cons t ruc t i on , 

E l e c t r i c a l  S a fe t y , Exp l o s iv e s  S a f e ty , F i r e  S a fe t y , General  I ndu s t r i a l  S a fe ty , Heal th 

S c i e nc e s , Indus t r i a l  Hygi ene , Land Use , Laser S a fe ty , Mate r i a l  Hand l i ng ,  Mechan i c a l  

S a fe ty ,  M e t a l s  S a fe ty ,  Med i c a l  Program , Nuc lear Cr i t i c al i ty Safe ty , Pres sure S a fe t y , 

Persona l Pro te c t ive Equipment , Rad i a t i on Pro t e c t ion , S igns and Warn ing Devi c e s , 

Tra f f i c  S a fe ty , Tra i n i ng , and Was t e  D i sposal . 

The e f fe c t ivene s s  o f  the Hea l th , S a fe t y , and Env i ronment Program i s  highly 

dependent upon the s k i l l ed and cons c i ent ious ac t ions of i ndiv idual emp l oyees and 

func t i onal  group s o f  the P l ant . To have a knowl edgeab l e  work fo rc e , s a fe ty t r a ining 

has a lways been a part o f  the operations  at the Rocky F l a t s  P lant . S i nc e January 

1 9 7 7 , s everal new c e r t i f i c a t i on cour s e s  have been dev e l oped and imp l emented to ensure 

that personne l a re tho roughl y  trained in the i r  areas of r e spons ib i l i ty .  The s e  c e r t i f i 

c a t i ons provide documen ted a s suranc e that train ing and ret raining are ac c omp l i shed as 

required . Cur rently over 3 5  c e r t i f i c a t i on or rec e r t i f i c a t i o n  cour s e s  are being 

imp l emen ted . 

To fo s t e r  awarene s s  o f  s a fe ty and env i ro nmental  re spons ibi l i t i e s , s a fety mee t i ngs 

are he ld monthly by operating and support o rgan i z a t ions , are a i n s p e c t ions are c onduc ted 

d a i l y  and month l y , and S a fety Bul l e t ins are i s sued as needed . The P lant i s  now in 

i t s  third year of hav ing an emp l oye e s ' incent ive program that enc omp as s e s  a l l  are as 

of heal th , s a fe ty , and envi ronmen t a l  p e r fo rmanc e .  Emp l oyee s  are awarded cash e quivalent 

coupons fo r mee t i ng p rede t e rmined goa l s  based upon improv ing pas t p e r formance .  In 

addi t i on , s a fe ty meet ings and periodic a l l - emp l oyee m e e t i ngs w i th the General Manager 

empha s i z e  emp l oyee awaren e s s  for pro t e c t ing the P l ant and the envi ronment .  

The He a l th , S a fety , and Envi ronment Department works w i th func t ional group s to 

ensure that P l an t  operat ions are conducted wi t h i n  Federal  and State regu la t i on s , ERDA 

Manual Chap t e r  l imi t a t i ons , and DOE and operat ing contrac tor gui de l i n e s . Potent i al ly 

hazardous operat i ons are an a lyzed from the s t andp o i n t  o f  worker s a fe t y ,  nuc l ear 

c r i t i c a l i ty s a f e ty , rad i at i o n  pro tec t ion , fire s a fety , envi ronmental  protec t ion , and 

indu s t r i a l  hygi ene . The forma l i z ed s a fety rev i ew p rogram was imp l emented i n  Apr i l , 

1 9 7 7 . S a l ient features o f  th i s  rev i ew are as fo l l ows : 

1 .  Operat ing per sonne l p e r form an Operat ional S a fe t y  Ana lys i s  ( OSA)  on a 

proposed j ob .  Th i s  analys i s  i den t i f i e s  each part o f  a t o t a l  operat i o n , 

the r i s ks a s s o c i a ted w i th each part , and wha t w i l l  be done to e l iminate 

or m i n im i z e  the ri s k .  The analys i s  is  revi ewed by Hea l th , S a fety , and 

Env i ronment per sonne l . 
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2 .  The OSA i s  then submi t ted to an independent s a fe ty revi ew comm i t tee 

compri sed of emp loye e s  from a var i e ty of techn i c a l  d i s c i p l i n e s  with a 

chai rman and maj ori ty memb e rs no t in the organ i z a t ion originat ing the 

OSA . The revi ew commi t t e e  may requi re fur ther ana ly s i s  or changes 

prior  to re commendi ng approva l .  

3 .  Approval o f  the OSA and imp l ementation o f  the opera t i on can be made a t  

t h e  Director  ( General S t a f f )  l eve l only . D i s agreement with any re

qui rements of  the OSA by a Director  are reso lved first  w i th the 

He a l th , S a fe ty , and Env i ronment D i re c to r  o r , if  that  fai l s , by the  

Gene ra l Manage r .  

Qua l i ty Program P l ans have been d eve l oped by the various operat ional , r e s e a rch , 

and suppo r t  group s to ensure the re l i ab i l i ty o f  p ro t ec t ive dev i c e s  and sys tems . 

Comp l e t ed qua l i ty p rogram p l ans inc lud e  tho s e  fo r g l ov e - box g l ove s , radioac t ive 

sourc e s , do s ime t ry of p ersonne l , nuc l ear mate r i a l s  s a f e ty l imi t s , respi ratory p ro t e c 

tion , High E ff i c i ency Par t i c u l a t e  A i r  ( HEPA ) f i l t e rs , indus t r i a l  hyg i ene , was t e  

proc e s s ing , and fo r mat e r i a l  pac kaging , shipp ing , and t ransportat ion . 

The He a l th , S a fety , and Envi ronment Department i s  divided into the fo l l owing s ix 

group s : Medi c a l , Nuc l e a r  and F a c i l i t i e s  S a f e ty , Env i ronmental  S c i enc e s , Heal th 

S c ienc e s  and Indu s t r i a l  S a fety , Rad i a t i on Mon i t o ring , and F i re Pro t e c t i on Engineering . 

I t s  func tions are d i s cu s s ed b r i e fl y  i n  the fo l l owing s e c t ions . The informat ion on 

the Envi ronmental  S c i ences p rograms has been updated s i nce i s suance of the DE I S  to 

r e f l e c t  current cond i t i on s , p roc edure s , and p rac t i c e s . 

2 . 6 . 2 . 1  Medi c a l  

Guided by t h e  b a s i c  p rogram de f i ned i n  ERDA Manua l  Chap t e r  0 5 2 8 , the Med i c a l  

Depar tment p rovides  fo r the heal th o f  P l an t  emp l oy e e s  through p e r i o d i c  phys i c a l  

examinations and emergency medi c a l  c are . The Med i c a l  Department has wri t t en agree 

ments with S t .  An thony , S t .  Luke ' s ,  and Colorado General Ho s p i t a l s  fo r the care o f  

radioac tively contaminated i nj ured empl o ye e s . 

2 . 6 . 2 . 2  Nuc lear .  and Faci l i t i e s  Sa fety 

The Nuc l e a r  and Faci l i t i e s  S a f e ty group is  divided into the Nuc l ear S a fe ty and 

S a f e ty Ana l y s i s  g roup s . 

Based on i t s  t e c hni c a l  ana l y s e s  o f  operations invo lving f i s s i l e  ma t e r i a l , the 

Nuc l ear S a f e ty group e s tab l i sh e s  s t r ingent contro l s  of geome t ry , mas s , form , vo lume , 

and concentrat ion o f  these  mat e r i a l s  as s a feguards aga i n s t  nuc l ear c r i t i c a l i ty inc i 

d en t s . The s t andards for operat ion o f  the c r i t i c a l  mas s l aboratory are p r e s c r ibed in 

Chap t e rs 0 5 3 0  and 0540 of the ERDA Manua l . 
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The Sa fety Ana l y s i s  g roup , as o u t l ined i n  ERDA Manual Chap t e r  0 5 3 1 , rev i ews new 

bu i l ding con s t ru c t ion and changes t o  ex i s t ing bu i l dings fo r conformanc e wi th s a fe ty 

s tandards . The g roup revi ews P l ant p roj e c t s  for fac i l i ty and equipment des igns , 

revi ews s t andard p ro c edure s and other documen t s , s o l i c i t s  comments from a l l  app l i c abl e  

sour c e s  o f  s a fe ty in forma t i on , and coordina t e s  these c omments wi th F ac i l i t i e s  Engi n e e r 

i n g  and Con s t ru c t i on . The group repo r t s  de f i c i e n c i e s  in fac i l i t i e s  to management and 

moni to r s  subsequent corre c t ion s . The group a l s o  revi ews and s o l i c i t s  revi ews o f  the 

s a f e ty of changes in the use of space propo s ed by Indu s t ri a l  Engineering , conso l i da t ing 

the s e  reviews and presents  them to Indus t r i a l  Engine e ring . 

S a fety Analy s i s  pe rsonn e l  a l s o  generate S a f e ty Ana lys i s  Report s .  A S a fe ty 

Analy s i s  Repo rt ( SAR ) i s  a do cument showing that a fac i l i ty and i t s  s a fe ty - re l a ted 

sys t ems c an be operated wi th reasonab l e  assurance that there is no undue r i s k  to the 

hea l th and s a f e ty of the worke r ,  and that adequa t e  p rov i s ions are made for the p ro te c 

t i on o f  p rope r ty and the env i ronment . 

Several SAR ' s  a re curre n t l y  be ing gene rated , one for the overa l l  P l an t  s i te and 

o thers for various p l u tonium fac i l i t i e s . Tho s e  s a f e t y - r e l ated features common to 

p lutonium fac i l i t i e s , and tho s e  that canno t be inc luded w i th a spec i f i c  fac i l i ty SAR , 

are d i s cu s sed in the P l ant S a fe ty Analy s i s  Repo r t . Indiv idual fac i l i ty SAR ' s  do cument 

s a f e ty aspec t s  fo r particular  p l u tonium- hand l i ng bui l dings and tho s e  s t ructures 

within the comp l ex that suppo rt th i s  fac i l i ty .  

2 . 6 . 2 . 3  Env i ronmental S c i e nc e s  

Th i s  group rou t inely mon i tors and conduc t s  spec i a l  s tudi e s  o f  the ai r ,  wate r , 

so i l , and vege t a t ion o f  the Ro c ky F l a t s  P l ant env i ronment for rad i o ac tive and non 

radioac t ive p o l l u t ant s .  Thi s p rogram i s  d i s c u s s e d  i n  S e c t ion 2 . 1 0 . The spec i a l  

s tudies h e l p  t o  unders tand and quan t i fy the e f fect  o f  t h e  P l ant o n  i t s  surround ings . 

App rox ima t e l y  90 , 0 0 0  samp l e s  are c o l l ec ted and ana lyzed yearl y . In add i t i on ,  ERDA 

( now DOE ) has funded s tud i e s  by the Un ive rs i ty o f  Colo rado and C o l o rado S t ate Univ e r 

s i ty conc erning t h e  P l an t ' s  env i ronmental  impac t .  The s e  a r e  d i s c u s s e d  in S e c t i ons 

2 . 1 0 . 4  and 2 . 3 . 1 0 .  

The Envi ronmental S c i ences  group revi ews e f fluent s tandards and resolves  emi s 

s i on i rregu l ar i t i e s , recommend s  chang e s  to minimize the envi ronmental  impact  o f  new 

cons t ruc t ion , and has p rep ared a l and management p l an , currently b e i n g  imp l em e n t e d , for 

the bu f fe r  zone ( s ee S e c t ion 2 . 3 . 1 0 . 4 ) . 

The guide s used for d e c i s i on and p l ann i ng i n  envi ronmental control and p ro t e c 

t i on inc lude ERDA Manual Chap ters 0 5 1 0 , 0 5 1 3 , and 0 5 2 4 , the EPA S a fe Drinking Wat e r  

Ac t ( 40 C F R  14 1 ) , Primary Dri nking Wa ter Regu l a t ions f o r  t h e  S ta t e  o f  Co lo rado , NPDES 

d i scharge permi t ( Appendix D ) , the Colo rado Ai r P o l l u t ion Cont rol Regu l a t ions , the 

Gu i d e l ine fo r Land Di sposal  of S o l id Was t e s  ( 40 CFR 241 ) , and the Resource Cons e rv a -
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t ion and Recov e ry Act as i t  p e r tains to d i sposal s i t e s  fo r nonhaz ardous wa s t e s . 

S ev e ral o th e r  s t andards and regu l a t i on s , some in draft form , are not di rec t ly appl i 

c ab l e  t o  Roc ky F l a t s  are presently used as internal guide s . 

2 . 6 . 2 . 4  He al th Sc ienc e s  and Indus trial  S a fe ty 

In accordance w i th s t andards outl ined in ERDA Manual Chap ter 0 5 5 0 , the Heal th 

Sc ienc e s  and Indus trial S a fety group supports Pl ant op erations . Imp l ementation i s  

through the fol lowing subgroup s :  Heal th Phy s i c s  ( Radio logical  S a f e ty ) , I ndu s t r i a l  

S af e ty , I ndustrial  Hygiene , and Rad i a tion Inst rumen t a t i on . He a l th Phys i c s  de fines  

the  a i r  s amp l ing p rogram wi thin the build ings , nuc l ear c r i t ic a l i ty al arm systems , x

ray equipment , control and accountab i l i ty for rad ioac tive source s ,  l im i t s  o f  sur fac e 

contamination , rad i a tion expo sure and shie lding requi remen t s , emergency re spon s e , 

p ersonnel p ro t e c t ion requ i remen t s , and surve i l l ance equ ipment , and superv i s e s  the 

respi ratory p ro t e c t ion p rogram . Hea l th Phy s i c s  per sonnel moni tor P l ant employees for 

lung and s y s t emic burdens us ing body count ing and radiochem i c a l  technique s . S t andards 

of operation are outl ined p rimari ly in ERDA Manual Chap t e r s  0 5 2 4 , 0 5 0 2 , 0 5 2 9 , 0 5 3 1 ; 

Amer i c an Nat ional S t andards Ins t i tu t e  (AN S I )  S t andards 5 . 1 ,  N 1 6 . 2 ,  1 3 . 1 ,  N - 3 2 8 , 

28 8 . 2 ,  N2 . 3 ;  and the Rocky F l a t s  Eme rgency P l an . 

Indu s t ri a l  S a f e ty sup e rv i s e s  the app l ic a tion o f  a var i e ty o f  pub l i shed s a fety 

s t andards for the pro t e c t ion o f  emp loy e e s , the gene ral pub l i c , and the env i ronment as 

outl ined in ERDA Manual Chap t e rs 0 5 0 2 , 0 5 0 6 , and 0 5 5 0 . The s t andards are de fined by 

such sourc e s  as the Amer i c an National S t andards Ins t i tute ( ANS I ) , the U . S .  Department 

of Transportation ( DOT ) , the N a t i onal F i r e  P ro t e c t ion As soc i a t ion ( NFPA ) , and the 

Occupat ional S a fety and Hea l th Admin i s tration ( OSHA ) . The Indu s t r i a l  S a f e ty group 

a s s i s t s  sup e rv i sors  and emp loye e s  in maintain ing l eve l s  o f  p e r formanc e con s i s tent 

w i th the P l ant ' s  s afe ty p rogram . I n  addi t ion to s t a f f  support , the Indu s t r i a l  S a fe ty 

department i s  comp r i s e d  o f  five Health , S afety , and Env i ronment Are a  Repre sentatives  

who ac t a s  the l i ai son b e tween the P l an t  and all  HS&E d i s c i p l ine s . The HS&E Are a 

Rep r e s en t a tives coordinate and part i c ip a t e  in the development o f  an Op erat ional 

S a fe ty Analys i s  ( OSA)  for a l l  j ob s  that have a poten t i a l  s a fe ty impac t .  

Industrial  Hygi ene ensures that emp loyee expo sure to nonradioact ive tox i c  sub 

s t an c e s  and s t re s s - p roduc ing agen t s  i s  we l l  w i th i n  e s t ab l i shed s t andards . I ndu s t r i a l  

Hygi ene pe rsonnel a s s e s s  worker env i ronmen t a l  cond i t i ons in s u c h  areas as no i s e , 

l ight ing , and the u s e  o f  s o lvents and mic rowave equipment . The group invent o r i e s  

hazardous mat e r i a l s and c h emi c a l s  u s e d  in P l ant p roc e s s e s . The app l i c ab l e  ERDA 

Manua l  Chap t e r s  are 0 5 0 6 , 0 5 5 0 , and ERDA Appendix 6 3 0 1 . 

Rad i ation Ins t rumentation supports  the Hea l th , Safety , and Env i ronment Depa r t 

ment ' s  use  o f  t h e  b e s t ava i l ab l e  i n s t rumen t a t ion in t h a t  departmen t ' s  many funct ions 

and provides the nec e s s ary t e s t ing , maint enanc e ,  and c a l ibrat ion of tho s e  i n s t rumen t s . 

C a l ibrat ion s t andards are t raceab l e  to the Na t i onal  Bureau o f  S t andards . 
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2 . 6 . 2 . 5  Rad i a t ion Moni toring 

Rad i a t ion Mon i toring p rovide s support to a l l  group s in the Hea l th , S a fe ty , and 

Envi ronmen t o rgan i z a t ion . Rad i a t i on Mon i toring supp o r t s  I ndus t r i a l  Hyg i ene a c t i v i 

t i e s  and Envi ronmen t a l  S c iences  in t h e  c o l l e c t i o n  o f  e f fluent and envi ronme n t a l  a i r  

s amp l e s . Radiat ion Mon i to r ing prov ides t h e  suppo rt n e c e s s a ry to imp l ement He a l th 

Phys i c s  requi reme n t s  fo r Radiat ion Control areas . Th i s  inc ludes surve i l l a n c e  for 

P roduc tion , Maintenanc e ,  Laboratory , and R&D operation s , as  we l l  as  for S i t e Survey 

ope rations  for areas out s ide the p ro c e s s  and l aboratory bu i ldings . Rad i a t i on Mon i 

to ring re spon s ib i l i t i e s  i n c l ude radiat ion - s a fe ty bui ld i ng indo c t r i n a t i on s , perfo rming 

contaminat ion surveys of p e r sonne l and ma t e r i a l , and support ing decontam i n a t ion 

ope rations  wi th recommend a t ions  for approp r i a t e  con trol measure s .  In add i t i on , 

Rad i a t ion Mon i t o r i ng part i c i p a t e s  i n  a l a rm responses  to eva l uate rad i a t ion l eve l s , 

suppo r t s  supp l i ed ai r opera t ion s , per forms qua l i t a t ive respira t o r  f i t t ing , and p ro 

v i d e s  mon i toring support fo r eme rgency t eams . 

2 . 6 . 2 . 6  F i re Pro t e c t ion Enginee ring 

F i re P ro t e c t ion Engi nee ring ( 1 )  revi ews new build ing c ons t ru c t i o n  and changes to 

ex i s t ing bu i ldings for con formance w i t h  fi re s a fety s t andards , ( 2 )  p e r fo rms a s s e s s 

ments o f  a l l  bui l d ings and s t ruc tures and d i c t a t e s  the requireme n t s  for l eve l s  o f  

fire  p ro t e c tion based o n  DOE c r i t e r i a  such as ERDA Manual Chap t e rs 0 5 5 0  and 0 5 5 2 , ( 3 )  

main t a i n s  l i ai s on wi th the Roc ky F l a t s  F i re Department t o  provide for the i r  requ i r e 

men t s  fo r a l l  P l an t faci l i t i e s , and ( 4 )  ma intains l i a i son wi th RFAO and ALO F i r e  

Pro t e c t ion personne l t o  ensure t h a t  the i r  requ i r emen t s  a r e  me t .  

2 . 6 . 3  S ecuri ty 

Because  o f  the c la s s i fied nature of many P l an t  pro c e s s e s , the value o f  DOE 

p rop e r ty , and the s a f e ty o f  p e rsonnel c harged wi th P l an t operat ion , S e c ur i ty per form s  

valuab l e  suppo r t i ng s e rv i c e s  in t h e  a r e a  o f  a c c e s s  contro l , P l an t  and p e r sonne l 

p ro t e c t i on , commun i c a t i on s , document con t ro l , and con t ro l  o f  s p e c i a l  mate r i al s .  

The s e  s ecuri ty func t ion s are de fined i n  the Rocky F l a t s  S e c u r i ty Manual and are 

fu rther d e t a i l e d  in S e c t i on 2 . 1 2 .  

2 . 6 . 4  U t i l i ty and Mai n t enanc e S e rv i c e s  

Al l P l an t  uti l i ty sys t ems a r e  operated and moni t o red on a n  aroun d - t he - c l o c k  

bas i s  b y  s t a t i onary op e ra t i ng engi nee r s . T h e  sys t ems i n c luded in thi s surve i l l an c e  

are 

o Wat e r  t re a tment sys t em ( S e c t ion 2 . 6 . 8 ) 

o S ewage t re a tment control and d i spo s a l  sys t em ( S e c t ion 2 . 9 . 1 )  
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o S te am p roduc tion and d i s t ribution system ( S e c tion 2 . 6 . 9 )  

o Bui lding heat ing , c o o l ing , vent i l a t ing , and fi l te r ing sys tems 

( S e c t ions 2 . 6 . 9 ,  and 2 . 7 . 1 ) 

o Inert , a i r - drying , and exhau s t  sys tems ( S e c t ion 2 . 6 . 7 )  

o B re a thing - a i r  l i fe support sys tems 

o P lant and i n s t rument a i r  supp ly sys tems 

o Bui l ding vacuum sys tems 

o Chi l l ed wat e r  and c o o l ing tower sys tems ( S e c t ion 2 . 6 . 8 . 2 ) 

A minimum o f  two u t i l i ty operators are on duty a t  a l l  t ime s a t  the s te am p l ant 

and in b u i ldings whe re p l utonium is  proc e s s ed . Ope rators mon i to ring the water t r e a t 

m e n t  p l an t  and t h e  s an i ta ry s ewage p l ant a r e  c e r t i f i e d  by t h e  Co lo rado P l ant Op erators 

C e r t i f i c a t i on Board . 

Suppo r t  Opera t i ons has charge o f  the Laundry ; the F i l t e r  C er t i fi c a t ion Labora

to ry ; Cus to d i a l  S e rv i c e s ; and the Garage , Trucking , and Labo r dep artment . Main

tenance o f  P l ant ins ta l l a t ions and e quipment is p e r fo rmed by s ki l l ed mechani c s , 

pipe f i t te rs , shee tme t a l  worke r s , c arpenters , painters , and e l ec t ri c i ans . 

2 . 6 . 4 . 1  Laundry 

The operating contra c t o r  furn i sh e s  approp ri a t e  c lo thing and r e s p i ratory equ i p 

ment to P l an t  p ersonne l whe rev e r  i t  i s  d e t e rmined that such c l o th ing and e quipment i s  

n e c e s s ary b e c au s e  o f  working cond i t ions . The Ro cky F l a t s  P l an t  Laundry p rovide s 

c l ean c l o thing and respi ratory equipment to the s e  areas . Laundry personne l l aunde r ,  

sort , repai r ,  fo l d , check for contamin a t i on , and redi s tribute c lo thing to 1 6  locker

room areas throughout the P l an t . The c lo thing inc ludes undershi r t s  and shor t s , 

s o c ks , covera l l s , shop coats , boo t i e s , c ap s , and bath towe l s . App roxima t e l y  1 2 5 , 0 0 0  

to 1 5 0 , 0 0 0  pounds o f  c lo thing a r e  l aundered each month . 

Both fu l l - face and hal f -ma s k  r e s p i rators  are c l e aned and rep a i red in the Laundry 

a f t e r  used cart ridges are removed . The c l e aned respirators  are f i t ted wi th c e r t i fied 

c a r t ridge s and sent to  the c e r t i f i c a t ion l aborato ry . Each respirator i s  then checked 

for integri ty and re turned to Rad i a tion Mon i toring s t a t ions throughout the P l ant . 

The l aundry equipment inc lud e s  three 400 - pound washer extrac tors and s ix 1 0 0 -

pound - c apac i ty d rye rs . Ha l f-mask r e s p i rators a r e  c l eaned and d r i e d  in a spray - typ e 

washer wi th a s te am - he a ted dry ing hood . Ful l - face masks are washed in a conv e r ted 

1 0 0 -pound c lo thes washe r and dried in a 5 0 - pound dryer w i th tumb l er removed . 

The exhau s t  a i r  from a l l  c lothes  drye r s  and washers i s  exhaus ted through a HEPA 

f i l t e r  p l enum . The exhau s t  s tack down s t re am of the f i l t e r s  is cont inuous l y  s amp l ed 

for any po s s ib l e  p lutonium r e l ea s e . Laundry wa t e r  i s  piped to Pond B - 2 , un l e s s  a lpha 
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radioac t iv i ty concen trations  exc eed 1 6 67 pCi/l . I n  the l a t t e r  c a s e , i t  i s  p ro c e s sed 

through the p ro c e s s  was t e  treatmen t p l ant ( se e  S e c tion 2 . 7 . 3  and 4 . 4 . 3 . 1 ) . 

2 . 6 . 4 . 2  F i l t e r  C e r t i f i c a t ion Labo ratory 

Air that i s  exhau s te d  from fac i l i ti e s  hand l i ng b e ryll ium , plu ton ium , and uranium 

pas s e s  through var i ou s  s tages o f  High E f f i c i ency Particulate Air ( HEPA ) f i l t e r s . 

HEPA f i l ter po l i cy and prac t i c e s  are d i sc u s s e d  i n  S e c t ion 2 . 7 . 1 .  

The HEPA f i l t e r s  are purchased from various manu fac turer s . Be fore any manufac 

turer s t a r t s  produc t i on o f  these  f i l t e rs fo r the Roc ky F l a t s  Plant , the med i a  o f  the 

f i l t e r s  mu s t  be qua l i f i ed by the Ro c ky F l a t s  F i l te r  C e r t i f i c a t ion Laborato ry . The 

media is t e s te d  for pene t ra t ion , r e s i s tanc e , th i c kne s s , and tens i l e  s t rength . 

B e fore the f i l te r s  are sh ipped from the fac tory , the e f f i c i ency and r e s i s tan c e  o f  

each one i s  d e te rmined by the manu fac ture r .  

After re c e i p t  o f  the f i l te r s  a t  the Roc ky F l a ts P l an t ,  the F i l te r  C e r t i f i c a t io n  

Labo ratory con f i rms t h e  e f f i c i ency and re s i s tance o f  e a c h  one . T h e  l abora to ry checks 

each f i l te r  for ove ra l l  pene tration and re s i s tance a t  rated flow and a t  2 0% of rated 

flow , us ing pro c e dures developed by the Div i s i on of Ope ra t ional S a fe ty of DOE . 

I n  comp l i ance wi th Occup a t ional S a fety and Heal th Ac t Regul a t ion 1 9 1 0 . 1 3 4 , 

" Re s p i ra tory Protec t ion , "  the Labo ratory t e s t s  a l l  f i l te r  cartridges sub s e quently 

f i t te d  to re s p i rator masks . In add i t ion , i t  maintains control o f  the s e  cartridge s 

through the i r  l i fe t ime , and l e ak- checks each r e s p i rator mas k .  Re sp irator masks are 

t e s ted for f i t  on each u s e r . 

HEPA f i l te r s  and r e s p i rator c a r t ridge s are t e s ted on spe c i a l l y  des igned equip 

ment u t i l iz ing a rep roduc i b l e , nontoxic , monod i spersed , the rmal l y  generated aerosol  

called  d ioc tylph t ha l a te ( DOP ) . The t e s t  i s  done w i th part i c l e s  hav ing a diame t e r  o f  

0 . 3  � m  a s  i t  i s  known tha t par t i c l e s  o f  this s iz e  have maximum f i l t e r  pene trab i l i ty 

( Spurney , e t  a l . ,  1 9 6 9 ) . P ene trab i l i ty te s t s show an e f f i c i ency o f  9 9 . 97% for the 

0 . 3 - � m  part i c l e s . All  measuring i n s t ruments on the t e s t  e qu i pment are c a l ibrated and 

c e r t i fied by the Rocky F l a t s  Plant ' s  S tand ards Labora tory , whi c h  is o f f i c i a l l y  recog 

n i z e d  as a s econdary s tandard laboratory by the National Bureau o f  S t andards . 

2 . 6 . 4 . 3  Bui lding San i t at i on , Housekeep ing , and S e rv i c e s  

The Cus todi a l  g roup a t  the Rocky F l a t s  P l an t  prov i d e s  j an i to r i al and general 

handyman s e rv i c e s  for approximately 100 bui ldings encomp a s s ing o f f i c e , c a fe te ri a ,  

locke r ,  showe r ,  l aboratory , i ndus tri a l , and s torage spac e . Lab o r - saving j an i torial 

equipment and h i gh - qua l i ty suppl i e s  are p rov ided th i s  group to main t a i n  the i r  s e r 

v i c e s  a t  max imum e f f ic i e ncy . 
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The san i ta t i on and c l eanl ine s s  l eve l s  throughout these  bu i l dings are mon i tored 

by the Indu s t r i a l  Hygiene g roup on a mon thly ba s i s . Part i c u l ar empha s i s  i s  p l aced on 

the sani t a t i on o f  r e s t  rooms , locke r  rooms , shower rooms , dri nking fountains , c a fe 

t e r i a s , food vend ing mac h i ne s , and the F i re Department ' s  l iv i ng qu art e r s . 

2 . 6 . 4 . 4  Garage 

The Gove rnmen t - owned inven tory of the Garage cons i s t s  of about 90 vehi c l e s  and 

1 0 0  i t ems o f  equi pmen t .  The Garage prov ides preve ntive maint enanc e , s e rvice , and 

repa i rs for a l l  au tomo t i ve and engine ering equipmen t . Rad io- contro l l ed di spatching 

s e rv i c e  for e f f i c ient u t i l i z a t ion of the f l e e t  i s  a l s o  provided . 

The prevent ive ma in tenanc e ( PM )  s c hedule for the vehi c l e s  and equipment i s  

con t ro l l ed by a compu t e r i z ed program and inc ludes exhau s t  emi s s i on t e s t s  p e r  EPA 

spec i f i c a t iions . De t a i l s  and frequenc i e s  o f  PM insp e c t i on are e s tab l i shed in accor

dance with  manu facturer and DOE recommenda t ions . 

Vehi c l e s  are a s s i gned to the various operat ing departmen t s  for the perfo rmance 

of such a s s igned fun c t ions as P l ant protec ti on , l and and road ma i n tenanc e ,  fire 

p ro t e c t ion , ma i l  p i c kup and del ivery , and P l an t  s e rv i c e s . Veh icular m i l eage ave rage s 

approxima t e l y  6 0 0 , 0 0 0  mi l e s  per year . 

2 . 6 . 4 . 5  Grounds Hous ekeep ing 

The Trucking and Labor group a t  Roc ky F l a t s  p rovides hous ekeep ing and main

tenance s e rvi c e s  for all grounds , wa lkways , roads , and parking area s . 

Drivers operate various vehi c l e s  to p i c k  up and de l iver ma t e ri a l , equipmen t ,  and 

pe rsonn e l  on and o f f  s i t e . They operate snow removal equipment to c l ean and s and 

approx ima t e ly 13 m i l e s  o f  s t r e e t s  and 800 , 0 0 0  square fee t  o f  parking area s . In the 

wi nter mon ths  roughl y  9 0 0  tons of about a 1 . 5% s a l t  to s and mix ture a re used in the 

s anding operat ion . They a l so operate the dump s t e r  t ruc ks for remova l  of bui l ding 

was t e . 

Heavy equipment operators operate variou s  p i e c e s  o f  equipment to p rovide s e rv i c e  

f o r  group s o n  t h e  P l an t  s i t e . They p e r form such j ob s  as crane wo rk , backhoe work for 

excava t i ons , loader work for various j ob s , and road grad ing to keep d i rt roads up to 

s t andards . The s ani tary land f i l l  is main ta ined by one operator and one p i e c e  o f  

equipment . Weed control  o n  4 0 0  acres  ins ide the perime t e r  fence and al ong t h e  two 

ac c e s s  roads a l s o  i s  maintained by the l aborers and heavy equipment operators . Weed 

con t ro l  operat ion s  are d i scussed in greater d e t a i l  in S e c t ion 2 . 8 .  
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The Labo r group i s  re spon s i b l e  for ma i n t a i n i ng t h e  c l eanl i ne s s  o f  approxima t e l y  

1 , 0 0 0  a c r e s  o f  P l an t  area , ma i n t a i n ing fenc e s  a round t h e  ent i re P l an t  s i t e , loading 

and un l o ad i ng fre i gh t  coming i n  and go i ng o f f  the s i te ,  and mov ing a l l  fu rn i ture and 

equ i pmen t  on a nd o f f  the P l an t s i t e .  The i r  a s s i gned respons i b i l i t i e s  a l s o  inc lude 

providing help  w i t h  P l an t  vehic l e s ; out s ide houseke e p i ng and beau t i f i c a t ion ; p l a n t i ng 

and g rooming o f  a l l  l awns , t re e s , and shrub s ; snow and i c e  removal from wa l k s  and 

bui l d ing e n t ranc e s ; road and wa l k  rep a i rs w i t h  asphal t ( approx ima t e l y  1 , 0 0 0  tons per 

year ) ; culve rt i n s t a l l a t ion and rep a i r ;  rode n t  and p e s t contro l ; and maintenanc e o f  

d i t c h e s  fo r wa t e r  contro l . 

2 . 6 . 5  E l e c t r i c i ty 

Pub l i c  S e rv i c e  Company o f  Colorado prov i d e s  the Ro cky F l a t s  P l an t  w i t h  two 

independent sourc e s  o f  e l ec t r i c a l  powe r ,  each wi th 1 1 5  ki lovo l t s . The con t i nuous 

ra t i ng o f  each o f  these  ove rhead feeders , one o f  wh i c h  e n t e r s  the P l an t  s i t e  from the 

north and one from the sou t h , is  5 4  mi l l ion vo l t  amperes  (MVA ) . The ut i l t t y  company 

c a l c u l a t e s  tha t i t s  capab i l i ty at the three -phase  p rimary d i s t ribu t ion poin t , in the 

even t of a fau l t  o r  short ( o f t en refe rred to a s  the fau l t - l ev e l  con t r ibut i on ) ,  i s  

2 , 40 0  MVA from the north fe eder and 2 , 1 3 0  MVA from the south feede r . The s e  fau l t  

l eve l s  may increase in t h e  fu ture . 

The peak demand on the e l e c t r i c a l  sys tem has  been approxima t e l y  2 0 , 0 0 0  kW . Th i s  

figure i s  expec t ed to increase  t o  nearly 3 0 , 0 0 0  kW when the  new plu tonium recovery 

and was te t re a tment fac i l i ty begins fu l l  op e r a t i o n . E l e c t r i c a l  ene rgy i s  now be ing 

consumed at the rate o f  1 0 5  m i l l ion k i l owa t t - hours per yea r ; t h i s  f i gure wi l l  a l s o  

increa s e , i t  i s  e s t imated , b y  about 40% wi th t h e  added l oad o f  t h e  new fac i l i ty .  

A t  p r e s e n t  there are four primary sub s t a t i on s . F igu re 2 . 6 . 5 - 1  s hows a typ i c a l , 

ba s i c , e l e c t ri c a l  d i s tribu t i on sy s tem for one o f  the pri mary sub s t a t ions . Each 

p r imary sub s t a t ion is doub l e - ended and s e c ondary - s e l e c t ive with automa t i c  tran s fe r  

c apab i l i ty .  In o ther words , e a c h  m a i n  sub s t a t ion i s  con s t ruc t ed so t h a t  e a c h  hal f o f  

t h e  t ran s forme r c an sus t a i n  al l norma l ly connec t ed loads , and t h e  l oads c an be 

t rans ferred i f  one o f  the two l 1 5 - kV sourc e s  should fai l .  S in c e  bo th sourc e s  of 

powe r are ava i l ab l e  a t  b o t h  ends of each p rimary sub s t a t ion through manual swi tching , 

the sub s t a t ions c an a l s o  be cons ide red primary - s e l e c t ive i n  addi t i o n  to s e c ondary 

s e l e c t ive . 

Vo l tage i s  s tepped down a t  the pr imary sub s ta t ions to 1 3 . 8  kV , and powe r w i t h i n  

t h e  P l an t  i s  d i s t r ibu t ed a t  t h a t  l ev e l  through 2 5  mi l e s  o f  l in e s  t o  the bu i l ding 

sub s t a t i ons . Mo s t  of these bu i l d i ng sub s t a t ions are fed through aerial d i s t r i bu t i on ; 

howeve r ,  three principal  bu i l dings are fed from unde rground l in e s . Vo l tage i s  

s t epped down again from 1 3 , 80 0  vo l t s  t o  2 , 4 00 o r  480 vo l t s a t  the  bu i l ding sub s t a 

t ions . The re a r e  now five sub s tat ions o f  2 , 400 vo l t s  e a c h  and about f i fty 480 - vo l t  

sub s ta t ions . Wi t h  the comp l e t ion o f  the new p lu tonium recovery and was t e  t re a tment 

fac i l i ty , these numbers w i l l  increase  to 9 and 5 4  sub s t a t ions respec t ively . 
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Trans former s  at the sub s tations are no t p ro t e c t ed from the weathe r ;  they are 

des igned for use under the s e  cond i t i on s . Howev e r , the swi tching gear at e ach sub s ta 

tion i s  p ro t e c t ed from t h e  weathe r . 

Bui l ding sub s tations for c r i t i c a l - sy s t em loads a re doub l e - ended and e quipped for 

manual o r  automat i c  s e c ondary - s e l e c tive operat ion . I n  some c a se s , p r imary - s e lec t ive 

c apab i l i t i e s  are also p rovi ded . Bui lding sub s ta t ions for nonc r i t i c a l  loads are 

sing l e - ended and p rimary - s e l ; c t iv e , w i th manual t rans fer swi tche s . 

A 2 , 3 0 0 -v o l t  s e r i e s l i ghting sys t em , automa t i c a l ly turned on and o f f  by photo 

e l e c t r i c  c e l l s , i l luminat e s  the nine exc lus ion - area fenc e s  and the P l an t - p erime ter 

security fenc e . Emergency c i rcu i t s  powered by die s e l  gene rators can i l luminate every 

a l t e rnate l i ght during a los s of normal powe r .  S t ree t s  are i l luminated by standard 

overhe ad lamp s mount ed on powe r - l ine p o l e s . L ike the fenc e l igh ting , the s tr e e t  

l i ght s  and some bui lding l ight s  a r e  automa t i c a l ly turned o n  and o f f  b y  l ight - s ens ing 

devi c e s . To improve night v i s ib l i ty from the eas t and we s t  guard pos t s , high - inten s i ty 

me rcury- vapor lamp s , moun ted about 3 5  fee t  h i gh , were p l a c ed along the e a s t  and we s t  

approache s  to the P l ant ' s  two main gates . 

In the event o f  a total  p owe r l o s s  from o f f - s i te sourc e s , on - s i t e  eme rgency 

generators can p ower c r i t i c a l  func tions such as ven t i l a t ion , humidi ty contro l , pub l i c  

addre s s  c apab i l i t i e s , alarm sy s t ems , and bui lding l i ght ing for a t  l e a s t  2 4  hour s . 

2 . 6 . 6  Fuel Sys t ems 

2 . 6 . 6 . 1  Natural Gas 

Natural gas is purchas ed from the Wes t e rn S lope Gas Company , whi ch is a sub s i d i 

ary o f  t h e  Pub l i c  S e rv i c e  Company o f  Colorado . Pub l i c  S e rv i c e  buy s a lmos t  a l l  o f  i t s  

natural g a s  from the Colorado I n t e r s t a t e  Ga s Company . The Rocky F l a t s  P l ant pur

cha s e s  i t s  natural gas on an interrup t ib l e  b a s i s ,  wh ich means that during periods o f  

high usage o r  n e e d  by t h e  c i t i z en s  s e rved b y  t h e  Pub l i c  S e rv i c e  Company , t h e  P l an t ' s  

gas - burning e quipment i s  swi t ched to an a l t e rnate fue l , such as fue l  o i l  o r  p ropane . 

The gas that the P l an t  would o therwi s e  con sume i s  then avai lab l e  for non - in t errup 

t i b l e  purpo s e s  such as home s and hospi tal s .  

An e i gh t - inch pipe c a r r i e s  the natural gas , at a p r e s sure o f  2 5 0  to 3 0 0  p ound s 

p e r  square inch ( p s i ) ,  from a met e ring s ta t ion south o f  the P l an t  to a gas reducing 

s t a t i on in the 8 0 0  c omp l ex . At thi s s ta t ion , the pres sure i s  reduced t o  6 5  p s i  and 

mercap t an i s  added at the rate o f  one pound p e r  mi l l i on s t andard cub i c  fee t  for e arly 

d e t e c t i on of leak s . We s te rn S lope ' s  e i gh t - inch pipeline  and Rocky F l a t s ' reducing 

s ta t i on are adequa t e ly s i zed for for e s eeab l e  need s . Total natural gas consump tion at 

the P l an t  for FY 1 9 7 3 , 1 9 74 , 1 9 7 5 , 1 9 7 6 , and 1 9 7 7  was 7 2 6 . 3  mi l l ion , 746 . 5  m i l l ion , 

7 46 . 5  mi l l ion , 5 68 . 4  mi l l ion , and 6 3 7 . 2  mi l l ion cub i c  fee t , respe c t ively . 
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Mo s t  f luctuations in natural gas and fue l o i l  usage a t  Roc ky F l a t s  are the 

r e su l t  of variab i l i ty in n a tural gas ava i l ab i l i ty to the P l an t  a s  an inte rrup t i b l e  

purcha s e r . I f  t h e  t o t a l  quan t i ty o f  na tural gas and fue l  o i l  u s e d  a t  Roc ky F l a t s  

we re c onve r t ed t o  B tu equival en t s  and then comb ined , a decreas ing u sage t rend becomes 

obv ious ( s e e  Tab l e  2 . 6 . 6 - 1 ) : 

TABLE 2 . 6 . 6 - 1  

DECREAS ING USAGE TREND I N  ENERGY CONS UMPTION 
• 

1 9 7 3 - 1 9 7 7  

Year B i l l ion B tu Used 

1 9 7 3  9 7 3  

1 9 7 4  8 6 7  

1 9 7 5  841 

1 9 7 6  7 1 6  

1 9 7 7  7 0 4  

Th i s  downward t rend r e f l e c t s  the ene rgy conse rvat ion p rogram i n i t i ated a t  Roc ky 

F l a t s  early in 1 9 7 4 . The c onvers ion fac tors  used to c a l c u l a t e  the data shown above 

are : natural gas , 1 0 31 B tu p e r  cub i c  foo t ; fue l  o i l , 1 3 8 , 7 00 B tu per gal lon ( s e e  

S e c t ion 4 . 4 . 2 . 1 ) . 

Natural gas i s  an inhe rently c l e an burn i ng fue l , a s  i nd i c a ted i n  Tab l e  2 . 6 . 6 - 2 , 

and i t  i s  the pre ferred fue l  for a l l  P l an t  u s e s  that are s ta t ionary . B e c au s e  o f  

Roc ky F l a t s ' i n t errup t i b l e  s t a tus , howev e r ,  and the probab l e  shortage o f  n a tural gas 

in the fore s e eab l e  future , greater dependence on o ther fue l  s ourc e s  is ant i c ipated . 

Cur tai lmen t s  o f  natural gas supp ly hav e  increased , al though on a somewha t c y c l i c a l  

ba s i s ,  and proj e c t ions o f  the s e  t rends show t h a t  as many a s  2 , 0 00 to 3 , 0 0 0  hour s  o f  

i n t e rrup ted s e rv i c e may b e  exp e c t ed dur i ng the winter month s  ( Oc tober through March ) .  

The Enginee r i ng Group o f  the Ro c ky F l a t s  P l an t  con s iders  the s o l a r  heat i ng 

al t e rnative for a l l  new fac i l i t i e s . As other heat ing sys tems become p ra c t i c a l  ( co s t  

e f fect ive ) they w i l l  a l s o  be cons idered in new de s igns . 
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2 . 6 . 6 . 2  

TABLE 2 . 6 . 6 - 2  

NATURAL GAS COMPOS ITION AND 
COMBUSTION PRODUCT EFFLUENT COMPOS IT ION 

NATURAL GAS COMPOS ITION 

Cons t i tuent 

He l ium ( He ) 

Carbon Dioxide ( C02 ) 

N i t rogen ( N2 ) 

Me thane ( CH4 ) 

E thane ( C 2H6 ) 

P ropane ( C 3HS ) 

I so - Butane ( C4HI O ) 

Norm - Bu t ane ( C4HI O ) 

I so - Pentane ( H5H12 ) 

Norm - P en tane ( C5H12 ) 

Hexanes ( C 6H14 ) 

Heptanes ( C7H1 6 ) 

Mo l e  "10 
0 . 24 

O . SO 

9 . 40 

7 9 . 9 0 

6 . S 2 

2 . 1 1 

0 . 2 1 

0 . 3 7 

0 . 0 6 

0 . 0 5 

0 . 0 2 

0 . 0 2 

100 . 0 0 

Hea t i ng Value ( Btu/cu f t ) 1 0 3 1  
b a s ed o n  p e rc ent compo s i tion 

Fue l O i l  

COMBUST ION PRODUCT EFFLUENT COMPOS ITION 

Cons t i tuent 

Nit rogen ( N2 )  

C arbon Dioxide ( C02 ) 

Wat e r  Vapor ( H20 )  

N i t rogen Oxi d e s  ( NO ) x 

Mo l e  "10 
7 1 . S 5 

9 . S 9  

l S . 2 6  

2 6 0  ppm 

The consumpt ion o f  fue l o i l  at Roc ky F l a t s  P l an t  for FY 1 9 7 3 , 1 9 7 4 , 197 5 , 19 7 6 , 

and 1 9 7 7  was about 1 . 6  m i l l ion gallon s , 7 0 2  thous and gallon s , 514 thous and gal lons , 

940 thous and gal lons , and 3 3 5  thous and gal lon s , re spec t ively ( se e  S e c t ion 4 . 4 . 2 . 1 ) . 

P rimary consump t ion o f  fue l o i l  i s  by the P l an t ' s  s te am generator s , whi c h  use  Numbe r  

6 fue l  o i l  a s  a backup fue l  whenev e r  the supp ly o f  na tural g a s  i s  curtai led . The 

chem i c a l  compo s i t ion o f  a typ i c a l  fue l o i l  is shown in Tab l e  2 . 6 . 6 - 3 . Also s hown i s  

the compo s i t ion o f  the combu s t ion e f fluent from b o i l e r  operation , us ing Numb e r  6 fue l 

o i l . 
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TABLE 2 . 6 . 6 - 3  

NUMBER 6 FUEL O I L  COMPOS IT ION AND 
COMBUSTION PRODUCT EFFLUENT COMPOS IT ION 

NUMBER 6 FUEL O I L  COMPOS ITION 

Fuel Ana lys i s  

Con s t i tuent We ight 

Ash;', 0 . 1  

Carbon 8 6 . 3 6 

Hydrogen 1 1 .  54 

SuI fur* 1 . 0  

Wa t e r  and 1 . 0  
Sediment* 

To tal 1 0 0 . 0 0 

Heating Value 
( B tu/ga l )  

1 3 8 , 7 0 0  

Pounds p e r  8 . 5 1 - 7 . 48 
Ga l l on 

% 

*Value for ash , sul fur , and wa t e r  and sediment are 
maximum a l l owab l e  per purchase spec i fi c a t ion . 
Ave rage values s in c e  July 1 9 7 3  a re Ash- 0 . 0 0 6 5% ,  
Sul fur- 0 . 5 5% ,  and Wa t e r  and S edimen t - 0 . 7 5% .  

COMBUSTION PRODUCT EFFLUENT COMPOS ITION 

Con s t i tuent Mo l e  % ( Dry) 

Carbon Dioxide 1 3 . 7  

N i t rogen 83 . 3  

Ni t rogen Ox ides 200  ppm 

Sul fur Dioxide 2 0 0 - 4 0 0  ppm 

Wa t e r  2 . 9  

I t  i s  an t i c ipated that future curtai lme n t s  o f  natural gas may p l ac e  gre a t e r  

demands on the u s e  o f  fue l  o i l  a t  Roc ky F l a t s . T o  ensure a n  adequate f u e l  supp l y  fo r 

the P l an t ' s  heating sys tems , the on - s i te , fue l - o i l  s to rage capac i t y  has been i n 

c r e a s ed . P r e s e n t l y  s e rving as t h e  primary s torage fac i l i t i e s  are two d i ked t anks , 

one with a capa c i ty o f  7 9 2  thous and gal l on s , the s e cond tank wi th a c apa c i ty o f  1 . 9  

mi l l ion gal l ons . Fue l o i l  i s  pumped o r  t ruc ked f rom the s e  tanks to unde rground day 

tanks l o c a ted near the bui l d ings that hou s e  s t eam generators .  
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2 . 6 . 6 . 3  Other Fuel s  

D i e s e l  fue l i s  used t o  power mo s t  o f  the P l an t ' s  emergency e l e c t rical  generato rs , 

as a backup fue l for ho t -wat e r - he a t ing b o i l e r s  in a Re s earch and Deve l opment fac i l i ty , 

and for die s e l - driven veh i c l es and con s t ruc t ion equ ipment .  Individua l s to rage t anks 

are prov ided for each s t a t ionary engine ; mob i l e  equipment is supp l i ed by a s to rage 

t ank and pump s at the Garage and F i re S t a t ion . To t a l  con sump t ion for FY 1 9 7 4 , 19 7 5 , 

1 9 7 6 , and 1 9 7 7  was 3 6 , 39 7 ; 35 , 85 2 ; 2 1 , 1 2 6 ; and 1 9 , 3 5 6  gal l on s ; respec tively . P e riodic 

operation o f  the d i e s e l - powered emergency generators and f i r ing o f  the  R&D fac i l i ty ' s  

heat ing boi l e r s  accoun t for mo s t  o f  the consump t ion during norma l P l an t  operat ion . 

To t a l  s torage c apaci ty for d i e s e l  fue l  i s  1 1 5 , 43 0  g a l l on s . 

Ga so l ine i s  u s e d  as fue l for one o f  the emergency e l e c t r i c a l  generators ,  fo r 

various P l ant vehic l e s , and fo r mi s c e l l aneous P l an t  equ ipmen t .  A 14 , 0 0 0 - gal l on 

unde rground s t o rage tank and pump s are prov ided a t  the Garage . To t a l  consump tion o f  

gaso l ine for F Y  1 9 7 4 , 1 9 7 5 , 1 9 7 6 , and 1 9 7 7  was 8 6 , 57 1 ; 9 0 , 2 1 5 ; 9 7 , 9 7 9 ; and 1 0 1 , 3 9 0  

gal l on s ; respec tive l y . Ove r  9 0% o f  this  consump t ion w a s  from operation o f  P l an t  

v eh i c l e s . 

Propane i s  u s ed as a backup fue l  to the pre ferred natural gas fo r manu fac turing , 

R&D , and maintenanc e ac t ivi t i e s  in a maj or manu fac turing b u i l d i ng . An 18 , 0 0 0 - gal lon 

s to rage t ank i s  p rovided near the b u i lding to mee t  ant i c ipated maximum requi rement s .  

Con s ump t ion o f  propane for FY 1974 , 1 9 7 5 , 19 7 6 , and 1 9 7 7  t o t a l ed 10 , 1 80 ; 7 , 6 2 5 ; 

12 , 204 ; and 40 , 87 6  gal lons ; respe c t iv e ly . 

Future u s e  o f  d i e s e l , gasol ine , and propane i s  n o t  expec ted to increase s i gn i f i 

c an t l y . The DOE contra c t ed wi th Reyno l d s , Smi th , and Hi l l s  o f  J acksonv i l l e , F lorida 

to p e r form a comp l e t e  energy survey and evaluat ion of DOE fac i l i t i e s  inc luding Rocky 

F l at s . The S tudy proj e c ted energy requi rement s  through the year 1985 and inc luded 

e s tima t e s  of energy requ i rement s  for the year 2 0 0 0 . As a r e su l t  of the s tudy it was 

rec ommended that the b e s t  fue l choice  for Roc ky F l a t s  ( o th e r  than o i l  o r  gas ) i s  

coal . Coa l - fired b o i l e r s  that provide s te am , space h e a t ing and c o o l ing , and e l ec t r i -

c i ty h av e  been s e l ec ted . 

2 . 6 . 7  Inert Ga s Sys tems 

An inert atmo sphere ( n i t rogen and l e s s  than 5% oxygen ) i s  u s ed in various g love 

box e s  and s to rage areas to minimi z e  the po s s ib i l i ty of fire . To t a l  n i t rogen con s ump 

tion during FY 1 9 7 5  was 5 1 5 . 6  mi l l ion c ub i c  fee t ; fo r FY 1 9 7 6  i t  was 482 . 3  m i l l ion 

cub i c  f e e t . As of Augu s t  1 9 7 6 , n i t rogen consump t ion wa s a t  the rat e  o f  58 , 0 0 0  to 

60 , 00 0  s t andard c ub i c  fee t  p e r  hour ( s c fh ) . With the introdu c t ion o f  the new p l utonium 

recovery fac i l i ty ,  this  ra te may increase by as much as 3 8 , 0 0 0  s c fh .  
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The pro t e c t ion a f fo rded by an i n e r t  a tmosphere i n  spe c i fied g l ove boxes requ i re s  

a re l i ab l e  supply o f  n i t rogen gas . Th i s  g a s  is  no rma l ly supp l i ed from a n  on - s i te , 

l iq u i d - ni t rogen produc t i on p l an t  that i s  owned and operated by a commerc i a l  supp l i e r . 

The p l an t u s e s  a l i que fac t i on - d i s t i l l a t i on proc e s s  to s eparate and l i qui fy n i t rogen 

from air . Unde rground l in e s  then supp l y  the re - ga s i fied n i t rogen to approp r i a t e  

bui ld ings . Capac i ty o f  thi s supp l y  i s  abou t 140 , 0 00 s c fh .  

A s e c ondary supp l y  i s  a l iquid - n i t rogen s to rage fac i l i ty that receives  l iquid 

n i t rogen from the on - s i te plant o r  by truck or rai l s h ipmen t from an o ff - s i te c omme r 

c i a l  supp l i e r .  At ful l demand rate s , t h e  r e s e rve supply w i l l  mee t  P l an t  n e e d s  for 

abou t three day s . L im i t ing Plant  ope rations , however , wou ld ext end the re s e rve 

supp ly " to e ight days . 

I f  n i t rogen s e rvi c e  were not res tored w i t h i n  e igh t day s , the oxygen l ev e l  in th e 

glove- box sys tem would increase  s l owly as the resu l t  o f  l e akage into the sys tem . Th e 

ne t e f fec t on the gl ove - box a tmosphere wou ld be a gradual re turn to a norma l a i r  

a tmosphere . Th i s  l o s s  o f  n i t rogen would inc rease the r i s k  o f  fire , but r e s t r i c ted 

ope rat ions and the remova l o f  p l uton i um from g love boxes that were a f fe c ted wou l d  

m i n i m i z e  the poten t i a l  hazards . S a f e ty features such as heat detec tors , imp roved 

s torage me thod s , and frequent inspe c t ions by operating and fire sa fety personne l 

reduce the danger o f  f i re ( s ee S e c t ion 3 . 2 . 2 . 4 ) . 

Another inert gas system i s  the manua l ly c o n t ro l l ed argon sys tem u s ed in a 

p l u tonium fabr i c at ion and a s s emb ly bu i l d i ng . I t  con s i s t s  o f  a supp ly tan k  w i th 

d i s t r i bution headers to various s ta t i on s . The s to rage c apac i ty fo r l iquid a rgon i n  

the p luton ium fab r i c a t ion bui lding comp lex i s  s u f f i c i en t  t o  produce approxima t e l y  

348 , 0 00 cub i c  feet  o f  g a s  a t  s tandard cond i t ion s o f  t empe rature and pres sure . 

N i t rogen gas and argon gas wi l l  be u s ed as conveying med iums for s o l i d  s amp l e s  

i n  t h e  c l o s e d - carrier  t rans fe r sy s t ems o f  a new bui ld ing . Argon wi l l  a l so b e  u s ed 

( 1 )  mixed w i th fluorine , as makeup in a fluorinat ion p roc e s s , ( 2 )  as an inert ing 

agent in a reduct ion proc e s s , ( 3 )  to p rov ide an inert atmosphere for mo l ten p l u ton ium 

metal  that i s  b e i ng puri fied , and ( 4 )  as a purg ing agent . Argon i s  used in a fac i l i 

ty i n  wh i c h  c a l c ium metal  i s  s tored . The me tal i s  s t o red i n  a drum w i th a sp e c i a l  

l i d  equipped wi th a fi t t i ng t o  a l low t h e  drum to be purged w i th argon b e fore i t  i s  

opened and a f t e r  i t  i s  r e s e a l ed . Thi s minim i z e s  t h e  danger from hydrogen g a s  accumu -" 

l a t i on . Th e drum i s  s to red in a spec i a l ly des igned me tal  shed to pro t e c t  i t  from 

wa t e r  from the sprinkler sy s t em . F iv e - gal lon buckets o f  magne s ium oxide s and a re 

provided i n  c a s e  o f  a c a l c ium f i re . 

He l ium i s  o ften used in various modu l e  pro c e s s  ope rat ions , par t i cularly as a 

pres suriz ing gas . 

2 - 1 3 8  



2 . 6 . 8  Water Sys te� 

The P l an t ' s  water sys tem i s  a comp l e te water supp l y , t r e a tment , s torage , and 

d i s t ribu t i on s y s t em o f  amp l e  c apa c i ty for me e t i ng a l l  ex i s ting and anti c i p a t ed P l ant 

ne ed s . The wa t e r  sys t em c an be cons idered t o  have three b a s i c  parts : ( 1 )  an i n 

coming raw w a t e r  supply , ( 2 )  a raw w a t e r  s y s t em o n  s i te and ( 3 )  a t re ated water 

sys t em on s i te . 

At the P l an t , the incoming raw wat e r  i s  pas sed th rough a m i c ro s trainer fi l te r  to 

remove p a r t i c u l a t e  mat e r i a l . The f i l t e red raw w a t e r  is then divided i n to two s t re ams . 

One enters  an on- s i te raw ( f i l te red but otherw i s e  untre a ted ) water d i s tribu t i on 

sys tem to di sburse water for cool i ng towe r makeup , minor i r riga t i on , and m i s c e l l aneous 

purpo s e s . The s e c ond s t ream p a s s e s  through l ime - a lum ,  s and f i l t r a t i on and ac t ivated 

carbon i n  the water t re atment fac i l i ty .  The r e s u l tant t r e a t ed ( po t ab l e )  water i s  

d i s t r i buted fo r dome s t i c , p ro c e s s ,  and f i re pro t ec t ion u s e s  throughout the P l an t . 

Because  the sys tem has been s i zed for f i re requi remen t s , i t  has  adequa t e  c apac i ty for 

a l l  fo rseeable dome s t i c  and proc e s s  needs . 

The t o t a l  quant i t i e s  o f  raw water purc h a s ed in FY 1974 through FY 1 9 7 7  a re shown 

in Tab l e  2 . 6 . 8 - 1  ( s e e  a l s o  S e c t ion 4 . 4 . 2 . 1 ) : 

FY 
1974 

1 9 7 5  

1 9 7 6  

1 9 7 7  

TABLE 2 . 6 . 8 - 1  

PURCHASED RAW WATER 

Gal lons 

143 , 4 3 5 , 0 00 

1 2 5 , 9 5 2 , 00 0  

115 , 9 6 3 , 0 0 0  

1 1 3 , 244 , 0 0 0  

O f  t h e s e  quan t i t i e s , app rox ima tely one - fourth i s  u s ed as  raw water ; t h e  rema i n 

der i s  treated . Al l tre a ted ( po t ab l e )  w a t e r  u s e d  f o r  dome s t i c  purp o s e s  i s  d i s ch a rged 

to the s an i tary s ewer sys t e m . As a resu l t , ove r  5 6  mi l l i on gal lons was r e l e a s ed o f f  

s i te from the s ewage t r e a tment p l ant  i n  F Y  1 9 7 6 . The rema inder o f  the water i s  

rel e a s ed through evaporat ive proc e �s e s , mainly coo l i ng towe r s  ( approximately 3 0  

mi l l ion gal l on s ) ,  s o l a r  ponds , A - s e r i e s  ho lding ponds , and i rrigat ion . Wa t e r  u s age 

and l o s s e s  are mo re ful l y desc ribed in Sec t i on 3 . 1 . 1 . 1 .  No water is re l e a s ed from 

the pro c e s s  w a s t e  s tr e am .  The decrease  in raw water purc hase  from FY 1 9 7 4 through FY 
1 9 7 7  i s  accountab l e  to variou s  means o f  conserv a t ion , e spe c i a l l y  in the coo l ing towe r 

blowdown p roc e s s , but a l s o  to a redu c t i on in p roduc t i on . Trea ted water u s e d  i n  P l ant 

produc t ion pro c e s s e s  i s  d i s c harged to the pro c e s s  w a s t e  sys tem . 
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2 . 6 . 8 . 1  Raw Wa t e r  Supp ly , S t orage , and D i s t r i bu t i on 

Al l raw wa t e r  i s  purch a s ed from the C i ty and County o f  Denv e r  and i s  drawn from 

two Denve r - owned sourc e s , Ra l s ton Re s e rv0 i r and South Bou l d e r  D i v e r s i on Canal . 

The p r imary year- round sourc � o f  raw wa t e r  i s  Ra l s ton Reservo i r ,  loca ted abo u t  

5 . 5  p i pe l i ne mi l e s  south- sou thwe s t o f  the  P l a n t  s i t e .  Ra l s t on Re s e rvo i r ,  wh i c h  h a s  a 

capac i ty o f  1 , 2 0 0  ac re f e e t , p rov i de s  abou t one -ha l f  o f  the wa t e r  requi red by the 

P l ant . I t  i s  fi l l e d  from the drai nage bas i n  in wh i ch i t  l i e s  and from Gro s s  R e s e r 

voi r ,  by way o f  t h e  South Bou l d e r  D iv e r s ion Cana l . I t  norma l l y  i s  u t i l i ze d  by Ro c ky 

F l a t s  from around November th rough Ap r i l .  Max imum and minimum wa t e r  l evel e l evat ions 

at Ra l s ton are 6 , 04 6  and 5 , 94 6  fe e t  above s ea l eve l . 

The raw wa t e r  f rom Ra l s t on Re s ervoi r i s  pumped to Roc ky F l a ts through a s i ng l e  

1 0 - inch - d i ame t e r , c a s t - i ron supply ma i n . S i nce th i s  l ine c ro s s e s  some rough t e r r a i n , 

C l a s s  2 5 0  p i pe is u s ed i n  tho s e  p o r t i ons where hi gh p re s s u r e s  r e su l t  from va r i a t ions 

i n  e l evat ion . Al so , mechan i c a l j o in t s  are used i n  c � i t i c a l  s e c t ions ; bell  and s p i g o t  

j o i n t s  c aulke d  wi th l e ad are u s e d  fo r t h e  rema i nde r .  Va lves  p e rm i t  i so l a t i ng the 

p ipe i n t o  s e c t ions  no t over 5 , 0 0 0  f e e t  l ong . 

No rmal l y ,  wa ter i s  pump ed from Ra l s ton Re s e rvo i r t o  a raw-wa t e r  s to rage pond 

j u s t  we s t  o f  the P l an t . Th e pond c an be bypas sed , howeve r ,  and the wa t e r  pump ed 

d i re c t l y  to the P l an t .  Wa t e r  is pump ed from Ra l s ton Re s e rvo i r  by two pump s a t  the 

base of the dam . Bo th pumps are i n  a heated pump room and are two - s tage c en t r i fugal 

pump s rated at 350 ga l l ons per minute at 165 p s i  when operating at 1 , 7 5 0  rpm . The 

p r imary pump i s  d r iven by a 7 5 - hp e l e c t r i c  moto r ;  the s t andby pump can be driven by 

e i ther a 7 5 - hp e l e c t r i c  mo tor or a gaso l ine eng i ne . The pumps are s t arted and 

s topped automa t i c a l l y  by a p re s sure swi tch . The ope ra t i on o f  e i ther pump at i t s 

rated capaci ty provide s 5 0 0 , 0 0 0  gal lons per day . S i n c e  t h e  con t ro l s  p e rm i t  s imul 

taneous o p e ra t i on , c apac i ty can be increased to 1 mi l l i on gallons  p e r  day . When the 

South Bou lder Divers i on Canal is in s e rvi c e , powe r to the Ra l s ton pump s is manual ly 

shut o f f  and the pump i ng s t a t i on i s  lo cked . The s ta t i o n  i s  rou t inely checke d  by 

Ut i l i t i e s  pe rsonnel . 

The South Bou l d e r  Diversion Canal , wh i c h p a s s e s  about 1 . 5  m i l e s  we s t  o f  the 

P l an t , is  the s ec ondary source o f  raw wa ter ; i t  usual l y  is  used from about May 

through Oc tob e r .  Th i s  canal , wh i c h  tran s fers wa t e r  f rom Gro s s  R e s e rvo i r  to Ral s ton 

Re s e rvo i r , p rov i d e s  about o n e - hal f of the wa ter requi red for the Plant . Gro s s  Re s e r 

vo i r ,  loc a t ed o n  South Bou lder C r e e k  i n  t h e  moun t a i n s  abou t 1 0  m i l e s  we s t - no r thwe s t  

o f  the P l an t , i s  con s i d e rably l a rger and at a h i gher e l evat i o n  than Ra l s ton Re s e rvo i r .  

The Denv e r  Wa t e r  Board regu l a t e s  the f l ow i n  the cana l , no rma l ly s t a r t ing i t  i n  the 

s p r i ng and shu t t i ng it o f f  i n  the fal l .  For thi s reason , the c anal c anno t be c on s i 

d e red a year- round sourc e , e i t h e r for the P l an t  o r  for  Ral s t on Re s e rvo i r .  Wa t e r  

drawn from the c ana l , a t  a n  e l eva t i on o f  6 , 1 9 0  fee t ,  fl ows b y  grav i ty t o  the P l an t  o r  

t o  t h e  raw-water s to rage pond . 
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A 1 0 - inch , c a s t - i ron main app roxima te ly 5 0 0  feet l ong t ransmi t s  raw wa t e r  from 

the intake on the canal to a point  where it i n t e r s e c t s  the l ine f rom Ral s ton Reser

vo i r . F rom that  poin t ,  the  Ra l s ton l ine i s  u s ed to convey the  wa t e r  from the  cana l . 

There fore , i t  i s  not po s s ib l e  to draw wa ter s imu l taneou s ly from b o th s ou rc e s  o f  

supp ly . The capac i ty o f  the 1 0 - inch main b e tween the cana l and the s torage pond 

woul d  be about 1 , 40 0  ga l lons per minute ( gpm ) under grav i ty f l ow i f  the pipe had a 

free ou t l e t . The re i s  a s e c t ion o f  3 - inch p ipe about 5 0  f e e t  long , howeve r ,  that 

l eads into the pond ; th i s  reduc e s  the capac i ty to about 950 gpm . Al t erna t ive ly , 

wa t e r  from the canal can b e  d e l ivered d i rec tly to the P l an t ,  byp a s s ing the pond , a t  

approx imate ly 1 , 3 0 0  gpm ( o r  1 . 9  mi l l ion ga l lons per day ) . T h e  intake on t h e  cana l i s  

a r e i n forced concrete s t ructure equipped wi th trash racks , remova l  sc reens , and a 

shear gate . 

The raw wa ter s to rage pond i s  loc ated about 0 . 5  m i l e  wes t o f  the wa ter treatment 

fac i l i ty .  The open , asphal t - l ined pond has a nominal c apa c i ty of 1 . 5  mi l l io n  gal l on s  

wi th 1 f o o t  o f  freeboard . The bot tom o f  t h e  pond i s  at an e l ev a t i on o f  6 , 09 5  fee t , 

and the maximum wa ter l ev e l  i s  6 , 1 0 7  fee t .  The pond i s  fed by a 3 - i nch l i ne tapp ed 

into the 1 0 - inch , incoming raw-wa t e r  main . When the pond is operated as the source 

o f  wa t e r  fo r the P l an t , the water flows by grav i ty through e i ther o r  both of two 

cas t - i ron ma ins ; one i s  a l O - inch pipe back to the incoming Ra l s ton l ine and from 

there to a j unc tion p o i n t  near the wa ter treatment fac i l i ty . The other i s  a para l l e l  

1 2 - inch pipe t o  the same j unc t io n . The capac i ty o f  the 1 0 - inch main i s  e s t imated to 

be 1 , 1 0 0  gpm ( o r 1 . 6  mi l l i o n  gal l on s  per day ) . The comb ined capac i ty o f  the two 

ma ins  i s  enough to d e l iver wa ter from the pond to the P l an t at a rate h igh enough to 

s a t i s fy max imum P l an t  demand . 

Meters  a t  Ral s ton Re s e rvo i r , the c anal  intake , the pond i n l e t , the incoming l i ne 

to the wat e r  treatment fac i l i ty , the l ine to the coo l in g  tower s , and each of the 

coo l i ng towe r s  make i t  po s s i b l e  to d e t e rm i n e  mate r i a l  b a l ances and to check for l e aks 

in the water system . The meters  at the tre atme n t  bu i l d i ng and the d i s tribution l i ne 

fo r the coo l ing towe rs automa t i c a l ly record the i r  i n forma t i on in the water treatment 

bu i l d i ng . The o thers are checked according to e s tab l i shed s chedul e s . 

The Ral s ton Re s e rvo i r  pump s can pump raw wa ter d i re c t l y  i n to the on- s i t e  raw 

wa t e r  sys t em . S i n c e  the pump s c an generate a p r e s sure o f  1 9 5  p s i  and the on- s i te 

s y s t em i s  de s i gned for 1 5 0  p s i , a p re s sure- reduc ing s t a t ion i s  i n s t a l l e d  at the 

j unc t ion of the two systems . The s t a t i on e l iminates  the po s s i b i l i ty o f  ove r 

pressuriz i ng t h e  on- s i t e raw water sys tem . 

2 . 6 . 8 . 2  On - S i te Raw Wa t e r  System 

The on- s i t e raw wa t e r  sys tem is  primar i ly for the coo l ing towe rs , w i th a sma l l  

amoun t used fo r minor m i s c e l l aneous purpo se s . Raw wa t e r  for t h e  cool ing towe r s  i s  

me t e red from the supp ly mains  and i s  p a s s ed through the mi c ros trainer to remove maj or 
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s o l i d  impu r i t i e s . Tab l e  2 . 6 . 8 - 2  l i s t s  the c omponents o f  Roc ky F l a t s ' raw wate r . 

F rom the m i c r o s traine r s , the  wat e r  f l ows i n to the untrea ted ( raw ) water d i s t r i bu 

t i on sys t em , bypas s ing the wa t e r  t re a tmen t p l an t . ( The untreated d i s t r i bu t i on l in e  

c o n s i s t s  o f  1 0 - inch ma i n s  and i s  be i ng c onve r t ed from a grav i ty- f l ow to a pumped 

sys tem to ac c omodate the  new p l uto n i um recovery fac i l i ty . ) The un t r e a t ed water i s  

then p i ped to [he c oo l i ng towe rs for n i n e  bui l d i ngs . The cool i ng tower c apac i t i e s  

are g i ven in Tab l e  2 . 6 . 8 - 3 . 

TAB LE 2 . 6 . 8 - 2  

COMPONENTS O F  ROCKY F LATS P LANT RAW WATER 

Non rad i oac t i ve 
Componen t ( mg/l ) ;� 

Alkal i n i  ty : 

Carbona t e  - C03 
B i c arbonate - HC03 

Alumi num Ox ide - A1 203 
Ca l c ium - Ca 

Ch l o r i de - Cl  

Chrom ium - C r
+ 6 

F l uo r i d e  - F 

Ha rdne s s  - CaC03 
I ron Ox ide - Fe304 
Magn e s ium - Kg 

Ni trate  - N03 
S i  l i c a - S i 02 
S od i um - Na 

Sul fa t e  - S04 
To tal S o l ids  

pH 

Rad i oac t ive 
Component ( PC i/ I ) ** 

Ameri c i um 
( two s amp l e s  o n l y )  

T r i  t i um 

P l uto n i um 
( two s amp l e s  o n l y )  

Uran ium 

Mean 

49 . 6  

0 . 46 

1 1 . 8 

0 . 6  

0 . 0 5 

0 . 14 

3 1 . 0 

3 . 9  

2 . 2  

0 . 3 4 

8 . 1  

1 0 . 3  

1 8 . 3  

1 1 5 . 0  

7 . 5  

7 5 0  

6 . 8  

6 1 . 0 

1 . 0  

1 7 . 5  

1 . 0  

0 . 1 6 

42 . 7  

7 . 0  

2 . 8  

0 . 5 5 

1 2 . 2  

1 4 . 2  

28 . 0  

2 7 9 . 0  

8 . 1  

0 . 0 0 8  

1 0 2 5  

0 . 0 1 

6 1 . 8 

Low 

34 . 5  

0 . 1 5 

5 . 0  

0 . 1 2 

2 3 . 3  

1 . 5  

1 . 5  

0 . 1 5 

4 . 2  

6 . 7  

9 . 5  

40 . 0  

7 . 2  

0 . 0 0 6  

6 0 0  

0 . 0 0 6  

0 . 7  

* Nonrad i oac t ive component data are from a 1 9 7 4  s tudy 
c onduc t ed by Eng i n e e r i ng S c i en c e s , Inc . 

**Rad i oac t i ve c ompone n t s  are from s amp l e s  analyzed during 
1 9 7 8  by the Ro c ky F l a t s  He a l th and Env i ronmen tal Laboratory . 

2 - 1 42 



TAB LE 2 . 6 . 8 - 3  

COO L ING TOWER CAPAC ITY 

P l ant Area 

3 0 0  

400 

7 0 0  

800  

Tower Capac i ty ( tons* ) 

6 , 6 67  

6 0 0  

7 , 3 5 0  

9 0 0  

* Tons re fers t o  t h e  refrigerat ion rat ing o f  t h e  c o o l ing 
towe r , where one s t andard comme r c i a l  ton of refr igera t i on 
equa l s  1 2 , 0 00 Btu/h r .  

A l l  o f  the c oo l ing towe r s  used i n  the P l an t  are mechan i c a l - draft wet tower s  that 

cool  bui l d ings by tran s ferring exc e s s  heat to the atmo sphere through d i re c t mixing o f  

a i r  and wa ter . E l e c t r i c a l ly driven fans p rovide the a i r  flow through the towe r . 

Exc e s s  heat i s  p i c ked up by wa ter as i t  c i rcu l a t e s  through cool ing c o i l s  i n  the 

bui l d ings ' heating , ven t i l at ing , and a i r - cond i t ioning sys tems and some of the proc e s s  

h e a t  exchangers . Part o f  t h i s  warm water i s  evaporated as i t  mixes w i th t h e  coo l e r  

a i r  f l owing through the towe r , thus t ran s ferring the exc e s s  heat to the atmo sphere . 

Cool ing tower ope rat ion and the evapo rat ion rate con s e quen t l y  are dependent on am

b i en t  a i r  temperature and tower heat l o ad . Dur ing winter month s , the reduced amb i ent 

temperature and reduced tower heat l o ad reduce the evaporation rate to app rox imately 

one - h a l f  that of warm summe r  mon th s . Tab l e  2 . 6 . 8 - 4  shows the mon thly raw wa ter 

consump t i on for FY 1975  and demon s t rates  winter and summer var iat ions in consump tion . 

TABLE 2 . 6 . 8 - 4  

COOL ING TOWER RAW WATER CONSUMPTION ( FY 1 9 7 5 )  

Month 

July , 1 9 7 4  

Augu s t  

S ep t embe r  

October 

Novemb e r  

Dec emb e r  

January , 1 9 7 5  

February 

March 

Ap r i l 

May 

June 

To t a l  Winter ( Oc t . - -Marc h )  

To t a l  Summer ( Apri l - - S ep t . ) 

To t a l  Makeup 

Quan t i ty Used 
( l  , 0 00 gal l on s ) 

2 - 14 3  

6 , 2 2 3 . 8  

4 , 8 67 . 3  

2 , 3 1 3 . 9  

2 , 1 3 9 . 8  

2 , 0 3 8 . 7  

1 , 8 1 6 . 7  

1 , 59 0 . 8  

1 , 6 5 6 . 9  

1 , 7 0 1 . 8  

1 , 833 . 9  

2 , 18 5 . 7  

2 , 85 7 . 8  

1 0 , 944 . 7  

20 , 2 8 2 . 4  

3 1 , 2 27 . 1  



Du r i ng cool ing- t owe r ope rat ion , raw wat e r  i s  added t o  re p l ac e  ( 1 )  wa t e r  l o s t  by 

evapora t ive heat d i s s i pat i on , ( 2 )  wat e r  r e q u i red to m a i n t a i n  cool ing- tower wa ter 

qua l i ty , and ( 3 )  d r i ft l o s s e s  f rom wa t e r  contained i n  the  a i r  s t ream .  The con sump 

t ion ra t e s  g i ven i n  Tab l e  2 . 6 . 8 - 4  i nc l ude wa t e r  added fo r b l owdown and d r i f t  l o s s e s , 

wh i c h  are both d i rec t ly re l a t e d  t o  evapora t ion ra te . 

" B l owdown " re fers to the cont i nuous o r  p e r i od i c  d i scharge o f  a po r t i on o f  the 

cool ing tower wa t e r  to con t rol the l eve l of s o l i d s  in the c i rculat ing wa t e r .  As 

wa t e r  i s  evapo rated by the t owe r ,  the d i s so l ved and suspended s o l i d s  rema i n  i n  the 

c i rcu l a t i ng wa t e r  and wou l d  eventua l l y  reach a l evel det r imen tal  to towe r ope ra t i on . 

Because o f  the h i gh qual i ty o f  the raw wa t e r  ( s ee Tab l e  2 . 6 . 8 - 2 )  and var i ab i l i ty o f  

evaporat ion r a t e , t h e  frequency o f  b l owdown for the P l ant ' s  c oo l ing towe rs varie s ,  

depend ing on chem i c a l  analys i s  o f  the tower c i rculat ing wate r .  Various chem i c a l s  are 

added t o  the cool i ng towers ' c i rc u l a t i ng water sys tems to prevent b i o l og i c a l  growth , 

corro s ion , s c a l ing , and other e f fe c t s  that can fou l h e a t - trans fer surfac e s  and d e 

grade p e r fo rmanc e .  P roportional amoun ts o f  these c h emi c a l s and the i r  reactants  are 

carr i ed wi th the bl owdown wat e r ,  wh i c h  is d i s c ha rged t o  the sani tary sewage sys t em . 

To t al s o l i d s  i n  the coo l ing t owe r w a t e r  i s  normal l y  ma i n tained a t  approxima t e l y  5 0 0  

t o  7 0 0  ppm . 

D r i f t  l o s s e s  from cool ing towers a l s o  c a r ry prop o r t i onal  amoun t s  o f  the c hemi 

c a l s  and reactants used i n  t re a t i ng t ower wa t e r . I n  mos t c a s e s , the s e  wa t e r  d rop l e t s  

are carried out o f  the tower wi th the r i s ing vapor c o l umn , bu t d rop t o  the ground 

w i t h i n  a few hundred yards o f  the towe r . The c hemi c a l s  thus depo s i ted on the s o i l 

may e n t e r  surface and subsu r fac e wa t e r  as a resul t o f  rai n fa l l  runo f f  and other 

hydro l o g i c a l  phenomena . Accurate e s t ima t e s  of total  d r i f t  l o s s  are not fea s i b l e  

because o f  t h e  many va r i ab l e s  invo lved , i n c l ud ing water c i rcu l a t i on rate , evapo r a t i on 

ra te , external wi nd e f f e c t s , tower d e s ign and age , plus  bl owdown frequency and res u l 

tant variat ions i n  towe r-wa t e r  qual i ty .  As suming a d r i f t  l o s s  ra t e  equal t o  0 . 1% o f  

the to t a l  wa ter c i rc u l a t ion rate and operation a t  5 0 0  t o  7 0 0  ppm total s o l i d  concen

tra t i o n , a cons e rvat ive e s t imate of  dri ft loss  i nd i c a t e s  that app roxima t e l y  4 , 0 0 0  pound s 

per year o f  s o l i d s  may be c arried w i th the dri ft and depo s i ted on the surround i ng 

so i l . 

2 . 6 . 8 . 3  Treated Wa t e r  Supply , S t o rage , and D i s tribu t i on 

Al l potab l e  wat e r  at the Plant i s  treated on s i t e . Th e treated sys tem s e rves  

dome s t i c , indus t r i al , and f i re pro t e c t ion us e s . I t  has over 2 mi l l ion gal lons o f  

s t o rage capac i ty i n  four s t orage tanks and the wat e r  t reatment p l an t ' s  c l ear-we l l .  

The s to rage i s  d e s igned so that two s eparate 4 - hour sourc e s  o f  f i r e  pro t e c t ion wa t e r  

are ava i l ab le a t  a l l  t imes . 

Raw wa t e r  i s  t r e a t ed i n  the wa t e r  t re a tment plant , whi c h  has a nom i n a l  capac i ty 

o f  7 0 0  gpm ( 1  m i l l ion gpd ) . The P l an t  has a m i c ro s traine r ,  f l o c c u l a t ion t an k ,  three 
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grav i ty s and f i l ters , two chemical  feeders , c h l orinat i on equipment , d i s t r ibut ion 

pump s , and fac i l i t i e s  for recyc l ing backwash wate r . Ten mi l l i on to 16 m i l l ion gal lons 

o f  raw wa ter no rma l ly are treated each month . 

Treated wa ter flows from the wa ter treatment p l an t  to the c l ea r - we l l . From 

there , i t  i s  pumped into a ground - l evel  tank and then into an e l eva ted t ank or the 

P l ant d i s t ribut ion ma ins , according to demand . Pump ing c ap ab i l i ty for the treated 

water at the water treatment p l ant depends upon five e l e c t r i c  pump s . A 1 , 0 0 0 - gpm 

pump move s treated water from the c l ear-we l l  to the ground - l evel  t ank , wh i c h  has  a 

c apac i ty o f  5 0 0 , 0 0 0  ga l l on s . One 7 0 0 - gpm and two 500 - gpm pumps de l iver wa ter from 

the c l ear-we l l  or the ground - l evel  tank to e i ther the e l evated t an k  o r  the P l an t ' s  

treated-water d i s tribution sys tem . The s e  three d i s t r ibution pump s cyc l e  automa t i 

c a l l y  t o  maintain a minimum o f  2 2 0 , 00 0  gal l on s  i n  the 3 0 0 , 0 0 0 - ga l lon - c apac i ty , 1 5 5 -

foo t - h igh s torage t ank . Norma l ly , only two o f  the s e  three pump s are on- l i n e  at one 

t ime . The fi fth pump c an pump wa t e r  for f i re u s age a t  1 , 5 0 0  gal l ons per minute . I t  

pump s from e i ther the c l ear-we l l  or the ground - l ev e l  t ank t o  the d i s t r ibut i on system . 

In c a s e  o f  a power outage , there i s  a 2 2 5 - kW emergency generator to keep the pump s 

operat ional . The generator mus t  b e  s t arted manua l ly . 

In addi t ion to the five e l ec t r i c pump s a t  the water treatment p l ant , there are 

two 2 , 5 00 - gpm pump s , one d i e s e l - dr iven and one e le c t r i c , that c an pump wa t e r  from the 

two 5 0 0 , 0 0 0 - g a l l on f i re - wa t e r  s torage tanks located near the e a s t  s id e  o f  the deve l -

oped P l ant s i t e . 

The pr imary supp ly for the t reated water d i s tribution sys tem i s  the e l evated 

tank . S inc e there is  no check valve i n  its  d i s charge l ine , the pres sure i s  main

tain ed be tween 65  and 7 2  p s i . I f  the tank i s  out o f  s e rv i c e  fo r any reason , water i s  

supp l i ed to the d i s t r ibution system b y  the three s e rv i c e  pump s ( p lus  the f i r e  pro t e c 

t ion pump , i f  nec e s s ary ) , drawing from e i ther t h e  c l ear-we l l  or the ground - l eve l 

t ank . 

P l ant d i s t r ibution o f  treated water begins  w i th dual , 1 2 - inch , c a s t - i ron mains 

from both the e l evated t ank and the s e rv i c e  pump s . The mains conne c t  to a mul t ip l e 

loop , s e c t i onal i z e d  main s y s t em extend i ng througho ut the P l an t  s i te . Mo s t  o f  the 

mul t ip l e - loop system cons i s t s  of l a - inch main s ; no s e c t ion of the l oop sys tem has 

mains smal l e r  than 8 inc h e s  in d i ame t e r . A l l  maj or fac i l i t i e s are s e rved by c lo s e d  

loop s ; consequen t l y , w a t e r  c an be supp l i ed from e i ther o f  two di rec t ions , as suring 

con t i nued s e rv i c e  in the event a l ine shou l d  break . Yard mai n s  that supply out lying 

bu i l dings and that are not a part o f  the loop sys tem are o f  a size commen surate w i th 

usage , some be ing as sma l l  as 2 inche s . 

Al though the treated water sys tem p rov ides water for a l l  dome s t i c , indus t r i a l , 

and f i re pro t e c t ion u s e s , the various sub systems are pro tec ted to prevent any und e s i r 

ab l e  c ro s s - contamination o r  po l lu t i on . F o r  examp l e , a l l  dr inking w a t e r  sys t ems are 

pro t e c t e d  w i th back- flow prevent e r s . 
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F i l te r  backwash water from the water treatment p l an t  i s  repro c e s sed in a fac i 

l i ty that has two 60 , 0 0 0 - ga l l on s to rage tanks , two drying beds , and s everal pump s . 

Th i s  fac i l i ty permi t s  reuse o f  thi s highly turbid wate r , so that i t  i s  not di scharged 

o f f  s i te . 

2 . 6 . 9  S team Sys tem 

More than two - t h i rds of the s t e am produc ed a t  the Roc ky F l a t s  P l ant is used in 

the h e a t ing , ven t i l a t ing , and a i r  cond i t ion i ng ( HVAC ) systems in the bu i l dings . The 

rema inder is used for pro c e s s  heat ing . No s te am i s  u s ed for gene rat ing e l ec t r i c a l  

powe r .  E f fluents from t h e  s t eam p l ant a r e  l i s ted in Tab l e s  2 . 6 . 6 - 2  and 2 . 6 . 6 - 3 . 

The main s t eam bo i l e r s  for the P l an t  are in a bu i l ding in the 400 area ; add i t i onc.l , 

supp l emen tal s te am boi l e r s  are in the 7 0 0  and 800 areas (Tabl e 2 . 6 . 9 - 1 ) . Gene rat ing 

c apaci ty for each of these  bo i l e rs is as  fo l l ows : 

400 Area 4 @ 7 5 , 0 0 0  Ib/hr = 3 0 0 , 0 0 0  Ib/h r .  

800  Area 3 @ 24 , 0 0 0  Ib/h r = 7 2 , 0 0 0  Ib/h r .  

7 0 0  Area 1 @ 2 1  , 0 0 0  lb/hr = 2 1 , 0 00 I b/h r .  

To t a l  3 9 3 , 0 0 0  Ib/h r .  

TABLE 2 . 6 . 9 - 1  

ROCKY FLATS BOILER SPE C I F I CAT I ONS 

Fue l U s e  Rate Per Hour E x i t  
Hea t  Input Na t .  G a s  ff6 O i l  S t a c k  He i ght Gas Temp e ra ture 

Bldg.  Type Btu/ h r . ( f t3 ) ( l b s )  and Interna l D i a . and Ve l o c i t� 

443 Kee l e r  Wa ter Tube 
( 2  uni t s )  1 0 0 , 000 , 000 1 04 , 000 5 , 1 0 0  8 0  f t x 5 . 5  ft 325 °F/ 1 , 5 2 0  f pm 

E r i e  C i ty Wa ter Tube 1 0 0 , 000 , 000 104 , 000 5 , 1 00 75 ft x 4 . 5  ft 300oF/ 2 , 300 f pm 

Combus t i on Eng ineering 
Wa ter Tube 1 0 0 , 000 , 000 1 0 4 , 000 5 , 1 0 0  75 ft x 5 . 5 ft 3 1 5 °F/ l , 5 20 fpm 

7 7 1  B a b c o c k  & Wi l c ox 
Wa ter Tube 2 5 , 200 , 000 2 7 , 3 00 1 , 460 3 4  ft x 3 ft . 5 00oF/ 2 , 6 6 0  f}m 

8 8 1  Union I ron Works Wa t e r  
T ube (3 uni t s )  2 8 , 400 , 000 30 , 000 1 , 5 9 0  5 2  f t  x 7 ft 5 0 0 oF/ 1 , 300 fpm 

( c ommon s ta c k )  

9 9 1 C l eaver B r o o k s  Fi re 
Tube Hot Wa t e r  3 , 3 60 , 00 0  3 , 5 0 0  2 4  32 ft x 1 . 5  ft 400oF/ 1 , 7 00 fpm 
(2 uni t s )  ( 112 o i l )  ( c ommon s ta c k )  
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The four bo i l e r s  i n  the central s t e am plant  p roduce s t e am at 3 0 0  pounds p e r  

square i n c h  gauge ( p s i g )  and 475  o f . They a r e  fue l ed b y  natural gas , w i th fue l  o i l  

a s  a backup . The bo i l e r s  i n  the 7 0 0  and 8 0 0  areas are s eparate , s tandby s ourc e s  o f  

s t e am that can b e  u s ed fo r bui ld i ngs i n  tho s e  areas i f  the central s t eam p l ant bo i l e r s  

or the s te am ma ins  have to be s h u t  down f o r  any reason . 

S t e am d i s t ri b u t i on l in e s  are loca ted above and b e l ow ground . Unde r  norma l 

opera t i ng cond i t ions , s t e am i s  d i s tribu ted at 3 0 0  p s i  to pre s su re - reduc ing s t a t i on s  

loca ted in o r  n e a r  maj o r  b u i l d i ngs . S t e am i s  reduced to 1 2 5  p s i  o r  l ower for d i s t r i 

bution w i thin  b u i l d i ngs . Almo s t  a l l  condens a t e  from the P l an t -wide HVAC s y s t ems i s  

ret urned t o  a 3 0 0 , 0 0 0 -gal l on tank near the c e n t r a l  s t ream p l an t . The water i s  u s ed 

as r e s e rve bo i l e r - feed wate r .  The condensate from pro c e s s  heat ing a l so i s  gene ra l ly 

returned to the s t eam p l ant . Contaminated condens a t e s  are sent to the wa s t e t re a t 

ment fac i l i ty .  

The ent i re central s te am p l ant and the s team d i s tribut ion sys t em i s  de s i gn ed and 

constructed to mee t  the requi reme n t s  o f  ( 1 )  the Un i fo rm B u i ld ing Code , ( 2 )  app l i c ab l e  

AS ME (Ame r i c an So c i e ty o f  Mechan i c a l  Eng ine e r s ) bo i l e r  and pres sure v e s s e l  code s , and 

( 3 )  app l i c ab l e  NFPA (Nat i onal F i re P ro t e c t ion As soc i a t ion ) f i re and exp l o s ion p ro t e c 

tion s t andards . A s  such , i t  h a s  a ful l  comp l ement o f  bu i l t - in s a fe ty feature s , 

dev i c e s , and i n t e r l o c ks that ensure s a f e , re l i ab l e  s t a r tup , ope ra t ion , and shutdown 

under norma l and emergency condi tion s . S in c e  the Un i fo rm B u i l d i ng Code s e i sm i c  

c r i te r i a  f o r  t h i s  region a r e  only s l igh t l y  l e s s  s evere than tho s e  impo sed for the 

Ope rat i ng Bas i s  Earthquake ( OBE ) * ,  the s te am p l ant and s te am l in e s  shou l d  s u s t ain no 

mo re than minor damage during an aBE . Portab l e  s team generators could be obtained 

should the s t e am p l an t  s u s t a i n  s u f f i c ient damage to curtai l its s e rv i c e . 

I f  there should be a powe r fai lure a f fec t i ng the central  s team p l ant , the bui l 

d ing has a d i e s e l -powered , 5 0 0 - kW ,  480V eme rgency generato r  that can keep two o f  the 

fou r bo i l e r s  operational during the outage . F uture p l an s  c a l l  fo r the i n s t a l l a t i on 

o f  a s econd emergency generator of c omp arab l e  s i z e ; the s econd generator a l s o w i l l  be 

capab l e  of ke eping two b o i l e r s  and aux i l i ar i e s  operating , br inging the to tal  emergency 

powe r capab i l i ty to a l ev e l  where a l l  four bo i l e r s  can be kep t i n  s e rv i c e . 

2 . 6 . 1 0 Ma t e r i a l  S h ipme n t s  

A vari e ty o f  radioac t ive and tox i c  mat e r i a l s  in various phys i c a l  and chem i c a l  

forms a r e  sh ipped to and from t h e  Roc ky F l a t s  P l an t  dur ing t h e  c o u r s e  o f  normal 

operation s . Th i s  s ec t ion d e s c r i b e s  wha t  the s e  mat e r i a l s  are , how they are s h ipped , 

and how s a fe ty i s  ensured dur ing s h ipment . 

2 . 6 . 1 0 . 1  Mate r i a l s  and Conf igurations 

A s ummary o f  mate r i a l s  and the i r  forms fo r sh ipment i s  given i n  Tab l e  2 . 6 . 1 0 - 1 . 

*An ear thquake wh i c h  i s  no t s evere enough to p r e c l ude cont inued s a fe operat ion . 
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TABLE 2 . 6 . 1 0 - 1  

TRANSPORTAT I ON O F  MAT E R I ALS T O  AND F ROM ROCKY FLATS P L ANT 

Ma t e r i a l  

Ame ricium - 2 4 1  

B e ry l l ium 

Neptunium - 2 3 7  

Plu ton ium 

Plutonium 
and 
Uran ium 

Uran i um - 2 3 3  

Uranium - 2 3 5  

Uranium - 2 38 

Uranium - 2 3 5  

and 

Uranium - 2 3 8 

M i s c e l l aneous;', 

TOTALS 

Form 

Ox ide 

Was t e  

Me tal 

S c rap 

Me tal 

Ox ide 

Me tal 

Ox ide 

Me tal 
p l us 
Ox ide 

Ni tra t e  

Was t e 

Me tal  

Was te 

Ox ide 

Was t e  

Me tal 

Ox ide 

Ni trate 

Me tal 

Me tal  

Wa s t e  

S everal 

Sh ipp ing 
Me thod 

Truc k 

Rail 

Air 

Truck 

Air 

Truck 

Ai r 

Truck 

Truck 

Truck 

Truck 

Truck 

Rail 

Truck 

Truck 

Truck 

Rail 

Truck 

A i r  

Truck 

Truck 

Truck 

Air 

Truck 

Truck 

Ra i l  

Truck 

Truck 

Ai r 

Ra i l  

Un i t s  o f  
Sh ipment 

g 

g 

kg 

Ib 

g 

g 

g 

kg 

g 

g 

kg 

g 

g 

g 

g 

kg 

g 

g 

g 

kg 

kg 

g 

kg 

g 

kg 

kg 

g 

kg 

g 

g 

various 

To tal Shipment 
Mi l e s  (pe r y e a r )* * 

38 , 9 00 

6 6 , 980 

2 5 5 , 0 00 

6 , 604 

2 , 5 00 

1 , 2 00 

1 , 3 0 0  

3 7 , 3 00 

1 1  , 42 0  

1 2 , 7 00 

3 5 , 40 0  

5 7 , 8 00 

48 , 0 0 0  

1 0 7 , 0 00 

6 6 , 9 80 

5 8 , 240 

3 , 7 0 0  

1 , 6 00 

2 , 3 64 

3 5 , 3 0 0  

6 , 5 0 0  

14 , 7 0 0  

3 , 2 0 0  

7 4 0  

67 , 0 3 0  

7 7  , 0 0 0  

1 , 2 0 0  

2 , 60 0  

1 1 , 80 0  

l 3 , 3 9 6  

9 6 , 0 0 0  

63 6 , 5 3 4  

3 5 8 , 20 0  

149 , 7 20 

*Mi s c e l l aneous inc lude s other haz ardous materi a l s  such a s  radioac t ive sour c e s  and 
ana l y t i c a l  ma teri a l s , f l ammab l e  gas e s , poi sons , chemi c a l , gasol ine , and o i l , as  
l i s t ed in DOT regul at ions ( 4 9  CFR 1 7 2 ) . 

* *A r e c e n t  y e a r  r ep r e s e n t a t iv e  o f  no rma l o p e r a t i on s . 
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I n fo rma t i on about the exa c t  s i z e  and amoun t o f  rad ioa c t ive ma ter i a l  i n  t he s h i pp i ng 

containers  i s  usual l y  c l a s s i f i ed , but a b re akdown i s  p rov i d e d  h e r e  t o  i n d i c a t e  whe t h e r  

t h e  s h ipment contains  ki l ogram amoun t s  o r  only gram amo u n t s .  S h i pmen t s  o f  gram 

quan t i t i e s  o f  rad i o a c t ive ma t e r i a l s  are gene ra l ly samp le fo i l s  o r  l abora to ry s amp l e s  

going to o ther l aboratori e s  for analys i s .  Wh i l e  the exac t amount o f  p l u ton i um and 

o ther rad io a c t ive m a t e r i a l  sh ipped i s  n o t  g iven , s u f f i c i ent in forma t i on i s  ava i l ab l e  

t o  provide a n  adequate ba s i s  f o r  an env i ronmen t a l  impac t ana lys i s .  

The f i gures given i n  Tab l e 2 . 6 . 1 0 - 1  and in Tab l e s  2 . 6 . 1 0 - 2  t h rough 2 . 6 . 1 0 - 4 

re f l e c t current s h i pment i n forma t ion . T o t a l  s h i p m e n t  m i l e �  i s  t h a t  a c t u a l l y t r ave l e d  

in a r e c e n t  y e a r  t h a t  i s  c o n s i de r e d  t o  b e  r e p r e s e n t a t i v e  o f  norma l o p e r a t i o n s . 

Smal l  amoun t s  o f  o ther radioac t ive i s o top e s  in c l ud ing source s , ana lyt i c a l  

mate r i a l s , and gram or m i l l i gram quan t i t i e s  o f  cur i um - 244 and thorium - 2 2 8  a r e  hand led 

at Ro c ky F l at s . S h i pmen t  me thods for the s e  mate rial s are hand led on a c a se - by - c a s e  

bas i s  t o  ensure c omp l i an c e  w i t h  t h e  pac kaging requ i remen t s  o f  49 C FR Pa r t s  1 7 0 - 1 7 8 . 

Tab l e  2 . 6 . 1 0 - 2  i s  a s ummary o f  m i l e ag e s  for mate ri a l s  l i s t ed in Tab l e  2 . 6 . 1 0 - 1  

that are sh ipped i n  ki l ogram quan t i t i e s . The l o c a t i ons o � fac i l i t i e s  tha t s h i p  and 

rece ive p l utoni um and uran i um to and from Ro c ky F l a t s  are given in Tab le 2 . 6 . 1 0 - 3 , 

a l ong w i th the shipping d i s tanc e s . A s im i lar c omp i l a t ion for shipmen t s  o f  b e ryl l i um 

i s  g iven i n  Tab l e  2 . 6 . 1 0 - 4 .  

TABLE 2 . 6 . 1 0 - 2  

M I LEAGE SUMMARY FOR K I LOGRAM QUANT ITIES OF MATERI ALS 

Material Form 

Bery l l i um Me t a l  and 
Oxide 

P l u ton ium Metal  and 
and Ox ide 
P l u ton i um + 
Uran i um 

Uran i um - 2 3 5  Metal  and 
Ox ide 

Uran ium - 2 3 8  M e t a l  and 
and Was t e", 

Uran ium - 2 3 8  + 
Uran ium - 2 3 5  

*The was te i s  transported b y  truck on l y . 

S h ipping 
Me thod 

Truck 

Air 

Truck 

Truc k 

Ai r 

Tru c k  

To t a l  S h i pmen t 
M i l e s  ( p e r  y e a r )  

6 , 6 04 

2 5 5 , 0 0 0  

1 3 0 , 940 

3 8 , 5 00 

6 , 5 00 

81 , 43 0  

8 3 , 5 00 

** Le s s  than 350 grams o f  uranium - 2 3 5  contained i n  uranium that i s  enr i c hed 
20 perc ent or more . 
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TABLE 2 . 6 . 1 0 - 3  

FACI LITIES SHIPP ING AND RECE IVING PLUTONI UM AND URAN IUM 
( kg quan t i t i e s ) 

Loc a t i on 

Ai ken , South Caro l ina 

Amari l lo , Texas 

Columbus ,  Ohio 

Livermo re , C a l i forn ia 

Los Alamo s , New Mexico 

Mercury , Nevada 

Mi amisburg , Ohio 

Oak Ridge , Tenn e s s e e  

Richland , Wa shington 

Tonopah , Nevada 

*Ac tua l m i l e s  t rave l ed , � t s traight - l ine d i s t anc e s . 

TABLE 2 . 6 . 1 0 - 4  

Shipp i ng 
D i s t anc e';r 

( mi l e s ) 

1 , 5 9 0  

4 2 3  

1 , 2 2 9  

1 , 2 2 7  

3 9 0  

8 3 0  

1 , 2 1 2  

1 , 3 0 9  

1 , 1 9 5  

8 5 0  

FAC I L IT I ES SHIPPING AND RECE IVING BERYLLIUM 

Locat ion 

Albuquerqu e , New Mex i c o  

Amar i l l o , Texa s 

E lmore , Ohio 

Haz e l ton , Pennsylvan i a  

Live rmo re , Cal i fo rnia 

Los A l amo s , New Mex i c o  

Miamisburg , Ohio 

Oak Ridge , Tenne s s e e  

Reading , Pennsy lvania 

Sarasota , Fl orida 

* Actual mi l e s  t rave led , not s t raight - l ine d i s t anc e s . 
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Shipp ing 
D i s tanc e';r 

( m i l e s ) 

4 1 7  

423  

1 , 2 18 

1 , 6 5 1  

1 , 2 2 7  

3 9 0  

1 , 2 1 2  

1 , 3 0 9  

1 , 644 
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The fol lowing pa ragraphs d i s c u s s  only mat e r i a l s u s ed o r  requ i red fo r Rocky 

F l a t s ' operation s . S ome s h ipmen t s  o f  mate r i a l s involved in the n a t i on ' s  weapons 

program use the Roc ky F l a t s  fac i l i ty as a s a fe s topover point . Such sh ipmen t s  are no t 

inc luded in these  paragraphs b ecaus e the ma teri a l s  are not proce s s ed a t  this P l an t  

and are n o t  conne c ted wi th operat ing requ i reme n t s  o f  this  fac i l i ty .  Any env i ron

mental e f fec t s  a s s o c iated w i th the i r  t ransportat ion are p roperly a s s i gned to other 

fac i l i t i e s  and are t reated in the env i ronmental a s s e s sment of tho s e  fac i l i t i e s . Do s e  

a s s e s sments fo r operation o f  the P l an t  inc lude cons iderat ion o f  the s e  mat e r i a l s  as  a 

part o f  no rmal operat ions , bu t not as a contribut ion to t ranspo r t a t i on dose o r  hazard . 

Ma t e r i a l s  used fo r Rocky F l a t s ' operat ions are shipped by t ruc k , a i r , and rai l .  

Truck i s  the mode u s ed mo s t  frequent ly , e i ther commerc ial  t ruck l in e s  or Gove rnme n t 

owned S a fe S ecure Trai l e r s  ( S STs ) .  Shipments o f  was t e  wi th l e s s  than 10 nCi o f  

pluton ium o r  other transuran i c  e l ement s  per gram o f  ma t e r i a l  are transpo rted by 

commerc i a l  t rucks and rai l from Roc ky F l a t s  to a DOE - app roved s torage s i te . 

During sh ipment s  o f  nuc l e ar ma teria l s , various s a feguards are emp loyed . For 

examp l e , a l l  t ruck sh ipments invo lv ing s trategic quan t i t i e s  o f  spe c i a l  nuc l e ar 

mate r i a l s  ( SNM ) and c e rtain c l a s s i fied , nuc l ear weapon c omponen t s  having l e s s  than 

s t ra tegic  quan t i t i e s  o f  SNM ma t e r i a l  are transported in S a fe S ecure Tra i l e rs ( SSTs ) 

operated by DOE couri e r s . S trategic  quan t i t i e s  o f  s p e c i a l  nuc l ear ma t e r i a l s  a re 

de fined in ERDA Manua l Chap t e r  2405 as fo l l ows : 

a .  Uranium- 2 3 5  ( c on tained in uranium enri ched 2 0% or more in the uranium - 2 3 5  

i s o tope ) a l one , o r  in comb inat ion wi th p lutonium and/o r uranium - 2 3 3  when 

( mul t i p l y i ng the p lutonium and/or uranium - 2 3 3  c ontent by 2 - 1/2 ) the t o t a l  

i s  5 , 0 0 0  grams o r  mo re . 

b .  P lutonium and/o r uranium - 2 3 3  when the p lu tonium and/or uranium - 2 3 3  content 

is 2 , 00 0  grams or mo re . 

The s e  sh ipmen t s  are fac i l i tated by the p roximi ty o f  maj o r  highways to Roc ky 

F l a t s . I n t e r s t a t e  Highways 2 5 , 7 0 , and 7 6  ( 8 0S ) pass  through Denv e r  approximat e l y  1 6  

mi l e s  from the P l an t . F ive mi l e s  northeast  o f  the s i t e  i s  U . S .  Highway 3 6  ( Boul d e r 

Denv e r  tu rnp ike ) ,  and surround ing t h e  P l ant , a s  men t ioned previou s l y , a r e  S t a t e  

Hi ghways 7 2 , 9 3 , 128 , and J e f fe rson Coun ty Highway 17 . 

Rai l i s  the me thod used for shipping wa s te containing more than 10 nanocur i e s  o f  

p luton ium o r  o ther transurani c  e l emen t s  per gram o f  mate r i a l . The s e  sh ipmen t s  t o  the 

Idaho Nat ional Eng ineering Laboratory ( INEL )  a t  S covi l l e , Idaho , are made in Gove rn 

men t - owned ATMX- 600  S e r i e s  Rai l C a r s  that have b e e n  mod i fied t o  c arry radioac t ive 

was t e  ma teri a l . In 1 9 69 the Department of Transpo rtat ion ( DOT ) i s sued Spe c i a l  Permi t 

No . 5 9 48 to cove r the movement o f  radioac t iv e  was t e  ma t e r i a l  in the ATMX Rai l Cars . 

Reque s t s  fo r renewa l o f  the permi t are submi t ted to the DOT for rev i ew and r e i s suanc e 

every two years . The l a t e s t  app l i c a tion fo r renewa l was granted in May 1 9 7 8 . Ra i l  

s e rv i c e  i s  prov i d ed by a spur o f  the Denver and Rio Grande We s t e rn Rai l road ( D&RGW ) . 
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Th i s  spur enters the s i te from the sou thwe s t  to prov i d e  general fre igh t s e rv i c e . 

Approxima t e l y  480 tons were t ransported du ring the fi r s t  f i s c a l  quart e r  o f  1 9 7 6  by 3 0  

ra i l  c a r s  tha t u t i l i z ed t h e  spur . 

Sh ipmen t s  o f  rad i oac t ive mater i a l by a i r  are r e s t r i c t ed to non -pas senger a i r 

craft . Such s h i pmen t s  wou ld l e ave from e i th e r  S tap l e ton Int erna t ional Airport ( on 

the e a s t  s i de o f  Denver ) or t he Je ffe rson County A i rport ( located app rox ima t e l y  5 

m i l e s  e a s t  o f  the P l ant ) .  Air  sh ipme n t s  o f  p l u tonium to and from Rocky F l a t s  were 

terminated in Ap r i l  1 9 7 7 . S e c t i on 5 0 2 , T i t l e  V o f  Pub l i c  Law 94 - 1 87 ( F i gure 2 . 6 . 1 0 - 1 ) , 

howeve r ,  doe s provide fo r " exemp t sh ipmen t s  o f  p lu tonium . " 

2 . 6 . 1 0 . 2  Transpo r t a t i on Safe ty 

Pr imary rel i anc e for s a fe ty in the shipping o f  mate r i a l s  to and from Rocky F l a t s  

re s t s  o n  packaging . The P l an t ' s  qual i ty as surance program for pac kaging rad i oac t ive 

ma t e r i a l  ( R I , Sep tember 19 7 7 )  c a l l s  for adhe rence to ERDA Manual Chap t e r  0 5 2 9  and DOT 

packaging requi remen t s  49 CFR Parts  1 7 1 - 1 7 8 . The s e  c r i t e r i a  spec i fy packaging t e s t s  

that have been c arried o u t  in the l aborato ry o r  i n  the f i e l d  w i t h  conven t ional and 

read i ly ava i l ab l e  equipment and fac i l i t i e s . 

Th e packaging requ ired by DOT and DOE regu l a t ions i s  b a s ed on the typ e  and 

quan t i ty o f  rad i o a c t i ve ma t e r i a l  be ing sh ipped . Type A pac kages  are l imi t ed to 

Typ e A quan t i t i e s  of ma t e r i a l  ( se e  Tab l e  2 . 6 . 1 0 - 5 ) .  Typ e B quan t i t i e s  may be shipped 

in Type B pac kage s . Larger quant i t i e s  may a l s o  be spec i fi c a l l y  approved for Typ e B 

pac kage s . Only sma l l  amoun t s  o f  rad ioac t ive ma terial , as de fined in 49 CFR Part 1 7 3 , 

are exemp t from packaging spec i fi c a t ion� . 

Any quan t i ty in exc e s s  o f  a Typ e A quant i ty mu s t  be shipped in Type B packaging , 

wh ich prov ides fo r adequate d i s s i p a t i on o f  heat . In add i t i on , there mus t  be no l o s s  

o f  con t e n t s  a t  a n  ex ternal pres sure o f  2 5  pounds per square inch gauge ( p s ig ) , wh i ch 

i s  app roxima t e ly equal to imme rs ion in wa ter to a dep th o f  5 0  fee t . 

Wi th respec t to heat d i s s ipat ion , regu l at ions requ i r e  the pac kage to be des igned 

so tha t the tempe rature r i s e  from decay heat wi l l  not adve r s e l y  a f fec t  the p ackage or 

the conten t s  and w i l l  no t cause exc e s s ive pres sure . 

For s a fe ty a s surance from acc idental c r i t i c a l i ty ,  control i n  t ranspor tat ion i s  

requ i red fo r fi s s i l e  ma t e r i a l  ( uran ium- 2 3 3 , uranium - 2 3 5 , p lutonium - 2 3 8 , p l u ton ium -

2 3 9 , and p l u ton i um- 241 ) o f  mo re than 15 grams per pac kage or , in homogeneous , hydro 

genous s o l u t ions and mix ture s , o f  more than 5 0 0 grams o f  p l u tonium ( hydrogen - to 

p l u tonium ratio  o f  7 , 6 0 0 : 1 ) o r  800  grams o f  uranium - 2 3 5  ( hydrogen - to - uranium - 2 3 5  

r a t i o  o f  5 , 2 0 0 : 1 )  p e r  pac kage . Nuc lear c r i t i c a l i ty s a fety in t ransportat ion i s  

provided b y  ensuring that the contents o f  each pac kage o f  f i s s i l e  ma t e r i a l  are sub

c r i t i c a l  when d e l ivered to a carr i e r . Ano the r prov i s ion is that the pac kage i s  
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P ublic La w 9 4 - 1 8 7 
9 4th C ong r e s s ,  H .  R .  3 4 7 4  

D e c e m b e r  3 1 ,  1 9 75 

£In £let 
To authorize IIPpropriations to the Energy Research nnd DE'vt!lopment AdmIn

istration in accordance with section 261 of the Atomic Energy Ac� of 1954, 
as nmended, spction 30;; of the Euergy Reorganization Act of ] 974. and �pction 
]6 of the Fl'dernl !'\onuuclea r Energy Re,parch and Development Act of 1974, 
nnd for other purposes. 

He it enacted by thl' Renate and 1l0lUe of Represcntath'e8 of the 
Cnitl'd States of A ml'l'i!'I[ in Congre8s III/sem bled, 

TITLE V-AIR TRANSPORTATION OF PLUTONIUM 

SEC. 501. The EnerJIT Research and Development Administration 
shall not ship plutonIum in any form by aircraft whether exports, 
imports, or domcstic shipment : Provided, That any exempt shipments 
of plutonium, as defined by section 502, are not subject to this restric
tion. This rest riction shall be in force until the Energy Research and 
Development Administration has certified to the Joint Committee on 
Atomic Energy of the Congress that a safe container has been devel
oped and tested which will not rupture under crash and blast testing 
equivalent to the crash and explosion of a high-flying aircraft. 

SEC. 502. For the purposes of this title, the term "exempt shipments 
of plutonium" shall include the following : 

( 1 )  Plutonium shipments in any form designed for medical 
apphcation. 

(2 )  Plutonium shipments which pursuant to rules promulgated 
by the Administrator of the Energy Research and Development 
Administration are determined to be made for purposes of 
national security, public health and safety, or emergency mainte
nance operations. 

(3)  Shipments of small amounts of plutonium deemed by the 
Administrator of the Energy Research and Development Admin
istration to require rapid shlpment by air in order to preserve the 
chemical, physical, or isotoplc properties of the transported item 
or mnteriaL 

F igu re 2 . 6 . ] 0 - 1  Ex c e rp t  f rom Pub l i c  Law 
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TAB LE 2 . 6 . 1 0 - 5  

TYPE A AND TYPE B PACKAGE QUANTITY LIMITS ( 49 CFR 1 7 3 )  

TRANSPORT GROUP TYPE A QUANT ITY TYPE B QUANT ITY-'" 
( Curie s )  ( Curi e s ) 

I a 0 . 0 01 2 0  

l I b 0 . 0 5 2 0  

I l l c 3 2 0 0  

IVd 2 0  2 0 0  

Ve 20 5 , 0 00 

VI , V I l e 1 , 0 0 0  5 0 , 00 0  

SPEC IAL FORM 2 0*'1, 5 , 00 0  

"'Quan t i t i e s  exceed ing Type B a r e  " l arge quan t i t y "  ( l arge radioa c t ive source ) .  

**Except for c a l i fornium - 2 52 , whe rein the l imi t i s  2 curie s .  

a .  Group I inc ludes 

Ame r i c ium 
Curium 
Nep tunium 
Plu tonium 
Radium - 2 2 6 , - 2 2 8  
Thorium - 2 2 8 , - 2 30 , - 2 3 1  

b .  Group I I  inc lude s 

Uran ium - 2 3 3  

c .  Group I I I  inc ludes  d .  Group IV inc ludes  

Coba l t - 6 0  Trit ium 
Thorium - 2 3 2  and natural 
Uranium , enriched , natural o r  dep l e t ed 

e .  Group s V ,  VI , and V I I  i nc lude nuc l ides  no t norma l l y  o f  interest  to 
Roc ky F l a t s . 
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des igned to rema i n  subc r i t i c a l  under a l l  cond i tions l i kely to be enc oun tered dur i ng 

tran sportat ion , inc luding a c c iden t s . In addi t i on , the c on t en t s  mu s t  be l im i t e d  or 

the pac kage mus t be de s i gn ed so that the numb er o f  packages that are perm i t ted in one 

veh i c l e  o r  area wi l l  be sub c r i t i c a l  unde r a l l  cond i t i on s  l i ke ly to be encoun tered 

during tran sportat i on , inc luding a c c idents and handl ing e rrors . A c rash s evere 

enough to rupture a l l conta i nment wou l d  tend to d i sperse ma teri a l , l e s s e n i ng the 

c hance of a c r i t i c a l i ty .  No c r i t i c a l i ty has eve r occ urred as the result  of a t ranspor

t a t i on a c c iden t . 

The pos s ib i l i ty that a pac kage wi l l  be c o n s t ruc ted o r  used i n  a manner not in 

acc ordance wi th the des ign is minimized through the regu l a t ory requi reme n t s  for 

qual i t y  a s s urance and for var i ous ob s ervations and t e s t s  b e fore each shipmen t .  Unde r 

DOT regu l a t ions and ERDA Manual Chap t e r  0 5 2 9 , each fabric ator o f  spec i fi c a t i on 

c ont ainers must regi s t e r  with and is subj e c t  to inspec t i on by DOT . Addi t i ona l ly , 

procedures are in e f fec t for contro l l ing vendo r qual i ty and for rec e iving and accep

t ing was t e  pac kaging ma t e r i a l s . 

The rad i a t ion expo sure rate from individual packages o f  radioac t ive ma t e r i a l  

during normal c ond i t ions o f  t ranspo rt i s  l imi t ed b y  DOT regulat ions . The s e  regu l a 

t ions perm i t  n o  more than 2 0 0  mrem/hr o n  the surfac e , wh i c h  l imi t s  d i r e c t  expo sure t o  

a person hand l i ng the pac kage . Another r e s t r i c t i on i s  that n o  more than 1 0  mrem/hr 

i s  p e rmi t t ed at 3 feet from the surface of the pac kage . Th i s  l imi t s  the rad i at ion 

l eve l to wh ich persons and property i n  the v i c i n i ty of the pac kage could be expo s ed . 

I f  a pac kage i s  sh ipped in a c l osed truck or rai l car under the exc l us iv e - u s e  cond i 

tion , the rad i at i on level  i s  l im i ted t o  1 0  mrem/hr a t  6 fe e t  a t  any point  from the 

ext e rnal surface of the t ruck or car . Another l im i t a t ion i s  2 mrem/hr in the drive r ' s  

c ompartment or other normal ly o cc up i ed po s i t ion in the tru c k  o r  car . The term " exc l u 

s ive use " re fers to a v eh i c l e  that ( 1 )  i s  loaded b y  t h e  c ons igno r , ( 2 )  u s ed exc lusively  

for  h i s  freight a l one from o r i g i n  to de s t ination , ( 3 )  has  s e a l ed doo r s , and (4)  i s  

un l o aded by the cons ignee . 

As an ind i c ator o f  the rad i a t ion do se rate from an indiv idual pac kage , DOT 

regu l a tions requ i re a Transport I ndex ( T I )  to be shown on each pac kage . The Tran sport 

I ndex a s s i gned to a pac kage of rad i oact ive mat e r i a l  is de termined by the h i ghe s t  

rad i a t ion dose rat e , in m i l l i rem per hour , a t  3 feet from any ac c e s s ib l e  externa l 

sur face o f  the package . For F i s s i l e  C l as s  I I  package s only , the Transport Index 

numbe r  is the gre ater o f  the rad i at i on dose at 3 feet or the value c a l c u l at ed by 

dividing 50 by the numb er o f  s im i l ar p ackage s  that may be transported togethe r . The 

numb e r  expre s s ing the Tran sport I ndex is rounded up to the next h i ghe s t  tenth ; e . g . , 

1 . 0 1  be comes 1 . 1 . The numbe r  o f  pac kages s t o red or handled in one area o r  loaded on 

one car or veh i c l e  mus t  be so l im i t ed that the sum o f  thei r Transport Indexes does 

no t exc eed 50 . For sh ipment in S a fe S e c ure Tra i l e rs ( S ST ) , the Transport Index mu s t  

n o t  exc eed 1 0 0 . Thi s  preve n t s  a l arge aggrega t i on o f  pac kage s , each wi th a s igni f i c ant 

rad i a t i on l eve l , from produc ing a much h igher rad i at ion l eve l than des i rab l e  becau s e  

o f  add i t ional rad i a t ion from a l l  o f  the  pac kage s . 
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Mate r i a l  shipped from Rocky F l at s  has l i t t l e  penetrat i ng rad i a t i on , and rad i a 

t i on l eve l s  at  t h e  surface o f  pac kages  a r e  we l l  b e l ow DOT l imi t s . Al l shipmen t s  f rom 

Roc ky F l at s  are mon i tored , and the do s e  rate i s  rec orded prior  to sh ipment .  The s e  

rec o rds ind i c a t e  t h a t  the dos e  l eve l 3 f e e t  f rom t h e  surface o f  the pac kage , o r  6 

f e e t  from the surface o f  " exc l u s ive u s e "  veh ic l e s , never exc eeds  10 mrem/hr and i s  

typ i c a l ly l e s s  than 1 mrem/hr . Gram- quan t i ty shipmen t s  have even l ower radiat ion 

l ev e l s ,  wh ich are on the o rder of only 0 . 1  mrem/hr . 

Other DOT regu l a t i ons deal  w i th surface con t amina t i on l eve l s , ex t e rnal  temp e ra

ture s , and warning l ab e l s  and p l acards . Leve l s  o f  removab l e  con taminat ion on the 

sur fac e s  of packages a t  Roc ky F l a t s  are d e t e rmined by a wipe t e s t . The regulat ions 

consider the l eve l in s i gn i f i c ant i f  a c t iv i ty on the wipe do e s  no t exc eed 10 - 1 1  C i/cm2 

fo r b e t a  and gamma emi t t e r s , and 1 0 - 1 2  C i/cm2 fo r alpha emi t t e r s . Temp e ratures are 

l imi ted a t  any ac c e s s ib l e  surface of the container to no t more than 1 2 2  o f  dur i ng 

t ranspo r t , exc ept that for fu l l - l oad o r  exc l u s i v e - u s e  shipmen t s , the t empe ra t ure may 

be 180 O F . Each package o f  radioac t ive m a t e r i a l  i s  requ i red by DOT regu l a t ions  to b e  

l ab e l ed o n  two oppos i te s i des  w i th a d i s t inc tive warning l abe l . 

The DOT ' s  Haz ardous Ma t e r i a l s  Regu l a t ions a l so p rovide for s a fe t y  in rout ine 

shipmen t s  of haz ardou s mat e r i a l s other than rad i onuc l ide s . Inc l uded are ma t e r i a l s  

that a r e  f l ammab l e , uns t ab l e , poi sonous , exp l o s ive , o r  c o rro s ive . DOT regu l a t ions 

spec i fy the type of  informa t ion that mu s t  app ear on b i l l s  o f  l ading and on o ther 

shipping papers . Pac kage s are required to be l ab e l ed approp r i at e l y , and warn i ng 

p l ac ard s general ly mus t b e  p l aced on the t ran sport ing vehic l e . Th i s  put s  the carri e r  

and emergency pe rsonne l o n  no t i c e  that they are hand l ing shipme n t s  o f  hazardous 

material s .  The l ab e l s  and p l acards a l so a l e r t  app rop r i a t e  indiv idua l s  to the fac t 

that app l i c a b l e  s t a t e  and l o c a l  regu l a t i on s and ordinan c e s  mus t  be fo l l owed . No 

p l ac ards are requi red o r  d i sp l ayed , however , whenever sh ipmen t s  of rad ioact ive 

materi a l s  are ac companied by DOE cour i e r s . The env i ronmen t a l  impac t s  of t ranspo r t i ng 

haz ardou s ma t e r i a l s are  di scussed i n  S e c t ion 3 . 3 .  

F i gure 2 . 6 . 1 0 - 2  iden t i f i e s  the Rocky F l a t s  Model  1 5 1 8  container ( DOT- 6M Spec i 

f i c a t ion ) u s ed fo r transport i ng radioac t ive mate r i a l s  such a s  p lutonium and uran ium -

2 3 5 . The authori z ed maximum content o f  the Mode l 1 5 18 container i s  4 . 5  kg o f  p luto 

n ium me t a l , a l l oy ,  o r  compound ; o r  1 3 . 5  kg o f  uranium - 2 3 5  metal  o r  a l l oy . Th i s  i s  an 

examp l e  o f  a Type B contai ner wh ich has been approved for shipping grea t e r  than Type 

B quan t i t i e s  o f  ma terial . Al l c o n t ainers  used by Roc ky F l a t s  are e i ther DOT Spec i f i 

c a t i on containers ( i . e .  DOT - 6M )  o r  DOE C e r t i fi c a t e  o f  Comp l i anc e containe r s . A 

C e r t i f i c a t e  o f  Comp l i ance i s  i s sued by DOE fo r each  containe r ,  quan t i ty , o r  type o f  

radioa c t ive material  shipped . In accordance w i t h  ERDA Manual Chap t e r  0 5 29 , t he DOE 

C er t i f i c a t e  of Comp l i ance is to a i d  in as suring comp l i anc e  w i th a l l  app l i c a b l e  DOT 

s t andards . 
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2 . 7  RAD I OACTIVE WASTE SYSTEMS 

Opera t ions at the Roc ky F l a t s  P l an t n e c e s s a r i l y  i nvo l ve radioac t ive con taminati on 

of variou s  l iquids , s o l i ds , and ga s e s . Rad ioact ive ma t e r i a l s  are hand l ed in accordance 

wi th s t ringent proc edures and w i th i n  mu l t ip l e  cont ainments ( phys i c a l barriers ) des igned 

to minimize the r e l e a s e  of con taminan ts t o  the env i ronment .  The rad i o a c t ive wa s te 

sys t ems inc lude l o c a l  c o l l e c t i on , f i l t ra t ion , l i qu i d  proces s i ng ,  o r  t empo rary s torage 

fac i l i t i e s  fo r tho s e  proc e s s  was t e s  known or susp e c t ed to have been in conta c t  w i th 

radioa c t ive ma teri a l s . As a resul t o f  pub l i c  c ommen t on the DE I S , more d e t a i l e d  

d i s cu s s ion o f  HEPA f i l t e r  e f fic i ency , t e s t ing , and maintenance has b e e n  added i n  

S e c t i on 2 . 7 . 1 .  The l i qu id wa s te proces s i ng sys tem conc entrates  the unrecove rab l e  

p l u t on ium i n t o  a s o l i d  was t e  sui tab l e  f o r  s h ipmen t , al ong wi th o ther contam i nated 

solid wa s te s , to a DOE- approved s t o rage fa c i l i ty . So l i d  was t e s  are concentrated when 

n e c e s s a ry and packaged for shipment t o  a DOE - approved s torage fac i l i ty .  

2 . 7 . 1  Radioac t ive Airbo rne E f fluent Con trol Sys tems 

Ai rborne radioac t ive e ffluent is produced when ven t i l a t ion air o r  n i t rogen gas 

( the l a t t e r  u s ed to provide an inert atmo sphere in plutonium g l ove boxe s )  c ome s i n  

c o n ta c t  with fine part i c l e s  o f  radioa c t ive ma teri a l . F i n e  parti c l e s , c apab l e  o f  

being entrained i n  these  gas e s , c ome from hand l i ng ox ide powder formed during machining 

o f  me t a l l i c  ma t e r i a l s , incinerat ing s c rap and wa s te materi al s ,  and from chemi c a l  

recovery p ro c e s s e s . T h e  gas e s , ca rrying radioac tive par t i c l e s , are p as s ed through 

f i l t ra t ion sys tems where each s t age i s  t e s t ed to as sure i t  has a 99 . 9 5% fi l t ra t ion 

e ff i c i ency for all rad ioac t ive par t i c l e s , inc luding part i c l e s  l e s s  than 0 . 1  � m  in 

d i ame t e r . The fi l tration s y s t em at the P l ant incorpo r a t e s  the be s t  a i r - c l e an i ng 

t ec hno l ogy known . There are ex t reme ly smal l r e l e a s e s  t o  the env i ronment from pro c e s s  

operations , b u t  t h e s e  r e l e a s e s  a r e  we l l  wi thin hea l th and s a fety gui des  ( US ERDA 

Manual Cha�ter 0 5 2 4 , 1 9 77 , and Co l orado S tate  Bo ard o f  Heal th , 1 9 7 8 . ) .  

Conta inmen t  o f  radioac t ive mat e r i a l s  within  a plu tonium fac i l i ty i s  ach i eved by 

ven t i l a t ion sys tems des igned to maintain p re s sure d i f ferent i a l s  b e tween zones and 

thus control  the a i r flow p a t t e rn . P re s sure di f feren t i a l s  ex i s t  n o t  only b e tween the 

various contro l l ed areas wi thin a pro c e s s  bui lding , but �l s o  b e tween any one of the 

areas and the outside . For examp l e , the p r e s sure in the u t i l i t i e s  and o f fi c e  spac e s  

typ i c a l ly i s  negative b y  0 . 1 5 - inch wa t e r  c o lumn ( wc )  wi th respect  to out s ide ai r ;  t h e  

c o rridors surroundi ng t h e  op erating areas are 0 . 2 5 - inch w c  l e s s  than t h e  out s i de ; the 

opera t i ng areas them s e lv e s  are 0 . 3 - inch wc l e s s  than ou t s ide ; and the g l ove- box 

a tmo sphere wi thin the opera t i ng areas is 1 . 0 - i nch wc l e s s  than ou t s i de . F i gure 2 . 7 . 1 - 1  

i l l u s t r a t e s  these  di fferen t i a l s .  Should any z one be breached , the f l ow o f  a i r  wou ld 

be i nward . Thus , any con taminated a i r  would be prevented from byp a s s ing the ven t i l a 

t i on f i l te r s  and reaching t h e  ou t s ide atmo sphere ( s e e  S e c t i on 2 . 5 . 1 ) .  
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Supp l y  a i r  i s  fi l t e re d , d ehumid i fi e d , and i s  heated or cooled  to mee t  the env i ro n 

m e n t a l  requ i reme n t s  o f  a given area . T h e  a i r  i s  t h e n  transported b y  du c t s  to that 

area i n  a c are fu l l y  contro l l ed manner . Separate exhau s t  ven t i l a t i on sys tems u t i l i z i ng 

Hi gh E f fi c i ency Particulate A i r  ( HEPA )  f i l ters  are provided for room a i r , gl ove - box 

enc l o sures containing d ry a i r , and g l ove - box enc lo sures having an inert  a tmosphere o f  

n i t rogen and l e s s  than 5% oxygen . 

S ome non - i nerted  g l ove box e s  draw a i r  from the room into the box through a HEPA 

f i l t e r . The s y s t ems are d e s igned fo r onc e - through a i r f l ow or for various perc entage s 

o f  a i r  recyc l e , depending on operating cond i t i on s . Rocky F l a t s  u s e s  a minimum o f  two 

s tage s o f  HEPA f i l t ra t i on for general bu i l ding air  in bu i l dings where p lutonium i s  

handl e d  and four s tage s o f  f i l t e rs for a i r  and n i t rogen from g love box e s  used for 

plutonium handl ing . The s e  f i l t ra t ion sys tems are s hown in Fi gure s  2 . 7 . 1 - 2  through 

2 . 7 . 1 - 4 .  Bui ldings in whi c h  only uran ium is hand l ed p re s e n t l y  use at l e a s t  one 

HEPA- f i l trat ion s tage . P l enums in the s e  bui l d ings are be ing rede s i gned to use two 

HEPA s tage s , and improved fire control sys tems are be ing i n s t a l l e d  s imilar  to those  

i n  use  for p l uton ium area s . 

S tandby equipment and s e c ondary power supp l i e s  are p rovided to ensure the con t i 

nu i ty o f  op e r a t i on s . Ex tens ive contro l s  record sys tem b ehav i o r  and guaran tee tha t , 

i n  any abnormal s i tuat i on , ven t i l a ti on wi l l  no t be compromi s e d . Ven t i l a t ion contro l s  

are hous e d  i n  separ a t e ly ven ti l a t e d  e n c l o sure s h avi ng outside  acce s s  t o  ensure that 

the contro l s  are acc e s s ib l e  for operat ion during bui l d ing d i s rup tion s . The sys t ems 

are d e s i gned for main tenanc e acce s s ib i l i ty , c ri t i c al i ty con t ro l , and operation during 

fire o r  o t h e r  unusual c ond i t ion s , wi th con t i nued c ap ab i l i ty for c l e anup of contamina 

ted air . F i gure 2 . 7 . 1 - 5  shows a typ i c a l  exhaus t p l enum that incorpora t e s  fe ature s 

for con t ro l l ing con t amination and for d e t e c t i ng and contro l l i ng f i re s . Comp artme n t a 

l i z at i on o f  wo rk a r e a s  reduc e s  t h e  p o s s i b i l i ty o f  spreading f i r e  o r  contamination . 

Approp r i a t e  use  o f  s c rubb e r s , m i s t  e l iminators , and h i gh e f fi c i ency f i l t e r s  i n  the 

bui lding exhau s t  sys tems are featur e s  d e s i gned to p revent rad i oact ive and noxious 

chemical  contaminan t s  from be ing d i s charged into the envi ronmen t .  

HEPA f i l t e rs , used exc lusiv e l y  for final  a i r  f i l t ra t i on at Ro cky F l at s , con s i s t  

principal ly o f  240 square feet  o f  l 5 - to - 2 0 - mil  con t inuous f i b e rg l a s s  sheet  f i l ter 

media enc l o s e d  in a fire - re t ardant frame . F i l t e r s  are fabricated  to m e e t  rigid Rocky 

F l a t s  P l ant s t andards for materi a l s  o f  cons truc t i on , phy s i c a l  charac te ri s t i c s , and 

e f f i c i enc y . New HEPA f i l ters  are indiv i dua l l y  t e s ted in the DOE C e n t r a l  Divi s ion 

Fi l t er Ce r t i f i c a t ion Te s t  Fac i l i ty ( S e c tion 2 . 6 . 4 . 2 ) . I n  add i t ion to l aboratory 

t e s t s  o f  fi l te r  componen t s , the a s s emb l e d  f i l t e r s  are t e s t e d  wi th a therma l l y  generated 

a e ro s o l  of d ioc tylphthal a te ( DOP ) whi c h  has an average par t i c l e  size of 0 . 3  � m . 

Thi s  t e s t  rev e a l s  po s s i b l e  f i l t e r  media or byp a s s  l e akage whi c h  might r e su l t  from 

improper fabri c a t ion . F i l t e r s  are a l s o  t e s ted for total  pre s sure drop and squarene s s , 

and are inspec ted for exc e s s ive loosene s s  o f  packing and for damaged gaske t s . A l l  
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newly ins tal l ed f i l te r  sys tems are f i e l d  t e s ted for ove ra l l  sys tem e f f i c i ency o r , in 

the c a s e  of l arge sys tems , are l e ak t e s te d  to as sure an overa l l  sys t em e f f i c i ency o f  

9 9 . 9 5% .  

Repre s en tative f i l ters  from each manu fac turer are subj e c ted t o  Qua l i f i e d  P roduc t s  

L i s t  ( QP L )  Te s t s  p r i o r  to instal l at ion . The se t e s t s  inc lude heat and humidi ty t e s ting . 

The fi l te r s  are subj e c ted t o  a humi d i ty o f  95% for 5 minu t e s  and they mu s t  maintain 

an e f f i c i enty wi thin 1% o f  the normal expec ted operat ing e f f i c i ency of 99 . 97% . Thi s 

i s  to ensure h i gh e ff i c i ency d e s p i t e  the humi d i ty ( 65% maximum ) generated by the 

s c rubb ers and from condensat i on . For f i re s a fe ty , the f i l te r  p l enum banks i n  p luto

nium-handl i ng fac i l i t i e s  are d e s i gned with sp rays d i rec ted at the  i n i t i a l  f i l t e r  

s tage . T h e  p l enum banks are devi sed s u c h  t h a t  t h e  f i r s t  s tage i s  expendab l e  and the 

remaining s tage s are capab l e  of mai n t aining the requ i red ove r a l l  f i l t e ring e f f i c i ency . 

The sp ray , averaging o n e - fou rth gal lon o f  wa t e r  per square foo t o f  f i l te r , doe s  n o t  

damage t h e  f i l ters . Becau s e  o f  t h e  l arge volume o f  a i r  p a s s ing th rough t h e  f i l ters , 

they wou l d  dry out rapidly s o  that any reduc t i on i n  f i l t er i ng e f fic i ency wou l d  be 

sho r t  l ived . 

The resu l t s  o f  t e s t ing ins t a l l ed HEPA fi l te r  sys tems and the repo r t s  ava i l ab l e  

from continuous mon i t o ring o f  a l l  p o t en t i a l ly radioac t iv e  b u i l d ing e f f luents show 

that a l l  f i l tration sys tems in plu ton ium bu i l dings me et the admi n i s trative guide o f  

6 x 10 - 1 4  Ci/m3 o f  a i r . E l aborate t e s ting has i nd i c ated that a very sma l l  quan t i ty 

o f  p ar t i c l e s  o f  0 . 0 9 - � m  s iz e  may penetrate  the f i l t e r s . An ac tual part i c l e  o f  0 . 0 9 - � m  

d i ame t e r  p roj e c t s  t o  a n  aerodynamic mean d i ame t e r  o f  0 . 3  � m  when the den s i ty o f  the 

ma t e r i a l  i s  c ons ide red . F i l te r s  are i n s t a l led and t e s ted to p reven t  a pene t r a t i on o f  

greater than 0 . 03% ( 3  par t i c l e s  per 10 , 0 0 0 ) , wh i c h  repre s e n t s  a decontam inat ion 

fac tor of  3 . 3 3 x 10 3 per f i l t e r  fo r part i c l es of  0 . 3 - � m  aerodynamic d i ame t e r . 

The c lean ing powe r o f  f i l ters  i s  quan t i f i ed by u s e  o f  s everal t e rms : fi I t e r  

e f f i c i ency , decontamination fac to r , and pen e t ra t ion . F i l t e r  e f f i c i ency i s  de fined a s  

E f f i c i ency = 

where Qd i s  the quan t i ty o f  particulate  downs t ream o f  the f i l te r  Qe i s  quan t i ty 

up s t re am o r  ent e r i ng the f i l t e r . The decon taminat ion fac tor , DF , i s  de fined as 

Qe 
Qd 

DF = 

The p e rc ent pene t r a t i on i s  ( 1 0 0  x l /DF ) % .  

To meet  the radio ac t i v i ty conc e n t ra t i o n  gu ides ( RCG ) s e t  fo rth i n  ERDAM Chap t e r  

0 5 2 4 , Roc ky F l a t s ' f i l t r a t i on sys tems are d e s i gned and maintained t o  as sure that 
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e f fluen t s  wi l l  have a p l u tonium con c e n t rat i on o f
, 

l e s s  than 0 . 0 6 pC i/m3 . The numbe r  

o f  s t age s requi red t o  ach i eve this  l eve l o f  decon t ami n a t i on i s  c a l cu l ated us ing an 

e f f i c i ency o f  99 . 9 5% for the f i r s t  s t age and 9 9 . 8% for each sub s equent s t age . Three 

s tages of  f i l trat ion , rep resenting a decontamination fac tor o f  1 0 9 , are usua l l y  

requ i re d  to achieve t h e  de s i red l evel o f  protec t ion . During no rmal operation an 

overal l decontamination fac tor o f  1 0 1 2  i s  ach i eved for the fou r - s t age s y s t ems . 

The Rocky F l a t s  s y s t ems have been operated and ma i n t a ined i n  such a way that 

app l i c ab l e  emi s s ion s t andards have not been exce eded . Further , Rocky F l a t s  has 

s tr iven to achi eve a s - l ow- a s - prac t i c a l  emi s s ions ; the bui l ding with maj o r  emi s s ions 

has now ach i eved de con t amina t i on fac tors i n  the range expec ted o f  new p lu tonium 

fac i l i t i e s  ( i . e . , 1 0 9 o r  b e t t er ) . Thi s  has been accomp l i shed l arge l y  by us ing add i 

t ional f i l trat i on s tage s t o  achi eve the de s i r ed decontaminati on fac to r . The D F  for 

four s tage s equa l s  the p rodu c t  of the fac to r s  for each s t age , i . e . , 2 0 0 0  x 500 x 500 x 

5 0 0  = 2 . 5  x l O l l . I f  9 9 . 9 5% e f f i c i ency per s t age were u s e d , the overal l �F woul d  b e  
1 3  1 . 6  x 1 0  . Indivi dual f i l ters  are accepted only when they have d emons trated an 

e f f i c i ency o f  9 9 . 9 7 % .  However , for de s ign purpo s e s , the e f fic i ency o f  the i n s t al l ed 

f i l t e r  s t age i s  ra ted and t e s t ed a t  99 . 9 5% .  Each suc c e s s ive s tage i s  accorded a 

l ower wo rking e f fic i ency ( 9 9 . 8% )  even though the indiv i dual  s tage s are t e s ted to 

as sure 9 9 . 95% . 

Ve ry con s e rva t iv e l y  f i gured , i f  a sys t em cons i s t i ng o f  3 5  f i l ters  for each o f  

four s t ages  were de s igned t o  handl e  an a i r f low o f  2 6 , 0 0 0  c fm w i th a chal l enge o f  

1 2  g rams o f  p l u tonium p e r  2 4 - hour day , the removal e f f i c i ency wou l d  b e  a s  s hown i n  

t h e  Tab l e  2 . 7 . 1 - 1 . 

F i l te r  S tage 

Be fore 1 s t  

After 1 s t 

After  2nd 

After 3 rd 

After  4th 

TABLE 2 . 7 . 1 - 1  

EFF I C I ENCIES OF A FOUR - STAGE F I LTER PLENUM 

2 6 , 0 0 0  c fm through 3 5 - fi l te r s - p e r - s tage 
p l u ton ium conc e n t rat i on s  

� g/day 2C i/m3 S tage E f f i c i ency 

12 x 1 0
6 

7 8 3 , 00 0  

6 , 0 00 3 9 1  9 9 . 9 5 

1 2  0 . 7 8 3  9 9 . 8  

0 . 0 24 1 . 5  x 1 0 - 3  9 9 . 8  

0 . 0 0 0 0 4  3 . 1  x 1 0 - 6  9 9 . 8  

Thus , i t  c an be s e en that for th i s  ext reme l y  heavy l oading ( wh i c h  has been 

po s tul ated to be a de s i gn - bas i s  load , during c l eanup , fo l l owing a g l ove - box f i r e  i n  

whi c h  5 0 0  g o f  p lu tonium w e r e  consumed ) ,  t h r e e  s t ages  o f  HEPA f i l tration woul d  be 

requ i r ed to reduce the concentra t i on to l e s s  than 0 . 0 6 PC i/m3 . The fourth s tage is  

added to a l l  Roc ky F l a t s  de s igns to as sure the requ i red containment even if one s t age 

is damaged o r  i n  the p roc e s s  of b e i ng c hanged . 
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The original  HEPA f i l ter banks we re bui l t  w i th p l a i n , carbon- s t e e l  frame s and 

conc re te or concrete b l ock enc l osure s . ( A  f i l t e r  bank i s  a c o l l e c t ion o f  s everal  

i ndividual HEPA f i l t e rs arranged i n  a ma t r ix . )  The s e  very early de s i gn s  did no t 

always ensure perfect  s e al i ng around each f i l t e r .  Ac t ive chem i c a l  a t tack on the 

f i l ters and frame s in bu i l d i ngs having chem i c a l  proc e s se s  imp a i red c l ean ing e f f i c i ency 

in the early years of ope ra t i on . Prior  to the i n s tal l at ion o f  pl e num wa ter sprays 

for f i re prote c t ion , bu i l ding fires  in two bu i l d ings caused s ome warpage in the 

f i l te r  moun t ing framework . The original  sys tem des i gn s  for p l enum a i r l ocks we re such 

that each f i l t er s tage c ould no t b e  individual ly i so l ated du ring f i l te r  change s so 

that  ma t e r i a l  l o o s ened du ring the f i l t e r  chang i ng could e s c ap e  through the common 

a i r lock to a succeed ing f i l ter s t age . Al l new pl enums have individual a i r locks to 

e l iminate th i s  poten t i a l  l eak s ourc e . 

There have been nume rous mod i f i c a t ions in the o r i ginal  f i l ter sys tems to imp rove 

the i r  ove rall  e f f i c i ency , p a r t i c u l arly s in c e  1 9 6 5 , when overa l l  re l e a s e s  from the 

fac i l i ty reached a maximum . Du ring 1 9 7 0  and 1 9 7 1 , for examp l e , the f i l t e r  framework 

in the ma i n  p l enum o f  the plutonium recovery b u i l d ing wa s extens ively renovated and 

an add i t i onal f i l ter s t age was added in the final p l enum . Th i s  brought the total 

numb e r  o f  i n - l ine , proc e s s - area , f i l t e r  s t age s to s ix .  After  the e f fluen t from the 

o r i g inal fou r - s tage p l enum was addi t i ona l ly pro c e s s ed through two more s t age s , the 

ove rall  s y s t em was comparab l e  to the des i gn goal o f  modern s y s t ems . For p l enums in 

build ings where cor ro s ive mate r i a l s  are hand l ed , spec i al precau t i on s  h ave been taken 

to reduce chem i c a l  a t t ac k . S c rubb e rs have been i n s tal led to remove co rros ive gas e s  

from t h e  a i r . S in c e  1 9 7 1 , f i l t e r  pl enum moun t i ngs and bo l t s  i n  these  areas have been 

made of s tainl e s s  s te e l  and an an t i corro s ive paint has b e en appl ied . No corros ion 

and no reduc t i on i n  e f f i c i ency has been found . Certain chemi c a l s , such as chlorinated 

hydroc arbon so lven t s , do no t a t tack the med i a  of the f i l t e r s ; however , the adh e s ive 

l i n i ng o f  the f i l t e r  is  subj e c t  to a t tack and c an re su l t  i n  an e ff i c i ency decreas e . 

Recent des ign improvemen t s  have been made to as sure containment o f  p l u ton i um during 

f i l t e r  change s .  As of 1 9 7 5  the total s i t e release  from Roc ky F l a t s  had b e en reduced 

nearly 1 , 0 0 0  t ime s from 1 9 65 l eve l s , and the sys tem decon t aminat ion fac tors are now 

1 0 1 0  to l O l l  or b e t t e r  for maj or re l e a s e  poin t s . 

Th e f i l ter sys tems i n  bui ld ings handl ing gre a t e r  than gram quan t i t i e s  o f  p l u t o 

n i um have b e e n  rebui l t  or fu l ly rep laced i n  t h e  l a s t  1 0  y e a r s  to furthe r imp rove 

f i l t e r  e f fi c i ency . Te s t i ng these f i l t e r  banks in - place has been i n i t i ated ; they have 

been t e s ted to an overa l l  e f f i c i ency of 9 9 . 95% , u s i ng a part i c l e  s i z e  of about 0 . 3  

� m .  

A 1 5 - person c rew i s  a s s igned t o  f i l t e r  surv e i l l an c e  and main tenance o n  a fu l l - t ime 

ba s i s .  F i l t e r s  are checked dai ly us ing magnahe l i c  gauge s to mon i tor pres sure d i ffer

e n t i a l . Where nec e s s ary th e re are vi sual checks for phy s i c a l  dete riorat ion of 

f i l t e r s  and au toma t i c  alarm sys tems wh i c h  a c t iva t e  when the pres sure d i fferen t i a l 
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exc eeds a p r e s c r ibed l eve l . F i l t e r s  are changed on an " a s requ i red"  bas i s  wh i ch i s  

d e t e rmined by the degree o f  loading , the nature o f  the f i l tered ma t e r i a l , and the 

type of wo rk a c t i v i ty . Some are c hanged every two to three weeks , wh i l e  o thers may 

s t ay in s e rv i c e  fo r several years . Used f i l ters  are packaged as rad i o a c t ive s o l i d  

was t e  and s e n t  t o  a DOE - approved s to rage s i t e ( Se e  S e c t i on 2 . 7 . 4 ) . 

I n  add i t ion to imp rovemen ts in ex i s t ing p lu ton ium bu i l d ings , a new p lu t o n ium 

recovery and was t e  treatment fac i l i ty i s  b e ing bui l t  to replace  mo s t  o f  the fun c t ions 

of the present  c hemi c a l - recov e ry and was t e - t reatment bu i l dings , whi ch account for 80 

to 9 0% of the total s i te r e l ea s e . The a i rborne , part i cu l a t e , rad ioac t iv e  control 

s y s t em for the new bu i ld ing is  be ing des igned i n  comp l iance with s tandard s pub l i shed 

by ERDA for new p l u ton ium fac i l i t i e s . I t  i s  exp e c ted that when the new bui ld ing i s  

op erat i ona l , the t o t a l  p l u tonium r e l e a s e s  w i l l  b e  sub s tan t i a l ly reduc ed . The exhau s t 

f i l t e r  mount ing frames i n  the four - s t age HEPA f i l t e r s  o f  t h e  new bui l d i ng w i l l  be 

con s t ru c t ed o f  s t a in l e s s  s te e l  to minimize  surface corro s ion whi c h  could cause  s e a l ing 

prob l ems around individual HEPA f i l te r s . 

Many new p l enums are des igned so that they c an b e  c omp l e t e l y  i so l a ted during 

f i l t e r  change o r  rep a i r  operat ions . Thi s  i s  p a r t i cu l ar ly t rue for inerted p lenums , 

whi c h  mus t  be re turned to no rmal a i r  atmospheres  during maint enanc e .  The new bui ld ing 

wi l l  use mechan i c a l  re frigerat ion for prec i s e  temp e rature and hum i d i ty control  to 

e l iminate any mo i s ture condensa tion i n  the f i l t e r  p l enums . Mo i s ture in the p l enums 

c an has ten vapor phase reac t ions , which may damage the f i l ters  and p l enums . Dua l  

s c rubb ing sys t ems wi l l  b e  used to g r e a t l y  reduc e t h e  c hanc e  o f  chem i c a l  fumes from 

reaching the f i l t e rs . F low to the s c rubb e r s  wi l l  b e  prec i s e ly contro l led , and the 

s c rubb e r s  w i l l  b e  operated cold ( 6 5 0  F )  to ensure a high ab sorp t i on e f fi c i ency . Th i s  

f low contro l wi l l  p revent conden s a t ion o f  mo i s ture down s t ream in t h e  HEPA f i l t e r  

p l enums and duc twork . The f i l te r  sys tems in a l l  bui l dings a r e  con t inua l l y b e ing 

rev i ewed for d e s i gn imp rov emen t s  o r  operat ing procedure change s ,  which may redu c e  the 

poten t i a l  ai rborne r e l e a s e  of radioact ive mater i a l s . 

Smal l amounts o f  t r i t i um hand l ed a t  the P l an t  r e s u l t in the d i s c harge o f  this  

i s o tope . T r i t ium i s  not e f f i c i e n t ly removed by the HEPA f i l t e r  sys t ems . I n  accordance 

w i th the DOE p o l icy that r e l ea s e s  are " l im i ted to the l owe s t  l eve l s  t e c hn i c a l ly and 

e conomi c a l ly p rac t i c ab l e "  ( USERDA , 1 9 7 7 ) , r e l e a s e s  are so l ow that a t r i t ium control  

sys t em i s  cons idered unne c e s s ary . The p r incipal  con t ro l  of  t r i t ium r e l eas e s  is  a 

s t r i c t  l im i t  on the t o t a l  amount o f  t r i t ium that c an b e  contained i n  mate r i a l s  p ro 

c e s s e d  by Roc ky F l a t s , bas ed o n  spec i fi c  i so top i c  analy s e s  o f  incom i ng ma teri a l s . 

Al l nonrou tine , incoming s h ipmen t s  o f  spec i a l  nuc l e a r  mate r i a l  are t e s ted for t r i t ium 

to p revent inadv e r t en t  p roc e s s ing o f  unknown amount s  o f  that e l emen t . 
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2 . 7 . 2  Radioa c t ive Ai rborne Re l e a s e s  

Tab l e  2 . 7 . 2 - 1  i s  a h i s torical  record o f  ai rborne alpha ac tivi ty r e l e a s e s  from 

P l an t  bu i l dings . The tab l e  s hows r e l e a s e s  from Plant  operat ion and r e l e a s e s  from 

identi fiab l e  inc iden t s  during Rocky F l a t s ' h i s tory . 

Con s i d e r ing rou tine ope ra t i on s , the increase in r e l e a s e s  during the f i r s t  years 

of the P l an t  resul t ed p rimar i l y  from the increase in total  op eration s  and amoun t of 

pluton ium hand l e d  during tho s e  years . R e l e a s e s  from the original f i l t e r  sys t em then 

reached a r e l a t ively con s t an t  level  o f  1 , 5 0 0  to 2 , 0 0 0  � C i/yr , except  during 1 9 5 7 , 

when a fire  c aused an abnormal re l eas e . Beginn ing in 1 9 6 2 , re l ea s e s  again began to 

increase s l owly as the overa l l  f i l te r - sys tem e f fic i ency began to decrease  from chemical 

corros ion . By 1 9 6 5 , no rmal operation r e l e a s e s  reached a maximum o f  5 , 348 � Ci/y r .  

The s e  re l e a s e s  co rresponded t o  a max imum concen t r a t i on i n  the exhaus t  s tacks o f  the 

main plu ton ium bu i l dings of l e s s  than 2 pC i/m3 , wh ich is the ERDA s tandard fo r p l u t o 

n i um i n  a i r  bre athed b y  p l u tonium worke rs . *  

No wo rke rs are continua l ly exposed to s tack e f fluents , but the ERDA s t andard for 

rad i a t ion protec t ion ( USERDA , 1 9 7 7 )  i s  used as an admin i s t ra t ive gu ide for s t ack 

e f fluen t s . The a l lowed c oncentration for wo rkers ( 2  pC i/m3 ) is gre a t e r  than the 

s t andard for plu tonium l eve l s  i n  air to which the total popu l a tion may be exposed 

( 0 . 0 2 pC i/m3 ) .  Th i s  0 . 0 2 pCi/m3 value i s  app l i ed admi n i s t ra t iv e l y  a s  a control for 

t o t a l  a lpha a c t ivi ty i n  s t ack e ffluen t s . D i l u t i on p rovided by d i sp e r s i on o f  s ta c k  

r e l e a s e s  to the n eare s t  popu l a ted a r e a  ( s e e  Appendix B - 2 ) i s  adequa t e  to reduc e the 

e f fluent conc e n t rations to s igni f i c an t l y  l e s s  than the a l l owab l e  RCG o f  0 . 0 2 pC i/m3 . 

( Us ing a d i spers ion fac tor o f  5 . 0 4 x 1 0 - 7 , wh i c h  as sume s annual ave rage meteoro l ogy , 

a r e l e a s e  o f  2 , 0 0 0  � Ci/yr wou l d  y i e l d  a maximum , annual , av�rage p l u tonium conc entra

t ion of  0 . 0 0 0 0 3  pCi/m3 at the neare s t  popu l a t e d  are a . ) Thus , the max imum P l an t  

r e l e a s e  from no rmal op e ra t ion has no t exc e eded any app l i cab l e  ReG ' s .  During 1 9 6 5 , 

Roc ky F l a t s  began a concent rated e f fo r t  to reduce a l l  P l an t  re l e a s e s  to much l ower 

l ev e l s .  As a part of this e f fort , the f i l t e r  sys t ems i n  the main plutonium bui l d i ngs 

were upgraded to inc l ud e  the use  of four s tage s o f  HEPA f i l t e r s  for p ro c e s s  l in e s  

ahead o f  the final  two HEPA f i l t e r  s tage s i n  t h e  main p l enum . Th i s  f i l te r  sys t em 

renova t ion reduc ed the t o t a l  P l an t  r e l e a s e  from around 5 , 0 00 � C i/yr to about 5 0 0  

� C i/yr . Then , fo l l owing t h e  1 9 6 9  Rocky F l a t s  f i re ( the f i re c a u s e d  a t empo rary 

inc rease in the rout ine P l an t r e l e a s e  because o f  some warpage i n  the fi l te r  p l enums ) ,  

another s y s t em renovation was begun to further reduce the P l an t r e l e as e . Thi s sys t em 

change wa s fini shed a t  the end o f  1 9 7 0 . 

I n  add i t ion to sys t em change s  d e s igned to reduc e  emi s s ions to leve l s  as low a s  

ec onomi c a l l y  and techn i c a l l y  p rac t i c a l , admin i s t ra t ive and ope r a t i ng l im i t s  have been 

*Th i s  RCG i s  b a s e d  o n  the a s sump t i o n  that the p l u ton ium i s  i n  a soluble  fo rm . 
Ac tual ly , a lmo s t  a l l  Roc ky F l a t s  r e l e a s e s  are in the form o f  i n s o l ub l e  p l u tonium 
ox ide . The ERDA RCG for i n s o l ub l e  p l u ton i um i s  a fac tor o f  2 0  h i gher ; i . e . , 
40 pC i/m3 for wo rkers . 
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Normal 
Operat ional 

Re l e a s e  
Year ( J.l C i ) 

1 9 5 3  2 

1 9 5 4  6 5  

1 9 5 5  7 2  

1 9 5 6  2 2 9  

1 9 5 7  1 5 9 5  

1 9 5 8  3 144 

1 9 5 9  1 4 3 5  

1 9 6 0  1 3 2 1  

1 9 6 1  1457  

1 9 62 2 9 7 4  

1 9 6 3  3 9 0 3  

1 9 64 2749 

1 9 6 5  5348 

TABLE 2 . 7 . 2 - 1  

YEARLY ALPHA RE LEAS ES TO AIR 

FROM P LUTON IUM FAC I LITIES 

Re l e a s e  
F rom 

Incidents  
( Il C i ) 

2 5 6 1 8a 

3 . 4  x 1 0 6b 

Year 

1 9 6 6  

1 9 6 7  

1 9 68 

1 9 6 9  

1 9 7 0  

1 9 7 1  

1 9 7 2  

1 9 7 3,', 

1 9 74;', 

1 9 7 5;', 

1 9 7 6,'< 

1 9 7 7 ,', 

a .  P l u t on ium fire in produc t ion bui lding . 

Normal 
Op erational 

Re l e a s e  
([:I C i ) 

3 2 3  

3 9 7  

488 

7 84 

3 5 4  

6 6  

5 9  

7 7  

2 2  

1 0  

4 

4 

b .  To t a l  o f f - s i t e  r e l e a s e  from con taminated o i l  leakage 
( 3 . 4  x 106 J.l C i  is the amoun t r e l eased from the old s i t e 
boundari e s ; in t e rms o f  the new boundari e s , about 2 . 4  x 1 0 6  
J.l C i  i s  o f f - s i t e ) . 

c .  Chemi c a l  exp l o s ion in glove box . 

d .  G l ov e - box drain p lug f i re . 

e .  P l u tonium glove -box and bui ld i ng fi re in produ c t ion bui l ding . 

f .  P lutonium f i re in tunn e l  be twe en bui ldings . 

Re l e a s e  
From 

Inc iden t s  
( J.l C D  

8 5 6e and 2 0 f 

2 5g 

4h and < 4i , j 

< 2k , m 

g .  Contaminat ion r e l e a s e  from sp i l l  c aused by c l e an ing p lugged drain line . 

h .  Con tamination spread from reduc t i on furnace  exp l o s ion . 

i .  Plutonium c an exp lo s ion , w i th f i r e  and contaminat ion . 

j .  Con t amina t ion from spi l l  through ho l e  in barre l l iner . 

k .  Incinerator g l ov e - box exp l o s i on and f i r e . 

m .  Inc inerator f i re and con tamination . 

n .  Re l e a s e  from contro l  valve fai l u re . 

*Re l ea s e s  from July 1 9 7 3  and i n  sub s equent years rep r e s en t  plu tonium r e l ea s e s  rather 
than total long - l ived alpha ac t iv i t y . 
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s e t  i n  recent  years to ensure that total  env i ronmental rel e a s e s  are kept we l l  b e l ow 

appl i c a b l e  DOE l im i t s . The DOE p o l i c y  ( c a l l e d ALAP , o r  as - low- as prac t i c ab l e  ( USERDA , 

1 9 7 7 ) , wh i c h  rec ommends c on t i nuing improvemen t s  i n  c on t ro l  o f  s t ack re l eas e s , i s  

s t a t ed a s  fo l l ows : " . ope ra t i o ns s ha l l  b e  c onduc ted i n  a manner t o  as sure that 

radiat ion exposure to indiv i dual s and popu l a t ion group s i s  l imi ted to the l owe s t  

l eve l s  techn i c a l l y  and ec onomi c a l l y p rac t i cabl e . " Mea surements  o f  rad i oac t i ve e ff l u 

ent  in the r e l e a s e  s t acks o f  a l l  b u i l dings i n  wh i c h p l uton ium i s  hand led a re samp l ed 

on a cont inuous ba s i s . I f  any measuremen t  shows a to tal l ong - l ived a l pha concentra

t ion greater than 0 . 0 2 pCi/m3 , an i mmed i a t e  inve s t i ga t i ve report i s  f i l ed .  Ac t i on s  

a r e  i n i t i a ted to d e t e rmine the reason f o r  t h e  re l e ase  l evel  and to p l an corre c t ive 

measure s . Admi n i s t ra t ive l im i t s  prov ide added as surance that t o tal o ff - s i te concen

tration s  wi l l  be we l l  be low the present  DOE guide va lue s . 

I n  the years 1 9 7 5 - 1 9 7 7 , the yearly s t ack r e l e a s e  has been 10 � C i /yr o r  l e s s  o f  

p l uton ium . 

The i so top i c  c ompo s i t i ons measured for weapons - grade pluton ium a t  Ro cky F l a t s  

a re shown i n  Tab l e  2 . 7 . 2 - 2 . The s e  percen tage s repre sent  t h e  ave rage compo s i t i on o f  

Roc ky F l a t s  p l u tonium dur i ng t h e  l a s t  two years . P l utonium - 241 decay s  to ame r i 

c i um - 2 41 , wh ich i s  a l so a n  a l pha emi t t e r . Thu s , the total alpha ac t ivi ty from p l u t o 

nium r e l e a s e s  inc l udes  s ome ame ric ium a l p h a  ac t iv i ty . I n  general , the p l u ton ium 

proc e s sed at Roc ky F l a t s  i s  about 10 years old* ; the ame r i c i um - t o - p l u tonium ac t iv i ty 

ratio  ranges from 0 . 1  to 0 . 2 .  During p roc e s s ing , ame r i c ium i s  s epara t ed from the 

pluton ium . Thi s  c an re su l t i n  a d i f fe re n t  ratio . 

I so tope 

Pu - 2 38 

Pu - 2 3 9  

Pu- 2 40 

Pu- 241 

Pu - 2 42 

TOTAL 

TAB LE 2 . 7 . 2 - 2  

I SOTO P I C  COMPO S I T ION OF 

ROCKY FLATS PLUTON I UM 

( July , 1 9 7 6  through July 1 ,  1 9 7 8 ) 

Alpha 
Percent  By Ac tivi ty 

Weight ( Ci/g )  

0 . 0 1 1 . 7  x 1 0 - 3  

9 3 . 7 9 5 . 8  x 1 0 - 2  

5 . 8 0 1 . 3  x 1 0 - 2  

0 . 3 6 

0 . 0 3 1 . 2  x 1 0 - 6  

0 . 0 7 3  

Beta  
Ac t i v i ty 

( C i/g ) 

0 . 3 7 

0 . 3 7 

Uranitm and t r i t ium a i rborne r e l e a s e s  are shown i n  Tab l e  2 . 7 . 2 - 3 .  Curium i s  

hand led a t  ' Rocky F l a t s  and re l ea s e s  have been s�own t o  b e  negligib le . Nep tun i um and 

thor ium are al so hand l ed at Rocky F l a t s , but in such sma l l  quan t i t i e s  as to prec l ude 

a s i gn i f i c ant r e l ease . 

*Crea ted by reac tor about 10 years ago . 
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Y e a r  

1 9 5 7  

1 9 5 8  

1 9 5 9  

1 9 6 0  

1 9 6 1  

1 9 6 2  

1 9 6 3  

1 9 64 

1 9 65 

1 9 6 6  

1 9 6 7  

1 9 68 

1 9 69 

1 9 7 0  

1 9 7 1  

1 9 7 2  

1 9 7 3  

1 9 7 4  

1 9 7 5  

1 9 7 6  

1 9 7 7  

TABLE 2 . 7 . 2 - 3  

AI RBORNE REL EAS E S  O F  URAN IUM AND TR I T I UM 

FROM ROCKY FLATS P LANT 

Alpha from Alpha from 
U - 2 3 8  Areas U - 2 3 5  Areas 

( iJ C i )  _ _  �il _ _ 

3 8  2 3 0  

5 1  3 0 8  

3 4  5 4 0  

5 8  8 6 3  

5 2 3  Lf8 3  

3 68 2 4 9  

3 3 9  2 7 7  

2 3 6  1 9 3  

2 7 7  1 8 6  

1 4 3  2 3 3  

1 3 9  1 1 2  

T r i  t i um 
__illL 

1 3 8  1 6 1  S ev e r a l  hundred 

1 6 7  

1 9 0  

5 8  

4 2  

6 3  

9 

2 8  

1 2  

1 9  

5 1  

64 

41 

4 

1 1  

2 7  

2 8  

1 6  

2 1  

", 1 0 0 0  

", 1 0  

2 

1 . 2  

0 . 5  

I mportant f i l te r  imp rovemen t s  oc curred i n  1 9 7 0 ; thu s , the t ab l e  re f l e c t s  a 

d e c r e a s e  i n  emi s s ions s i n c e  1 9 7 0 . On the b a s i s  o f  1 9 7 1  through 1 9 7 7 , i t  woul d  app e a r  

tha t the exp e c ted y e a r l y  r e l e a s e  o f  uranium - 2 3 5  and u ran ium- 2 3 8 , separa t e l y , wou l d  b e  

l e s s  t h a n  5 0  iJ C i/y r . 

I n  pas t years , Roc ky F l a t s  measured t o t a l  long - l ived a lpha a c t iv i ty a s s o c i a ted 

wi th uran ium r e l e a s e s , b u t  d i d  no t d e t e rmine a c t iv i ty on a spe c i f i c  i so top i c  b a s i s . 

Thus , the alpha ac t iv i t i e s  l i s ted i n  Tab l e  2 . 7 . 2 - 3 , whi c h  are repo r t ed a s  ac t i v i ty 

f rom u ran ium - 2 3 5  and uranium - 2 3 8  areas i n c l ude a c t ivi ty f rom several u ranium i s o tope s .  

Shown i n  Tab l e  2 . 7 . 2 - 4  are the i s o topes a s so c i ated wi th e n r i c hed uranium ( mo re than 

9 3 %  U - 2 3 5  e n r i c hmen t )  and dep l e t e d  u ranium wh i ch are p ro c e s s ed by the Roc�y F l a t s  

fac i l i ty .  A s  c an b e  s e en , mo s t  o f  t h e  a c t iv i ty o f  t h e  enri ched u ran ium c omes from 

uran i um - 2 34 even though uran ium - 2 3 5  i s  more than 93% , by we igh t ,  o f  the t o t a l  uranium 

c o n t en t . Th i s  re sul t s  f rom the muc h  h ighe r  sp e c i fi c  a c t iv i ty o f  uranium - 2 34 than 

urani um - 2 3 5 . 
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TABLE 2 . 7 . 2 - 4  

ACT I V I TY RATIOS O F  ROCKY FLATS URAN I UM 

Dep l eted 
Uran i um", 

Alpha 
t�i/g � 

Th - 2 3 1  

Th - 2 3 4  

U - 2 3 4  

U- 2 3 5  

U - 2 3 8  

To t a l  

E n r i c hed 
Uranium"b', 

Th - 2 3 1  

Th - 2 3 !f 

U- 2 3 4  

U - 2 3 5  

U- 2 3 6  

U - 2 3 8  

To t a l  

3 . 7  x 

4 . 9  x 

3 . 4  x 

3 . 8  x 

6 . 2  x 

2 . 0  x 

2 . 5  x 

1 . 8  x 

6 . 1+ x 

*Deple ted uranium is r e f e r red to a s  U - 2 3 8 . 
**En r i c hed u ranium i s  re fe rred to as U- 2 3 5 . 

1 0 - 8 

1 0 - 9  

1 0 - 7 

1 0 - 7  

1 0 - 5 

1 0 - 6 

1 0 - 7 

1 0 - 8 

1 0 - 5  

B e t a  
( Ci/g ) 

4 . 9 �-
1 0 - 9 

3 4 1 0 - 7 . x 

3 4 1 0 - 7 . x 

2 . 0  x 1 0 - 6 

1 . 8 x 1 0 - 8 

2-.�1 0 - 6  

As indi c a t e d  i n  Tab l e  2 . 7 . 2 - 3 ,  there have been only two known re l ea s e s  o f  t r i t i um 

from Roc ky F l a t s  P l an t . ( The amoun t s  i n  1 9 7 4  th rough 1 9 7 7  are r e s i dua l quan t i t i e s  

from the 1 9 7 3  r e l e a s e . )  I n  1 9 6 8 , s eve ral hund red curi e s  o f  t r i t ium we re r e l e a s ed 

a c c i dent a l ly . I nve s t i ga t io n s  a t  the R o c ky F l a t s  P l an t  i nd i c a te that no thre a t  to 

human hea l th o r  s a fe t y  o c c urred . I n  1 9 7 3 , mate r i a l  con taminated w i t h  t ri t i um was 

inadve rten t l y  p ro c e s sed at the Ro cky F l a t s  P l an t . A d e t e rmina t i on by P l an t  and EPA 

pe rsonne l o f  the t o t a l  amount o f  t r i t ium c o n t a i ned in t h i s  m a t e r i a l  ind i c a ted that 

5 0 0  to 2 , 0 0 0  curies of  t r i t i um were involve d .  Of  t h i s amoun t , s ome 56  curies were 

re l e a sed i n  wa t e r  e f f l u e n t  f rom the P l an t  and some 1 0 0  to 5 0 0  curies were r e t a i ned in 

tanks and ponds on s i t e . Mos t of the rema i n i ng t r i t ium was re l ea s e d  to the atmosphe re . 

R e s idual c on tamina t i on from the 1 9 7 3  inc ident has r e s u l t ed i n  a con t i nu ing , but 

d e c r e a s ing , r e l ea s e  of  t r i t i um . 

Al l future rou t ine r e l e a s e s  wi l l  be ma i n t a i ned a t  a sma l l frac t i on o f  app l i c ab l e  

ERDA s tandard s . Spec i fi c a l ly , Roc ky F l a t s  h a s  s e t  a n  i n t e rn a l  guide f o r  t r i t ium tha t 
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no c o n c e n t r a t i on i n  the exh au s t  s ta c k  may exc eed the DOE RCG fo r c on c en tr a t ion s to 

whi c h  the genera l pub l i c is  expo sed ( sp e c i f i c al l y 2 0 0 , 0 0 0  pC i/m3 ) .  Und e r  t hi s  

pub l i c  expo sure l im i t a t io n , about 3 , 1 0 0  ' C i  o f  t r i t i um p e r  y e a r  c o u l d  b e  re l ea s ed 

w i thou t exc eeding the i n t e rn a l  guide . D i l u t ion fac t o r s  a t  the P l an t  are s u c h  t h a t  

the wo r s t - po s s i b l e , annu a l , ave rage , o f f - s i te c o n c e n t r a t ions  w i l l  b e  several orders  

of  magni tude b e l ow the DOE RCG . 

I n  add i t i on to the abov e -ment i on e d  l im i t  on a i rborne e f f l u e n t  c o n c e n t r a t i on s , 

the Ro c ky F l a t s  P l an t  c on tr a c t o r  h a s  s e t  an adm in i s t ra t iv e  l im i t  o f  0 . 1  c u ri e s  p e r  

mon t h  on the t o t a l  amou n t  o f  t r i t ium c on t ained i n  m a te r i a l s  p ro c e s s e d  a t  the fac i 

l i ty .  T h i s  i s  n o t  an o f f i c i a l  o r  formal l imi t , bu t i t  i s  b e ing u s ed a s  an admini s t r a 

t ive c o n t r o l  to re s t r i c t t r i t i um r e l e a s e s  to a l ev e l  whi ch w i l l  b e  a s - low - a s - p rac t i c 

ab l e  for the fo r e s e e a b l e  workload requ i remen t s . 

2 . 7 . 3  Rad ioac t iv e  L i q u i d  Was te 

L i qu i d s  subj e c t to rad i oa c t ive con t amin a t i o n  are c are fu l ly c on t ro l l e d , c o l l e c ted , 

and p ro c e s s ed to r emove c o n taminan t s . The s e  c on t aminan t s  are then c o n c e n t ra t ed , 

s o l i d i f i e d , i f  requi red , and packaged for s h ipme n t  to a DOE - approve d  s to rage fac i l i ty .  

2 . 7 . 3 . 1  P ro c e s s  Liquid Was te Co l l e c t ion 

Each b u i l d i n g  h aving produc t ion , r e s e a r c h , o r  supp o r t  fac i l i t i e s  i n  wh i c h  rad i o 

a c t ive mat e r i a l s  a r e  hand l ed i s  equipped w i t h  a proc e s s -w a s t e  c o l l e c t i on sys tem . 

Th i s  s y s tem , wh i c h  i s  i so l a ted from the sani t a ry -was t e  c o l l e c t ion s y s tem , c o l l e c t s  

l iqu i d  was te s  from such sou r c e s  a s  p ro c e s s  d r a i n s , d e c on t am i n a t ion s howe r s , l ab o ra t o ry 

s in k s , j an i t o r  s i nks , and f l o o r  drains  l oc at e d  i n  p o t en t i a l ly c o n t amina t ed area s . 

The proc e s s  was t e  c o l l e c t ion sys t em a l so hand l e s  the d i s p o s a l  o f  w a t e r u s e d  i n  f i r e 

f i gh t ing i n  the s e  a r e a s . The c o l l e c ted was t e s  a r e  h e l d  i n  appro p r i a t e  t an k s  pending 

analy s i s  of the c on t am i nan t s  and d e t e rm i n a t ion of t re a tmen t . Depending on the o r i g i n , 

t h e  w a s t e  may b e  analyzed for p l u tonium , ame r i c i um ,  u r an ium , h ex av a l e n t  c hromium , 

n i t r a t e , pH , f l uo r i d e , b e ryl l i um ,  and other c o n t aminan t s  o r  c o nd i t ions  a s  app ropr i a t e . 

The maj o r i ty o f  the P l an t ' s  proc e s s - wa s t e  h o l d i n g  t anks are c o nn e c t e d  by p ip e l i n e  

to t h e  w a s t e  t r e a tment fac i l i ty a n d  the was t e  s to rage pond s . Several  bu i l di n g s  that  

p rodu c e  smal l v o l ume s  of  was t e s  t h a t  a r e  n o t  c omp a t i b l e  wi t h  the was t e - t r e a tment 

d e c o nt am i n a t ion p ro c e s s  a re s e rv i c e d  by p o r t ab l e  tanks o r  smal l e r , c lo s e d  c on t a ine r s . 

The s e  w a s t e s  are transpo r ted by t ru c k  to the w a s t e  t r eatmen t fac i l i ty or the was t e  

s t o rage ponds . 

A 1 9 7 7  amendmen t t o  ERDA Manua l  Chap t e r  6 3 0 1  ( US ERDA , 1 97 7 ) h a s  requi red that 

a l l  p ro c e s s  was tewa t e r  p i p ing sys t ems b e a r i n g  radioac t iv e l y  c o n t am in a t ed waste b e  

doub ly c o n ta ined o r  i n s pe c t ab l e . The o u t e r  c o n t a inme n t  gu i d e s  any l eakage from the 

p r imary p ipe to a c o l l e c t ion r e s e rvo i r . Wat e r  s en s ing dev i c e s  i n  these r e s e rv o i r s  
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a l e r t  p e rsonne l to t h e  p re s ence o f  a l e ak so t h a t  i t  c an be repa i red and the l e akage 

c o l l ec t ed and sent to p ro c e s s  was t ewa t e r  trea tmen t .  Al l p ro c e s s  w a s t ewater p i p e s  fo r 

rad i oac t ive was t e , no t a l re ady doub l y  con t a i ned , are b e i ng modi f i e d  to provide 

doub l e  c o n t a inmen t o r  i n sp e c ta b i l i ty .  

Org a n i c  was t e  l i quids , machine oi l s ,  l ub r i c an t s , and solven t s  are c o l l e c ted in 

separate ho l d i ng t anks and t ra n s f e rred to the wa s t e t re a tment  fac i l i ty by separate 

p i p e l ine o r  c o n t a i ne r .  Highly tox i c  p ro c e s s  wa s te is  shi pped i n t rap l an t  in doub l e  

c on t a inment t o  con t a i n  leaks . Low tox i c i ty ma t e r i a l s  may be moved in s t a i n l e s s  s t e e l  

dumps t e r  equipmen t .  

A l l  proc e s s  l i q u i d s  mus t  b e  l e s s  than the No rma l Ope r a t ional Lo s s  ( NOL ) D i s c a rd 

Limi t s  fo r the radi onuc l i d e s  involved be fore they c a n  b e  dec l a red wa s t e  and t rans fer

red t o  wa s te t re a tmen t . The s e  d i s c ard v a l u e s  are e s ta b l i shed by a c o n t r a c t o r  c omm i t t e e  

and app roved b y  DOE . I n  spe c i f i c  i n s tanc e s , an exemp t i on may be o b t a ined f o r  wa s t e  

wi th a part i c u l ar recov e ry pro b l em ( s uch exemp t i ons are typ i c a l ly gra n t e d  three or 

four t imes per year ) . Was t e wh i c h  exc e eds the s e  l imi t s  mus t b e  repro c e s sed to re cove r 

rad i o ac t ive ma teri a l  wh i ch i s  then recyc l ed i n t o  the p roduc t ion s t re am .  

Wa s t e s  l e s s  than the NOL d i s c ard l im i t s , b u t  grea t e r  than 1 0 0 , 0 0 0  p C i/l t o t a l  

long - l ived a l pha ( TLLa ) , a r e  t rans ferred t o  t h e  P l an t  w a s t e  decontam i n a t ion fac i l i ty 

for t re a tmen t  ( S ec t i on 2 . 7 . 3 . 2 ) .  The 1 0 0 , 0 0 0  pCi/l l im i t  i s  the maximum a l lowab l e  

c o n c e n t ra t i on o f  so lub l e  Pu - 2 3 9  a l l owed fo r wa t e r  i n  c o n t ro l l ed areas ( se e  US ERDA 

Manua l  Chap t e r  0 5 2 4 , Annex A ,  1 9 7 7 ) . 

Was te s  l e s s  than 1 0 0 , 0 0 0  pC i/l t o t a l  long - l ived a l pha ac t i v i ty are r e l e a s e d  to 

the aspha l t - l i ned s o l ar evapora t i on ponds whe r e  they are s to red for fu ture p ro c e s s i ng .  

Wa t e r  from the so l a r  evapora t i o n  ponds i s  now be ing pro c e s s ed i n  t h e  new w a s t e  t re a t 

ment fac i l i ty ( Se c t ion 2 . 7 . 3 . 3 ) . S e d imen t f rom the s e  ponds i s  hand l e d  a s  contaminated 

was t e . The s o l a r  evapo r a t i on ponds are curren t l y  b e ing c l eaned by dra i n i ng t h e  

pond s , pa r t i a l l y  dry i ng t he s l udge or m i x i n g  i t  wi th mo i s ture absorbers , depo s i t i ng 

I t  i n  approp r i a t e  shipp ing c o n t a iners , and s ending i t  to an o f f- s i t e  radio ac t i ve 

was t e repo s i t o ry . A f t e r  b e i ng c l eaned and rel ined , the s o l a r  ponds wi l l  be u s ed only 

fo r s t o r i ng c o o l ing towe r b l owdown wa t e r  and t e r t i ary t r e a t ed e f fl u e n t  f rom the 

s an i t a ry wa s t e  t re a tme n t  p l an t . Thi s  wa t e r  wi l l  be used as feed wa t e r  fo r the reve r s e  

o smo s i s  recyc l i ng p l an t . The reve rse osmo s i s  p rodu c t wa t e r  wi l l  b e  s to red i n  ano ther 

c l eaned and re l ined s o l a r  pond for sub sequent use a s  makeup wa t e r  fo r the c o o l ing 

towe r s . 

Wa s te s  wi th l e s s  than 1 , 6 6 7  pCi/l a l pha a c t i v i ty are r e l e a s e d  t o  t h e  un l i ned 

s torage ponds ( A- I ,  A - 2 ,  and B - 2 ) . The c o n t ro l  gu i de , 1 , 6 6 7  p Ci/l , is  de r i ved from 

the Rad i o a c t ive Conc e n t r a t i o n  Gu ide ( RC G )  g iven i n  ERDA Manu a l  Chap t e r  0 5 2 4 . I t  i s  

the RCG for s o l u b l e  p l u tonium- 2 3 9  i n  wa t e r  cons umed by a n  individual i n  the gen e r a l  

popul a t ion . The ponds a r e  no t ava i l ab l e  t o  t h e  general popul a t ion o r  conne c ted to 

any pub l i c wa ter s upp l y . The r e  are no regu l a t ions wh i c h  app l y  to th i s  wa t e r . The 
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c o n t r o l  guide 1 S  an i n t e rn a l ly app l i ed adm in i s t ra t ive l im i t .  The l iq u i d  was te s  from 

Ponds A - l  and B - 2  a r e  c o l l ec t ed in Pond A - 2  and are s u b s e quen t l y  r emoved by natural  

and s p ray evapo r a t ion . When the n ew wa s te t re a tment fac i l i ty is  opera t iona l , t h e s e  

w a s t e s  wi l l  b e  p r o c e s s e d  by i t . 

2 . 7 . 3 . 2  P roc e s s  Was t e  T r e a tmen t F ac i l i ty 

The w a s t e  t re a tmen t opera t i ons hand l e  a l l  l iq u i d  p roc e s s  w a s t e s  that do n o t  m e e t  

the requi r eme n t s  for on - s i te impoundment .  The w a s t e s  are t re a t e d  to p repare t h e m  f o r  

d i spos a l , not f o r  the recov e ry o f  p l u tonium . 

The f i rs t - s t age opera t ion t re a t s  the fo l l ow ing typ i c a l  l i qu i d  wa s t e s  f rom the 

p lu tonium recovery fac i l i ty :  ion c o l umn e f f luent , d i s t i l l a t e , ame r i c ium p ro c e s s  

e f f l uent s , c au s t i c  f e r r i c  c h lo ride s o l u t i on s , c onden s a t e s , b a s i c  s o l u t ions , and 

analy t i c a l  l aborat o ry s o l u t i on s . Ac i d  wa s t e s  are f i r s t  made b a s i c , and the r e su l t ing 

s o l i d s  are s e p a ra t ed from the l iqu i d . Al l was t e  l i qu i d s  a r e  then c ombined and t re at e d  

w i th a c a r r i e r  p r e c i p i t a t ion p roc e s s . F e r r i c  su l fa t e , c a l c i um c h l o r i de , and a c oagu

l a t ing agent are u s e d  to form a p re c i p i t a t e  that c a r r i e s  the rad i o a c t ive c o n t aminan t s  

o u t  o f  s o l u t ion . Th i s  p re c i p i t a t e  i s  then f i l t e red and p a c kaged a s  s ludge i n  a d rum . 

Aqueous was t e s  c o n t a in ing p l u ton ium comp l exing agen t s  are made b a s i c  and are then 

s o l i d i f i e d  w i th c ement and an ab sorben t  mat e r i a l  in s p e c i a l ly prepared d rums . 

The s e c o nd - s t age o p e r a t ion handl e s  a l l  o th e r  aqueous p ro c e s s  w a s t e s  that r e qu i re 

t r e a tment and p rov id e s  fur t h e r  t r e atment for the f i rs t - s t age e f f l u en t . The s e c ond 

s t age cons i s t s  of two p r e c i p i t a t i o n  p roc e s s e s ; one is b a t c h  and the o th e r  c o n t inuou s . 

The b a t c h  p r e c i p i t a t ion p ro c e s s  i s  u s e d  fo r a l l  l iq u i d s  t h a t  c o n t a i n  c h em i c a l s  a s  

we l l  a s  radioac t ive m a t e r i a l s . The c o n t i nuous p r e c i p i t a t ion p ro c e s s  may b e  u s ed fo r 

l i qu i d s  that c on t a i n  rad i o a c t iv i ty but no c o n c en t r a t ed c hem i c al s .  Both p ro c e s s e s  

u t i l iz e  t h e  s ame c hemi c a l  reagen t s ; t h e  p re c i p i t a te fo rmed i s  f i l t ered and p a c kaged 

a s  s ludge in d rums . A l l t r e a t e d  s l udges are handl e d  a s  radioac t iv e  w a s t e  and s h i p p ed 

to a DOE approved s to rage s i te . 

The trea ted e f f l u en t s  f rom b o t h  p ro c e s s e s  are h e l d  i n  i s o l a t e d  t anks u n t i l  

s amp l e s  are analyz ed . V i a  a thre e - way valving s y s t em , l i q u i d  was t e  no t exc eed ing the 

RCGs s p e c i f i e d  under E RDA Manual Chap t e r  0 5 2 4 , and wh i ch a r e  chemi c a l ly c o n t am i n a t ed 

are impounded i n  the aspha l t - l ined , s o l a r  evap o ra t i on pond s . The non - c h em i c a l ly 

con t am i n a t ed l iq u i d  i s  impounded i n  the u n l ined ponds ( A- I , A- 2 ,  and B - 2 , a s  shown i n  

F i gure 2 . 3 . 9 . 3 ) . 

Chem i c a l l y  con t am i n a t e d  was te impounded i n  the aspha l t - l ined ev ap o r a t i o n  ponds 

is t rans ferred to evapo rator feed tanks and c o n c e n t r a t e d  by a s te am - f i red evaporator 

a s  c apac i ty p e rm i t s . The vapors ( ov e rhead s ) f rom the evaporator a re d i s c harged to 

the a tmosphe re . The evap o r a to r  has a c apa c i ty of  230  g a l lons  per hour and o p e r a t e s  
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c on t i nuous l y . Tab l e  2 . 7 . 3 - 1 l i s t s  the c o n t aminan t s  and c on c en t r a t i on s  normal ly 

r e l e a s e d  w i t h  the evap o ra t o r  overhe ads . The evap o r a t o r  con c en t r a t e s  ( bo t toms ) are 

t rans fe rred t o  a doub l e - d rum drye r t h a t  remove s the rema i n i ng wat e r . The d r i ed s a l t s  

are p a c kaged a s  s a l t  i n  a box , wh i c h  i s  s ea l ed and banded then s h ipped t o  a DOE - app roved 

s to rage s i t e .  The was t e - t re a tment - fac i l i ty p ro c e s s  f l ow i s  shown i n  F igures 2 . 7 . 3 - 1 

t h rough 2 . 7 . 3 - 4 . 

TABLE 2 . 7 . 3 - 1 

IMPUR I T I E S  I N  WASTE - TREATMENT EVAPORATOR OVERHEADS 

Con t aminan t Concen tra t i on-l, 

Ars e n i c  3 x 1 0 -4 
ppm 

Bar i um 2 x 1 0 - 3 ppm 

B e ry l l ium 2 x 1 0 - 2 ppm 

Cadm i um 3 x 1 0 - 4 ppm 

Chlo r i de < 1 .  0 ppm 

Copp e r  0 . 1  ppm 

Chromium a s  C r
+ 6 < 0 . 0 5 ppm 

Cyanide 0 . 0 1 ppm 

F luoride < 0 . 1  ppm 

I ron 0 . 4 7 ppm 

Lead 2 x 1 0 - 3 ppm 

Mangan e s e  2 x 1 0 - 3 ppm 

N i t r a t e  1 . 4  ppm 

pH 8 . 9  

Pho sp h a t e  < 0 . 5  ppm 

S i lve r 3 x 1 0 - 5 ppm 

S u l f a t e  < 2 . 0  ppm 

To t a l  Alpha Ac t i v i t y  < 1 . 0  dlmll 

To t a l  S o l i d s  5 . 9  ppm 

Tri t i um 6 0  fJ C ijl 

Z in c  2 x 1 0 - 3 ppm 

-k Max imum c on c en t r a t i on s  b a s ed on s amp l ing and ana lys i s  
eve ry two days o f  evapo rator ope ra t ion . 

Con tam i n a t ed organi c  l i quids , l a the c oo l an t  ( C C 1 4 and o i l ) , and o rgan i c  so lven ts 

are r e c e ived via a separate p i p e l ine feeding i n to i s o l a t ed feed t an k  sys tems . M i s c e l 

l aneous o rgan i c  s o lven t s  and o i l s  r e c e ived b y  c o n t a i n e r s  are f i l tered and t rans ferred 

i n t o  the o rgan i c  s o lven t feed t ank sys tem . The s e  wa s te s  are p ro c e s s ed by b l endi ng 

the l i quid wi th c a l c ium s i l i c a t e  i n  a con t i nuous mixer t o  fo rm a s o l i d . Th e so l id i s  

pac kaged a s  " g rea s e "  i n  a d rum . Figure 2 . 7 . 3 - 5  shows the o rgan i c  was t e  proc e s s  f l ow . 
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G E N E R A L  
P L A N T  WASTE 

LAUNDRY 
WASTE 

Pu RECOVERY � ____ � 

W ASTE 
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NEUTRALI ZATION 
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PRECIP ITATION 
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I 
I 
I 
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I 
I 

L _ +  3rd STAG E 

L----.,-------J 
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EVAPORATI O N  

DISTILLED 
WATER 

CONC. SALT 

I 
F i gure 2 . 7 . 3 - 1 

D R Y I NG & 
P E LLETI Z I NG 

PACK & S H I P  

S L U D G E  STREAM 
F I LTRATION 1--

SLUD G E  

D R Y I N G  & 
CO O LI N G  

P A C K  & S H I P  

Wa s t e Trea tment F l ow D j agram 
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STR EAMS SAM P L E D  

C a  CI2 

Na OH 

Na OH 

Na O H  N EUTRA L I Z I N G  
TAN K i 

CO M P LE X E D  O R  
H C L  R E C. A N D  
N EUT. TAN K  

( H C I )  

(COM PLEXED WASTE) 

G LOVE BOX 

774 
D R U M  

CEM ENT & 
ABSO R B ENT 

I 

do 

FI R ST STAGE 

( D ECANT) 

CAUSTI C SCR U B B E R  
CO N D E NSATE 

M ISCE LLAN EOUS 

CaCI2 

MgS04 

® 
PUR I F LOC 

I 
I 
I 

do 
F LOCC U LATO R 

VACU UM F I LT E R  

F i gu re 2 . 7 . 3 - 2  Wa s te Treatment Proc e s s  F l ow ,  F i rs t  S t age 
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R A D IOACT I V E  WASTES 
( > 45 ppm N 0 3 ) 

SAMPLED 
AT PO I NT 

O F  O R I G I N  

i= z <! u UJ D 

I 

F ROM 
1 st 

STAG E 

o 
742 D R UM 

B U I L D I N G  SUMP5 

P U R I F LOC 

S ETT L I NG 
TANK 

VACUUM 
F I LT E R  

SAM P LE 

P U R I F LO C  

R A D I OACT I V E  WASTES 
« 45 ppm N 0 3 ) 

SAM P L E D  AT N aO H  
P O I N T  O F  
O R I G I N  

LOW N03 

WASTE STO RAG E 

F LOCCU LATOR 

F LASH M I X E R  

SAM P LE 

LOW N03 
T R EATE D  WASTE 

STO RAG E 

H I GH N 0 3  
T R EATED WASTE 

STO RAGE SEC O N D  STA G E  

D UJ UJ 
u.. 
a: 
o 
� 
a: 
o c.. <! > UJ 
o I-

L I N ED EVAPO RATI ON L.-_�=-""""", P� �SAM P L E  

I 
N IT R ATE CATCH T R ENCH ES 

F i gure 2 . 7 . 3 - 3  Wa s t e  Trea tmen t  P ro c e s s  F l ow , S e c ond S t age 
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FROM LI N E D PONDS 

�---- BO R I C A C I D  

EVAPORATO R  

EVAPORATOR F E E D  

xXXXXx 

D O U B L E  

D R U M  D R Y E R  

STACK 

1 
SC R UB B E R  

F i gure 2 . 7 . 3 -4 Wa s t e  Trea tment Pro c e s s  Flow , Evapora t i on S tage 

2 - 180  

1 
SA MPLE 

SCR UBBER 

R ECYCLE 



O R GAN I C  SO LVENTS 

F I LT E R  G LOVE BOX 

F E E D  
TAN KS 

WASTE CO O LANT 
(CCI. AND O I L) 

F E ED 
TANKS 

OV E R F LOW A N D  F I L L  

F i gure 2 . 7 . 3 - 5  O rgan i c  P ro c e s s  Wa s t e  F low 
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2 . 7 . 3 . 3  New Was t e  T r e a tment Fac i l i ty 

A new was t e - t re atme n t  fac i l i ty i s  p a r t i a l ly i n  op e r a t i on . Chem i c a l l y  p o l l u t e d  

l i qu i d  pro c e s s  was t e s , i n c l ud i ng some c o n t a i n ing rad ioac t iv e  c o n t am in ant s ,  wi l l  b e  

r e c e ived by the n e w  was t e - t re a tment fac i l i ty f rom the s o l a r  evap o ra t ion p o n d s  and 

o t h e r  bu i l dings when the fac i l i ty i s  fu l l y  operat iona l . 

P ri o r  to b e ing t rans ferred to the was t e - t re a tment fac i l i ty ,  a l l  l i qu i d  was te s  

are analyzed t o  d e t e rmine the i r  general c hemi c a l  compo s i t ion and sp e c i fi c  rad i o a c t i 

v i ty . The rou t i ng and the p ro c e s s i ng s t e p s  o f  w a s t e  t re a tment d ep end upon the c hemi c a l  

c ompo s i t i on o f  the was te s  and the amount o f  r e s idual rad i o ac t iv i ty i n  them . The 

l iquid s t re am s  ent e r i ng w a s t e  t re atment are s to re d  in t anks a c c ording to the i r  c ompo 

s i t ion and i n t ended rout ing w i th i n  w a s t e  t re a tmen t . L i qu i d  was te r e c e i v i ng - s t o rage 

tanks i nc lude tho s e  fo r n i t r a t e  ( ac i di c ) was t e s , b a s i c  was t e s , l aundry was t e s , 

evap o ra t o r  f e e d , and s ec ond - and t h i rd - s tage p re c i p i t a t o r  feed . 

Ac i d i c  w a s t e s  are neut ra l i z ed w i t h  c au s t i c  soda ( so d i um hydroxi d e ) and f i l t e r ed 

to r emove so l id s . I n  g e n e ra l , the s e  neu t ra l i z e d  was t e s , p lus b l ended b a s i c  w a s t e s , 

are pumped to c h em i c al reac t ion v e s s e l s  where a mul t i s tage p re c i p i t a t ion p ro c e s s  

b e g i n s . The p ro c e s s  cons i s t s  o f  p re c ip i ta t ion , f l o c c u l a t i o n , and c l a r i f i c a t i on . 

E f f l u e n t s  f rom the prec i p i t a t ion s t age s are analyzed i n  the c l a r i f i e r  e f fluent  t anks 

fo r radioac t iv i ty p ri o r  to b e i ng t rans ferred to the evap o r a t o r  sys tem . 

The s o l i d s  f rom e a c h  c l a r i f i e r  are f i l t ered out by ro t a ry - d rum f i l t e r s  ( ut i l i z ing 

vacuum ) , and are then d r i ed , c o o l e d , and p a c ked in s t e e l  d rums fo r s h i pment a s  c o n t a 

m i n a t e d  was t e  to a DOE app roved s t o rage s i te . T h e  f i l t ra t e  f rom t h e  r o t a ry - drum 

f i l t e r s  i s  r e c y c l ed to the f i rs t - s t age p re c i p i t a t o r  f e e d  t ank . 

The sup e rnatant f rom the t h i rd - s t age c l a r i f i e r  p l u s  nonradioac t iv e  P l an t  was t e s  

f rom the evaporator feed t anks a r e  fed to a mul t ip l e - e f fe c t  evapora to r .  Conc e n t r a t e  

from t h e  l a s t  e f fe c t  o f  the evapo r a t o r  i s  fed into a s p r ay d ry e r . S o l i d s  ( s a l t s ) 

f rom the sp ray d ryer are removed by a bag f i l t e r  and a h igh e f f i c i e n c y  p a r t i c u l a t e  

a i r  ( HEPA )  fi l t e r ; t h e  s a l t s  a r e  then p e l l e t iz e d . Wat e r  vapor exhau s t e d  f rom the 

s a l t  sp ray d ry e r  is vented t h rough a p ro c e s s  f i l t e r  p r i o r  to i t s  r e l e a s e  t h rough an 

exhaus t  p l enum to the envi ronme n t . Wa t e r - vapo r exhau s t  f rom the s l udge d ry e r  i s  

vented through a s c rubb e r  p r i o r  t o  i t s  r e l e a s e  to a n  exhau s t  p l enum ; s c rubb e r  was t e 

wate r i s  r e cy c l ed b a c k  to the b a s i c  was t e - re c e iv i ng and b l ending tanks . The c onden 

s a t e  f rom a l l  s t ages o f  the mul t i p l e - e f f e c t  evap o r a t o r  i s  u s ed p rima r i l y  for b o i l e r  

f e e d  wate r ,  and s e c onda r i l y  f o r  c o o l ing - tower wa t e r . 

2 . 7 . 4 Rad i o ac t ive S o l i d  Was t e  

I n  i t s  hand l ing o f  p l u tonium and o th e r  radionu c l i de s , t h e  Roc ky F l a t s  P l an t  

gene r a t e s  r ad i o a c t ive s c rap , o r  r e s i du e , and rad i o ac t ive was te . S c rap i s  mate r i a l  
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that c an be recyc l e d  for produc tive u s e ; rad i o a c t ive s c rap c o n t a i n s  p lutonium o r  

e n r i c h e d  uranium tha t i s  e conomi c a l ly d e s i r ab l e  to r e c ove r . Was te , o n  the o t h e r  

hand , has no recoverab l e  v a l ue . 

A t o t a l  o f  about 6 , 7 0 0  c ub i c  yards o f  p l u tonium - c on t ami n a t ed wa s t e  i s  curren t ly 

gene rated annua l ly . N e a r l y  1 , 2 0 0  cub i c  yards o f  thi s  t o t a l  i s  packaged and s h ipped 

to an o f f - s i te r e t r i evab l e  s t o rage l o c a t ion . Th i s  is cons ide red TRU ( t ransuran i c ) 

w a s t e , wh i ch i s  wa s t e  w i th mo re than 1 0  nano c u r i e s  o f  p l uton ium per g ram ( nCi/g ) . 

App rox imat e ly 5 , 5 0 0  cub i c  yards per year i s  p a c kaged and sh ipped to an o f f - s i te non 

re t r i ev ab l e  l o c a t i on ; t h i s  i s  non - TRU ( NTRU ) was t e  that has l e s s  than 1 0  nano c u r i e s  

o f  p l u tonium p e r  gram . 

2 . 7 . 4 . 1  Rad i o ac t iv e  S o l i d  Was t e  Col l e c t ion 

Removing s o l id was t e  from g l ove box e s  i nvo lve s t r an s f e r r i ng the was t e  t hrough a 

glove- box opening i n to an 8 -m i l  p l a s t i c  bag o r  s l eeve c l amped to the open ing . The 

b ag is then tw i s t e d , taped c lo s ed , and cut away . Thi s  bag i s  p l ac ed i n  a s e c ond bag 

for added pro t e c t i on . The s e  pro c edures are supp l emented by forc e d , down - dr a f t  ven t i 

l a t i on ; i nd i v i du a l ly f i t ted re sp i ratory p ro t e c t ion for a l l  p e r sonne l ;  c l o s e  r ad i a t i on 

moni to r ing surve i l l an c e ; and p ro t e c t ion from e x t e rn a l  rad i a t ion . Be c au s e  o f  i t s  

o r i g i n , a l l was te o f  th i s  type i s  con s i dered b y  t h e  Depar tment o f  T ransp o r t a t i on 

( DOT ) to b e  o f  NOS ( Not O t h e rw i s e  Sp e c i fi e d ) a c t iv i t y . *  Low Sp e c i f i c  Ac t iv i ty ( LS A )  

was t e has l e s s  than 1 0 0  n ano c u r i e s  o f  p l u ton ium p e r  gram o f  was te ; N O S  w a s t e  c o n t a i n s  

mo re than 1 0 0  nCi/g . T h e  m o r e  re s t r i c t ive DOE d e s i gn a t i on s , TRU a n d  NTRU w a s t e s  ( s ee 

previous p aragraph ) are u s e d  a s  guides for was t e  handl ing . 

Other c o n t aminated s o l i d  wa s t e s  r e s u l t from mat e r i a l s  such a s  c lo th ing , paper 

used by emp l o y e e s  i n  p ro c e s s  o r  c o n t ro l l ed areas ( bu t  o u t s ide g l ove boxe s ) , and s u r 

geon s ' g l ove s ; t h e y  a r e  d e s i gn a t e d  L S A  i f  no s i gn i fi c an t  x - o r  gan�a rad i a t ion i s  

noted b y  rad i a t ion moni toring surveys and i f  no measurab l e  p l u tonium i s  ind i c at e d  by 

drum - coun t i ng t ec h n i que s . The s e  t e c h n i qu e s  invo lve d e t e c t o r s  de s i gned and c a l i b r a t ed 

to i d en t i fy and quan t i fy the radioac t iv e  e l emen t s  in e a c h  drum c o n t a i n i ng c o n t aminated 

was t e . 

2 . 7 . 4 . 2  Rad io a c t ive Was t e  P a c kaging 

Mo s t  rad ioac t iv e  w a s t e s  are s o r t ed and pac kaged i n  5 5 - ga l lon s te e l  drums manu 

fac tured under a qua l i ty c on t r o l  p rogram to ensure c omp l i an c e  w i t h  Department o f  

Tran s p o r t a t ion ( DOT ) spec i fi c a t ions . A t h i c k - wa l l ed p o l y e thyl ene drum l in e r  i s  u s e d  

to c o n t a i n  TRU was te s  i n s ide the drum f o r  r e t r i ev ab l e  s to rage . T h e  p o l y e th y l ene 

*A mo re d e t a i l e d  d i s cu s s ion of Department of T ransp o r t a t i on packaging and s h ipp i ng 
s p e c i f i c a t i on s  i s  g iven i n  S e c t i on 2 . 6 . 10 .  
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l in e r  p rov i d e s  added re s i s tance to c o r ro s i on f rom the c o n t en t s , i n c r e a s e s  re s i s tanc e  

t o  t e a r  o r  pun c ture , and i s  a means o f  c on t a i nment even i f  t h e  s t e e l  d rum co rrode s . 

The p lu ton i um c o n t e n t  o f  e ac h  d rum i s  d e t e rm ined by coun t ing gamma rad i a t ion in a 

s h i e lded d rum c oun t e r  that has been c a l i b ra t ed for the type o f  wa s t e  involved . The 

d rum coun t e r  u t i l i z e s  sodium iod ide and/o r g e rmanium gamma - ray d e t e c t ion sys t ems . 

The s e  sys t ems r e c o rd gamma rays emi t ted by p lutonium - 2 3 9 , and the data are c o r re l a ted 

w i th s t andard s  to a rrive a t  a p l u to n i um a s s ay . Count i ng s t andards are p repared by 

the s tand ards l abora tory u s ing t e c hn i ques t rac eab l e  to the Nat ional Bureau o f  S tandards . 

The d rums are l oaded e i the r onto c argo c a r r i e r s , whi c h  are then p l a c e d  in ATMX c a r s , 

o r  onto s emi t ra i l e r  trucks . Both the trucks and ATMX c a r s  are gamma - s u rveyed b e fo re 

they l e ave the P l ant . 

Some w a s t e s  such a s  g l ove boxe s , l a rge equipmen t ,  and c o n s t ru c t i on mate r i a l s  are 

too l arge to f i t i n to a 5 5 - g a l l on drum . The s e  i tems are d i s a s s emb l e d  to reduc e the 

vo l ume (a  proc e s s  c a l l e d  s i z e  reduc t i on ) . The ex i s t ing s i z e - reduc t i on fac i l i ty i s  

l o c a ted i n  the v i c i n i ty o f  the s i t e for a p roposed Advanc ed S i z e  Reduc t i on Fac i l i ty ,  

now r e c e i v ing budge t ing c ons i d e ra t ion . Ope rat ions p e r formed in the ex i s t ing fac i l i ty 

are des igned to m i n im i z e  the vo lume o f  s o l id wa s te s . Pe rsonne l rou t in e l y  p e r fo rm ing 

these opera t i on s  i n  the e x i s t i ng fac i l i ty are requ i red to wear ful l p ro te c t ive c lo th i n g  

wi th supp l i ed a i r . T h e  Advanc ed S iz e  Reduc t ion Fac i l i ty w i l l  t a k e  advan tage o f  the 

l a t e s t  t e c hn o lo gy fo r r emo t e  hand l ing and c l e aning of s o l id wa s te , thus a c h i eving a 

g r e a t e r  degree o f  s a fe ty than exi s ts in the p r e s ent fac i l i ty .  

A f t e r  d i s a s s emb l y , wa s te m a t e r ia l s are c l e aned to r emove p l utonium and pac kaged 

i n to O . 7 5 - inch - t h i c k  p l ywood boxe s .  For re t r i evab l e  s to rage , the box e s  are c o a ted 

wi th f i re - r e t a rdan t  and f i b e rg l a s s - r e i n fo r c e d  polye s te r . The s e  box e s  are manu fac tured 

und e r  a qua l i ty control p rogram to ensure c omp l i an c e  w i th DOT spec i fi c a t ions . Each 

i t em p l ac ed into a p l ywood box is  moni tored wi th a c a l i b r a t ed , p o r t ab l e , sodium 

i o d i de de t e c tor to d e t e c t  any s i gni fi c ant r e s idual p l u to n i um . 

Al l p r imary c on t a inme n t  packaging fo r con taminated wa s te i s  c o n t ro l l ed by Qua l i ty 

Control P l an " Ma t e r i a l  P a c kagi ng , Shipping , and Transpo r t a t io n "  ( R I , 1 9 7 7 ) .  S p e c i fi c  

packaging i t ems a r e  subj e c t  t o  rec e i v i ng inspec t ion and t e s t ing a s  d i rec ted by the 

op e r a t ing con t rac t o r ' s  Qua l i ty Con t r o l  group . 

2 . 7 . 4 . 3  Rad ioac t ive Wa s te S h i pp i ng 

Roc ky F l a t s  u s e s  r a i l  c a r s  and t ru c k  t ra i l e rs to s h i p  wa s te s  a t  the pre s e n t  

t ime . D rums and unc o a t ed box e s  c o n t a i n i ng NTRU was t e  such a s  evapo rator s a l t s , s ewage 

s ludge , and m a t e r i a l  c ont ami n a t e d  w i t h  dep l e t ed uranium and b e r y l l i um are t rucked . 

Al l o th e r  drums having TRU wa s t e  are p l ac ed in c ar go c o n t a i n e r s  t h a t  are l oad ed i n t o  

ATMX r a i l  c a r s , wh i c h  are spec i a l ly d e s i gned c a r s  owned by DOE . Al l r a i l  s h i pmen t s  

g o  to t h e  T S A  ( Transuran i c  S to rage Are a )  a t  INEL whe r e  the c argo c o n t a iners  are 

unloaded . A l l  c o a ted boxe s a r e  al so sh ipped by ATMX rail c a r . 
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Wa s t e  drums and boxes are mon i tored for gamma rad i a t ion and alpha con taminat ion 

by Rad i a t ion Mon i to r ing personn e l  a t  Ro cky F l a t s  prior to the i r  departure from the 

Was t e  Management final inspec t ion area . ATMX rai l c ars are gamma surveyed a f t e r  they 

are loaded and prior  to l eaving the Ro cky F l a t s  P l ant . After b e ing un loaded a t  INE L , 

the rai l c ars and c argo containers are moni tored b e fore be ing re tu rned to the P l an t . 

2 . 8  CHEMICAL AND B IOCIDAL WASTES 

The Roc ky F l a t s  P l an t  has over 1 , 800 d i f fe rent chemi c a l s  on the s i te , of which 

the maj o r i ty are p re s en t  only in l abora to ry quan t i t ie s . Chemi c a l s  are used throughout 

the P l an t , particularly in Produc t ion , Research and Dev e lopmen t , Plu ton ium Recovery , 

and the l aboratorie s .  Tab l e  2 . 8 - 1  l i s t s  the maj o r  chem i c a l s and the consump t ion o f  

each in 1 9 7 7 . The quan t i t i e s  are typ i c a l  o f  annua l  consump t ion rate s . 

Chem i c a l  

Ac e t i c  Ac id 

Ac e tone 

Ac e ty l ene 

Argon 

Calc ium Metal 

Carbon Dioxide 

Carbon Tetrachloride 

Cau s t i c  Po tash 

Cau s t i c  Soda 

Chlorine 

Chromic Ac id 

Chromic Oxide 

Chromium , E l emen t a l  

Cyc lohexane 

E thanol 

Freon 1 2  

Freon 13 

Freon 2 2  

F reon R502 

He l ium 

Hydrochloric  Ac id 

TABLE 2 . 8 - 1  

CONSUMPT ION OF CHEMICALS , FY 1 9 7 7  

Quan t i ty Chemi c a l  

2 5  lbs  Hydro fluoric Ac id 

384 lbs  Hydrogen 

6 6 , 7 0 0  cu f t  Hydrogen Peroxide 

8 , 3 5 0 , 0 00 cu ft I sopropano l 

7 5 0  l b s  Mercury 

2 , 0 00 lbs Methano l 

5 , 3 34 gals  Ni  t r i c  Ac id 

2 0 8 , 0 5 0  l b s  N i t rogen 

2 , 9 24 lbs Ni t rous Oxide 

5 , 7 00 lbs Oxygen 

200  lbs  Phospho ric  Ac id 

2 5 6  l b s  P ropane 

1 1 0  lbs  Sod ium Chromat e  

3 0  gals  Sodium Ni trate 

85 gals Sodium N i t r i t e  

24 , 0 00 lbs Sul furic Ac id 

4 6  l b s  To luene 

2 , 9 7 0  lbs Tordon 22K 

125 lbs  1 , 1 , 1  Trichloroethane 

9 60 , 0 00 cu ft Trichloroethylene 

6 , 2 7 6  lbs  Xyl ene 

2 - 185 

Quan t i ty 

5 5 8  lbs 

6 , 10 8  cu f t  

1 , 5 24 lbs 

48 lbs  

22 lbs 

6 5  g a l s  

1 3 4 , 3 37 gals 

3 0 , 5 12 , 3 83 cu ft 

1 , 8 60 lbs 

1 3 7 , 5 3 6  cu ft 

630  g a l s  

3 , 400 cu ft 

50 lbs 

2 , 0 00 lbs  

1 0 0  lbs  

1 , 7 9 7  lbs  

7 9 8  gal s 

10 ga l s  

4 , 67 5  gals  

3 3 0  g a l s  

1 0  g a l s  



Was t e s  re s u l t ing f rom the u s e  o f  t h e s e  c hemi c a l s  are t rans ferred to the was te 

t r e a tment p l an t . There they are s tored , neu t ra l i z ed , c onc e n t ra t ed , and s o l i d i f i ed 

fo r s h i pment to a DOE - app roved s t o rage fac i l i ty .  Chemi c a l s  incomp a t i b l e  wi th normal 

wa s t e - t r e a tmen t p ro c e s s e s  are h andled in sp e c i a l b a t c he s . Organ i c  s o lv en t s  may be 

b u rned in a f l u i d i z e d - b ed inc inerato r . H i gh l y  tox i c  c hemi c a l s  may requ i r e  s p e c i a l i z ed 

t re a tment to render them innocuous and a l low s a fe d i sp o s a l . 

Sani t ary was t e  l in e s  ( s e e  S e c t i on 2 . 9 ) c o l l e c t  human w a s t e s  and c onvey them to 

the s an i t ary wa s te ( s ewage ) t re a tme n t  p l an t . Cond i t ioning chemi c a l s  are added ; some 

o rgan i c  was te s  are b i o l og i c a l l y  degraded to c a rbon d ioxide . The r e s idual so l id s  con

t a i n i ng t h e  maj o r i ty o f  i n s o l ub l e  o rgan i c  and ino rgan i c  mat e r i a l s  are c o n c en t r a t ed , 

d r i ed , and s h ipped to a DOE - approved s t o rage fac i l i ty .  

C e r t a i n  nonrad i o a c t ive b u t  po t en t i a l ly t ox i c  materi a l s  u s ed in o r  r e s u l t in g  f rom 

v a r i o u s  p roduc t i on p ro c e s s e s  may e n t e r  the v en t i l a t ion sys t ems ; they are subj e c t  to  

moni t o r ing by s amp l ing and ana l y s i s  and , in  some c a s e s , by automa t i c  s e n s o r s . B e ry l 

l i um ,  c arbon t e t ra c h l o r i de , s u l fur d ioxide , n i t rogen oxid e s , and combu s t i o n - p rodu c t  

par t i cu l a t e s  a r e  ma t e r i a l s  fo r wh i c h  ven t i l a t ion and d i s c h a rge moni t o r s  o r  s amp l e rs 

are p rovi ded . At l e a s t  one s tage o f  HEPA f i l t e r s  i s  u s ed t o  pur i fy v en t i l a t i on 

exh a u s t  a i r  i n  a l l  bui l d i ng s  in wh i c h  p o t en t i a l ly hazardous ma t e ri a l s  are hand l ed . 

The r e l e a s e  r a t e s  fo r nonrad i o ac t i ve mate r i a l s  cons eque n t l y  are min imi z e d  by fi l t ra t i o n  

through s y s t ems s imi l a r  o r  equiva l e n t  to t ho s e  u s e d  to c o n t a i n  radi o a c t i ve ma t e r i a l s . 

Tab l e  2 . 8 - 2  l i s t s  the nonrad i oac t iv e  a i r  c o n t am i n an t s , P l an t  a r e a s  f rom whi c h  they 

o r i g i n a t e d , and n o rmal average r e l e a s e  rate s for FY 1 9 7 5 ; a i r  c o n t aminan t s  i n  bo i l e r  

f l ue g a s e s  are n o t  i n c l uded i n  t h i s  t a b l e  ( s ee S e c t i on 2 . 6 . 6 ) . 

P l a n t  Area 

4 0 0  

5 0 0  

7 0 0  

8 0 0  

9 0 0  

�P rima r i ly 

TABLE 2 . 8 - 2  

AVERAGE , NONRAD I OACT I VE , A IRBORN E 

EFFLUENT D I S CHARGE RATE S - - FY 1 9 7 5  

( grams p e r  s e c ond ) 

C a rbon 
B e ry l l ium Te trach l o ride Hydro c a rbons 

5 . 0 3 x 1 0 - 8  0 . 40 3 . 0  x 1 0 -4 
1 . 54 x 1 0 - 9  0 0 

1 . 7 7 x 1 0 - 8  4 . 0 3 7 x 1 0 - 2  

3 . 1 7 x 1 0 - 8  0 . 3  1 . S  x 1 0 - 2  

1 . 46 x 1 0 - 9  0 0 

a c e t one . 

So lven t s* 

0 . 1 0 

0 

0 . 1 0 

0 . 1 2 

0 

B io c i d e s  are u s ed i n  coo l i ng - t owe r wa t e r  t re a tme n t  t o  p reve n t  b i o l og i c a l  fou l ing . 

O th e r  chemi c a l s  are requ i red to m a i n t a i n  prope r  wa t e r  chemi s t ry .  App roxima t e l y  8 8 2  
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pounds p e r  year o f  various wa t e r  tre a tme nt c hemi c a l s  are c o ns umed in th i s  manne r ,  

mo st o f  wh i c h  are t rans fe rred w i th the c oo l ing towe r b lowdown to the sani tary wa s t e 

t re atme n t  sys tem . 

Bioc i d e s  and h e rb i c i d e s  are u s e d  i n  weed and p e s t  c o n t r o l  on the s i t e . The 

Rocky F l a t s  P l an t  is a p a rt i c i p a t ing memb e r  of the Ra l s ton Va l l ey Weed Con t ro l  D i s 

t r ic t .  The d i s t r i c t  was e s t ab l i shed to e l im i n a t e  and c o n t r o l  the g rowth o f  nox i ou s  

w e e d s  i n  n o r t h e r n  Je fferson Coun ty . P e s t  c o n t r o l  fo r i n s e c t s  a n d  roden t s  i s  a l s o  

prac t i c ed a t  Roc ky F l at s .  We ed a n d  p e s t  con t ro l  ac t ions are coo rd i n a ted w i t h  the 

Je ffer son Coun ty Ex t e n s i on S e rv i c e  and the C o l o rado S t a t e  Depar tmen t of Ag ri c u l ture . 

P l an s  for app l i c a t ion o f  p e s t i c i des and h e rb i c i d e s  are p repared i n  ac c o rdanc e wi th 

guide l in e s  i s sued by the F e d e r a l  Wo rking Group on P e s t  Managemen t ,  and l o c a l  autho r i 

t i e s  a r e  adv i sed o f  the s chedu l e  for impl emen t a t ion . Tab l e  2 . 8 - 3  l i s t s  the b i o c i d e s  

and h e rb i c i de s  u s ed i n  1 9 7 7 . 

I .  WEED CONTROL OPERAT IONS 

TABLE 2 . 8 - 3  

B lOC IDES AND HERB I C I DES 

( 1 9 7 7  P rog ram ) 

A .  Ac c e s s  roads - S te ri l i z e  1 0  a c r e s  w i th a mixture o f  To rdon ( 0 . 5  Ib  p e r  

a c r e ) a n d  Hyva r  XL ( 4  I b s  p e r  a c r e ) or Ureabor ( 1 . 5  I b s  p e r  1 0 0  

s quare f e e t ) .  

B .  S e c ur i ty fen c e  - S te r i l i z e  1 0  a c r e s  wi th a mixture o f  Tordon ( 0 . 5  Ib  

per a c r e ) and Hyva r  XL (4  I b s  p e r  a c r e ) o r  Ureabor ( 1 . 5  I b s  p e r  1 0 0  

s quare fee t ) . 

C .  Other areas i n s i d e  s e c ur i ty fen c e  - Tre a t  1 0 0  a c r e s  wi th a mixture o f  

Tordon ( 0 . 5  I b  p e r  ac re ) and 2 ,  4 - D  Bu t y l  E s t er 6 ( 2  I b s  p e r  ac re ) o r  

Ureabor ( 1 . 5  I b s  p e r  1 0 0  s quare f e e t ) .  

D .  Areas outs i de s e c u r i t y  fence 

1 .  Whe a t  f i e l d s  - S p ray 3 0 0  a c r e s  f rom h e l i c op t e r  w i th a mixture o f  

Banv e l  ( 0 . 2 5 I b  p e r  a c r e ) and 2 ,  4 - D  B u t y l  E s t e r  6 ( 0 . 5  I b  p e r  

a c r e ) in  a wa t e r  c ar r i e r . 

2 .  Other s e l e c ted areas - S p ray 2 , 0 0 0  a c r e s  f rom h e l i c op t e r  w i th a 

mixture o f  Banve l ( 0 . 2 5 Ib p e r  a c r e ) and 2 ,  4 - D  Butyl E s t e r  

( 0 . 5  Ib  p e r  ac re ) . 

E .  We ed K i l l e r s  

1 .  To rdon 2 2 K :  4 - am i no - 3 - 5 - 6  t r i c h l o rop i c o l im i c  ac i d  

( as p o t a s s ium s a l t )  24 . 9% ;  I n e r t  7 5 . 1% ( EPA Reg . No . 4 64 - 3 2 3  AA )  
2 .  Hyvar XL : L i thium S a l t  o f  Bromac i l  ( 5 - am ino - 3  s e cbuty l - 6 -me thy 

l u ra c i l )  2 1 . 9% ;  I n e r t  7 8 . 1% ( EPA Reg . No . 3 5 2 - 3 4 6 - ZA )  

3 .  2 ,  4 - D  B u t y l  E s t e r : 2 - 4 - d i ch l o rophenoxy ac e t i c  ac id ( bu ty l  

e s te r ) 7 8% ;  I n e r t  22% ( EPA Reg . No . 1 4 8 - 2 8 9 ) 
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4 .  Ure abo r ( 6 6% sodium bora t e , 3 0% sodium c h l or a t e  and 2% Bromac i l ) , 

USDA Reg . No . 1 62 4 - 9 0  

5 .  B anve l : 3 ,  6 - d i c h l o ro - o - an i s i c  ac id 40 . 6% ;  Inert 5 9 . 4% ( EPA Reg . 

No . 8 7 6 - 2 5 -AA )  

I I . TREE SPRAY OPERAT IONS 

A .  App roxima t e l y  1 , 00 0  p i ne and spruce  t r e e s  

B .  Mal a t h i on d i l u t e d  wi th wa t e r  and app l i ed by hand sp ray e r  

C .  Ma l athion 5 0 %  d i l u t ed ( 1  oz p e r  g a l l on wat e r )  and app l i e d  a t  the r a t e  

o f  0 . 5  p i n t  p e r  t r e e  d u r i n g  two d i fferent p e riods b e tween May and 

S ep t ember 

D .  Malki l l  - EPA No . 9 6 0 - 1 2 3 - 3 3 5 3 7  

I I I . BLACK WIDOW S P IDER K I LL 

A .  D i az inon : O , O - d i e thyl 0 - ( 2 - i sopropy l - 6 -methy l - 4  pyrimidiny l )  
phosphoro t h i ate 4 8 % ; Inert 5 2 %  

B .  App l i ed wi th hand sp rayer a t  r a t e  o f  1 g a l l on o f  0 . 2 5 - 0 . 5% p e r  1 , 0 00  

s q  f t  

C .  USDA Reg . No . 1 0 0 - 46 3  

I V . M I CE AND RAT CONTROL OPERATIONS 

A .  Bai t box e s  ( � 1 0 0 ) d i s t ributed throughou t the P l an t  s i te , both i n s i d e  

and o u t s i d e  bu i l d ings 

B .  B a i t  box e s  c o n t a i n  War f a r i n  ( 0 . 0 2 5% )  d i l u t e d  w i th g r a i n  ( 1  pound p e r  

box ) 

C .  Warfarin - USDA Reg . No . 7 6 - 1 1 5 -AA 

2 . 9  S AN I TARY WASTES AND OTHER L IQUID EFFLUENTS 

Th i s  s e c t i on d e s c r i b e s  the c ol l e c t i on and t re a tmen t o f  s an i t a ry wa s te s  and the 

f l ow of s u r fac e w a t e rs from rain and snowfa l l s . A b r i e f  ment ion o f  s ub su r fa c e  wat e r  

( de s c ribed e a r l i e r  i n  d e t a i l i n  S e c t ion 2 . 3 . 5 )  c onc lude s t h e  s e c tion . 

2 . 9 . 1  S an i t ary Was t e  Co l l e c t ion and Treatment 

The s ewage t r e a tment p l an t  a t  Roc ky F l a t s  is the a c t ivated s ludge type w i th a 

de s i gn cap ac i ty o f  4 5 0 , 00 0  gal lons p e r  day , b u t  i t  c an hand l e  higher peak l o a d s  ( up 

to 6 0 0 , 0 0 0  g a l l ons ) fo r sho r t  duration s . P r e s e n t  d a i l y  f l ows u s ua l ly vary b e twe en 

1 5 0 , 0 0 0  and 2 5 0 , 00 0  g a l lons p e r  day in dry weathe r . In ex t ended we t wea the r ,  peak 

f low r a t e s  above 2 5 0 , 0 0 0  g a l l ons per day c an b e  exp e r i e n c e d  because of  h igh i n f i l t ra 

t ion into t h e  sys t em . One o f  two 7 0 , 0 0 0 - ga l lon , p r e - a e r a t ion ho lding t anks , shown i n  

F i gu r e  2 . 9 . 1 - 1 ,  l o c a ted up s t ream from t h e  s ewage p l ant , s e rv e s  as a s u rge b a s i n  t o  

smooth out p e ak f l ows . Tab l e  2 . 9 . 1 - 1  l i s t s the t o t a l  mon thly and peak d a i l y  s ewage 

f l ows fo r F i s c a l  Years 1 9 7 5 , 1 9 7 6 , and 1 9 7 7 .  
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TABLE 2 . 9 . 1 - 1  

SEWAGE F LOWS 
( x  1 , 0 0 0  g a l lons ) 

FY 1 9 7 5  F Y  1 9 7 6  F Y  1 9 7 7  ----------

M ax . Max . M ax . 
Mon t h  T o t a l  Dai ly To t a l  D a i ly To t a l  D a i l y  

July 5 246,', 2 3 4,', 5 2 5 1  2 3 3  

Augu s t  5 7 2 0  2 3 0  43 2 8  2 3 9  

S ep t emb e r  5 145 2 6 7  3 940 1 8 4  

Oc tob e r  5 6 8 3  2 5 8  3 9 24 1 7 7  5 2 0 9  2 3 3  

Novemb e r  4 9 5 0  2 44 4 2 0 2  1 8 4  4 6 3 3  2 1 1  

D e c embe r  45 6 0  2 3 8  5 04 0  2 1 1  4 5 3 2  1 9 5  

J anuary 4421 2 2 5  4 9 3 0  2 0 8  5 2 1 6  2 3 4  

Feb ruary 5 2 0 0 2 4 1  4 6 4 6  2 2 9  3 9 47 184 

M a r c h  4 7 4 1  1 9 4  440 9 2 5 6  443 5 2 1 9  

Apr i l  5 5 1 1  1 8 4  4 8 0 3  2 1 8  4941  2 2 2  

May 6 1 2 0  2 5 0  5 4 6 3  2 60 5 0 8 9  2 2 3  

June 5 6 5 2  244 5 6 6 6  2 5 8  4740  2 3 6  

July 5485 234 4788 2 5 0  

Augu s t  5 2 1 9 2 7 3  4 9 6 0  2 1 0  

S e p t embe r  5 67 4  2 9 2  4 3 3 9  1 7 0  

To t a l s  6 2 , 9 49 7 2 , 9 80 5 6 , 8 2 9  

*E s t im a t e  b a s e d  on ave rage fo r yea r . 

A s e cond 7 0 , 0 0 0 - ga l lon ho l d i ng tank was added to p e rmi t s ewage f rom p l u ton ium 

a r e a s  to be diverted to that  t ank fo r r e t e n t i on shou l d  some inc i de n t  c au s e  c o n t ami n a 

t i on o f  the s ewage . E i t h e r  o r  both o f  the t anks c an b e  u s e d , a s  needed , to r e t a i n  

s ewage o r  a c t  a s  s u rge b a s ins . 

F l ow i n  the s an i t a ry s ewe r l ines i s  gene ra l ly by g r av i ty f rom we s t  to e a s t ; how 

ever , two maj o r  s ewage l i ft s t a t ions a r e  requ i red for l ow- l y i n g  bu i l d i ng s . P ip i ng 

keeps s ewage f rom p l u ton i um and non - p l u tonium a r e a s  s e p a r a t e  up to a divers i on box 

l o c a ted immedi a t e l y  up s tr e am o f  the ho l di n g  t anks . 

E f f l uents  f rom the s ewage p l ant f l ow i n t o  Ho l d i ng Ponds B - 1  and B - 3 i n  the 

e a s t e rn p o r t i on of the P l ant . The s e  ponds are mon i tored on a regu l a r  b a s i s . Wa t e r  

f rom the s e  ponds f lows through Pond B - 4  down S o u t h  Wal nu t  C r e e k  i n to G r e a t  We s t e rn 

R e s e rvo i r , one o f  two w a t e r  supp l i e s  for the c i ty o f  B room f i e ld . Imp roved s amp l ing 

equipment for i n fl u e n t  m a t e r i a l  w a s  i n s t a l l e d  in FY 1 9 7 2 , p e rmi t t ing c o n t i nuous 

s amp l e s  to b e  t aken ins t ea d  of the onc e - p e r - day s amp l e s  formerly t aken . S i mi l ar 

s amp l i n g  equipment w a s  in s t a l l ed in FY 1 9 7 3  for e f f l u en t s . 
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D i s so lved oxygen c o n t ro l l er s  were i n s t a l l ed d u r i ng FY 1 9 7 3  on the sani t ary was t e  

t r e a tment aerator - c l ar i f i e r s . Th i s  add i t i on imp roved c o n t r o l  and d e c r e a s ed the 

produ c t i on of  n i t ra t e s  under l i gh t  loads . During 1 9 7 3  annua l  ave rage c o n c e n t r a t ions 

of r e s i du a l  c h l o r i n e , s e t t l e ab l e  s o l i d s , and turb i d i ty i n  the s ewage plant e f f l u e n t  

exc e ed e d  s t andards p romu l g a t e d  tha t  y e a r  b y  t h e  C o l o rado Departmen t o f  He al th ( Dow , 

1 9 74 ) . Howev e r , during 1 9 7 4 , the P l an t ' s  l i qu i d  e f f luent remained w i t h i n  the CDH 

s t andards . The add i t ion o f  a f i n a l  c l a r i f i e r and f i l t e r  in l a t e  1 9 7 4  prov i ded 

t e r t i a ry t rea tmen t , making i t  po s s i b l e  fo r Roc ky F l a t s  to meet C o l o rado l i qu i d  e f f l u e n t  

s tandards made e f f e c tive i n  J anuary 1 9 7 3 , and app l i c a b l e  Fede r a l  s tandards ( US EPA , 

Augu s t  1 9 7 3 ) . 

A four th s t ep , r ev e r s e  o smos i s , w i l l  be added to the s an i t ary s ewage t r e a tment 

proc e s s  i n  1 9 7 9 . The c h l o r ina ted sani t ary e f f l u e n t  wa t e r  from t e r t i a ry t r e a tment 

wi l l  b e  pump ed to a l ined pond , to b e  u s ed a s  a s torage pond for the feed waters fo r 

the reve r s e  o smo s i s  p l ant . The reve r s e  o smo s i s  pond wa t e r  i s  fed to the reve r s e  

omo s i s  p l an t  and i s  again c h l or i n a t e d . The d e s i red f r e e  c h l o r i ne c o n c en t r a t i on i s  

0 . 5  mg/l . The re - c h l o r i n a t e d  feed wa t e r  i s  then pro c e s s e d  ove r a dual b e d  s and 

f i l t e r , t hrough a w a t e r  c ond i t ioner to remove the c a l c u i m  and the magne s i um t h a t  may 

be in s o l u t ion and t hrough a d i a toma c eous e a r t h  f i l t e r  to remove any c o l lo i d s  l a rg e r  

t h a n  0 . 5� .  T h e  temperature o f  the f e e d  wa t e r  i s  i n c r e a s e d  t o  2 5 0  � 1 0 C , a n d  th i s  i s  

fo l lowed by a c i d  add i t ion t o  redu c e  the pH t o  5 . 6  + 0 . 1 .  The feed wa t e r  i s  then 

pumped t o  the p r imary reve r s e  o smo s i s  un i t  whi c h  cons i s t s  of three s t age s of ho l low 

f i ne f i b e r  c e l l u l o s e  t r i a c e t a t e  memb rane s whi c h  recove r s  87% o f  the wa te r .  The 

rema i n i ng 1 3% is fed to the s e c ondary reve r s e  o smo s i s  un i t  whi ch c on s i s t  of three 

s tages of spiral wound c e l l u l o s e  a c e t a te membran e s . Agai n , 87% of the feed wa t e r  i s  

recovered for a to t a l  w a t e r  r e c ove ry o f  9 8% .  The pH o f  reve r s e  o smo s i s p rodu c t 

wate r , both p r imary and s e c ondary , w i l l  be i n c reased to 7 . 0  + 1 . 0  and s t o red i n  a 

hold ing pond un t i l  u s ed i n  the Rocky F l a t s  c o o l ing towe r s . The reve r s e  o smo s i s  b r ine 

wi l l  be s e n t  to the p ro c e s s  wa s t e  t r e a tment p l ant fo r evapo r a t i o n  and spray drying . 

The s a l t s  w i l l  b e  pac kaged and s e n t  to a DOE approved s to rage s i t e . 

New l im i t s  fo r ma t e r i a l  i n  the P l ant ' s  w a s t ewa t e r  are c o n t a i n e d  i n  the N a t ional 

Po l l u t an t  D i s c harge E l imi n a t ion S y s t em ( NPDE S ) p e rm i t made e f fe c t iv e  S ep temb e r  6 ,  
1 9 74 . The p e rmi t ' s  dai ly l i mi t a t ions  have been exc eeded 2 0  t ime s , as s hown in Tab l e  

2 . 9 . 1 - 2 .  

S an i tary wa s tewa t e r  i s  kep t s e p a ra t e  from a l l  proc e s s  wa s tewa t e r s  and norma l ly 

c o n t a i n s  no rad ioac t ive wa s t e s  from t h e  P l ant . Rou t i ne rad i o logi c a l  mon i t o r ing o f  

the s an i tary wa s t e  e f f l u e n t  i s  p e r fo rmed . The e f fluen t f rom H0 1 d i ng Pond B - 3  ( s ee 

F i gure 2 . 3 . 9 . 3 ) , to wh i ch the sani t a ry wa s t e s  are d i s c harged , is a l so mon i tored 

b e fo re it  is  re l e a sed t o  Pond B - 4  and eve n t ua l l y  to Great  We s t e rn R e s e rvo i r .  A t  

p r e s e n t , howev e r , the to t a l  re l e a s e  o f  rad i o a c t ivi ty f rom the Roc ky F l a t s  s i t e t h rough 

Pond B - 4  is domi n a t e d  by rad ioac t i v i ty from pas t bu i l dup in Ponds B - 1 , B - 3 , and B - 4 . 

The bu i l dup r e s u l t e d  from the r e l e a s e  o f  l aundry was tewa t e r  e f f luen t s , a p rac t i c e  

t h a t  has b e en d i s co n t i nued . 
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TABLE 2 . 9 . 1 - 2  

V I O LAT IONS OF NATI ONAL POLLUTANT D I S CHARGE E L IM I NATI ON SYSTEM PERM I T  

P e rm i t E f f l u e n t  
D a t e  Pa rame t e r  Limi t s  Con c en t ra t ion Suspe c t ed Cause 

1 0/19/74 Su spended S o l i d s  2 5  mg/l 5 3  mg/l E r roneous Measureme n t  

1/0 2/7 5 BODS'>' 2 5  mg/l 44 mg/l --}:;"k 

1/0 3/7 5 BODS 2 5  mg/l 2 60 mg/l ··ki!{ 
1/04/7 5 BODS 2 5  mg/l 6 8  mg/l -k-k 
1/0 5/7 5 BODS 2 5  mg/l 4 6  mg/l -k"k 
1/0 6/7 5  BODS 2 5  mg/l 44 mg/l .. /: .. {; 

1/0 9/7 5 BODS 2 5  mg/l 5 2  mg/l -k-k 
1/3 1/7 5 BODS 2 5  mg/l 2 6  mg/l Unknown 

3/24/ 7 5  V i s i b l e  foam None V i s i b l e  foam High s u r f a c t ant s ,  
source  unknown 

1 2/04/ 7 5  pH 6 - 9  5 . 9  Changing c h l o r i n e  bo t t l e  

3/1 7/7 6 BODS 2 5  mg/l 49  mg/l Unknown 

3/1 8/7 6 BODS 2 5  mg/l 2 6  mg/l Unknown 

9/1 6/7 6 BODS 2 5  mg/l 49  mg/l I ron ox ide from s te arn 
p l an t  

3/04/7 7 Fluor ide 1 . 7  mg/l 1 . 9  mg/l Con c re te s e a l e r  f rom 
B l dg . 3 7 1/3 7 4  

3/0 5/7 7 Fluoride 1 . 7  mg/l 3 . 0  mg/l II 

3/0 6/7 7  F l uo ride 1 . 7  mg/l 3 . 0  mg/l I I  

3/0 7 / 7 7  F l uo r i d e  1 . 7  mg/l 2 . 4  mg/l I I  

1 0/2 8/7 7 F l uo ride 1 . 7  mg/l 2 . 0  mg/l I I  

1 2/1 4/7 7 BODS 2 5  mg/l 29  mg/l Unknown 

1 2/1 5/7 7 BODS 2 5  mg/l 2 7  mg/l Unknown 

*BOD - B iochem i c a l  Oxygen Demand , 5 - day 
**Me t�ano l add i tion in an a t t empt to den i tr i fy sani tary e f f l u e n t  
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Adm i n i s t ra t ive l im i t s  h ave been p l ac ed on re l e a s e s  f rom the B - s e r i e s  h o l d ing 

ponds . No wa t e r  w i l l  b e  re l e a s ed from Pond B - 3  when it con t a i n s  total a l pha a c t iv i ty 

over 40 pC i/l . Wi th a c o n c e n t ra t i on l i m i t  o f  40 pCill on t o t a l  a l pha a c t iv i ty , the 

maxi mum re l e a s e  of  to t a l  alpha ac t iv i ty wou ld be 1 2 , 0 00 � C i /y r .  

Wa t e r  con t a i n i ng con c e n t r a t ions o f  t o t a l  a lpha ac t i v i ty in exc e s s  o f  40  pC ill 

wi l l  not be re l e a s e d  un l e s s  s p ec i fi c  p lu ton i um ana l y s e s  are p e r formed and i t  i s  

d e t e rmined t h a t  the p l u ton ium a c t iv i t y  i s  l e s s  t h a n  1 %  o f  t h e  current RCG for p l u tonium 

i n  w a t e r  to b e  re l e a s ed to the general  env i ronmen t ;  i . e . , un l e s s  t h e  p l utonium 

ac t i v i ty i s  l e s s  than 1 6  pC ill ( 1% o f  the 1 , 6 6 7  pCill l im i t for p l u tonium ) . The 

max imum y e a r l y  re l e a s e  of p l u to n i um a t  the 16 p C i l l  c o n c en t ra t i on l im i t  wou l d  be 

abo u t  5 , 0 0 0  � C i/yr . Th i s  is a s e l f - i mpo sed upp e r  l im i t  t h a t  i s  not exp e c ted to be 

approached . Ac t u a l , to t a l  r e l e a s e s  in recent y e a rs have been abou t  500 � C i/yr . 

2 . 9 . 2  S u r fa c e  Drai nage 

S u r f a c e  d r a inage inc l ude s runo f f  f rom ra i n  or snow that f a l l s  w i thin the P l ant 

prop e r t y  and a l so r a i n fa l l outs ide the prope r ty that is c a r r i e d  onto the p rop e r ty by 

n a t u r a l  or cons t ru c t e d  d r a i nage course s .  Add i t i o n a l  s u r f a c e  dra inage may at t imes 

r e su l t  f rom high winds b l owing s u r fa c e  wa t e r  from the various ponds o n to the s urroun

d i ng s o i l .  

Rocky F l a t s  p r e s e n t l y  has d i tc he s , c u lve rt s , and unde rground p i p ing for co l l e c t 

i n g  and c o n t ro l l ing s u r f a c e  wa t e r  runo f f  ( s e e  S e c t i on 2 . 3 . 5 . 1 ) . The runo f f  i s  r e l e as e d  

i n to t h r e e  n a t u r a l  d r a i nage b a s i n s ; N o r t h  Wal n u t  Cree k , S o u t h  Wa lnut Creek , a n d  Woman 

C r e e k  ( se e  F i gure 2 . 3 . 9 - 2 ) . The natural  channe l s  even t u a l l y  de l iv e r  wa t e r  to r e s e r 

v o i r s  t h a t  s e rve a s  pub l i c w a t e r  supp l i e s  f o r  nearby popu l a ted areas . Ponds o n  the 

c hanne l s  s e rve to mode r a t e  s to rm - wa t e r  peak f lows in the l owe r r e a c h e s  of the s t re ams 

and prov i de wa t e r  qual i ty mon i to r i ng p o i n t s . Three ponds , A - I , A- 2 ,  and B - 2 , are 

b e ing used p redomi n a t e ly f o r  s torage of  l ow- l ev e l  was te s  f rom the P l an t  l aundry . 

P i p i n g  has been i n s t a l l ed to d i v e r t  natural drai nage and s to rm runo f f  around t h e s e  

p o n d s  t o  avo i d  d i s rup t i ng wa s t e  s torage . T h e  wa s t e s  s to red i n  the s e  ponds wi l l  be 

t r an s ferred to the new was t e - t rea tment fac i l i ty for proc e s s i n g  and d i sp o s a l  when that 

fac i l i ty is comp l e ted . 

S torm w a t e r  runo f f  p r edominan t l y  f lows in a we s t - to - e a s t  d i re c t ion , w i th the 

No rth Walnut Creek and South Walnut Creek f l ows c onve r g i n g  w i th i n  the P l an t  boundary . 

Th i s  c omb ined f l ow c o n t i nues on to the Great We s tern R e s e rvo i r .  The f l ow in the 

s o u t h e rn d ra inage is d i s c ha rged to Woman Cree k , a t ri b u t a ry to S t an d l ey Lake . The 

areas con t r i b u t i ng runo f f  to the natural d r a inage i n c l ude approx i ma t e ly 1 1 5 . 5  a c re s  

t o  No r t h  Wa lnut Cree k ,  2 4 5 . 7  a c r e s  t o  South Walnut  Creek , and 2 0 . 5  a c r e s  t o  Woman 

Cree k . 
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To p revent exc e s s ive s to rm runo f f  from c au s i ng ove r fl ows o f  the various r e t e n 

t i on pond s , s everal  modi f i c a t i ons have b e e n  made . The s e  modi f i c at i on s w e r e  d e s igned 

to d e c r e a s e  total runo f f  t h rough the drai nage c h anne l s  and ho lding ponds and to 

p rovide add i t i on a l  r e t e n t ion vo l ume . The A - 3  r e s e rv o i r  was added i n  1 9 7 4  and is 

c ap ab l e  of c o n t a i n ing approxima t e l y  43 ac r e - f e e t  ( ov e r  1 4 . 1  mi l l i on g a l lons ) o f  

wa t e r . No rma l  runo f f  i s  h e l d  and s amp l ed i n  Pond A - 3 . Runo f f  vo l ume never exc eeds  

10% of  A- 3 ' s  c apac i ty .  During h e avy s torms , the byp a s s  c an be opened to a l low 

run o f f  to f low around A - 3 . Only grab s amp l e s  c an b e  t aken i n  th i s  c a s e . The A - 3  

ho l d i ng c apac i ty mus t  b e  ma i n t ain ed a s  a b a c kup during a s torm to c ap ture any ac c i 

d e n t a l  r e l e a s e s  i n  the event o f  a d i ke fai l ure a t  the s o l a r  evapo r a t i on ponds . 

Mc Kay D i t c h , wh i c h  t ake s wa t e r  from a s t re am we s t  o f  the P l an t , was r e - rou ted 

from its  o r i g i n a l  d r a in age ( i nto North Wa lnut C r ee k )  to a n ew r av i n e  feeding Great 

We s t e rn R e s e rvo i r . Th e r e fo r e , wa t e r  that woul d  have entered North Wa lnut Creek i s  

d i v e r t ed t o  dec r e a s e  s to rm - runo f f  r e t e n t ion requ i remen t s  o f  the drain age s erving the 

P l ant ' s  central area . A byp a s s  l ine was added to d iv e r t  South Walnut Creek f low 

around Ponds B - 1 , B - 2 ,  and B - 3  so as n o t  to d i s rup t t h i s  ho ld ing pond sys t em , wh i c h  

i s  u s ed fo r s ani t ary and l aundry was t ew a t e r  e f f l u en t . f i gure 2 . 3 . 9 - 3  shows the 

various ho l d ing ponds and e f fluent s t re ams s erving the P l an t , plus the p i p i ng , valve s , 

and pump s for contro l l ing the d r a inage f l ow und e r  normal and s to rm run o f f  c ond i t ions . 

Dams a t  t h e s e  h o l d i ng ponds were d e s i gned us ing a r a i n fa l l  i n t en s i ty o f  1 4  inches  

i n  a s ix - hour p e r i od . The  r a i n fa l l  a t  Roc ky f l a t s  ave r ag e s  app rox ima t e l y  1 5 . 5  i n c h e s  

p e r  year , w i t h  the peak r e c o rd e d  r a i n fa l l  oc curr ing i n  1 9 6 9 . A s ev e r e  s torm i n  May 

o f  1 9 69 a c c oun t ed fo r 7 . 1 5  i n c h e s  of  the rec ord 2 5 . 0 5 - in c h  r a i n fa l l  that year . One 

s tudy a s s umed that t h i s  s torm r e p r e s e n t s ,  a s  a min imum , the 2 5 - ye a r , 3 - day f lood 

( ES I , 1 9 7 4 ) . Thi s a s s ump t i on is cons i d e re d  to b e  qu i t e  c on s e rv a t iv e ; u s ing u . S .  

We a t h e r  S e rv i c e s  Gu i de s , i t  was ex t rap o l ated to d e t e rmine the 1 0 0 - ye a r , 3 - day f lood 

a s  a wor s t - c a s e  d e s i gn b as i s  for s u r f a c e  runo f f  c o n t ro l  measure s . S u c h  a s torm wou ld 

re su l t  i n  runo f f- w a t e r  vo l um e s  of  5 6  a c re - fe e t , 97  a c r e - fee t , and 2 8  ac r e - f e e t  on the 

f i rs t , s e c ond , and t h i rd days of the s to rm ,  respec t i ve ly ,  for a t o t a l  th r e e - day 

runo f f  o f  1 8 2  a c r e - f e e t  ( ES I , 1 9 7 4 ) . A f l ood c o n t r o l  sys t em , p r e s en t ly under cons truc 

t i on i s  d i s c u s s ed i n  S ec t i on 5 . 5 . 4 .  

2 . 9 . 3  Subsur fac e Drai nage 

The hydro l ogy and g roundwa t e r  f l ow charac te r i s t i c s  of the Roc ky f l at s  s i te are 

d e s c r ibed in d e t a i l in S e c t i on 2 . 3 . 5 .  Mo s t  of the g roundwa t e r  is i n  the sedimen t 

gravel c ap p i ng the b e d ro c k . I n  genera l , the quan t i t i e s  o f  w a t e r  i nvo lved are sma l l  

b e c au s e  recharge i s  l ow ,  the r a t e s  o f  groundw a t e r  f low are l ow , and b e c au s e  mo s t  o f  

th i s  wa t e r  i s  i n t e rc ep t ed by the l and s u r f a c e  and l e aves the s i te i n  s t reams t h a t  

d r a i n  the are a . Groundw a t e r  c an l eave the s i t e  t hrough the a l l uv i a l  mat e r i a l  i n  t h e  

s t r e am c hann e l s  and a l l uv i a l  m a t e r i a l  c apping the b ed roc k . B e c au s e  o f  the c lo s e  

re l a t ionsh i p  b e tween s u b s u r f a c e  and s u r f a c e  wa t e r  sys tems and d ra inage on t h e  s i te , 
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many o f  the c o n t r o l  measures  i n s t i tu t ed , such a s  h o l d i n g  ponds and mon i toring , are 

app l i c ab l e  to both sys t ems . 

P l ant e f f l u e n t s  do no t n o rmal ly e n t e r  g roundwa t e r  source s .  P l an t  p ro c e s s  w a s t e  

l iq u i d s  are s t o red i n  s o l a r  evap o ra t i on ponds wh i c h  have a s e r i e s  o f  l i ne r s  ( na t u r a l  

c l ay ,  a spha l t ,  a n d  p o l yv i ny l  c h l o ride ) t h a t  i nh i b i t groundw a t e r  l eakage a n d  whi ch 

e f fe c t ive l y  f i l t e r  inso lub l e  heavy m e t al s , such a s  p l uton i um , f rom any w a t e r  wh i c h  

move s through t h e  l i ne rs . On l y  i n  t h e  event o f  a maj o r  a c c i dent o r  c a t a s t roph i c  

fai lure o f  a mechan i c a l  s y s t em o r  dev i c e  cou l d  s i gni f i cant groundwa t e r  c o n t am i n a t i on 

o c cu r . B a s i c  d e s i gn c ri t e r i a  and op e r a t ing p roc edure s , wh i ch requ i re maximum c o n t a i n 

m e n t  o f  potent i a l  c o n t am i n an t s , c o n t ro l  and t re a tment o f  a l l  p ro c e s s  w a s t e  s t re ams , 

and c ar e f u l  s to rage o f  was t e  s o l u t ions  and m a t e r i a l s , m i n i m i z e  the p o t e n t i a l  fo r 

g roundw a t e r  c o n t am in a t ion . Tab l e  2 . 9 . 3 - 1  l i s t s  the poten t i a l  sour c e s  o f  g roundwa t e r  

c on t am i n a t ion a t  Roc ky F l a t s , and shows tha t , i n  almo s t  a l l  c a se s , some l o s s  o f  

i n t e g r i t y  o f  a sys t em or dev i c e  i s  requ i red to c au s e  s o i l and t h e  po s s ib i l i t y  o f  

sub sequ ent g roundwa t e r  c on tamina t ion . 

TAB LE 2 . 9 . 3 - 1 

POTENTIAL SOURCES OF GROUNDWATER CONTAMI NATI ON 

S o u r c e  

B u i l d ings 

Found a t i on s  
Foo t ings 
P i l ing s 
Drains 
S t acks and vents 

Tanks 

P ro c e s s  was t e  
Chemi c a l  
Fuel 

P ro c e s s  was t e  p i p ing 
valve s , pump s t a t ions  

S o l ar evaporat ion ponds 

Drums 

P ro c e s s  wa s t e  
Chem i c a l s  ( s o l i d , 

l i qu i d ,  s emi 
so l i d , s c rap ) 

B u r i ed Nonradioa c t i ve 
S o l id Wa s t e  

Wa s t e  Transpo r t a t ion 
Boxe s 

N a t u r a l  D i s a s t e r s  

B u r i e d  Con t am i n a t e d  
Was t e s  
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I n t e r i o r  sp i l l age and p ip e  
l e akage s th rough f l oors ; 
f i re , exp l o s i on , o r  natural  
d i sa s t e rs re s u l t ing in l o s s  
o f  fac i l i ty i n t e g r i t y  

Los s  o f  i n tegr i ty , ove r f l ow , 
s p i l l age during t rans f e r  o f  
l iq u i d  

Lo s s  o f  i n t e g r i ty 

Lo s s  o f  i n tegri ty , ove r f l ow 

Los s  o f  drum i n tegr i ty v i a  
s to rage , t ranspo r a t i on , and 
hand l ing a c c iden t s , l e aky 
d rums 

Leaching o f  chemi c a l s , a c c i 
d e n t a l  i n c l u s ion o f  radi o 
nuc l i d e s  i n  s o l i d  was t e s  

Lo s s  o f  i nt e g r i t y  during han d 
l ing , s t o rage , t ranspo rt a t i on 

Can a f f e c t i n te g r i ty o f  a l l  
sys tems l i s ted abov e 

Leach i ng 



S o l u b i l i ty o f  po ten t i a l  con taminan t s  i n  w a t e r  i s  a l s o o f  impo r t a n c e  i n  groun d 

wa t e r  con t amina t i on . Tab l e  2 . 9 . 3 - 2  l i s t s  t h e  po t e n t i a l  c o n t aminan t s  o f  mo s t  i n t e re s t , 

and the s o l ub i l i ty o f  the i r  various forms . The only de t e c ted inc i d e n t  o f  s igni f i c an t  

groundw a t e r  c on t aminat ion o c c urred f rom c racks t h a t  deve loped i n  the aspha l t  l i n i ng 

o f  a so l ar evaporat ion pond . The re s u l t  wa s a r e l e a s e  o f  h i gh - n i t r a t e  s o l u t ions  to 

the groundwa t e r . The s e  ponds were r e s ea l ed , and t renche s w i th s ump pump s were con 

s t ruc ted o n  the s l op e s  t o  i n t e r c e p t  the g roundwa t e r  and r e t u rn i t  t o  the pond ( s e e  

F igure 2 . 9 . 3 - 1 ) . 

-k 
i = 
s l  = 
s = 
vs = 
d = 

TAB LE 2 . 9 . 3 - 2  

SOLUB I L I TY", I N  WATER OF 

POTENTIAL GROUNDlvATER CONTAMINANTS 

Mate r i a l  M e t a l  Ox i de Ch l o r i d e  N i t r a t e  ------�-- ------

Ame r i c i um i i s s 

B e ry l l i um i i v s  v s  

Chrom i um i i i s 

L i t h i um d s s s 

O i l s  VARIAB LE 

Organ i c s  

( s o lvent s , VARIABLE 
e t c . ) 

P l u to n i um i s s 

Tr i t i um L IQUID 
as T2 0  

Uran i um i i s s 

S o l ub i l i ty o f  s a l t s  i s  a func t i on o f  pH . 
i n s o l ub l e  
s l i gh t l y  s o l ub l e  
s o l ub l e  
ve ry s o l ub l e  
d e c ompo s e s  

F l uo r i de 

i 

v s  

i 

s l  

i 

s 

Groundw a t e r  i s  p e r i od i c a l l y  mon i tored by means o f  3 5  hydro l o g i c  t e s t  we l l s  on 

s i te and the i n fo rma t ion is repor ted annua l l y in the env i ronme n t a l  moni to r i ng report 

( RI , 1 9 7 7 ) .  S amp l e s  taken f rom the hydro l o g i c  t e s t  wel l s  over the pas t seve r a l  years 

do n o t  ind i c a t e  s igni fi c ant contamin a t ion of  groundwa t e r , even on the Ro c ky F l a t s  

s i te i t s e l f .  Mos t o f  t h e s e  s amp l e s  show conc e n t r a t ions o f  radionu c l i d e s  a r e  about 

the s ame a s  l o c a l  b a c kground c o n c e n t r a t i o n s  i n  n e a rby wa t e r  bodi e s . Some m i nor 

exc e p t ions have b e e n  found during the past four y e a r s , howeve r .  
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The p l utonium c onc e n t r a t ions i n  w a t e r  f rom the t e s t w e l l s  show a range f rom l e s s  

than 0 . 0 1 to  2 . 7  p C i/l . B a c kground l eve l s  a r e  c ommonly b e tween 0 . 0 2 and 0 . 1  p C i/l . 

The anoma lous r e ad i ng s  w e re found i n  two s e p a r a t e  we l l s . One s amp l e  o u t  o f  s even 

f rom a deep we l l  ( 14 6  fee t )  c o n t a ined 1 . 04 p C i/l p l u tonium . A l though t h i s  we l l  i s  

l o c ated e a s t  o f  the s o l a r  evap o r a t ion pond s , whi c h  a r e  known t o  c o n t a i n  p l uton ium , 

the ana l y t i c a l  value repor t e d  i s  que s t ionab l e . Only one s amp l e  in four y e a r s  c o n t a in e d  

an abnormal l ev e l  a n d  e ight o th e r  we l l s  i n  t h e  imme d i a t e  v i c i n i ty d i d  no t c o n t a i n  

anoma lous p l u to n i um c onc e n t r a t i on s . T h r e e  wat e r  s amp l e s  ove r a fou r  y e a r  p e r i o d  f rom 

a shal low we l l  ( 3 0  fee t )  c o n t a ined a maximum o f  2 . 7  pCi/l p lu ton i um . Thi s  we l l  i s  

l o c a t e d  a t  the southe a s t  edge o f  a known p l utonium - c on tami n a t e d  s o i l a re a .  I t  i s  

po s s i b l e  that windb l own dus t  f rom the c on tami n a t e d  area g o t  i n to the we l l  through an 

imp rop e r ly s e a l e d  we l l - h e ad . An improved we l l  c lo s u r e  h a s  been ins t a l l e d . 

Ame r i c i um conc e n t r a t ions in w a t e r  f rom the t e s t we l l s  h av e  been in the range 

b e tween < 0 . 0 1 and 1 . 0  p C i/l ove r the p a s t  four years . B a c kground c o n c e n t r a t ions in 

ne a rby water a r e  i n  the range f rom 0 . 0 5 to 0 . 5 0 p C i/l . The one anomaly ( 1 . 0  p C i/l ) 

c ame f rom one s amp l e  f rom a we l l  e a s t  o f  the s o l a r  ponds . Subsequen t s amp l e s , a s  

r e c e n t  a s  1 9 7 8 ,  have n o t  i n d i c a t e d  l ev e l s  grea t e r  than 0 . 1  pCi/l ame r i c ium . T h e  one 

anomalous v a l u e  is t h e re fore que s t i on ab l e . 

The amoun t o f  uranium in wate r  s amp l e s  f rom t h e s e  s ame we l l s  f a l l s  in the range 

b e tween 0 . 0 5 and 1 5 6  pC i/l . The n o rmal c o n c e n t r a t ion o f  u r an i um i n  w a t e r  i s  found to 

b e  in the range f rom 5 to 15  p C i/l . The anomalous uranium l eve l s  have been found , 

fo r the mo s t  p a r t , i n  wat e r  f rom t e s t we l l s  e a s t  o f  the s o l a r  pond s . The one exc e p t i on 

i s  w a t e r  f rom a we l l  on the south b o rd e r  o f  the P l an t .  Ana l y s e s  o f  t h i s w a t e r  h ave 

revea l ed some of the h i ghe s t uranium c on c e n t r a t ions of any wel l  wa t e r  on s i te . The 

s o u r c e  of uran i um has no t b e en l o c at e d . 

Tr i t i um conc e n t r a t ions i n  wa t e r  s amp l e s  f rom the t e s t  we l l s  have , ove r the p a s t  

four years , b e e n  i n  t h e  range b e tween 5 0 0  and 2 0 , 0 0 0  p C i/l . Thes e  v a l u e s  s ho u l d  b e  

compared to normal b a c kground o f  5 0 0  to 6 0 0  p C i/l . The anomalous v a l u e s  are found i n  

s amp l e s  f rom we l l s  e a s t  o f  the s o l a r  pond s , a s  w a s  t h e  c as e  for uranium anoma l i e s . 

I t  i s  known that  there has b e e n  s low l e akage f rom the s o l a r  ponds i n  the p as t . S i n c e  

t h e  ponds a r e  b e ing e l iminated , i t  i s  ant i c i p a t e d  t h a t  t h e  l ow - l ev e l  c on tami n a t ion o f  

g roundwat e r  b y  u ranium and t r i t i um wi l l  even tual ly d i sappe a r  d u e  to r emov a l  o f  the 

source and d i l u t i o n  of ex i s t ing wat e rs by annua l  r e c ha rge f rom p r e c i p i t a t i on and s now 

me l t .  

2 . 9 . 4  S an i t a ry Land f i l l  

The s a n i t a ry land fi l l  i s  l o c a ted i n  a draw , 3 0 0  yards north o f  t h e  P l an t ' s  n o r th 

p e r im e t e r  road . Thi s  s i t e was c h o s en over o th e r  c an d i d a te s i te s  for s e v e r a l  reason s : 

( 1 )  n a tural drai nage p re c lude s d i r e c t inpu t to any pub l i c  w a t e r  supp l i e s , ( 2 )  i t  i s  

2 - 1 9 8  



i n  p roxim i t y  to the e n t i r e  P l ant , y e t  i s  i s o l a ted from the P l an t  p rop e r , ( 3 )  cons t ru c 

t i on o f  the l and f i l l  bank p rov ides  p ro te c t i on f rom prev a i l ing no r thwe s t  wind s , 

( 4 )  proj e c ted P l ant needs c an be me t ,  and ( 5 )  the s i te p e rmi t s  d i v e r s ion o f  natural  

drai nage away f rom the l and f i l l  ( s ee F i gure 2 . 3 . 9 - 2 ) .  

S an i tary l and f i l l  op era tions b egan i n  1 9 6 8 . I n  1 9 7 4 a maj or expans ion was 

under taken . S o i l  inve s t i ga t ions o f  the exi s t ing land f i l l  north o f  the P l an t  were 

f i r s t  condu c ted by Woodwa rd - C l evenger and A s s o c i a t e s , I n c . ( Ho l l i day , 1 9 7 4 )  to de t e r 

m i n e  more p r e c i s e ly t h e  l a nd f i l l  c o n t e n t  and t h e  extent o f  groundw a t e r  i n f i l t ra t ion , 

i f  any . Thi s  i nv e s t igat ion i n c l uded exp l o r a t ion o f  three o ther areas  to e s tab l i sh 

f e a s ib i l i ty for future l and fi l l  u s e . Subsequen t l y , add i t i ona l s o i l  exp l o r a t i on was 

condu c ted by Z e f f , Cogo rno , and S e a l y , I n c . P l ans inc l uded ( 1 )  c o n s t r u c t ing an 

imp e rv i o u s  ring around the ex i s t ing s an i t a ry l an d f i l l , and ( 2 )  b u i l di ng ho l d ing and 

s amp l ing s t ruc tu r e s  downs tr e am o f  the l and f i l l . The c on s t ru c t ion was comp l e t ed I n  

D e c emb e r , 1 9 7 4 . The ring i n t e r c e p t s  and d i re c t s  subsur f a c e  and s u r f a c e  w a t e r  away 

f rom the l an d f i l l ; the ho ld ing and samp l ing s truc ture impound s a l l  dra i nage e f fluent  

unt i l  it  c a n  b e  properly mon i to red ( Ze f f , 1 9 7 4 ) . The p r e l iminary land f i l l  exp l o r a t ion 

s tudy i s  s umma r i z e d  a s  fo l l ows ( Z e f f , 1 9 7 4 ) . N i n e  ho l e s  were bored a round the per i 

me t e r  o f  the exi s t ing l and fi l l , and one through the l and fi l l  p rop e r . The borings 

r ev e a l ed overburden s o i l s , Ro c ky F l a t s  Al l uv i um , to d e p t h s  varying f rom 12  to 2 5  f e e t  

b e n e a th t h e  exi s t i ng ground s u r fac e .  The p e rmeab i l i ty o f  the overburden s o i l s  i s  

extremely v a r i ab l e  and d i f f i c u l t  to p redi c t . An average v a l u e  o f  0 . 0 0 1  c e n t ime t e r  

p e r  s e cond i s  r e asonab l e  t o  a s s ume f o r  subsur f a c e  permeab i l i ty r a te s . Und e r l y i ng the 

sur f i c i a l  c ove r is  c l ay s tone b edroc k ,  a p l a s t i c  mate r i a l  of  varying hardne s s , of  the 

Arap ahoe forma t i on . Pene t r a t ion r e s i s tanc e v a l u e s  v a ry from 5 0  to over 200 b lows p e r  

foo t . I t  i s  known that re l a t i v e l y  p e rmeab l e  l ay e r s  o f  s ands tone and c onglome r a t e  

exi s t  a t  t h e  b a s e  o f  t h e  Arapaho e forma tion . None o f  the s e  b e d s  were found , howev e r , 

i n  any o f  the borings o r  t e s t  p i t s . I n  the v i c in i ty o f  the p roposed s amp l ing s t ru c ture , 

down s tream o f  the l and f i l l , four ho l e s  were d r i l l ed and 1 7  t e s t  p i t s  were dug . 

S t i f f , h i gh l y  p l a s t i c , s e v e r e l y  weathered c l ays tone bedrock was found beneath a 

v e n e e r  o f  top so i l  a t  the p ropo sed s amp l ing s t ruc ture abu tmen t .  Th i s  bedro c k  extended 

to depths  of 4 to 5 0  feet , where weathered c l ays tone bedrock of v a r i ab l e  hardn e s s  was 

encoun tered . Wea t h e red - to - s ev e r e l y  weathered c l ays tones po s s e s s  a mo i s ture d e f i c i en c y  

and exh ib i t  l ow- t o - mode r a t e  swe l l ing c h a rac t e r i s t i c s  upon we t t ing . Some o f  the t e s t  

p i t s  were found to c o n t a i n  l en s e s  o f  s ub - l i gn i te ma t e r i a l s  up t o  6 i n c h e s  t h i c k .  

B a s ed on o b s e rv a t ions made i n  the f i e ld , two typ e s  o f  g roundwa t e r  flow are p robab ly 

p r e s en t  at the s i te . The f i r s t  and p robab l y  dominant f l ow is th rough the a l l uv i um 

above the bedroc k  s u r fa c e . The s econd f low i s  w i th i n  the frac ture zones o f  the 

c l ays tone bedro c k ; it wi l l  p robab l y  b e  of minor conc e rn exc e p t  during t im e s  of he avy 

runo f f .  The t o t a l  amount o f  groundw a t e r  f low i s  an t i c ipated to be smal l .  

Groundwa t e r  i s  rou t i n e l y  mon i to red by means o f  t e s t  we l l s  a t  the l andfi l l , s e e  

Tab l e  2 . 9 . 4 - 2  and F i gure 2 . 1 0 . 2 - 1 . Th i s  i n fo rma t ion i s  reported annua l ly in t h e  

env i ronme n t a l  moni to r i ng r e p o r t  ( RI , 1 9 7 7 ) .  
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S an i t a ry l and f i l l  ope r a t ions w e re i n i t i a t e d  in 1 9 68 . F rom Augu s t 1 9 6 8  to 

F e b ru a ry 1 9 7 0 , approx im a t e l y  1 , 0 0 0  kg of  s an i t a ry s ewage s ludge c o n t a i ni ng a lpha 

a c t iv i ty was bu r i e d  i n  the l andfi l l .  Th i s  prac t i c e  is no longer emp loyed . I n  1 9 7 3 , 

s u rveys d i s c l o s e d  t h a t  o th e r  i s otopes  ( e . g . , t r i t ium ) , are p re s en t  in sma l l  quan t i t i e s  

( Tab l e s  2 . 9 . 4 - 1  and 2 . 9 . 4 - 2 ) . 

An e s t imated 9 mi l l ion pounds o f  wa s t e  are d i sposed o f  annua l ly a t  the l and f i l l . 

M a t e r i a l s  wi th l e s s  than min imum d e t e c t ab l e  radioac t i v i ty l eve l s , depending on the 

mo s t  p ra c t i c ab l e  method of measuremen t fo r the ma t e r i a l  and opera t ion , a r e  a c c ep ted 

for b u r i a l . I n c re a s e d  e f fo r t s  to c on t ro l  and mon i t o r  the r e fu s e  depo s i ted i n  the 

l and f i l l  p rovide a s surance tha t radioac t ive wa s te s  are no t depo s i t e d  i n  the l a n d fi l l . 

TABLE 2 . 9 . 4 - 1  

TRI T I UM AND TOTAL LONG - L I VED ALPHA ACT IV I T I E S  I N  LANDF I L L  SEEPAGE PONDS 1 AND 2 
Annu a l  Ave rage ( pC i/l ) 

1 9 7 5  1 9 7 6  
Pond 1 Pond 2 Pond 1 

T r i  t ium 9 1 0  ± 7 0 8  ( a )  1 3 1 1  ± 447 

T o t a l  Lon g - ( a )  ( a )  1 0 . 7  ± S . 7  

Lived Alpha 

NOTE : Pond 2 is downgrad i e n t  ( ea s t ) of Pond 1 
( a )  I n fo rma t i on unav a i l ab l e  

Pond 2 

6 9 2  ± 2 S 2  

( a )  

TAB LE 2 . 9 . 4 - 2  

1 9 7 7  
Pond 1 Pond 2 

1 3 67 ± l 3 0 1  8 4 1  ± 2 9 9  

1 7 . 2  ± 8 . 2  ( a )  

RAD I ONUC L IDE CONCENTRATI ONS I N  GROUNDWATER ADJACENT TO THE LANDF I LL 
( 1 9 7 7 ) 

P l u ton i um Uran ium 

Te s t  Ho l e  (x 1 0 - 9f.J C i/ml ) ( x  - 9  1 0  f.J Cijm l ) 

Loc a t ion March Aug . March Aug . 

WS - l  < 0 . 1  < 0 . 1  3 . 0 3 . 1  

WS - 2  0 . 2  < 0 . 1  7 . 1  7 . 1  

WS - 3  0 . 2  < 0 . 1  2 . 9  6 . 1  

( a )  I n fo rma t ion unava i l ab l e  

2 . 1 0 ENVIRONMENTAL MON I TOR I NG PROGRAMS 

Ame r i c i um 

( x  - 9  1 0  f.J C ijml ) 

March Aug . 

0 . 1  < 0 . 1  

0 . 1  0 . 2  

0 . 1  < 0 . 1  

T r i t ium 

(x 1 0 - 9f.J C i/m l ) 

March 

6 3 8  

< 5 0 0  

< 5 00 

Aug . 

( a )  

( a )  

( a )  

A c omp reh e n s ive , envi ronmen t a l  mon i to ri ng program i s  b e ing c ondu c ted to d e t e rmine 

i f  the ope r a t ion of the P l an t  is c a u s ing any adv e r s e  e f fec t s  on i t s  s u r round ing s .  

The p rogram i s  d e s i gn e d  to provi d e  a s suran c e  tha t the many s a feguards a re wo rking 
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p rop e r ly and tha t c o n c e n t r a t i o n s  o f  m a te r i a l s  re l ea s ed to the env i rons are w i thin 

l im i t s  set  by appro p r i a t e  regu l a to ry agenc i e s . The env i rons are mon i tored f o r  rad i o 

ac t iv i ty and f o r  c h em ic a l  a n d  b i o l o g i c a l  p o l l u t an t s . Ai r ,  w a te r , and s o i l  are s ampl ed 

on the P l an t  s i te and i n  the surrounding region . Thi s  s e c t ion r e f l e c t s  current 

mon i to r i ng and mea suring c ond i t ions . Tab l e s  on s ta c k , amb i en t  a i r , and wat e r  s amp l e  

d e t e c t ion l im i t s  hav e  b e e n  updated s i n c e  i s suanc e o f  t h e  DE I S . 

Amb i en t  a i r  s amp l e s  t aken weekly are analyzed fo r p l utoni um . So i l  s amp l e s  are 

c o l l ec t e d  annu a l l y  and analyzed for p l utonium . 

Wat e r  f rom d a i ly s amp l e s  and f rom weekly , mon th l y , and qua r t e r l y  compo s i t e  s am 

p l e s  i s  analyzed f o r  various qua l i ty f a c t o r s  i n  three general c a te go r i e s , ( 1 )  r ad i o 

a c t iv i ty , ( 2 )  chemi c a l  e l ement s  and c ompounds , and ( 3 )  phys i c a l  and b io lo g i c a l  

parame t e r s . T h e  spec i f i c  i t ems f o r  which t h e  s amp l e s  are analyzed are t ab u l a t e d  

l a t e r  i n  the s ec t ion . 

The P l ant ' s  p rime c o n t r a c t o r  prepares an Annual Envi ronme n t a l  Moni toring Rep o r t  

( R I , 1 97 7 )  tha t de t a i l s  survey findings i n  a c c o rdan c e  w i th requi rement s  o f  ERDA 

Manua l  Chap t e r  0 5 1 3 . The contrac tor repo r t s  the r e su l t s  o f  the mon i to r ing p rogram a t  

l e a s t  monthly to the C o l o rado Dep a r tment o f  Heal th , C o l o rado Wat e r  Con s e rv a t i on 

Board , Env i ronme n t a l  P ro t e c t ion Agency , C i ty o f  B room f i e l d  o f f i c i a l s , Boul d e r  C i ty 

and County Heal th Department ,  J e f fe r son County Heal th Dep a r tment ,  v a r ious DOE o f f i ce s , 

and the publ i c . The C o l o rado Department o f  Hea l th p r e s en t s  i t s  Rocky F l a t s  e nv i ron

ment a l  data a t  thi s  pub l i c  mee t i ng . 

O u t s i d e  agenc i e s  c onduc t independent env i ronment a l  s u rvey s , b o t h  on and o f f  the 

P l ant s i te . The C o l o rado Department of Hea l th condu c t s  a i r , wa te r , and s o i l s amp l ing 

p rograms a round the Ro c ky F l a t s  s i t e  ( CDH , 1 97 2 ,  1 9 7 3 , 1 9 7 4 ) . The DOE Env i ronme n t a l  

Measuremen t s  Lab o r a t o ry o f  New York ( fo rmer l y  HAS L )  ma i n t a i n s  p a r t i c u l a t e  a i r  samp l in g  

s ta t ions i n  the v i c i n i ty o f  the Rocky F l a t s  P l an t , a n d  p e riodi c a l ly p e r form s  s o i l 

samp l ing and analy s i s  ( Krey , e t  a l . ,  1 9 7 6 ) . The J e f ferson Coun ty Hea l th Department 

has a c o n t inuous par t i cu la t e - a i r  s amp l er on the s i t e . S amp l e s  from this s amp l e r  are 

analyzed by the Colo rado Department of  Heal th . The Coun ty a l so s amp l e s  and analyz e s  

s ewage p l ant e f f l u en t  mon th l y . The U . S .  Envi ronme n t a l  P ro t e c t ion Agency p rov ides  

add i t ional rou t ine l i quid e f f luent mon i toring to d e t e rmine comp l i an c e  w i th NPDES 

p e rm i t . 

Radioac t iv i ty Concent r a t i on Gui de s  ( RCGs ) have been pub l i s hed ( US ERDA , 1 97 7 )  by 

DOE fo r the c o n t r o l  of rad ionu c l id e s  w i thin and in the v i c ini ty of i t s  fac i l i t i e s . 

The s e  guides were i n i t i a l ly e s tab l i shed by the N a tional Coun c i l  on Rad i a t ion P ro t e c t ion 

and the I n t e rn a t i on a l  Commi t te e  on Rad io lo g i c a l  P ro t e c t ion . The RCGs gove rn the 

c o n c e n t r a t i o n s  of radionu c l ides  in a i r  ( RCG ) and wat e r  ( RCG ) a c c e s s i b l e  fo r i n t ake a w 
by o c c up a t ional ly expo s e d  indiv idua l s , and individual s  and popul a t i on group s i n  

unc o n t ro l l e d  areas . The nume r i c a l  values  o f  the gu i d e s  are c i t e d  l a t e r . 
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A l l  r ad i onu c l i d e s  i n  P l an t  e f fl u en t s  and envi ronment a l  s amp l e s  are a s s umed to b e  

s o l u b l e  f o r  comp a r i s on wi th app rop r i a t e  c o n c e n t r a t i on s t andard s . Thi s  a s s ump t i o n  i s  

a n  add i t i on a l  s a feguard , s i n c e  the ReGs for mos t  s o l ub l e  r ad i onu c l i d e s  are more 

r e s t r i c t iv e  than tho s e  fo r i n s o l u b l e  ones . A l though the s t andards for r ad i o ac t i v i ty 

r e l a t e  to c on c e n t r a t i o n s  above b a c kground , a l l  measu remen t s  reported in t h i s  S ta teme n t  

inc l ude t h e  b a c kground r ad io a c t iv i ty c o n t r ibut ion . 

Whe r e  mixtures o f  radionu c l i d e s  i n  a i r  and wat e r  are p r e s en t , c o n c e n t r a t ions are 

l im i ted i n  exi s t ing regu l a t ions such tha t the s um of the r a t i o s  b e tween each rad i o 

nuc l ide c o n c e n t ra t ion and t h e  approp r i a t e  c on c e n t ra t ion gu i de sha l l  n o t  exc e e d  un i ty . 

Regu l a t ions further s ta t e  tha t rad ionu c l ide may b e  c ons i d e red no t p re s en t  in a mixture 

i f  ( a )  the r a t i o  of the con c e n t r a t i on of a n u c l ide in a mixture to the ReG doe s  not 

exc e e d  0 . 1  and , ( b )  the s um of s u c h  r a t i o s  for a l l  rad i onu c l i d e s  cons i d e red a s  not 

present i n  the mixture does n o t  exc e e d  0 . 2 5 .  In a l mo s t  a l l c as e s  the ave rage spe c i f i c  

r ad i onuc l ide conc e n t r a t ions in a i r  and wa t e r  were l e s s  than one - tenth o f  the app ro 

p r i a t e  c o n c e n t r a t ion g u i d e s  and the sum o f  the r a t i o s  we re l e s s  than one - four th . The 

measured c on c e n t r a t ions p r e s e n t ed in t h i s impac t s ta teme n t  have the r e fore been c omp ared 

d i re c t l y  w i th the ReG ' s .  

The chemi c a l  and b i o l o g i c a l  p arame t e r s  o f  e ff l ue n t  wa t e r  f rom P la n t  ope r a t i ons 

are subj e c t  to the N a t ional Po l l utant D i s c harge E l imina t ion S y s tem ( NPDES ) l im i t s  

i s sued b y  the Env i ronme n t a l  P ro t e c t ion Agen c y . 

Sophi s t i c a t ed b e t a  and g amma spe c t rome t ry equipmen t enab l e s  the P l an t  to ( 1 )  ana

lyze f i s s ion p roduc t s  that  may b e  i n t roduc ed into the Roc ky F l a t s  e ff l ue n t  s t r e ams by 

nonspe c i f i c a t i o n  feed m a t e r i a l , by spont aneous f i s s ion , by r e s e a rc h  a c t ivi t i e s , o r  by 

any o th e r  c au s e , ( 2 )  m e a s ur e  the ex tent o f  d i sp e r s ion o f  thes e  r ad i onuc l id e s  in the 

P l an t  env i ron s , and ( 3 )  e s t ab l i sh p r e s e n t  b a c kground c o n c e n t r a t ions o f  t h e s e  r ad i on u 

c l id e s  i n  the P l ant env i ron s . 

A 2 0 0 - fo o t  me t e o ro l o g i c a l  towe r was i n s t a l l ed on the P l an t  s i te i n  1 9 7 5 . I t  

c o l l e c t s  a c c u r a t e  c l imat i c  and me teoro l o g i c  d a t a . 

2 . 1 0 . 1  Ai r Mon i tori ng 

Two mon i toring n e tworks are c urren t l y  u s ed for d e te c t in g  and measuring the 

quan t i t i e s  of rad i o ac t ive and c h emi c a l  a i rborne , p a r t i c u l a te ma t e r i a l . One n e twork 

mon i to rs e f fl u e n t s  f rom the exh aus t s ta c ks o f  p ro c e s s  and r e s e a r c h  bui l d i ng s , thus 

cons t i tu t ing d i re c t  mon i t o r i ng of the s e  e f fl u e n t s  a t  the i r  r e l e a s e  p o in t s . The 

s e c ond n e twork moni to r s  amb i e n t  a i r  on the P lant s i te and in the s u r rounding region . 

A. thi rd n e two rk ,  und e r  con s t ru c t ion wi l l  automa t i c a l ly moni to r  nonrad i o a c t ive p a r t i c u 

l a t e  and gas eous s ta c k  e ff luen t s  r e l e as e d  to t h e  atmo sphere a s  a re s u l t  o f  p roduc t i on 

o r  o th e r  r e l at e d  proc e s s e s . The s e  � ff l u en t s , whi c h  i n c l ude c h l o r i na t ed hydroc arbons , 

s u l fu r  dioxide , n i t rogen d ioxi d e , and s t e am p l ant p a r t i cu l a te s , are p r e s en t ly mon i tored 

on an o c c a s i on a l  b a s i s . 
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O th e r  a i r  mon i toring a t  Rocky F l a t s  inc lud e s  amb ient  a i r  mon i toring condu c t ed by 

the Colorado Department o f  Hea l th , the J e f fe rson Coun ty Health Depar tmen t ,  and the 

DOE Env i ronmen t a l  Measuremen t s  Laboratory ( EML ) . 

2 . 1 0 . 1 . 1  Airborne Emi s s ions Mon i to ring 

Ai r exhau s t ed from the s tacks of proc e s s  and res earch bui ld ings is cont i nuou s ly 

mon i tored to d e t e c t  the emi s s ions o f  radioac t ive par t i c u l a te s , bery l l ium , and t r i t i um . 

I n  the p l u ton ium proc e s s ing bu i ld i ngs , at l e as t two and a s  many a s  five par t i c l e  

samp l ing prob e s  are l o c a ted i n  each exhau s t  a i r  duc t , down s t re am from t h e  f inal s tage 

of f i l ters . At l e a s t  one part i c l e  samp l ing p robe is l o c a t ed i n  e ach exhau s t  air duc t 

in the uran ium and bery l l i um proc e s s ing bui l dings . G l a s s  fiber  f i l t er me d i a  are used 

to c o l l e c t  the exhau s t  s t re am par t i cu l a t e  mat e r i a l . Each par t i c u l ate  s amp l e  i s  

c o l l e c ted three t imes  e ach week and rad i ome t ri c a l ly ana lyzed , by d i r e c t coun t i ng , for 

t o t a l  long - l ived alpha � em i t t ing radionuc l ides . 

Prior to July 1 9 7 3 , a l l  radioac t ive emi s s ions were d e t e rmined from long - l ived 

alpha ac t i v i ty . F rom m i d - 1 9 7 3  t hrough 1 9 7 7 , part i cu l a t e  s amp l e s  from p l u tonium 

exhau s t s  were compo s i ted weekly and analyzed for pluton ium . The rad i oac t ive sp e c i e s 

were d e t e rmined from rad i o chem i c a l  s epara t i on and a lpha par t i c l e  spec trome try . The 

amoun t of beryl l ium was d e t e rmined by f l ame l e s s , atomic ab sorp t ion spec t rome t ry . In 

1 9 7 8 , the particulate  s amp l es from each exhau s t  sys t em were compo s i ted into monthly 

s amp l e s  for spec i f i c  l aboratory analy s i s  fo l l owing the d i re c t  rad i ome t r i c  analys i s .  

The s e  exhaus t sys t em comp o s i te s  were analyzed spe c i fi c al l y  for u ran ium and b e ry l l i um . 

Comp o s i te s amp l e s  from the p lu tonium op erat ions are analyzed sp e c i f i c a l l y  for p l u ton i um 

and ame r i c i um .  

S tacks exhau s t ing a i r  from p l utonium operat ions , i n  add i t ion to b e i ng s amp led 
co n t i nuou s ly , are equipped w i th s e l e c t ive alpha mon i tors ( SAAMs ) that in i t i a t e  an 

aud i b l e  a l arm i f  the alpha ac tiv i ty in the e f fluent a i r  reaches the Plant ' s  op erat ing 

a l e r t  l eve l s . The s e  l e ve l s  h av e  b e e n  p r e d e t e rm in e J  f o r  e a c h  l o c a t i on and m e d i a  s amp l e d . 

The a l a rm put s p e o p l e  on n o t i c e  ( in c r e a s e d  l e v e l  o f  a w a r en e s s )  b e fo r e  t h e  l im i t s  o f  

s t an d a r d s  a n d  r e gu l a t i on s  a r e  r e a c h e d . The a l a rm i s  s ou n d e d  a t  t h e  e x h au s t  d u c t , in 

t h e  l o c a l  v en t i l a t ion c on t r o l  r oom , r a d i a t ion mon i t o r i n g  o f f i c e , a n d  n e a r e s t  s e cu r i t y 

p o s t . A d a t a  l o g g e r  in t h e  r a d i a t i on mo n i t o r i n g  o f f i c e p e r i od i c a l l y r e c o rd s  t h e  

i n f o rm a t i on . Whe n e v e r  a n  a l arm i s  a c t i v a t e d , r a d i a t i on mo n i t o r i n g  an d u t i l i t i e s  

p e r s o nn e l  c h e c k  t o  a s c e r t a in t h e  c a u s e and t ak e  app r o p r i a t e  c o r r e c t i v e  a c t i on . 

I n  add i t i on to b e i ng s amp l ed for radioac t i ve part i c u l a t e s  and beryl l ium , s e l e c ted 

p l u tonium exhau s t  duc t s  are s amp l ed for water vapor ,  whi c h  is  analyzed for t r i t ium by 

l i qui d  s c in t i l l a t ion spe c t rome t ry . The maximum conc ent rat ion for a 48 - hour period i s  

typ i c a l ly 0 . 03 x 1 0 - 6  � C i/ml . The RCG for s o l ub l e  t r i t ium i n  amb ient a i r  t o  the 

gene ral popu l a t ion is 0 . 0 7 x 1 0 - 6  � C i/m l . 
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The con c en trat ion o f  long - l ived alpha - emi t t ing rad ionuc l ides  i n  exhau s t  a i r  

typ i c a l l y  ave rage s l e s s  than 4 x 1 0 - 1 5  j.J Ci/ml . The con c en tration o f  uranium , p luto

nium , and americ ium in the exhau s t  a i r  from the proc e s s ing , fabric at ion , and research 

fac i l i t i e s  is about 3 x 1 0 - 1 5 , 1 x 1 0 - 15 , and 0 . 0 4 x 1 0 - 15 j.J Ci/ml , respec t ive l y . For 

compari s on , the RCG for soluble  uranium , p lu tonium , and ame ric ium i n  amb i e n t  a i r  

ac c e s s i b l e  to t h e  popu l a t ion a t  l arge i s  1 0 0 0  x 1 0 - 1 5 , 2 0  x 1 0 - 1 5 , and 6 7  x 1 0 - 1 5  

j.J C i/ml , r e s p e c t ively ( 1  j.J C i/ml x 1 0 1 2  
= 1 pCi/m3 , i . e . , t o  convert j.J C i/ml t o  pCi/m3 , 

mul tiply by 1 01 2 ) .  

The b e ry l l ium concen trations in exhaus t  a i r  from the Rocky F l a t s  fac i l i ty typ i 

c a l l y  i s  about 3 x 1 0 - 4  j.J g/m3 . B e ry l l ium concentrations i n  amb i e n t , urb an a i r  i n  the 
- 4  - 4  3 Uni ted S t a t e s  has been repor t ed to range b e tween 1 x 1 0  and 3 x 1 0  j.J g/m ( Ro s s  

and S i evers , 1 9 7 2 ; Cho l ak , 1 9 5 9 ) . The total amoun t o f  bery l l ium r e l e a s ed from the 

Roc ky F l a t s  fac i l i ty during 1 9 7 7  was about 5 grams . The Envi ronmental  P rotec tion 

Agency has  e s t ab l i shed a dai l y  bery l l ium d i sc harge l im i t  of  1 0  grams p e r  day fo r each 

s ta t ionary source  ( US EPA , Ap r i l  1 9 7 3 ) . 

S tack s amp l e s  p rovide the primary record o f  a l l  a tmo sphe ric  emi s s ions from the 

fac i l i ty .  The s e  emi s s ion data are analyzed and reported in the Monthly and Annual 

E nv i ro nmental  Moni toring Report s howing the total a i rbo rne emi s s ions  from the Rocky 

F l a t s  fac i l i ty .  The s amp l e  vo lumes and detec t ion l imi t s  for the s tack s amp l e s  are 

s hown i n  Tab l e  2 . 1 0 . 1 - 1 . As c an be s een from the tab le , the analy t i c a l  de l e t ion 

l im i t s  are we l l  be low the app l i c ab l e  guide value s . 

TABLE 2 . 1 0 . 1 - 1  

STACK SAMPLE DETECT ION LIMITS 

P arame ter 

Radioac t ive : 

To t a l  Long - L ived Alpha 

Tri t ium 

App roximate 
S amp l e  Vo lume 

( m3 ) 

1 60 . 0  

3 

( Radiochem i c a l  Ana l ys i s )  

P luton ium* 

Uranium* 

Ame r i c i um;" 

Nonrad ioac t ive : 

B e ry l l ium;\-

3 6 7 0  

1 2 2 0  

3 6 7 0  

1 2 2 0  

*Monthly Compos i t e  s amp l e s  

Approx ima t e  
D e t e c t ion Limi t 

( j.J C ijml ) 

0 . 0 0 2  x 1 0 - 1 2 

80 x 1 0 - 1 2  

0 . 0 00 0 3  x 1 0 - 1 2 

0 . 0 0 0 2  x 1 0 - 12 

0 . 0 0 0 0 3  x 1 0 - 1 2 

0 . 0 0 0 04 j.J g/m3 

2 - 2 0 4  

Guide Val u e s  

( j.J C i/ml )  

0 . 0 2 x 10 - 1 2  

2 x 1 0 - 7  

0 . 0 6 x 1 0 - 1 2  

3 x 1 0 - 1 2  

O 2 10 - 1 2  . x 

< 1 0 g rams p e r  day 



2 . 1 0 . 1 . 2  Amb i en t  A i r  Moni to ring 

Amb ient a i r  is mon i tored fo r a i rborne particulate  mat t e r  by a ne twork o f  49 a i r  

s amp l i ng s t ations located bo th on and o f f  t h e  Rocky F l a t s  P l an t  s i t e . E a c h  o f  the 

air s amp l ing s t ations con t a in s  a v acuum pump that draws a known vo lume o f  air through 

a s t andard f i l t e r . 

Wind tunn e l  s tudi e s  ( Me roney and Chaudhry , 1 9 7 2 ; Meroney and o thers , 1 9 7 3 ) o f  

the P l an t  s i te and the new plutonium recov e ry and was t e  treatment fac i l i ty were 

condu c t ed by the Eng ineering C o l l ege of Colorado S ta t e  Univer s i ty .  The s e  s c a l e -model 

tests  were used to d e t e rmine the dispersal rou t e s  and t raj e c to r i e s  o f  a i rb o rne e fflu

ents  o riginating a t  the  P l an t , for  the  mo s t  e f fec t iv e  p l ac ement of  a i r  s amp l e r s . 

The r e  are 2 3  c on t inuous ly runn ing h igh -vo l ume a i r  s amp l e rs located on the P l an t  

s i te ins ide ( or j us t  out s ide ) the s ecuri ty- fenced area ( s e e  F i gure 2 . 1 0 . 1 - 1 ) . Mo s t  

o f  the s e  s amp l e r s , which ope r a t e  a t  an average s amp l ing r a t e  o f  4 0  cub i c  f e e t  p e r  

minu t e  ( c fm ) , a r e  po s i t ioned r ather c lo s e ly a round and downwind o f  t h e  p l utonium 

p roce s s ing fac i l i t ie s . S amp l e s  are c o l l ec te d  weekly , analyzed for t o t a l  long - l ived 

a lpha ( TLLa ) a c t iv i ty , compo s i t ed b iweekly , and analyzed for p lutonium . Atmo sphe r i c  

w a t e r  vapor i s  c o l l e c ted weekly f rom four s amp l e r s  l o c a t e d  in· t h e  v i c i n i ty o f  the 

plutonium p ro c e s s ing bui l d ings , and the water is analyz ed for t r i t ium . 

The c oncentrat ion o f  p lu tonium in amb ient a i r  s amp l e s  c o l l e c t e d  on the Rocky 

F l a t s  P l an t  s i te typ i c a l l y  i s  0 . 0 0 0 2  x 10 - 1 2  � C i/ml . The RCG for amb i ent a i r  in a 

contro l l e d  area i s  0 . 0 6 x 1 0 - 1 2 � C i/ml , but Roc ky F l a t s  operates  w i th in the mor e  

r e s t r i c tive RCG app l i c ab l e  to plutonium in uncon t ro l l ed areas ( 0 . 0 2 x 1 0 - 1 2 � C i/ml ) .  

A i rb orne parti culate s amp l e s  are c o l l e c t e d  from 14 continuous ly runni ng , h igh

vo lume ( drawing approx ima t e l y  40 c fm )  a i r  s amp le r s  a t  the P l an t  p erimet e r  a t  d i s 

t anc e s  ranging from two t o  four mi l e s , as  shown o n  F i gure 2 . 10 . 1 - 2 . The s e  s amp l e s  

a r e  c o l l e c t ed weekly , ana lyzed for t o t a l  long - l ived a lpha ac tivi ty , c omp o s i t e d  

monthly and , fo l lowing chemi c a l  s ep aration by i o n  exchange , analyz e d  radiochemi c a l ly 

for plutonium . The plutonium conc entra t ion i n  amb i en t  a i r  2 m i l e s  from the c e n t e r  o f  

the P l an t  typ i c a l l y  i s  about 0 . 0 0 0 0 2  t o  0 . 0 0 0 0 5  x 10 - 1 2 � C i/ml , whi ch i s  s t a t i s t i c a l ly 

indi s t ingui shab l e  from wo r l dwide fal lout and which may b e  compared w i th Rad i at ion 

A l e r t  Ne twork data pub l i shed by the EPA in Rad i ation Data and Repo r t s  ( 1 9 7 2 - 1 9 7 4 ) , 

and Env i ronmental  Rad i a t ion Data ( 1 9 7 5 -date ) .  

A i rborne particulate  s amp l e s  a l s o  are c o l l e c ted from 1 2  cont inuous ly running , 

40 - c fm a i r  s amp l e r s  located in o r  near popu l a t ion centers  i n  the general v i c in i ty o f  

Roc ky F l a t s  ( F igure 2 . 1 0 . 1 - 2 ) . The s amp l es a r e  c o l l e c ted weekly , analyz e d  for t o t a l  

long - l ived alpha ac t iv i ty , compo s i t e d  monthly , and analyzed sp e c i f i c a l ly f o r  p l u tonium . 

The c oncentration o f  p lutonium in amb i ent a i r  in local  population c enters  typ ic a l ly 

i s  0 . 0 0 0 0 2  x 10 - 1 2  t o  0 . 0 0 0 0 5  x 1 0 - 1 2  � C i/ml . 
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The 40 - c fm a i r  s amp l e rs are l arger than p revi o u s l y  used samp l e r s  and s amp l e  a 

greater volume o f  a i r  to further improve the rel i ab i l i ty o f  the data . The s amp l e r s  

a r e  we l l  s u i t ed f o r  use  i n  r e s i de n t i a l  areas , as  they a r e  qui e te r  ( 5 0 dec ib e l s  compared 

wi th 8 0 ) than tho s e  used be fore 1 9 7 4 . Tab l e  2 . 1 0 . 1 - 2  shows the de t e c tion l imi t s  o f  

the amb i e n t  a i r  s amp l e rs . 

TABLE 2 . 1 0 . 1 - 2  

AMB I ENT AIR SAMPLE DETECTION L IM ITS 

App roxima te Approx ima t e  
S amp l e  Vo lume D e t e c t ion Limi t 

Parameter  ( m3 ) ( pC i/m3 ) 

To t a l  Long - Lived 
Alpha 10 , 0 0 0  0 . 00 1  

P lutonium - 2 3 9/240 2 0 , 0 0 0  0 . 0 0 0 0 2  

To t a l  Long - Lived 
B e t a  2 0 , 0 0 0  0 . 0 1 5  

I n  1 9 7 8 , an extens ive s tudy ( Wedding , 1 9 7 8 )  w a s  condu c ted to eva luate the i n l e t  

e ff i c i ency and f i l t e r-media e f f i c i ency o f  t h e  Rocky F l a t s  amb i en t  a i r  s amp l e rs . The 

s tudy conc l uded that the Rocky F l a t s - d e s igned s amp l e r  is as  e ff i c i en t  as the EPA

app roved s amp l e r  and that the fi l te r  media e f f i c i ency was 99 . 8% o r  greater for t rapp ing 

p a r t i c u l a t e s  of 0 . 0 1 to 1 . 0 0 �m in s i z e . ( Se e  App endix I ) . 

P l an t  emergency pro c e dures  require  the c o l l e c t ion o f  on - s i t e  and o f f - s i t e  a i r  

s amp l e s  whenever a n  a i rbo rne radioac tivi ty r e l e a s e  i s  known or susp e c ted . The eme r 

gency p roc edures include taking add i t ional s amp l e s  downwind o f  t h e  susp e c ted r e l e as e . 

Two s i te survey veh i c l e s  e quipped w i th a i r - samp l ing equipment and 1 1 0 -vo l t  generators 

are ava i l ab l e  for a i r - s amp l ing duty around the c lock . 

2 . 1 0 . 1 . 3  Amb ient Air Mon i toring by O the rs 

The Colo rado Dep artment o f  Heal th ope r a t e s  f ive , on- s i t e , cont inuous a i r  s am

p l ing s ta t ions ( s e e  Figure 2 . 1 0 . 1 - 3 ) , one of which is operated j o i n t l y  with the J e f 

ferson County He a l th Departmen t . The s amp l e s  a r e  c o l l e c ted o n  a l t e rnate days and 

ana lyzed for l ong- l ived a lpha and b e t a  radionuc l i de s . S amp l e s  in wh ich the t o t a l  

alpha ac t iv i ty exceeds 0 . 04 x 10 - 12 � C i/ml a r e  ana lyzed sp e c i f i c a l ly f o r  plutonium . 

A regional  a i r - s amp l ing sys tem o f  16 s t a t ions  p rov ides add i t ional surve i l l an c e  in the 

v i c in i ty of Roc ky F l a t s  and in the m e t ropo l i t an Denver area . Four o ther s ta t ions are 

located a t  s i t e s  wi thin the S t ate but remo t e  t o  the Rocky F l a t s  P l ant . 

The DOE Envi ronmental  Measurement s  Laboratory ( EML ) o f  New York C i ty op erates  

three  a i r  s amp l ing s ta t ions - one  a t  the  eas t s e curi ty fenc e , one  at the  ori ginal 

eas t p e rime t e r  ( c a t t l e ) fenc e , and one a t  the inter s e c t ion of the e a s t  ac c e s s  road 
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and Indian a  S tr e e t . Samp l e s  from these  s ta t ions are c o l l e c t ed every week and ana lyzed 

radiochemi c a l ly by EML for plutonium . The resul t s  are pub l i shed in the i r  env i ronmental 

quarterly report s . 

2 . 1 0 . 1 . 4  Meteorological  Mon i toring 

M e teorologi c a l  data h ave b een c o l l ec ted a t  Rocky F l a t s  s in c e  the P lant b e c ame 

operati onal i n  1 9 5 2 . The i n s t rumen t s  used prior  to 1 9 7 5  ( al l  of wh ich were l o c a t ed 

in o r  near the 1 0 0  comp l ex )  inc luded the fol lowing : 

Wind direc tion and speed recorder - - B endix Friez Model 141 - 5  M i c robarograph - 

B endix F r i ez Model 5 0 0 0 2 9 - 1  

Hygro thermograph - - Bendix F r i ez Model 5 9 4  

Recording rain gauge - - B endix F r i ez Mode l 7 7 5  

Data from the s e  i n s t rumen t s , c omb ined w i th various meteorological  obs e rvat ions 

from other s ta t ion s , were used to develop local c l imatological info rmat ion and d es 

c r i p t ions o f  s i t e  d i spers ion charac t er i s t � c s . Comp rehens iv e  measuremen t s  o f  me t eoro

log i c a l  charac t e r i s t i c s  are made routinely by Nat ional Weather S e rv i c e  p ersonnel a t  

S t ap l e ton Interna t ional Airport ,  which i s  located on Denver ' s  eas t side . The s e  data , 

inc luding atmospheric s tabi l i ty measuremen t , are avai l ab l e  fo r use  i f  n e eded . 

Ext ens ive weather data are a l s o  ava i l ab l e  f rom the Nat ional Center for Atmo sphe r i c  

Research ( NCAR ) a t  Boulde r , Colorado . 

I n  the f i r s t  quart e r  o f  19 7 5 , a 2 0 0 - fo o t  m e t eoro logi cal mon i toring tower was i n 

s ta l l e d  in t h e  southwe s t  quadran t o f  t h e  Rocky F l a t s  P l an t  s i te . T h e  sys t em became 

ope r a t i onal in May of 1 9 7 5 .  Thi s  is a ful ly ins trument e d  tower tha t records digital  

data at 10 -minute interv a l s  onto a nine - track magn e t i c  t ap e .  The  fo l lowing data are 

c o l l e c ted and rec orded by the sys tem : 

1 .  Jul i an days 

2 .  Hour s  and minutes  

3 .  Temp e r a ture a t  2 0 0  fee t , 1 0 0  f e e t , and 20 f e e t  

4 .  Temperature d i f fe rence ( temp era ture a t  2 0 0  f e e t  minus temp e r a ture a t  2 0  

fee t )  

5 .  Dew point t emp erature 

6 .  S o l ar rad i a t ion 

7 .  Wind direc t ion a t  200  f e e t  and 20 f e e t  

8 .  Barome t r i c  p r e s sure 

9 .  Ave rage and p eak w ind speed a t  2 0 0  f e e t  and 2 0  f e e t  

1 0 . Precipi tation 
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On - s i te data obtained from this  sys tem p rovide the de t a i l ed , con t inuous infor

mat ion needed t o  v e r i fy j oi n t  frequency d i s t r ibut ions o f  Pa squi l l  d i f fus ion c a t 

. egor i e s  by wind s p e e d  and d i r e c t ion , thus al lowing addi t ional evaluation o f  ac tua l 

shor t - te rm and long- term s i t e  meteoro logical d i spersion charac t e r i s t i c s . Thi s  infor

mat ion p e rm i t s  a more accurate d e t e rmination o f  the d i spersal  o f  P l an t  gaseous and 

ai rborne particul at e  e f fluen t s . 

I n  addi tion to the three meteoro logical  towers a t  the wind energy proj e c t  men

t ioned in S e c t ion 2 . 4 ,  there is a l 2 0 - ft . portable me teoro logical  tower pre s e n t ly 

located on Woman Creek , one mi l e  wes t  o f  Indiana S t re e t . 

2 . 1 0 . 2  Water Mon i toring 

Two bas i c  water-moni to r ing programs are conducted - - one invo lves e f fluen t s  

l e av ing t h e  Rocky F l a t s  P l an t ; the o t h e r  invo lve s regional water sys t ems o f f  the 

P l an t  s i t e . The Colorado Depar tmen t o f  Hea l th a l so mon i tors the P l an t  e f fluen t s . 

2 . 1 0 . 2 . 1  P l an t  Wat e r  Flow and Cont ro l  

The flow o f  water from Roc ky F l a t s  i s  generally f rom w e s t  to eas t .  Surface 

runo f f  water , inc luding any waterborne e f fluen t s , is carriea from operat ional areas 

of the s i t e  by No r th and South Walnut Creeks on the north , and by Woman Creek on the 

south ( se e  F i gure 2 . 3 . 9 - 2 ) . The s e  are de s ignated a s  drainage b a s in s  A,  B ,  and C ,  

r e sp e c t iv e ly . South Walnut Creek i s  cons idered the main , waterborn e - e f fluent r e l e a s e  

rout e  and f l o w s  i n t o  G r e a t  We s t e rn Re s e rvo i r , wh ich i s  part o f  t h e  water supply for 

the c i ty of Broomf i e l d . Woman Creek flows e a s t  through Governmen t  p roperty into 

S t andley Lake , which is part of the water supply for the c i ty of We s tmin s t e r  and 

po r t ions of the Thornton- No r thglenn area . Upp e r  Church D i tch , McKay D i tch , Smart 

D i tch , and s everal minor b ranches of Walnu t , Woman , and Ro c k  Creeks also t rave r s e  or 

r i s e  on the Government p rope r ty . 

As shown in Figure 2 . 3 . 9 - 3 , there are several ho lding ponds on Governmen t  p roperty 

in the three maj o r  watercour s e s . On North Walnut Creek are three ponds ( iden t i fied 

a s  Ponds A- I ,  A- 2 ,  and A- 3 ) , having a total  c ap ac i ty o f  22 , 42 0 , 0 0 0  gal l ons . Four 

ponds ( B - 1 , B - 2 , B - 3 , and B - 4 )  are located on South Walnut Creek ; they have a to tal 

c apac i ty of 4 , 2 5 8 , 0 0 0  gal lon s . One pond ( C - l ) , w i th a c apac i ty of 2 , 0 0 0 , 0 0 0  gal lons , 

i s  located on Woman Creek . The s e  ho ld ing ponds are the mon i to ring points  for a l l  

drainage that t rav e r s e s  o r  r i s e s  o n  operat ional areas o f  t h e  P l an t  s i te , and f o r  a l l  

l i qu i d  e f flue n t s  that are d i s charged from t h e  P l ant . 

A proj e c t  was recently i n i t i a t e d  fo r surface water control a t  the Rocky F l a t s  

P l an t . The purp o s e  o f  this  p roj ec t i s  to p rovi de fac i l i t i e s  to divert , c o l l ec t , and 

s tore a l l  surface runo ff water o riginating wi thin or flowing through the security 
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fenced area o f  the Roc ky F l a t s  P l an t  s i te . The proj ec t cons i s t s  o f  three flood 

retention dams , two bypas s  c an a l s  that rou t e  non - P l an t  flood flows around two of the 

dams , and interc eptor c ana l s  to catch runo f f  from the P l ant s i te and convey it to 

retent ion fac i l i t i e s . Add i t ional info rma tion on thi s  sys tem i s  a l so given in S e c t ion 

5 . 5 . 4 . The dams are for surfac e -water runo f f  retention only and are expec ted to be 

dry mo s t  of the t ime . In the event that impounded flood water i s  found to b e  contam i 

nated , the flood pool wi l l  b e  contained f o r  water analy s i s , and a dec i s ion made a s  to 

whether water recyc l ing i s  requi red . I t  i s  not ant ic ipated that retent ion time would 

be suffic ien t to e s tab l i sh a s aturated zone in the embankmen t s . Hydrologic i nv e s t iga

t ions inc lude the p repara tion o f  flood hydrographs fo r 1 0 0-year thre e - day re turn 

prec i p i t a t ion fl ood even t s , Bureau o f  Rec l amat ion thunders torm even t s , and p robab l e  

maximum p rec ipitat i on ( PMP ) s to rms . The dams wi l l  be d e s i gned t o  s a fe ly p a s s  t h e  PMP 

flood v i a  s p i l lways and to retain the amount o f  water p ro j e c ted for the 1 0 0 - year 

s to rm .  The dam de s igned for North Walnut Creek ( A - 4 )  wi l l  retain a maximum o f  82 

a c re - fe e t .  South Walnu t Creek dam retent ion ( B - 5 )  wi l l  be 72 ac re - fe e t , and Woman 

Creek dam re tention ( C - 2 )  w i l l  be 50 a c re - feet . 

San i t a ry was t e s  are routed through the s ewage t re a tment plant whe re they are 

subj ec ted to primary t reatment , an ac t ivated - s ludge s e c onda ry treatmen t , a t e r t i ary 

treatmen t , and mixed med i a  f i l tra tion . Coo ling- tower b lowdown water and s te am conden 

sate  f rom proc e s s  and l aboratory fac i l i t i e s  a l s o  are routed through the s ewage treat 

ment p lant . The e f fluent from the s ewage treatment p l an t  i s  held i n  Ponds B - 1  and 

B - 3  where i t  is s amp l e d  and analyzed prior to 

through Pond B - 4  and into South Walnut Creek . 

t ime to p romo te the s e t t l ing o f  s o l ids . 

d i s charge . D i scharged water p a s s e s  

The ponds p rovide e ffluent r e s idence 

Laundry wate r which has l e s s  than 1 , 667 pC i/l total long - l ived a lpha a c t iv i ty 

( the ERDA Manual Chap te r  0 5 2 4  Annex A RCG for plutonium - 2 3 9  in water )  i s  t rans ferred 

to Pond B - 2  and s ub s equently to the l arger Ponds A-2 and A - I . Ponds A - I , A-2 and B - 2  

are i s o l ated from the natural drainage water courses  and are used exc l u s ively to 

impound P l an t  was tewaters for evaporation . 

Wa ter flow i n  the v i c i n i ty o f  the l and f i l l  i s  desc r ibed in S e c t ion 2 . 9 . 4 . Two 

earthfi l l  dams are located in the draw be low the wo rking face o f  the l and fi l l . The 

upp e r  impoundment ( the sma l l e r  of the two ) col l e c t s  s eepage from the l andfi l l . The 

s e epage , after  analys i s ,  i s  di s tributed on the g round north o f  the l and fi l l  or im

pounded with the tre ated proc e s s - wa s t e  e f f luent . The s ec ond impoundment is held in 

r e s e rve for col lec t ing water during periods of abnormally high p rec ip i tation o r  other 

unusual cond i t i on s . Water down s t re am from the s e c ond impoundmen t  flows into North 

Walnut Creek . 

2 . 1 0 . 2 . 2  P lant Wa t e r  Mon i toring 

Incoming raw and t reated water , water at s everal locat ions on the P lant s i te , 

and a l l  e f fluent s t reams leaving the P l an t  s i te are s amp led and ana lyzed . Wa ter i s  
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moni tored cont inuous ly and s amp l e s  are col lec ted f rom c rucial  location s . Grab 

s amp l e s  are taken where i t  i s  nec e s s ary to t e s t  for c ertain chemi cal  and biological  

cond i t ions that  might de te riorate rap idly if  the  e f fluent samp l e  mat e r i al we re s tored 

in a cont inuou s - s amp l e  c o l l e c t ion r e s e rvoi r .  Tab l e  2 . 1 0 . 2 - 1  gives the e l ements o r  

cond i t ions t e s ted fo r ,  and t h e  frequency o f  samp l ing by samp l e  locat ion in the 

wa t e rbo rne e f fluent mon i toring program . Tab l e  2 . 1 0 . 2 - 2  presents  the s ame in formation 

l i s ted by the e l emen t s  o r  cond i t ion s t e s ted for , and the s amp l ing location s . Tab l e  

2 . 1 0 . 2 - 3  shows the de t e c t ion l imi t s  fo r analy s i s  o f  s amp l e s  from the on- s i te ponds . 

The d e t e c t ion l imi t s  are much l e s s  than the app l icable ERDA o r  NPDES permi t s t anda rds . 

In the tab l e s , the " 1 1  e l emen t s "  parame t e r  i n  the column ent i t led E l emen t s  o r  

Cond i t ion , rep r e s e n t s  a n  atomic absorp t i on analys i s  for Ba , B e , Ca , Cd , Cr , Hg , K ,  

Mg , Na , S e , and S i .  The " 3 1  e l emen t s "  parameter  ind i c a t e s  an emi s s ion spec tros copy 

analys i s  for Ag , Al , B ,  Ce , Co , Cr , C s , Cu , Fe , Ge , L i , Mn , Mo , Ni , Nb , P ,  Pb , Rb , 

S b , Sn , S r ,  Ta , Te , Th , Ti , Tl , D ,  V ,  W ,  Zn , and Zr . 

The conc entrations o f  p lutonium and t r i t ium in the e f fluent wat e r  o f  Pond B - 4  

typ i c a l ly a r e  1 pC i/l and 8 5 0  pC i/l , r e spec tively . Conc en t ra t ions o f  other radionu

c l ides  are comparably low , typ i c a l ly l e s s  than one percent of the ERDA Radi oac tivity 

Conc entration Guide s .  The appropr i a t e  RCG for so lub l e  p lutonium - 2 3 9  in water i s  

1 , 6 6 7  pC i/l and for t r i t ium i t  i s  1 , 0 00 , 0 0 0  pCi/l . The EPA Drinking Wat e r  s t andard 

s e t s  a l imi t o f  2 0 , 0 00 pC i/l for tri t ium and 1 5  pCi/l fo r total long- l ived alpha 

ac t ivi ty . D i s charges from Pond B - 3  are contro l l e d  by wi thho lding d i s charge s unt i l  

the to tal  long - l ived alpha ac t iv i ty i s  l e s s  than 4 0  pCi/l . The analy s e s  o f  the Pond 

B - 4  wat e r  de fine the to tal  radioac t iv i ty in water r e l e a s ed from Roc ky F l at s . 

Wat e r  from the 3 5  hydrologic t e s t  ho l e s  on the P lant s i te i s  s amp l ed to de t e r 

mine i f  there i s  any detec table movement o f  chemi c a l s  o r  radioac t ive mat e r i a l s o f  

P l an t  o r i g i n  i nto t h e  wa t e r - be aring s t rata underlying t h e  s i te . Thre e o f  the ho l e s  

a r e  approximat e ly 1 5 0  fe e t  deep , and tw� o the r s  a r e  about 2 6 0  and 3 0 0  f e e t  deep , 

re sp e c t ively . They provide in forma tion on wat e r  movement in bedrock forma tions . The 

remainder r ange from l e s s  than 1 0  to 5 0  fee t  deep , and are located generally near the 

s o l a r  evap o ra t ion ponds , down s t re am from the holding ponds , and eas t of the P l an t  

( s e e  F i gure 2 . 1 0 . 2 - 1  and S e c tion 2 . 9 . 3 ) . 

S amp l e s  are taken a t  5 -month interva l s  f rom a l l  t e s t  ho l e s  i n  which there i s  

water ; the s amp l e s  are analyzed for the e l ements and c ondi t ions l i s te d  i n  Tab l e s  

2 . 1 0 . 2 - 1  and 2 . 1 0 . 2 - 2 .  S amp l e s  analyz ed for p lu tonium may a l s o  b e  analyzed for o ther 

cons t i tuen t s  such as , n i t ra t e , to tal solids , fluo ride , and pH . Hi s to r ical l y , the 

s amp l e s  h ave indicated that there is no apparent movement of plutonium into the 

P l an t ' s  groundwater ; however , some ni trate has app eared i n  the ho l e s  surrounding the 

s o l ar evapo ration ponds . 
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Location 

Water Treatment 
Plant Raw Water 

Water Treatment 
Plant Treated 
Water 

Sewage Treatment 
Plant Influent 

Sewage Treatment 
Plant Effluent 

Sewage Treatment 
Plant Effluent 
Upon Entering 
South Walnut C reek 

Pond A- I Bypas s  

Pond A-3 

TABLE 2 . 1 0 . 2- 1  

WATER MONITORING PROGRAM 

Element o r  Condition 

Am ,  Be , Cd , Cr , F
-

, 3H (Tritium) , Hg , 
Polychlorinated Biphenyls (PCBs ) ,  Pu 
Suspended Solids , Total Dissolved Solids 

Uranium 

Free Available Chlo rine 

Total Bacteria , Fecal , Total Colifo rm 

Ag , Alkalinity , Gro s s  Alpha , As , B ,  Ba , 
Be , Gro s s  Beta� Ca , C d ,  C 1 - , C o l o r ,  C r ,  
Cu , Cyanide , F , Fe , Hardness , Hg , 
Linear Alkyl Sulfonates , M� , Mn , Na , _ 

NH3 , NO; (as  N) , P ,  Pb , 22  Ra , Se , S04 
90S r ,  Tota l Dis s o lved Sol ids , Turbidity , 
Zn 

Uranium 

Tritium 

Endrin , Lindane , Methoxychlor , Toxaphene 
2 , 4-D , 2 , 4 , 5 -TP S i lvex 

Gro s s  Alpha 

Gamma , 3H 

Pu 

F
-

, 3H ,  Gamma , NO; ( a s  N) , P ,  pH,  Pu 
Total Res idual Chlorine , Tota l Suspended 
Solids 

Tota l Chromium , Colo r ,  Oil and Greas e ,  
Turbidity 

Biochemical Oxygen Demand (BOD) , Fecal 
and Total Coliform 

Kj eldahl N ,  N02 

Dissolved Oxygen 

Gro s s  Alpha Gro s s  Beta , 3H ,  NO; ( a s  N) 

Gros s  Alpha , Gro s s  Beta , Gamma , 3H ,  NO; 
( a s  N) , pH 

Pu , U ,  Am 

2 - 214 

Frequency 

Qua rterly Grab 

Weekly 

Dai ly 

Four Days per Week 
Rotate Buildings 

Five Months 

Weekly 

Yearly 

Every 3 yea rs 

Da ily 

Weekly Grab 

Only if Gros s  Alpha 
(GA) > 40 pCi/l  

Da ily 

Dai ly 

Wednesday Grab 

Three Days per Week 

Daily 

Three Days per Week 

Daily 

Before and During 
Dumping 

During Dumping 



Location 

Pond B-3 

Pond B- 4 

Pond C- l 

Wa ste Treatment 
F a c i l ity Pond 

Land f i l l  Pond 1 

Land f i l l  Pond 2 

Land f i l l  Byp a s s  

Lined S o l a r  Eva
poration Pond 

Sumps 1 ,  2 ,  and 3 
(below S o l a r  Pond s )  

TABLE 2 . 1 0 . 2- 1  (Continued )  

Element o r  Condition 

Gro s s  Alpha , Gro s s  Beta , pH , Tritium , 
Gamma 

Gro s s  Alpha , Total Res idua l Chlorine 

Gamma , 3H 

Am , Gro s s  Beta , Pu , U 

Chemi cal Oxygen Demand , NH3 ,  NO; ( a s  N ) , 
Suspended Solids 

1 1  e l ements , 3 1  elements , F- , P ,  Total 
Solids , 9 0S r ,  

Gro s s  Alpha 

Gamma , 3H 

Am , Gro s s  Beta , Pu , U 

pH , Total D i s s o lved Solids 

Chemi cal Oxygen Demand , NO; ( a s  N )  

C r ,  Cyanide , Oil a n d  Grea s e , PCBs , 
Pheno l ,  Linear Alkyl Sulfonates 

As , Cl- , 1 1  elements , 31 e lements , F- , 
P ,  S04 , Total Solids , 90Sr 

Gro s s  Alpha , 3H , NO; ( a s  N )  

Pu 

Gro s s  Alpha 

Gamma , 3H 

Be , Cd , Chemical Oxygen Demand , C r ,  
3 1  e lements , Hg , PCB s , Pheno l ,  Total 
S o l i d s  

Pu 

Gro s s  Alpha , 3H , NO; ( a s  N ) , Gamma 

Gro s s  Alpha , 3H , NO; ( a s  N) , Gamma 

Gro s s  Alpha , Am� Be , Gro s s  Beta , Curium , 
Cyanide , 3H , N0

3 
( a s  N ) , pH , PUt 9 0S r ,  

Total D i s s o lved S o l ids 23 5U 2 3 8U 2 3 4U , , , 

Gro s s  Alpha , Gro s s  Beta , 3H , NO; ( a s  N )  

2 - 2 1 5  

Frequency 

Three Days Per Week 

Daily 

Weekly Grab 

Weekly Compos ite 

Quarte r ly Grab 

Qua rterly Comp o s ite 

Quarterly 

Daily 

Weekly Grab 

Weekly Comp o s ite 

Two Days Pe r Month 

Monthly Grab 

Qua rte rly Grab 

Quarterly Compos ite 

Weekly Grab 

Only i f  GA > 40 pCi/ l 

Daily 

Weekly Grab 

Weekly Compos ite 

Monthly Grab 

Only if GA > 40 p C i / l  

Weekly Grab 

Weekly Grab 

Monthly 

Weekly 



Location 

Hydrology Test 
Ho les 

Test Hole 2 
( Landf i l l )  

T e s t  Hole 4 6  
(Landfi l l )  

Ho l d ing Tank 
Test Holes (3 1 )  

Bui ld ing Footing 
Drains ( 1 0 )  

Walnut C reek at 
Indiana 

Broomfie l d , Boul de r ,  
& We s tminster Water 
Tap s 

Six Other Commun i 
ties Water Taps 

35 Off- s i te Waters 

TABLE 2 . 1 0 . 2- 1  ( Continued ) 

E l ement or Condition 

Gro s s  Alpha , Am, As , B ,  Be , Gro s s  Beta 
Ca , C d ,  C l ,  Cr , C onductivity , Cu , F- , 
Fe , 3 H ,  Hardne s s , K ,  Li , Mg , Mn , Mo , Na , 
NH3 , NO; ,  NO; ( a s  N ) , P ,  Pb , P u ,  S04 , 
9 0 S r ,  Total Di s s o lved Solids , U ,  Zn 
Gamma 

C onductivity , pH , NO; ( a s  N ) , Total 
D i s s o lved Solids 

Gro s s  Alpha , Conductivity , NO; (as  N ) , 
pH , Total D i s s o lved Sol ids 

Pu 

Gro s s  Alpha , Gamma , 3H , NO; ( a s  N ) , Ph 

Gro s s  Beta 

Am, Pu , 90Sr , U 

Cyanid e , Cr , Oil and Grea s e , PCBs , Phenol 
Linear Alkyl Sulfonates 

As , C l- , 1 1  elements , 31 e l ement s , F , P ,  
S04 , Total �o l ids 

Am, Pu , U, Tritium 

Am ,  Pu , U ,  Tritium 

Am ,  Pu , U ,  Tritium 
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Frequency 

Five Months 

Quarterly 

Qua rterly 

Five Months 

F ive Months 

Only if GA > 40 p C i / l 

D a i ly 

Weekly Grab 

Weekly Comp o s i te 

Quarte rly Grab 

Qua rterly C omp o s ite 

Monthly C omp o s ite 

Qua rterly Grab 

Annual Grab 



TABLE 2 . 10 . 2-2  

ELEMENTS OR CONDITIONS MONITORED BY  LOCATIONS 

Element o r  
Condition 

Alpha , total long-lived 

Alkalinity 

Ame ricium 

Ammonia (NH3
) 

Arsenic (As ) 

Bacteria 

Barium (Ba ) 
Beryllium (Be ) 

Beta , gross  

Biochemical Oxygen 
Demand (BOD ) 
Boron (B ) 

Cadmium (Cd ) 

Calc ium (Ca ) 

Chemical Oxygen 
Demand (COD ) 

Location 

A-3 ; Walnut C reek ; Sewage Plant 
Influent ; B-3 , B-4 ; C - l ;  Water 
Plant Treated Water ;  Solar Ponds ; 
Sumps ; Was te Treatment Plant Pond ; 
A-l Bypas s ; Hydro logy Tes t  Holes ; 
Footing Drains ; Landfill Pond 1 ;  
Landfill Pond 2 ;  Landfill Bypass  

Water Plant Treated Water 

Walnut Cree k ;  A-3 ;  B-4 : C - l ; 
Reservoirs ; Water Tap s ; Off-Site 
Waters ; Water Plant Raw Water ; 
Solar  Ponds ; Hydrology Test Holes 

B-4 ; Water Plant Treated Water ; 
Hydrology Test Ho les 

Walnut C reek ; C - l ; Reservoirs ; 
Water Plant Treated Water ; Hydrology 
Test Holes 

Water Plant Treated Water , Sewage 
Plant Effluent 

Water Plant Treated Water 

Water Plant Raw Water ;  Water Plant 
Treated Wat�r ;  Solar Ponds ; 
Hydrology Tes t  Holes ; Landfill Pond 1 

A-3 ;  Walnut C reek ; B-4 ; C - l ;  Water 
Plant Treated Water ; Solar Ponds ; 
Sump s ; A-l  Bypass ; Hydrology Test 
Ho les 

Sewage Plant Effluent 

Water Plant Treated Wate r ;  Hydro logy 
Test Holes 

Water Plant Raw Wate r ;  Water P lant 
Treated Wate r ;  Hydrology Tes t  Holes ; 
Landfill Pond 1 

Water Plant Treated Water ; Hydrology 
Test Holes 

B-4 ; C - l ;  Landfill Pond 1 
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Element or  
Condition 

Chloride (Cl
-

) 

Chlo rine (HOC l ,  NH2C l )  

Chromium ( C r )  

Color 

Conductivity 

Copper (Cu) 

Dissolved Oxygen (DO) 

Eleven Elements 
(Ba , Be , Ca , C d ,  
C r ,  Hg , K ,  Mg , 
Na , Se , S i )  

Fecal and Total 
Coliforms 

Gamma 

Hardnes s  

I ron (Fe) 

Kj eldahl Nitrogen 

Lead (Pb )  

TABLE 2 . 1 0 . 2-2 (continued) 

Location 

Walnut Creek ; C- l ;  Res e rvoirs ; Water 
Plant Treated Wate r ;  Hydrology Test 
Holes  

Sewage Plant E ffluent ; B - 4 ;  Water 
Plant Treated Water 

Sewage Plant Effluent ; Water Plant 
Raw Wate r ;  Water Plant Treated Water ; 
Landfill  Pond 1 

Sewage Plant E ffluent ; Water Plant 
Treated Water 

Hydro logy Test Ho les ; Holding Tank 
Test Holes ; Footing Drains 

Water Plant Treated Water ; Hydrology 
Tes t  Holes 

Walnut Cree k ;  C- l ;  Reservoirs ; Water 
Plant Treated Water ; Solar  Ponds 

Sewage Plant Effluent Upon Entering 
South Walnut Creek 

Walnut C reek ; C-l ; Reservoirs ; B-4 ; 
Landfill Pond 1 

Sewage Plant E ffluent ; Water Plant 
Treated Water 

Sewage Plant Effluent ; Walnut C re e k ;  
B - 4 ;  C - l ; Reservo i r s ; Water Plant 
Raw Water ; Water Plant Treated Water ;  
Hydrology Test Holes 

Sewage Plant Effluent ; A-3 ; Walnut 
Creek ; Sewage Plant Influent ; B-4 ; 
C - l ;  Landfill Pond 1 ,  Hydrologic 
Test Ho les 

Water Plant Treated Wate r ;  Hydrology 
Test Holes  

Water Plant Treated Wate r ;  Hydrology 
Tes t  Holes 

Sewage Plant Effluent 

Water Plant Treated Wate r ;  Hydro logy 
Test Holes 
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E lement or  
Condition 

Linear Alkyl 
Sulfonates 
(LAS ) (Detergents )  

Lithium (Li)  

Magnes ium (Mg) 

Mercury (Hg) 

Molybdenum (Mo ) 

Nitrate (NO; ) as N 

Oil and Grease 

PCBs (Polychlorinated 
Biphenyls )  

pH 

Phenol 

Phosphorous (P) 

Plutonium (Pu) 

Pota s sium (K) 

Radium (
226

Ra ) 

Selenium (Se)  

TABLE 2 . 10 . 2-2 ( continued) 

Location 

Water Plant Treated Water 

Hydro logy Test Holes 

Wate r P lant Treated Wate r ;  Hydrology 
Test Holes 

Water Plant Raw Water ;  Water Plant 
Treated Wate r ;  Landfill Pond 1 

Hydrology Test Holes 

Sewage P lant E ffluent ; A-3 ; Wa lnut 
Creek ; B-4 ; C- l ;  Reservoirs ; Water 
Plant Treated Water ; Landfill Pond 
2 ;  Landfill Bypas s ; Solar Ponds ; 
Sumps ; Waste Treatment Pond ; A-I 
Bypas s ;  Hydrology Tes t  Holes , Hold
ing Tank Test  Holes ; Footing Drains 

Sewage Plant Effluent ; Hydrology Test 
Ho les 

Sewage Plant E ffluent ; Walnut Cree k ;  
C-l ; Reservoirs 

Walnut Cree k ;  C- l ;  Reservoirs ; Water 
Plant Raw Wate r ;  Landfill Pond 1 

Sewage P lant Effluent ; A-3 ; Walnut 
Creek ; C - l ;  Solar Ponds ; Ho lding 
Tank Test  Holes ; Footing Drains 

Walnut Creek;  C-l ;  Reservoirs ; 
Landfill Pond 1 

Sewage Plant Effluent ; Walnut Creek ;  
B-4 ; C - l ;  Reservoirs ; Water P lant 
Treated Water ; Hydrology Test Holes 

Sewage Plant E ffluent ; A-3 ;  Walnut 
Cree k ;  B-4 ; C - l ;  Reservoirs ; Water 
Taps ; Off-s ite Waters ; Water P lant 
Raw Wate r ;  Landfill Pond 1 ;  Solar  
Ponds ; Hydrology Test Holes ; 
Footing Drains 

Hydrology Test Holes 

Water Plant Treated Water 

Water Plant Treated Water 
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E lement or  
Condition 

Silver (Ag) 

Sodium (Na) 

Strontium (
90

Sr)  

Sulfate (SO� ) 

Surfactants 

Suspended Solids  (SS)  

Thirty-one Elements 
(Ag , Al , B ,  Ce , Co , 
Cr , Cs , Cu , Fe , Ge , 
Li , Mn , Mo , Nb ,  Ni , 
P ,  Pb , Rb , Sb , Sn , 
Sr , Ta , Te , Th , Ti , 
Tl , U ,  V ,  W ,  Zn , Zr)  

Total Dissolved 
Solids (TDS ) 

Total Solids 

Turbidity 

Uranium (U) 

Zinc (Zn) 

TABLE 2 . 10 . 2-2 (continued) 

Location 

Water Plant Treated Water 

Water Plant Treated Water ; Hydrology 
Test Holes 

Walnut Cree k ;  B-4 ; C - l ;  Water Plant 
Treated Water ;  Tes t  Hole 2 ;  Landfill 
Pond 1 ;  Solar Ponds ; Hydrology Test 
Holes 

Walnut Creek ; C - l ; Reservoirs ; Water 
Plant Treated Water ; Hydrology Test 
Holes 

Walnut C reek ; C-l ; Reservoirs  

Sewage Plant E ffluent ; B-4 ; Water 
Plant Raw Water 

Walnut Cree k ;  B-4 ; C - l ;  Reservoirs ; 
Landfil l  Pond 1 

C - l ;  Water Plant Raw Water ;  Water 
Plant Treated Wate r ;  Solar  Ponds ; 
Hydrology Test Holes ; Holding 
Tank Test Holes ; Footing Dra ins 

Walnut Creek ; B-4 ; C - l ; Reservoirs ; 
Landfill Pond 1 

A-3 ; Walnut C reek ; Sewage Plant 
Influent ; Sewage Plant Effluent ; 
B-4 ; C - l ; Reservo i rs ; Offs ite 
Waters ; Water Plant Raw Water ;  
Test Ho le 46 ; Landfill  Pond 1 ;  
Landfill Pond 2 ;  Landfill Bypas s ;  
Solar Ponds ; Sumps ; Waste Treatment 
Pond ; A-l Bypa s s ; Hydrology Tes t  
Ho les 

Sewage Plant Effluent ; Water Plant 
Treated Water 

A-3 , Walnut C ree k ;  B - 4 ;  C - l ; 
Reservoirs ; Water Taps ; Offs ite 
Waters ; Water Plant Raw Wate r ;  
Water Plant Treate d ;  Solar 
Ponds ; Hydro logy Test Holes 

Water Plant Treated Water ;  Hydrology 
Test Holes 
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TAB LE 2 . 1 0 . 2 - 3  

WATER SAMP LE DETECT ION L IMITS 

Parame t e r  

Radioac t ive 

Arneric ium - 2 4 l  

P lutonium - 2 3 9/240 

To t a l  Long- l ived 
Alpha 

T r i t ium 

Uran i um - 2 3 3/234/2 3 8  

Gro
'
s s  B e t a  

Nonrad ioac t ive 

BODS 
D i s s o lv ed Oxygen 

F e c a l  Co l i forms 

F l uoride 

Oil  and Greas e  

pH 

Phosphoru s  as P 

Re s i dual Chlo rine 

To t a l  Chromium 

To t a l  N i t rogen 

To t a l  Suspended 
S o l i d s  

Typ ic al 
S amp l e  Volume 

( m l ) 

1 , 0 0 0  

1 , 0 0 0  

2 5  

1 , 0 00 

1 , 0 0 0  

25  

1 0  

3 0 0  

1 0 - 1 0 0  

2 0  

5 0 0  

5 0  

1 0  

5 

1 0  

1 0 0  

*pCi/l = � C i/ml x 1 0 9 

**mg/l no t app l i c ab l e . 

***NA - Not app l i c ab l e . 

J 

Typ i c a l  
Detec t ion 

Limi t 
( pCi/ l ) 

0 . 1 0 

0 . 1 0 

5 . 0  

5 0 0  

0 . 40 

5 . 0  

( mg/l ) 

1 . 0  

1 . 0  

o 

0 . 2  

0 . 1  

o - 1 4** 

0 . 2  

< 0 . 1  

0 . 0 5 

0 . 2  

2 . 0 

2 - 2 2 1  

Rocky F l a t s  
Guide V a l u e s  f o r  E f f lu en t s  

( pC i/ l ) 

< 1 3 3 0  ( US ERDAM 0 5 2 4 , 19 7 7 )  

< 1 667  ( USERDAM 0 5 24 , 1 9 7 7 ) 

< 1 5  ( US EPA , 1 9 7 7 ) 

2 0 , 0 0 0  ( USEPA ,  1 9 7 7 ) 

�1 0 , 0 00 ( US ERDAM 0 5 2 4 , 1 9 7 7 ) 

< 5 0  ( US EPA , 1 9 7 7 ) 

( mg/ l ) 

< 2 5 

> 2 

400 organi sms/ 
1 0 0  m l  ( 7 -day )  
2 0 0  o rgan i sms/ 
100 m l  ( 3 0 - day ) ** 

< 1 . 7  

< 1 0  

6 . 0 - 9 .  0·,'0'< 

< 8 

< 0 . 1  

< 0 . 1  

< 2 0 

< 25  
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2 . 1 0 . 2 . 3  Regional Wa t e r  Mon i toring 

Sur fac e water s amp l e s  are t aken f rom s everal water bodies  i n  the gene ra] v i c i 

n i ty o f  the Roc ky F l a t s  P l an t . S amp l e s  are t aken f rom Walnut Cree k , Great We s te rn 

R e s e rvo i r , and S t andley Lake , in addi tion to tap water from nine c ommun i t i e s . 

Walnut Creek i s  con t inuou s l y  s amp l e d  a t  Indiana S t ree t ; the s amp l es are analyzed 

for the various radionuc l i d e s , e l emen t s , and cond i t ions l i s ted in Tab l e  2 . 1 0 . 2 - 1 . 

I n  1 9 7 7 , the average , annual , conc entration o f  p l utonium in this  wa t e r  was l e s s  than 

0 . 0 1% o f  the RCG , and the concentration o f  americ ium was l e s s  than 0 . 0 1% o f  the RCG w 
for solub l e  ame r i c ium - 241 i n  pub l ic water supp l i e s . 

Weekly s amp l e s  o f  raw and treated water are taken from the B room f i e l d  and Wes t 

min s t e r  fi l te r  p l an t s , c ompo s i ted monthly , and analyzed for p l u tonium , uranium , and 

ame r i c i um .  Addi t ional ly , g rab s amp l e s  are c o l l ec ted weekly f rom Great We s te rn R e s e r 

vo i r  and S t andl ey Lake and analyzed for t r i t ium and n i t rat e . A wa t e r  s amp l e  i s  taken 

weekly from the tap wate r  supply of Boulder .  Th i s  s amp l e  is comp o s i ted monthly and 

analyzed for p l uton ium , uranium , and americ ium . Quar t e r ly , tap -water g rab s amp l e s  

are c o l l e c ted i n  s ix add i t ional commun i t i e s  ( Arvada , Denve r ,  Go l den , La fay et t e , 

Lou i sv i l l e , and Thornton ) .  The s e  s amp l e s  are analyzed for p l utonium , urani um , and 

ame r i c i um .  Samp l ing s ens i t i v i ty i s  given in Tab l e  2 . 1 0 . 2 - 3  for e f f luent wat e r ,  

exc ept for p lu tonium , for wh ich the minimum detec t ab l e  amount i s  0 . 0 2 pCi/l . 

The concen t r a tion o f  p lu tonium in water from the c i ty water- supp l y  r e s e rvo i r s  

typ i c a l l y  i s  < 0 . 0 2 pCi/l * , as  compared to a n  RCGw o f  1 , 6 67 pCi/l f o r  p l u ton ium . The 

amount of p l u tonium in the tap water s amp l e s  is comparab l y  l ow . The USEPA s t andard 

for finished ( p roc e s s e d )  drinking water i s  15 pCi/l t o t a l  l ong - l ived a lpha ( USEDA , 1 9 7 7 ) .  

The RCGw for t r i t ium i n  pub l i c  waters  i s  1 x 10 6 pC i/l , whi l e  the EPA s t andard 

( USEPA , 1 9 7 7 )  for f in i shed wa t e r  is 20 , 0 0 0  pCi/l . The concentration o f  t r i t ium i n  

S t andl ey Lake typ i c a l ly i s  about 6 0 0  pCi/l , whi c h  i s  s t a t i s t i c a l l y  ind i s t ingu i shab l e  

f rom b ackground concentration s . F o r  add i t i onal compari son , the mo s t  recent s t andard 

for t r i t ium in drinking wat e r  is that of the EPA , which i s  2 0 , 0 0 0  pCi/l . S t andley 

Lake and Great We s t e rn R e s e rvo i r  typ i c a l ly have t r i t ium concentrat ions that are l e s s  

than 5 %  o f  t h i s  s tandard . 

The concen trat ion o f  t r i t ium in Great We s te rn Res e rvo i r  ave raged 7 0 0  pCi/l 

during 1 9 7 7 . Tr i t ium was r e l eased in P l an t  e f f luent water during 1 9 7 3  as the resul t 

o f  p roc e s s ing a s hipment o f  p lutonium s c rap that , unknown to Ro cky F l a t s  p e r s onne l , 

had b e en contaminated w i t h  t r i ti um by ano ther DOE fac i l i ty . 

*Larger s amp l e s  and extended count ing t imes were used to reduce the d e t e c t ion 
l imi t s  for the s e  analys i s  as  compared to the l im i t s  shown in Tab l e  2 . 1 0 . 2 - 3 . 
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An AEC commi t t e e , appo inted to inve s t iga t e  the inci dent , repo r t ed -there was no 

damage to pub l i c  o r  private p roperty , and the on - s i te t r i t ium contamination l ev e l s  

were no t o f  pub l i c  heal th s igni fi c an c e  ( AEC , 1 9 7 3 ) . The EPA a l s o  conducted an 

i nve s t igation and a l s o  conc luded that the t ri t ium r e l e a s e  did not p r e s ent a pub l i c  

heal th haz ard ( USEPA ,  1 9 7 4 ) . Despi te the sma l l  concent r a t i on s  noted , proc edures  were 

e s tab l i shed to d e t e c t  tri t ium and other radionuc l ides  i n  a l l  incoming sh ipment s  and 

in P l ant e f f luent s . The s e  rad ionuc l id e s  are in add i t i on to tho s e  previous l y  inc l uded 

i n  the moni toring p rogram . 

Wat e r  s amp l e s  are c o l l e c ted annual l y  from app roximat e l y  35 regional l ake s , 

s t re ams , and r e s e rvoirs  up to 20 mi l e s  from the Rocky F l a t s  P l an t . The s e  s amp l e s  are 

ana lyzed for uranium , plutonium , ame r i c ium , and t r i tium .  Hi s to r i c a l ly , the s amp l e s  

have contai ned concentrat ions o f  radionu c l ides  that a r e  typ i c a l  o f  natural background 

plus worldwide fal lout from nuc l ea r  weapons t e s t ing . 

2 . 1 0 . 2 . 4  Wat e r  Mon i toring by O ther Agenc i e s  

The Co l orado Department o f  Hea l th s amp l e s  t h e  P l an t  e f f luent a t  the j unc tion o f  

Walnut Creek and Indi ana S t r e e t  three t imes each week , and analyz e s  the s amp l e s  fo r 

to tal  a lpha and b e t a  ac t iv i ty , for t r i t ium , and for ni t ra t e  concentration s . Indivi 

dual s amp l e s  hav ing total  a l pha conc entra t ions in exc e s s  o f  40 x 1 0 - 9  � Ci/ml are 

ana lyz ed spec i fi c a l l y  for p l u ton ium . P lu tonium analys i s  i s  rout i n e ly p e r fo rmed on 

monthly c ompo s i te s amp l e s  from the s e  l o c a t ions . Ro cky F l a t s ' hold ing ponds and the 

Broom f i e ld water supp l y  are a l so moni t o red weekly for t o t a l  alpha , t o t a l  b e ta , t r i 

tium ,  and n i trate . In add i t ion , wa t e r  s amp l e s  a r e  rou t inely co l l e c ted from mun i c i 

p a l i t i e s , l ake s , and s t re ams in the v i c i n i ty o f  the P l an t , and analyz ed for t o t a l  

a lpha ac t iv i ty , natural uranium , and plu tonium . Add i t ional s amp l i ng fo r a l l  para

m e t e rs l i s ted in the NPDES p ermi t  is period i c a l l y  p erformed c o l l e c t iv e ly by the 

Co l o rado Department o f  Hea l th and the J e f fe rson County Heal th Departmen t . 

2 . 10 . 3  So i l  S ampl ing 

2 . 1 0 . 3 . 1  S o i l  S amp l ing by Ope rat ing Con trac tor 

Soil s amp l e s  are c o l l e c ted annual ly a t  a l t e rnate i n t e r s e c t i on s  of a 5 0 0 - foo t 

grid in the exc l u s i on area o f  the P lant . The s e  s amp l e s  are analyzed spec i f i c a l ly for 

plutonium . The min imum d e t e c t ab l e  conc entrat ion ( MDC ) of p luton ium in the s e  d ry

we ight s amp l e s  i s  0 . 0 3 x 1 0 - 6  � Ci/g , wh ich i s  equiva l e n t  to 0 . 0 6 dim/g . S e e  S e c 

tion 2 . 3 . 9 . 3  fo r a di s c u s s ion o f  s o i l  s amp l ing me thods . 

S o i l  s amp l e s  a l so are c o l l e c te d  annu a l l y  from app rox imat ely 60 l oc a t ions on the 

c i rcumference o f  three c i rc l e s  having rad i i  of 1 ,  2 ,  and 5 m i l e s  from the c en t e r  o f  

the P l an t  ( RI , 1 9 7 5 ) . Us i ng a spec i a l  too l t o  control the geome t ry o f  the samp l e s , 

5 0 0  cm3 ( 3 0  i n3 ) o f  s o i l  are c o l l e c t ed f rom the top 5 cm ( 2  in . )  a t  each l o c a t ion . 

The s o i l  s amp l e s  are analyzed fo r p lutonium .  

2 - 224 



Dur ing the inves tigat ion o f  p l uton ium contamination that resul ted from o i l - drum 

leakage , the contrac tor c o l l e c ted s o i l  s amp l e s  s emiannu a l ly from 7 5  o f f - s i t e  loca

tions w i thin a 3 1 5 - s q mi area around the P l an t . In add i t ion , spot s amp l e s  were taken 

from areas in wh ich p lutonium contamina t ion was known to exi s t .  The e s t imated to tal 

quan t i ty o f  plutonium in soil out s ide the p re s en t  Roc ky Flats s i te boundary , based on 

DOE Envi ronmental  Measurements Laboratory data , is 2 . 4  C i . Thi s  quan t i ty inc lude s 

pluton ium oc curring some d i s tance from the s i t e  a t  very low conc entrat ions . The 

concen t r a t i on o f  pluton ium in a i r  adj acent to t h i s  s o i l , a s  determined by the a i r  

s ampl ing ne twork , ind i c a t e s  t h a t  only a sma l l  frac tion o f  t h e  pluton ium i s  be ing re 

ent rained in movi ng a i r . Mo re in forma tion i s  given in S e c t ion 2 . 3 . 9 . 2 .  

2 . 1 0 . 3 . 2  Soi l S amp l ing by Other Agenc i e s  

Every year the Colorado Department o f  Heal th s amp l e s  s o i l  in t h e  Ro cky F l a t s  

Plan t  env irons , in addi tion to making an annual de termina t ion o f  p lu tonium i n  Colorado 

s o i l  f rom worldwide fallout ( CDH , 1 9 7 3 ) . In the p as t , the Colo rado Department o f  

Heal th and , as  ment i oned previous ly , the DOE Env i ronmental Measurement s  L aboratory 

h ave c onduc ted independen t surveys o f  the d i s tribution o f  plu tonium in so i l  surrounding 

the P l an t  ( Krey and Hardy , 1 9 7 0 ; Krey , et al . ,  1 9 7 6 ) . The J e f ferson County Hea l th 

Departmen t a l s o  has  done s ome s o i l  s amp l ing ( Johnson , e t  a l . ,  1 9 7 6 ) . 

2 . 1 0 . 4  Eco logi cal  Res earch and Mon i to r ing 

Rocky F l a t s  r e s e arch p e rsonnel are invo lved in many env i ronment a l  s tudy p roj e c t s . 

Inc luded among thes e  are s tudi e s  o f  me teoro logy s o i l  dep o s i tion and re - en t rainment 

mechani sms ; p a r t i c l e  s i z e ; s tack and s ewage e f fluen t s ; f i l tration ; and f i sh , a lgae , 

and bac t e ri a . 

P l an t  pe rsonnel are developing a comp rehen s ive ecological moni to r ing p rogram . 

Thi s  p rogram w i l l  c reate an ecological data base to a s s i s t  in d e t e c t ion o f  future 

changes in the local  env i ron s . 

Phy s i c al and ecological  changes wi l l  be a s c e r tained by various me thods . Pho to 

grap h i c  record s  w i l l  be kep t to document any g ro s s  changes in the vege t a tional com

mun i t i e s  over l arge areas , to record land use , and to charac terize the aqu a t i c  and 

t e rre s t r i a l  p e rmanent s t udy areas . Sp e c i fi c  ecolog i c a l  changes in vege t a t ion p a t 

terns w i l l  be d e termined by a s s e s sment s  o f  spec i e s  d ivers i ty . 

Rout i ne l imno logical d e t e rmina t ions wi l l  a s s e s s  the phy s i c a l  and chemi c a l  cond i 

t ions o f  various bod i e s  o f  water on the Plan t  s i te . Sma l l  mamma l t rapping and game 

animal ob s e rvations w i l l  p rov ide yearly e s t imat e s  of popu l at ion dynami c s  and s i t e  u s e  

b y  t h e  anima l s . 
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2 . 1 0 . 4 . 1  Inv e s tiga tion o f  Plutonium in Aquat ic Sys t ems by O f f - S i t e  Re s earchers 

Und e r  con trac t w i th the P l an t  contrac tor , Co l o rado S t ate Univers i ty c onduc ted 

independent s tudi e s  o f  the e f f e c t s  of plu tonium on various aquat i c  systems a t  Ro cky 

F l at s . Thi s  r e s earch was des igned to identi fy and quan t i fy any biological  p athways 

for the movemen t  of plutonium in the watercours e s  at the Rocky F l a t s  P l an t . 

There were exp e rimen t s  to d e t e rmine the fac to r s  by wh ich bac t e r i a  concentrate 

p l u tonium from water . Al so , the kine t i c s  for t ran s ferring p lutonium from wa t e r  to 

sed imen t s , algae , and fre shwat e r  f i s h  we re i nve s t igated . 

The final repo r t  cover ing the period from J anuary 1 9 7 1  to Decembe r  1 9 7 3  was 

pub l i shed in 1 9 74 ( Johnson , et al . ,  1 9 74 ) . The r e sul t s  of the s tudy are given in 

grea t e r  d e t a i l  in S e c tion 2 . 3 . 1 0 . 3 .  

2 . 1 0 . 4 . 2  Terre s t r i al S tudi e s  by O f f - S i te Re s e archers 

Co lo rado S ta t e  Univers i ty S tud ies  

The Department o f  Rad i o logy and Radiat ion B i o l ogy , Co l o rado S ta t e  Unive rs i ty ,  in 

i t s  fi f te en th annua l p rogre s s  repor t  di scus s e s  terre s t r i a l  radioecological  s tud i e s  at 

Rocky F l at s from 1 9 7 2  through 1 9 7 7  ( Wh i cke r ,  1 9 7 7 ) .  Thi s  repo r t  was comp l e te d  sub s e 

quent to i s suan c e  o f  the DE I S  and i s  d i s cu s s ed here and added as App endix A- 2 ,  i n  

r e spon s e  to pub l i c  commen t  on pl utonium d i s tribution . T h e  s tudy inc l uded numerous 

subproj e c t s  des igned to e luc idate plutonium d i s tribution p a t t e rn s  and as s i s t  in 

hypo thes i z i ng mechani sms influenc ing tho s e  p a t te rn s . �o s t  inve s t igat ions were 

conduc ted on two 7 5 0 0 -m2 s tudy p l o t s  l abe l ed as Mac rop l o t s  1 and 2 .  Macro p l o t  1 was 

s i tuated about 200 m s ou thea s t  ( downwind ) of the former o i l  drum s torag e  area ( se e  

Sec tion 2 . 3 . 9 . 1 ) . Macrop l o t  2 was e s t ab l i shed 1 , 40 0  m s outh o f  the o i l  drum s torage 

are a . 

The main obj e c t iv e s  o f  the CSU terre s t r i al res earch ( Li t t l e , 1 9 7 6 )  inc luded 

1 .  D e t e rmining p r inc ipal ecological  compartments for p lutonium 

2 .  D e termining the s i z e  o f  plutonium frac tions ex i s t ing wi thin the maj o r  

compartments 

3 .  Postulat ing mechan i sms o f  plutonium transpo r t , based on obs e rved data 

S o i l , l i t t e r , vegetation , arthropods , sma l l  mamma l s ,  n e s t ing mourning dove s , 

mul e  deer , and snakes were s amp led for p lutonium ana ly s i s  and e s t imat ion o f  compar t 

ment a l  mass . S ampl e  analys i s  was by l iquid s c i n t i l l a t ion count i ng i n  the CSU l abora

tory , or by a lpha spec trometry in comme r c i a l  l aborato r i e s  ( L i t t l e , 1 9 7 6 ) . 

P luton ium conc entra t ion on s o i l  par t i c l e s  w i th l e s s  than a 2 0 0 0  � m  d i ame t e r  

ave raged 1 9 0 0  d/m/g a t  Macrop l o t  1 and 92 d/m/g a t  Mac rop l o t  2 f o r  depths o f  0 - 3  cm 
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( Li t t l e  and Whi cker ,  1 9 7 8 ) . Mean conc entrations for depths o f  0 - 2 1  cm were 5 7 0  d/m/g 

and 22 d/m/g for Macrop l o t s  1 and 2 ,  respec tive ly . P lu tonium concent ration s  were 

inve r s e l y  p ropor t ional to d i s tance downwind from the p lutonium source ( o i l  drum 

s torag e  area ) ,  depth o f  s amp l e , and s o i l  p a r t i c l e  s iz e .  Po s tu l a t ed p r imary mechan i sms 

of env i ronmental  d i sp e rs ion inc luded a t t achment of p lutonium oxide to s o i l  p a rt i c l es , 

wind movemen t o f  so i l  p a r t i c l e s  and a s so c i ated plutonium f rom the sourc e , and weather

ing and penetration of depo s i t ed parti c l e s  into soi l .  

More than 9 9% o f  the to tal  eco s y s t em p lutonium o f  b o th plo t s  was cont ained 

w i thin the soi l ( Li t t l e , 1 9 7 6 ) . The b a l anc e exi s ted in p l an t  and animal compar tmen t s . 

I n  Mac rop l o t  1 ,  ave rage p lutonium conc entrat ions were 6 3 . 4  d/m/g for s t anding veget a 

tion , 1 2 . 6  d/m/g fo r arthropods , and 14 . 4  d/m/g for sma l l  mamma l s . Bone , l iver , and 

lung o f  smal l  mammal s  ave raged 0 . 64 ,  1 8 . 6 ,  and 7 . 9 3 d/m/g , r e sp e c t ively ( Li t t l e , 1 9 7 6 ) . 

Mourning dove n e s t l ings were col lec ted f rom an approximat e ly 5 0 0 , 0 0 0  m2 

( 1 24 acre s ) area south and sou thea s t  o f  the s ecuri ty- fenced indu s t r i a l  area ( Whicke r , 

1 9 7 6 ) . Live r ,  lung , and bone s amp l e s  contained l e s s  than d e t e c t ab l e  amount s  o f  

plutonium i n  1 5  o f  2 4  cas e s , and no s amp l e  contained mo re than 1 dim . 

S ampl ing o f  snakes in the Mac rop l o t  1 area was des i gn ed to d e sc ribe p lutonium 

c onc entrations at the carnivore l ev e l  o f  the food chain ( Geiger  and Winso r , 1 9 7 7 ) . 

O f  2 7  s amp l e s  o f  lung , l ive r , and bone , 2 0  c on tained < 0 . 1  d/m/g Pu- 2 3 9  and none 

exceeded 1 . 0  dim/g . 

Beginning in 1 9 7 5 , inve s tigations were conducted to ev aluate mul e  deer a s  a 

p lutonium t ran sport vecto r . I n fo rmat ion was gathered on popul a t ion dynami c s , mov e 

ment and u s e  p a t t erns , food habi t s , inge s t ion rates  o f  p lutonium - burdened s o i l  and 

vegeta tion , and p lutonium burdens o f  deer t i s sues ( Ar thur , 1 9 7 7 ; H i at t ,  1 9 7 7 ) . The 

hypo the s i s  was that mul e  d e e r  inges t  plutonium assoc i a t e d  w i th s o i l  and vegetat ion 

and exc r e t e  mo s t  of the radionuc l ides  wi th fecal mat e r i a l  at surrounding local e s . 

Cal cul ations based on data c o l l e c t ed a t  Roc ky F l a t s  indicate  that for a 6 6 . 2  kg 

animal , spending 3 6 5  day s p e r  year in the Woman Creek area , the mo s t  probabl e ,  overal l ,  

annual plutonium intake i s  7 . 14 x 1 0 - 2  � C i  ( Ar thur , 1 9 7 7 ) . 

T i s sue s amp l e s  were c o l l e c ted from e ight mul e  deer ki l l e d  in acc iden t s  o r  p r e 

dat ion in the Rocky F l a t s  area . P lutonium resul t s  wer e  compared wi th r e su l t s  from 

f ive contro l  deer t aken out s ide the Rocky F l a t s  area ( Hi a t t , 1 9 7 7 ) . Lung , l iver , 

mu sc l e , t e s te s , and me tacarpal analy s i s  o f  Rocky F l a t s  de e r  in add i t ion to lung , 

l ive r ,  and metac arpal ana ly s i s  o f  contro l  deer r eveal ed p lutonium concentrati ons near 

o r  bel ow the d e t e c t ion l imi t s  of the radioanalytic  t echn i que in all c a s e s . F ive o f  

s even lung s amp l e s  from Rocky F l a t s  deer contained detec tab l e  plutonium , wi th maximum 

e s t imated lung burden be ing 6 . 1  dim . 

2 - 227  



Probab le to tal di spersal through exc ret ion for deer graz ing on Macrop l o t  1 was 

e s timated to be 7 . 0  x 1 0 5 d/m/yr ( Hi a t t , 1 9 7 7 ) .  Calcula tions inc luded e s t imates o f  

seasonal deer u s e , and an a s s ump t ion that 1 0 0% o f  the nuc l ide would b e  exc reted 

wi thin 5 . 2 km of the plot . 

An add i t i onal s tudy by Whicker at Ro cky Flats , a s  noted i n  the CSU fi f teenth 

annual report , was conduc ted to e s t imate the e f f e c t s  o f  pocket gopher s o i l  exc avat ion 

a c t iv i t i e s  on ( 1 )  the potential for w i nd d i spersal of p lutonium , and ( 2 )  the ve rtical  

soil  p lutonium pro f i l e  on Mac rop lot 1 .  Whi c ker s ummarizes as fo l l ows : "Pocket 

gophers generally con fined ac t iv i t i e s  to the uppe r  3 0  cm o f  so i l . During 7 mon th s , 

the rodents cas t abou t  3000 kg o f  sub t erranean s o i l  to the s u r fac e , wh i c h  contained 

about 5 0  �Ci of p l u tonium . Mound s o i l  concentrations averaged 3 9  dim/g . Mean und i s 

turbed s o i l  pro fi l e  concentrat ions dec reas ed from 1 67 d/m/g at 0 - 1 0  cm depth to 1 0  

d/m/g a t  2 0 - 3 0  cm dep th . The data s hows that pocket gophers e ffect  vertical  red i s tr i 

bution o f  plutonium in so i l , w i th a sma l l  degree o f  horizon tal di spersion as an 

imp l ied cons equenc e "  ( Whicke r , 1 9 7 7 ) .  

The radioecological s tudy a l so inc luded a s earch fo r patho logical  e ffec t s  o f  

plutonium alpha part i c l e s  o n  sma l l  mammals ( Wh i cker , e t  al . ,  1 9 7 7 ) .  Prior to sacri 

f i c e  for p l u tonium analys i s , some mammals were submi t ted to diagno s t i c  radiography 

during a s earch for skeleta l  l e s ions . Rou tine nec ropsy was performed for patho logic 

cond i t i on s , and l ung s ec t ions were m i c ro s c op i c al ly examined for evidence of c anc erous 

c ond i t i on s . Analys e s  of mammal s  from Mac rop l o t  1 inc luded 189 nec rops i e s , 96 micro

scopic examinat ions , and 70  s ke l e tal X ray s . A l l  examinations were negat ive for the 

pathological obj e c t ive s . The s tudy conc luded : " I f  any sma l l  mammals do suffer from 

l e s ions s im i l ar to tho s e  indu c ed by p lu tonium , we may never ob s e rve them . I t  i s  

po s s ib l e  that indiv i dua l s  s u f fering from d i s eas e , advanc ed suffic i ently t o  b e  perce ived 

by our me thod s , may no t be trappab l e . We have h e l d  some anima l s  in c ap t iv i ty in an 

e f fort to check the above po s s ib i l i ty . Fourteen mammals from Roc ky Flats  and 24 from 

the Fort C o l l i ns area have been examined wi th negat ive resul ts . I t  s e ems obvious 

that these data , and related data comparing l i fe span s 'in the l abo ratory , w i l l  be far 

too few to d e t e c t  d i f fe rence s . "  

The three - year summary repo rt o f  the CSU group d i s c u s s e s  general conclus ions in 

regard to radioecological work done at Rocky Flats ( Wh i c ker , 1 9 7 7 ) .  That summary is 

inc luded as Appendix A - 2  to th i s  Envi ronmental I mpact S tatement . 

EPA Ro cky F lats  Cattle  S tudy 

In 1 9 7 3 . the U . S .  Atomic Ene rgy Commi s s ion ' s  Roc ky F l a t s  Area O ff i c e  funded a 

proj e c t  to purchase . and have analyz ed , 1 0  c a t t l e  ( Sm i th and B l ack , 1 9 7 5 ) . The 

cattle  were from a herd graz ed on a 9 0 0 - ac re pas ture tha t was adj acent to the e a s t e rn 

edge o f  the Roc ky F l a t s  P lant but i s  now a part o f  the b u f fer zone . The c a t t l e  

inc luded five aged cows wh ich had b e e n  purchased b y  t h e  owner five or s ix years 
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earl i e r  and grazed on the p a s ture from mid-May t o  the end o f  Oc t ob e r  each year . Al so 

inc luded we re five c a lve s born on the p a s ture during l a t e  May o r  early June o f  19 7 3 . 

The c a t t l e  rece ived no supp l emental feed whi l e  on thi s  p a s ture ; the i r  drinking water 

c ame from Walnut Creek . The r emainde r o f  the year , the c a t t l e  grazed in whe a t , 

al fal fa , o r  corn f i e lds near Brighton , Colorado , whe re they were supp l emented wi th 

local ly harve s ted hay and corn ens i l age . 

The c a t t l e  were shipped by s em i t r a i l e r  t ruck to the U . S .  Envi ronmental  Pro tec tion 

Agency ' s  N a t ional Envi ronmen tal  R e s e arch Center a t  Las Vegas for sacri fice  and s am 

p l ing .  The LFE Envi ronmental Analy s i s  Laborat o r i e s  D i v i s ion o f  R i c hmond , C a l i forni a ,  

conduc t ed the radionuc l i de analy s i s  wi th supp o r t  s e rv i c e s  p rovided by Reyno lds Elec 

t r i c a l  and Engineering Company . The analyses  were for t r i t i um ,  s t ront ium- 8 9 , uranium , 

plutonium - 2 3 9 , and ame r i c i um - 241 . The data were compared to data f rom c a t t l e  he rds 

graz ing on and around the Nevada Te s t  S i te ( NTS ) and herds at S e archl igh t and Reno , 

Nevada . The Rocky F l a t s  c a t t l e  had t i s sue concentrations s im i l a r  to the c a t t l e  from 

NTS graz ing area and another t e s t  area about 35 m i l e s  northwe s t  of NTS known as the 

Ro l l e r  Coa s t e r  graz ing area . The lev e l s  o f  uran ium and p lutonium found in the Rocky 

F l a t s  c a t t l e  we re s t a t i s t i c a l ly the s ame as tho s e  found from fallout in autopsy 

t i s sue s amp le s  from the general  U . S .  human popu l a t ion ( Campbe l l , et a l . , 1 9 7 3 ) . 

Four o f  the five cows were very aged ( 18 years o l d ) , and a l l  o f  the c a t t le had 

undergone con s iderab l e  s t re s s  from the t ransportat ion to Las Vegas during a s evere 

b l izzard . No charac teri s t i c al ly abnormal p a thology was reported . 

The maximum p lutonium concentrat ion i n  edib l e  t i s sue s from the Rocky F l a t s  

c a t t l e , i f  inge s t ed b y  humans a t  the r a t e  o f  5 0 0  grams p e r  day f o r  5 0  year s , would 

cont ribute an e s t imated bone do s e  of only 0 . 0 2 rem f rom con sump t ion of l iv e r  and 

0 . 0 0 1  rem from c on sump tion of musc l e . Thi s  is a sma l l  fra c t ion of the e s t imated 

background do s e  to the bone which is 1 1 . 9  rem p e r  70 years in the Denve r area ( see 

Tab l e  3 . 1 . 2 - 6 ) . The geome t r i c  mean values o f  uranium in the t i s sue s was s l i gh t ly 

higher than the amoun t found i n  the other bee f c a t t l e  group s loca ted in o ther area s . 

Thi s  i s  to b e  expec t ed from c a t t l e  graz i ng in the Co l orado Front Range , whi c h  has 

higher l eve l s  of naturally oc curring uranium in the so i l . No other anomal i e s  were 

o b s e rved . 

Unive r s i ty o f  Co lorado S tudies  

The Unive r s i ty o f  Co lorado ( CU )  rece ived an ERDA r e s earch grant to inventory and 

c atalog the veg e t a t ion at the Roc ky F l a t s  s i t e . The t axonomy and v ege tation mapp ing 

is comp l e t e . Append ix A- 1 l i s t s  p l an t  and animal l i fe o b s e rved a t  Rocky F l a t s . 

Resu l t s  are d i s cus s e d  i n  S e c tion 2 . 3 . 1 0 .  
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Unive r s i ty o f  Col orado p ersonnel have s tudied the phenomenon o f  needle i c e  

fo rmation and i ts e ffec t o n  the red i s t ribution o f  plutonium i n  so i l s .  The purpo s e  o f  

t h e  needle  i c e  proj e c t  was t o  d e termine i f  needle i c e  format ion ( and the a s s o c i at e d  

fro s t  heave ) increased t h e  e rodab i l i ty o f  t h e  s o i l  b y  changing s u r f a c e  roughne s s  and 

s u r face s o i l  den s i ty .  Predi c t ions were made , b a s ed on the s tudy , as to the t ime s and 

condi tions  which would maximiz e such e ffec t s , but no emp ir i c a l  evi den c e  was obtained 

t o  suppor t  the s e  predi c tions  ( C aine , 1 9 7 8 ) . 

2 . 1 0 . 4 . 3  Veg e t a t i on S amp l ing 

For s everal years , vegetation s amp l e s  we re c o l l e c ted twic e  yearly from about 

40 l o c a t ions  on the P l an t  s i te and more than 5 0  locat ions o ff s i te . The s e  c o l l e c 

t i on s , norma l ly made i n  June and S ep t emb e r , were taken from an area o f  about 3 1 5  

s quare mi l e s  a round the P l an t , genera l ly a l on g  pub l i c  righ t s - o f - way . The vege t a t i on 

con s i s ted pr imari l y  o f  native gras s e s  and volun t e e r  feed grain crop s . Root s y s t ems 

were n o t  c o l l e c t ed . The unwashed s amp l e s  were analyz ed s p e c i f i c a l ly for pluto nium . 

The minimum- detec t ab l e  p lutonium concentratio n  was 0 . 0 1 pC i/g ( dry weigh t ) . The 

ave r age concentration o f  p luton ium i n  the vege ta tion s amp l e s  col l ec t ed i n  1 9 7 2  at 

d i s tances ranging f rom l e s s  than 1 m i l e  to 5 m i l e s  was 0 . 3 3 pC i/g ( dry ) . The ave rage 

for samp l e s  c o l l e c t e d  a t  a d i s tance greater than 5 m i l e s  was 0 . 2 1 pC i/g , which is not 

s igni f i cantly d i f feren t . 

There i s  no e s t ab l i shed s t andard for p lutonium conc entration i n  vege tatio n . 

The re i s  di f f i c u l ty i n  obtaining r e l i ab l e  t e s t  resul t s , e s p ec i a l ly a t  the low concen

trations which are observed . Radionu c l ides i n  vegetation make so sma l l  a contribution 

to the do s e  that it is ma thema t i c a l ly ins ign i ficant to the to tal  do s e . For the s e  

reasons , vegetat ion i s  now s amp l ed only i n  conj unc tion with res earch programs . 

2 . 1 0 . 5  O ther Rel a ted S tudies  

2 . 1 0 . 5 . 1  Wind Tunnel S tudies 

Wind tunnel s tud i e s  o f  the P l an t  s i t e  and the new p luton ium recovery and was t e  

t r e a tment fac i l i ty w e r e  conducted b y  Colorado S tate Univ e r s i ty . The s e  t e s t s  o f  s c a l e  

mode l s  were u s e d  to d e t e rmine t h e  d i s p e r s al rou t e s  and t raj ec torie s o f  a i rborn e  

e fflue n t s  origin a ting a t  t h e  Plant . A goal w a s  a sub s e quent d e t e rmin a t ion f o r  the 

mo s t  e ffec t ive p l ac ement o f  air s amp l e rs . S tudy resul t s  indicated that the amb i e n t  

a i r  moni tors  w i l l  de tec t a i rborne radioac t ive r e l e a se s . 

2 . 1 0 . 5 . 2  Hydro logy S tudi e s  

A detai l e d  hydro logy s tudy o f  the Roc ky F l a t s  P l an t  s i t e  was comp l e ted b y  the 

Wat e r  Resour c e s  Divis ion o f  the U . S .  Geological Survey ( Hu r r , 1 97 6 ) . A summary o f  
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the r e s u l t s  are inc luded in S e c tion 2 . 3 . 5 .  Add i t ional sup p l ementary data are b e ing 

c o l l e c ted f rom on- s i t e  sur face gaug ing and p r e c i p i tat ion s ta t i on s . 

2 . 10 . 5 . 3  S o i l  C l a s s i fic a t ion Survey 

The U . S .  Department of Agricul ture , S o i l  Con s e rvation S e rvi c e , c onduc t ed a s o i l  

c l a s s i f i c a t ion and s o i l  r e s ource survey and i s  p reparing a de tai led s o i l  c l a s s i fi c a 

tion r eport fo r t h e  Rocky F l a t s  P l ant s i t e  a s  p a r t  p f  the i r  ove ral l  e f fo r t  i n  J e f f e r 

s o n  County . Port ions o f  the p r e l iminary draft r eport relat ing to Roc ky F l a t s  were 

di s c u s s e d  in S e c t ion 2 . 3 . 4 . 4 .  

2 . 10 . 5 . 4  V i ru s - in-Water Moni toring P rogram 

A s amp l ing and analy s i s  p rogram to d e t e c t  v i ru s e s  in P l ant i n fluent and e f fluent 

water was conduc ted by the Carborundum Company . The program invo lved the fo l lowing : 

1 .  One s amp l e  o f  raw wat e r  and one s amp l e  o f  t r e a t ed wat e r  a t  the wat e r  treatment 

p l an t  

2 .  One s amp l e  o f  the in f luent to the s ewage treatment p l an t  

3 .  Two s amp l e s  a t  s i t e s  in the r ev e r s e  o smo s i s  sys tem 

4 .  Two samp l e s  a f t er an e l e c t ro ly s i s  treat ing pro c e s s  

5 .  Two samp l e s  o f  the chlorinated d i scharge from the treatment p roc e s s ; one for 

enteric  v i ru s e s  and one for Adeno v i rus . 

Nine s amp l e s  were taken a s  ident i fi e d  above . In S amp l es 1 - 4 ,  above , the resul 

ting c on c entrate was a s s ayed for en t e r i c  v i ru s e s  ( Po l io , Echo , and Cox s a c k i e  B ) . O f  

t h e  two c on c en t r a t e s  p roduced from S amp l e  5 ,  o n e  was sp l i t  so that two separate 

as s ay s  could b e  p e r fo rmed - -p ar t  for the P o l i o , E cho , and Coxsackie  B v i rus e s , and 

part for Reo v i ru s . The s e c ond c oncentrate was ob t ained u s ing the s ame equipment but 

was as s ayed with proc edural modi ficat ions for Adeno v i ru s . Resu l t s  o f  the p rogram 

were negat ive ; no v i ru s e s  were found t o  exi s t  i n  the s amp l e s  taken ( McGe e , 1 9 7 5 ) .  

Thi s  v i ru s  s tudy was done i n  connec t ion with the new rever s e  o smo s i s  fac i l i ty . V i ru s  

are no rma l ly a s s o c i at ed wi th h i gh turb i d i ty and suspended s o l id s . B o t h  o f  the s e  a r e  

norma l ly low i n  P lant e f f luent , therefore n o  v i ru s  prob l em s  are exp e c ted . 

2 . 10 . 5 . 5  Aerial Radiological  Survey 

Aerial radiological  surv ey s  of the area surrounding the Rocky F l at s  P lant were 

condu c t ed by EG&G , Inc . , under an ERDA contrac t .  The  Aer i a l  Rad i o lo g i c a l  Measuring 

S y s t em ( ARMS ) , which measures terres t ri a l , gamma - radiat ion exposure rate s , was used . 

The ARMS was a l so used to survey other ERDA fac i l i t ie s .  A high - s e n s i t i v i ty detec tion 

sys t em measures gamma rad i ation for gamma energy analy s i s  and t o t a l  gamma count rat e . 

The data were then p ro c e s s e d  by computer into a map s howing i so exposure contours 

three feet above the ground . A 2 0 0 - square mi l e  aerial  survey was made o f  the area 

out s i de the p erimet e r  fence . o f the Roc ky F l at s P l ant . The survey i nd i c ated that the 
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c onc entration and r e l a t ive abundanc e  o f  radioact ive i sotopes a re con s i s tent w i th 

normal terre s t r i a l  background rad i a t ion . The th ree - foot l ev e l  expo sure rat e s  mapped 

during the survey we re mo s t l y  in th e 14 to 22 � R/hr range . The de tai l e d  survey 

wi thin the P l ant pe rime t e r  showed exposure ra t e s  from 2 0  to 1 0 0  � R/hr .  The s e  higher 

rates , recorded near o r  ove r  P l an t  bui ldings , we re c aused by radi o ac t ive mat e r i a l  

wi thin t h e  buildings and b y  out s ide s torage areas u s e d  i n  the pas t .  Gamma rad i a t ion 

from such ma t e ri a l s  is prima r i l y  in the low- ene rgy region ( le s s  than 500 keV ) . 

2 . 11 EMERGENCY P LANS 

Rocky F l a t s  has comprehens ive emergency p l ans that p rovide guidan c e  and p ro c e 

dure s  whi ch a r e  des igned to p ro t e c t  ( 1 )  l i fe and p roperty wi thin the fac i l i ty ,  ( 2 )  

the heal th and we l fare o f  surrounding me t ropo l i t an commun i t i e s , and ( 3 )  the de fen s e  

i n t e re s t s  o f  t h e  n a t i o n  during any c redib l e  eme rgency s i tuation . Mutual a s s i s t ance 

and coord ination wi th Federa l , S ta t e , and l o c a l  agenc i e s  i s  as sured on a cooperat ive 

b as i s . I n  response to pub l i c  comment on the D E I S , mo re d e t a i l e d  informa t i on has been 

p rovided on the S ta t e  eme rgency response p l an fo r the Rocky F l a t s  a re a , and i ts 

inte rface with on - s i te eme rgency response pro grams . 

2 . 11 . 1  Department o f  Energy Emergency O rganization 

The DOE - RFAO Manag e r  coordinates  a c t ivi t i e s  for emergenc i e s  a f fe c t ing o f f - s i t e  

p e r sonn e l  o r  p rope r ty . H e  i s  respon s i b l e  fo r maintaining l i a i son wi th the suppo r t ing 

Fede ral , S ta t e , and l o c a l  agenc i e s . The DOE - RFAO eme rgency o rgan i z a t ion i s  under the 

d i r e c t ion of the RFAO Manage r , who a l s o  is respon s i b l e  for o f f - s i t e  ac t iv i t i e s  of DOE 

suppo r t  group s . The DOE - RFAO Manager may obtain fur ther a s s i s tance through the 

Inte ragency Radio l o g i c al As s i s tance P l an ( IRAP ) . The lRAP p rovi de s that each o f  the 

s ignatory Fede ral agen c i e s  wi l l  a s s i s t  one ano ther in the event of a maj o r  emergency 

invo lving radioa c t iv i ty . The DOE coordinates i t s  response unde r the lRAP . I n  the 

event of a s e rious radiologi c a l  eme rgency at Rocky F l a t s , techn i c a l  and logi s t i c a l  

a s s i s tance c an be ob tained from t h e  part i c i pa t ing agenc i e s . 

2 . 1 1 . 2  Contrac t o r  Eme rgency O rganizat ion and Responsib i l i t i e s  

2 . 11 . 2 . 1  S t a f f  Management Respons i b i l i t i e s  

The Rocky F l a t s  P l ant Gene ral Manage r i s  d i r e c t l y  r e spon s i b l e  fo r a s suring that 

an adequate eme rgency p l anning and r e sponse p rogram is maintained . The Gene ral 

Manage r ' s  S ta f f  i s  r e s po n s ib l e  fo r ensuring approp r i a t e  eme rgency response p l anning 

and t raining wi thin the scope of thei r  operational respon s ib i l i t i e s . 
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2 . 1 1 . 2 . 2  Program Admini s t ra t ion 

The P l an t  Emergency P l anning P rogram i s  admini s tratively coo rdina ted through the 

S a feguards and Security Departmen t . 

The S h i f t  Superintendent on du ty i s  des ignated as the Emergency D i rector during 

an emergency s i tuat ion . He is respon s i b l e  for determ ining the extent and s ev e r i ty o f  

t h e  emergency ; ensur ing that a l l  p o s s i b l e  s tep s are t aken to p ro t e c t  l i fe and p rop 

erty ; ordering any immediate operat ional a c t ions required to bring the s i tuat ion 

under contro l , inc luding coordinati on of o f f - s i t e  a s s i s t anc e ; and p roviding manage 

ment and app ropriate s ta f f  groups w i th p romp t no t i ficat ions and cont i nuing a s s e s s 

men t s  and in format ion conc e rn ing resolut ion o f  the s i tuat ion . 

Building Superintenden t s  are respon s i b l e  for coordinat ing operat ional emergency 

p l anning for thei r  respec t ive buildings , es t ab l i shing and t r aining local emergency 

r e sponse group s , e s t ab l i sh ing and mainta ining commun i c a t ions sys tems and eme rgency 

equipmen t , and for the d i s s emination of P lant and bui l ding eme rgency p lans to employ

e e s . I n  the event of  an eme rgency s i tuat ion , the Bui l d ing Superintenden t s erve s on 

the S h i f t  Superintendent ' s  s ta ff . 

Dep artment superv i sors have emergency p l anning and ac t ion r espon s i b i l i t i e s  

commensurate w i t h  normal d a i ly operation s . The s e �nc lude , but a r e  no t l imi ted to , 

( 1 )  haz ard evaluat ions o f  work areas and the formu l a t ion o f  operat ional emergency 

p roc edures for the i r  departmen t s , ( 2 )  t raining of local  response teams and department 

emp loy e e s , and ( 3 )  p rov iding immediate d i r e c t ion of emergency ac tivi t i e s  and support 

of  P lant re spons e teams . 

P l an t  Emergency Re spons e  teams are comp r i s ed o f  s p e c i a l ized p er sonn e l  who are 

t rained and knowl edgeab l e  in mee t ing eme rgency s i tuations . The s e  inc lude such f i el d s  

o f  exp e r t i s e  as fire figh ting , P l an t  security and nuc l e ar mater i al s p ro t ec tion , 

med i c a l , rad i a t ion mon i toring and heal th s c i ence s , nuc lear s a fety , and env i ronmental  

s c ienc e s . The group s are fur ther suppor ted by expe rt i s e  in indu s t r i a l  s af e ty , indu s 

t r i a l  hygi ene , commun i c a t ions , u t i l i t i e s , and t ranspo r t a t i on . Thes e  respon s e  group s 

are respon s i b l e  for p roviding the d i r e c t ion and appropr i a t e  a c t ion required to resolve 

any emergency s i tuat ion . 

The Emergency P l anning Rev iew Commi ttee  i s  c ompo s ed o f  the Hea l th , S a fety , and 

Env i ronmen t  D i rec to r ; the S a feguards and S ecur i ty D i rec tor ; a S h i f t  Superintendent 

Rep r e s en t a t ive ; the Emergency P l anning Coordinator ,  and a repre s en t a t ive o f  the DOE . 

The Commi t tee i s  respon s i b l e  for 

1 .  Ensuring p reparat ion and upd a t ing o f  the Roc ky F l a t s  Emergency P l an 
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2 .  Reviewing a l l  emergency p l ans , proc edure s ,  e quipment , and fac i l i t i e s  fo r 

comp l ian c e  and compa t ib i l i ty wi th each other and wi th the Rocky F l a t s  

Emergency P l an 

3 .  Making recommendations to the General Manage r ' s  O f f i c e  c onc erning emergency 

p l anning and readin e s s  

4 .  Coo rdinating and evaluating t e s t s  and exerc i s e s  to ensure emergency readine s s  

2 . 1 1 . 3  Roc ky F l a t s  Emergency P l an 

The Rocky F l a t s  Emergency P lan i s  des igned to p rovide nec e s s ary guidance to mee t  

the mo s t  probab l e  l o c a l , s ta t e , or national emergency s i tuation s . The p l an i n t e r fac es 

wi th County , S tat e ,  and F ederal emergency p l ans to meet  the fol lowing obj e c t ive s : 

1 .  Take n e c e s s ary measures to prevent any d i s a s t ers that may b e  averted . 

2 .  P rovide proc edural guidance during an emergency s i tua t ion that wi l l  p revent 

or minimi z e  inj ury o r  l o s s  of l i fe o r  p roperty wi thin the fac i l i ty o r  in 

the surrounding me tropo li tan commun i ty . 

3 .  Provide for recovery from the emergency s i tuation and r e e s t ab l i sh normal 

cond i t ions and operations . 

Whi l e  the p l an i s  an integrated comp i l at i on o f  various eme rgency p l ans , the on

s i te , o ff - s i t e , and National Preparedn e s s  components of the p l an will be des cribed 

indiv idua l ly for purpo s e s  of c l ar i ty . 

2 . 1 1 . 3 . 1  On- S i te Emergenc i e s  

General 

The Ro cky F l a t s  Emergency P l an exp r e s s e s  the ph ilosophy that the Ro cky F l a t s  

P l an t  b e  as  s e l f- s u f f i c ient as p o s s i b l e  in handl ing emergency s i tua ti ons wi thin the 

fac i l i ty . As s i s tance may be reques ted from outs ide sourc e s , howeve r ,  i f  requ i red . 

Wri t ten agreement s  are in e ff e c t  wi th S t . Anthony Hos p i t a l  sys tems , S t .  Luke ' s  Ho spi 

tal , and the Univers i ty o f  Colorado for medi c a l  a s s i s tanc e . A wri tten agreement i s  

i n  e ff e c t  wi th the J e f ferson Coun ty Sheri f f ' s  O f f i c e , Go lden , Colorado , for l aw 

enforcement suppor t . S in c e  the Rocky F la t s  P l an t  i s  a Federal fac i l i ty , add i t ional 

support is a l so avai l ab l e  from the F ederal Bureau o f  Inve s t igat ion . 

Type s  o f  Eme rgenc i e s  

The Rocky F l a t s  Emergency P l an provides  p roc edural guidan c e  f o r  t h e  fo l l owing 

emergency s i tuations : bomb inc ident or threa t , chemi cal  sp i l l s , radioac t ive or tox ic 

material releas e s , nuc l e ar c r i t i c al i ty inciden t , fire , flood , earthquake , high winds 

or tornado , u t i l i t i es fai lure , vehicular o r  aj rcraft acc ident , win t e r  s torms , r i o t s  

or d emon s trat ions , terro r i s t  a t tack , and s e curi ty alarm response .  
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Emergency Control Center ( ECC ) 

The ECC i s  a d e s ignated area i n  the Plant admini s t ra t ion bui l ding that s erve s  a s  

t h e  Shi f t  Superint enden t ' s  O ff ic e . The area i s  c ommi t ted s o lely for emergency opera

t i on s  if such need ari s e s . During the emergency s i tuati on , a des ignated c adre o f  

management and response group personnel assume immedi at e  respon s ib i l i ty fo r emergency 

operations and a c t iv i t i e s . The ECC is ful ly equipped with on- s i t e  and o f f - s i t e  radio 

communi c a tions , t e le phone commun i c at ions , bui lding p l an s , emergency p roc edure s ,  and 

c l o s ed c i rc u i t  TV s c anning sys tems . 

Dur i ng a c iv i l  emergency ,  the ECC i s  expanded to inc lude the nat ional Eme rgency 

Radio Sys t ems ( ERS ) . The ECC is then des ignated as the Emergency Operat ing Center 

( EOC ) w i thin S ta t e  o r  Federal c iv i l  de fense guide l in e s . 

Emergency Control  S ta t i on ( ECS ) 

An ECS i s  a location , d e s ignated by the Shi f t  Superintenden t , near the emergency 

s c ene . I t  s erve s  as a local  c ontrol point for d i re c t ion o f  on- s cene emergency 

response ac t iv i t i e s . The ECS is s t a f fed w i th bui lding superintendent s  and/or sup e r 

v i s i on and appropr i ate respon s e  g roup superv i s ion as des ignated by t h e  S h i f t  Superin

tenden t . Radi o  and/or t e l ephone c ommuncation l inks are  e s tab l i shed b e tween the  ECC 

and the des ignated ECS . 

Noti fi c ation s  

The re a r e  various means o f  no t i f i c at ion o f  a n  emergency s i tuation w i th i n  the 

P l an t . Examp l e s  are the P l an t  t e l ephone sys tem , fire a larm t e l ephone boxe s , guard 

patrol t e l ephone boxes , two -way radios , and the P l an t  pub l i c  addre s s  sys tem . A 

spec i a l  one -way t e l ephone sys tem i s  dedicated exc lus ively to the n o t i f i c a t i on o f  

appropriate  management p e r sonne l , in forming them s imul t aneou s ly o f  emergency s i tua-

t i on s . 

Emergency Respon s e  Fac i l i ti e s  

The Rocky F l a t s  medical  fac i l i ty c on s i s t s  o f  a ho spi tal that inc lude s a surgery 

room , treatment rooms , X- ray fac i l i ty , fiv e - bed ward , decontamination room , and 

med i c a l  l aboratory . The ho sp i tal is s t a f fed by three doctors , four nur s e s , one 

X- ray techni c i an ,  and a med i c a l  s e c re tary . On- s i te ambul ance ,  res cue , and emergency 

med i c a l  techn i c i an ( EMT ) s ervi c e s  are p rovided by the Rocky F l a t s  F i re Departmen t . 

Wi thin the w r i tten agreement with S t . Anthony Hos p i t a l  sys tem s  i s  p rovi s ion for the 

" F l i gh t  for L i fe "  h e l i copter air - ambul ance s e rv i c e . 

Roc ky F l a t s  maintains an on- s i t e  contamination - control equipment and s upp l i e s  

trai l er . Thi s  mob i l e  uni t  c ontains s tores o f  prote c t ive c l othing , too l s , emergency 
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l i gh t s , and r adi at ion mon i toring suppl i e s . The uni t  c an b e  moved to an eme rgency 

s c ene to provide suppo r t  in add i t ion to the equipment ava i l ab l e  in each buil ding . 

A d e s c r i p t ion o f  the P l an t  P rotec tion Force and the F i re Depa rtment i s  p r e s en ted 

i n  S e c t ion 2 . 1 2 ,  S a feguards and S e curi t y . 

Evacua t ion Proc edures  

Evacuat ion proc edures are inc luded in P l an t  and bui l ding emergency p lans . The 

de c i s ion to evacuate a bui l ding or area wi l l  be made by management . Evacuat ion 

rou t e s  and personnel a s s emb l y  areas are des igna ted for each bui lding o r  a re a . The 

l o c a t ion of a l l  personnel mus t  be accountab l e  by superv i s ion . Re - entry may be 

authorized only by the S h i f t  Superint enden t .  To tal P l an t  evacuation would b e  ac com

p l i s hed according to Ro cky F l a t s  Nationa l  P reparedn e s s  P l an p roc edure s . 

Atmo sphe ric  Release  Adv i s o ry Capab i l i ty (ARAC ) 

In coop e ra t ion with Lawrenc e Livermo re Labo ratory ( Ca l i fo rnia ) ,  Rocky F l a t s  

sub s cribes  to a n  Atmospheric R e l e a s e  Adv i sory Capab i l i ty ( ARAC ) . The purp o s e  o f  thi s 

s y s t em i s  to provide a tmosphe r i c  d i sp e rs ion proj e c t ions in the event o f  an abno rmal 

release  of radioac t ive o r  other tox i c  sub s t ances  to th e a tmo sphe re . The Rocky F l a t s  

ARAC sys t em inc ludes  a computer which i s  c apab l e  o f  provid ing immed i a t e  d i sp e rs ion 

pro j e c tions to a d i s tance of approximately 10 k i l ome t e r s  ( 6 . 2  m i l e s ) f rom the P l an t .  

The sys t em a l so p rovides for communi c a t ion wi th the ARAC Central F ac i l i ty ,  where 

soph i s t i c a ted a tmo sphe r i c  mode l s  wi l l  ext end the dispers ion proj e c t i ons up to 8 0  km 
( 5 0 mi l e s ) f rom the P l ant . The s e  s oph i s t i c ated proj e c tion s  include co rrec tions for 

t e rrain , as we l l  as  weather data f rom s everal o b s e rvation s ta t i on s . Th i s  provide s 

d e t a i l e d  information for h i s tori c a l  analy s e s  and p o s s i b l y  for pos t - emergency guidance 

for the extremely low concentrat ions which might b e  found a t  greater d i s tance s .  

2 . 1 1 . 3 . 2  O f f - S i te Emergenc i e s  

There a r e  two type s  o f  o ff - s i te emergency s i tua t ions that requ i r e  Rocky F l a t s ' 

r e s pon s e : ( 1 )  an o f f - s i te radiological  inc ident invo lving non -Rocky F l a t s  faci l i t ie s , 

personne l , o r  mat e ri a l ; ( 2 )  a po ten ti a l  o r  real condi t ion resul t ing f rom a Roc ky 

F l a t s  emergency s i tuat ion , c au s ing an inadver tent release  o f  radioac t ive o r  o ther 

toxic mat e r i a l  that  could a f fe c t  su rrounding commun i t i e s , the  Denver me t ropo l i tan 

area , or other areas o f  the S tate o f  Co l o rado . 

O f f - S i t e  Rad i o l og i c a l  As s i s tan c e  

Through DOE - RFAO a t  Roc ky F l at s , t h e  Rocky F l a t s  Radiological  As s i s tance P l an 

i n t e r fac e s  wi th the Department o f  Energy Radi ological  As s i s tance P l an ,  the I n t e ragency 
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Radiological  As s i s tance P l an ( IRAP ) , and the Joint Nuc l e ar Acc ident Coordinat ing 

Center ( JNACC ) .  

DOE Radio logic a l  As s i s t anc e P l an 

The Radio logical  As s i s tanc e  P l an a s s igns nationwide and regional respons ib i l i 

t i e s , e s tab l ishes  l in e s  o f  commun i c ation , i den t i f i e s  resource s ,  and p rovides general 

guidance for h andl ing rad i o logical inc ident s . In add i t i on , it encourages S tate and 

local government s  and p r ivate indu s t ry to d evelop the i r  own r adiological  emergency 

capab i l i t i e s  and p l ans . The Rocky F l ats P l ant i s  located in Radiological  As s i s tance 

Region 6 who s e  Regional Coordinat ing O f f ice i s  the Idaho F al l s  Operations O f f i c e . I n  

t h e  event o f  a r adiological  emergency a t  Roc ky Flats , the total r e s ourc e s  o f  DOE and 

i t s  contrac tors c an be c a l l ed upon . The p l an and imp l ementing ins t ruc t ions i s sued by 

I daho have been coo rd inated wi th representat ive s of the State of Co l orado . 

Inte ragency Radio logi cal  As s i s tance P l an ( IRAP ) 

The IRAP was dev el oped by the Interagency Commi t te e  on Rad i o logical As s i s t ance 

as a means for p roviding r ap i d  and e f fec t ive rad i o logical a s s i s tance in the event of  

a radio logical inc ident . Through IRAP , parti c i p at ing Federal agen c i e s  c an coordinate 

the i r  ac t iv i t i e s  wi th tho s e  of state and local  h e a l th , pol i c e , f i re , and c iv i l  defense  

agenc i e s . The  IRAP p rovides operating guid e l i n e s  and a t r a in ing p rogram . It  coord i 

nates  exi s ting comp e tenc i e s , respon s ib i l i t i e s , and r e l at ionships t o  p rovide e f f ec t ive 

ac t ion at the l owe s t  pos s ib l e  admi n i s trative leve l . Agenc i e s  partic ipating in the 

IRAP are as fo l lows : Depar tment o f  Energy ( DOE ) ; Department o f  Agr i c�l ture ; Depart

ment of Commer c e ; Department of D e f en s e  ( DOD ) ; Department of Health , Educ a t ion , and 

Wel fare ; Department of Labo r ; Department of Transportation ; Envi ronmental P ro te c t ion 

Agency ;  I n t e r s t a t e  Commer c e  Commi s s i on ;  National Aeronau t i c s  and Spac e Admini s t rat ion ; 

D e fense Civil  P reparednes s  Agency ; and the P o s t a l  S ervi c e .  

Joint Nuc l ear Ac c ident Coordinat ing Cen t e r  ( JNACC ) 

The DOE and DOD h av e  agreed to a s s i s t  one ano ther in the even t o f  an acc ident 

invo lving radioac t iv e  material s .  To p rovide such a s s i s tanc e ,  the two organ i z ations 

h av e  e s t ab l i shed a Joint Nuc l e ar Acc ident Coordinating Center ( JNACC ) .  Located i n  

Albuquerque , N ew Mexico , t h i s  fac i l i ty i s  manned by D O E  and DOD p e rsonne l .  Records 

are maintained o f  the spec i a l ized c ap ab i l i t i e s  and equipment o f  each agency , wherever 

locate d . The s e  records are ava i l ab l e  i n  an emergency . The c enter i s  manned 24 hour s  

a day and has  t e l ephone contac t s  with over 3 0 0  D O E  and DOD radiological  a s s i s tanc� 

t e ams . I f  there were  a radiological acc ident at Roc ky F l a t s , these  agenc i e s  would b e  

avai l ab l e  through t h e  JNACC t o  provide what ever a s s i s tance i s  app rop riat e . 
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Rocky F l a t s  Rad i o l og i c a l  As s i s tance Te am 

The Rocky F l a t s  Rad i o l og i c a l  As s i s tance Team i s  a suppo r t  fun c tion con t i nuou s l y  

maintained i n  a s t ate o f  readine s s . The team con s i s t s  o f  Hea l th Phys i c s  p e r s onne l , 

Radiat ion Mon i toring personn e l , and e le c tron i c  techn i c ians know l edge ab l e  i n  rad i o 

a c t ive ma t e r i a l  d e t e c tion and con t ro l . The team i s  equipped w i t h  a mob i l e  tra i l e r  

un i t  containing rad i a t ion-moni toring and a i r - s ampl ing equipment and supp l i e s . 

As s i s tance may be ini t i ated from the fol l owing source s :  ( 1 ) a reque s t  from the DOE 

Idaho F a l l s  Regional Con trol O ff i c e , through the DOE - RFAO in suppo r t  o f  the DOE 

As s i s tance P l an , ( 2 )  a requ e s t  from a membe r  o f  I RAP , and ( 3 )  no t i f i c a t ion by any 

individual cognizant o f  a p o s s i b l e  radia tion hazard . Upon receipt  and evaluation o f  

the no t i fi cat ion , the S h i f t  Superintendent w i l l  di spatch suffic ient t e am membe r s  and 

e quipmen t  as the s i tua tion warran t s . The S h i f t  Sup e ri n tenden t a l so p rovid e s  no t i f i c a 

t i on t o  Rocky F l a t s  Management o f  the s i tua tion and o f  act ion s that have b e e n  taken . 

2 . 1 1 . 4  Co l o rado Radiological  Eme rgency R e sponse P l an 

The i n formation d e s c ribed b e low has been extracted f rom , and re f l e c t s  the DOE 

unde r s tanding o f ,  the exi s t ing working Draft P l an dated July 1 9 7 8 . 

2 . 1 1 . 4 . 1  P lan Ac t ivation and Respons ibi l i t i e s  

I n  the event o f  a n  inc ident a t  the Rocky F l a t s  P l an t  i nvolving the r e l e a s e  o f  

radioac tive ma t e r i a l  that may endange r  the heal th and s a fe ty o f  the general pub l i c , 

the Co l o rado Rad i o l og i c a l  Eme rgency R e sponse P l an would b e  a c t ivated . Thi s  p l an 

de s c ri b e s  concepts o f  eme rgency operations and a s s i gn &  respons ibil i t i e s  to publ i c  and 

p rivate s a fe ty and med i c a l  agenc i e s . The p l an rep r e s en t s  agreemen t s  be tween the 

S ta t e  of Co l o rado , Adams County , Boulder County , J e f fe rson County , the C i ty and 

Coun ty o f  Denve r ,  the Uni ted S ta t e s  Gove rnment through i t s  agent , the Department o f  

Energy , and the op e ra t ing con t rac tor . The p l an i s  pub l i shed unde r  the authori ty o f  

the Colorado D i s a s t e r  Eme rgency Ac t o f  1 9 7 3  and i s  con s i s tent with other l aws and 

regula tions  o f  the S ta t e  o f  Co l o rado and the Uni ted S t a t e s  o f  Ame r i c a . The S ta t e  

p l an i s  p repared and admin i s t e red by the Co l o rado Divis ion o f  D i s a s ter Emergency 

S e rvi c e s . The Colorado Departmen t  of Hea l th derived a c t ion c r i te r i a  uti l iz ed in the 

Rad io l og i c a l  Eme rgency Response P l an for Rocky F l a t s . The s e  cri t e r i a  are c a l l ed 

Protec tive Ac tion Gu ides ( PAG ) . 

2 . 1 1 . 4 . 2  No t i fi c a t ions 

Irr�e d i a t e ly upon the o c currence o f  an inc ident requ i r ing imp l ementation of the 

S ta t e  p l an , the S h i f t  Sup e ri n t endent on duty a t  the Rocky F l a t s  P l ant w i l l  i n i t i a t e , 

a t  the d i re c tion o f  DOE -RFAO management , the S ta t e  p l an no t i f i c a t i on p rocedur e s . 

Th i s  i s  done v i a  the Co l o rado ne two rk o f  the National Warning System ( NAWAS ) to the 

p r i mary S ta t e  warning po int ( S tate Patro l )  and via the J e f fe rson County Sheri f f ' s  
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Depar tment to J e f ferson County . From the s e  two commun i c a t ion point s , an e l aborate 

" fan- o u t "  p roc edure prov i d e s  for no t i ficat ion to S ta t e , County , and local emergency 

agenc i e s , the S ta t e  and County Emergency Operat ing Centers , hospi t al s , and the Gov e r -

nor ' s  O f f i c e . 

2 . 1 1 . 4 . 3  Incident As s e s sment and C r i t e r i a  for Ac tion 

On - s i t e  inc ident cond i t ions a t  Rocky Flats wi l l  b e  evaluated by contrac tor and 

DOE p ersonnel for potential  radio logical  haza rd s , and resul t s  w i l l  b e  reported to the 

Co lorado Department of Hea l th ( CDH ) . O f f - s i t e  a s s e s sment wi l l  b e  p e rformed by CDH 

radio logic a l  heal th personn e l , and tho s e  r e su l ts a l so w i l l  be repor t e d  to the Co lo rado 

Department of H ea l th . Al l radiological  readings wi l l  b e  forwarded to CDH rep r e s en t a 

t iv e s  a t  t h e  Colorado Emergency Opera t ing Center ( EOC ) . 

Recommendation for a c t ion i s  b a s ed on the Protec t iv e  Ac tion Guide ( PAG ) 

( CDODS , 1 9 7 9 ) s hown in Tab l e  2 . 1 1 . 4- 1 . The PAG i s  the p ro j e c t ed do s e , to indiv idual s  

in the popula t ion , that warran t s  taking p ro t ec tive ac tion . The do s e  i s  a fun c t ion o f  

the s i z e  o f  the r e l e a s e , d i s t anc e f rom the P l an t , and weather cond i t ions . 

TABLE 2 . 1 1 . 4- 1  

ROCKY F LATS PROTECTIVE ACTION GUIDE 

( rem p e r  inc ident based on a 7 0 - year do s e  c ommi tment )  

C a tegory 

I a 

l Ib 

I I I c 

Mineral Bone 

< 6  

6 - 3 0  

> 3 0  

a .  C at egory I requ ir e s  inc reased surve i l l anc e . 
b .  Cate gory I I  requ i r e s  increased survei l l an c e , the p ro t e c t iv e  a c t ion o f  "Duck and 

Cov e r "  p roc edure s ,  and consideration of acc e s s  cont ro l of the a ffec t ed area to 
prec lude r ad i a t ion expo sure . 

c .  C a t egory I I I  requi r e s , i n  addi tion to the requirement s  o f  Ca t egory I I , cons i -
d e ra tion o f  mas s  evacuation o f  the popu l ac e  to prec lude radi a tion expo sure . 

The PAG doe s  no t imp ly an ac ceptab l e  dos e . However , i f  the maximum credib l e  

accident occurred ( Sec tion 3 . 2 . 4 . 2 ) , and the popu l a t i on took n o  pro t e c t ive a c tion , 

then fewer than two add i t ional deaths p e r  1 0 , 0 0 0  peop l e  l iv ing t o  age 7 0  woul d  occur . 

I f  p ro t e c t ive ac t i on were taken , the e ffec t woul d  b e  l ower . 

For further informat ion , s e e  the Colorado Department o f  Heal th ' s  report draft , 

ent i t l ed "Factors , Equa t i on s , and Considerations Used in S e l e c t ing the P ro t e c t ive 

Ac tion Guide for the S ta t e  o f  Co lorado Rocky F l a t s  Emergency Response P lan" ( CDH , 

1 9 7 7 ) . 
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2 . 1 1 . 4 . 4  Command and Con t ro l  

The Governor o f  the S t a t e  o f  Colorado wi l l  exer c i s e  overall contro l  o f  S t a t e  

fo rces  through t h e  Divis ion o f  D i s a s t e r  Emergency S e rv i c e s .  The Co l o rado EOC wi l l  b e  

a c t ivated imm ed i a t e l y  upon r e c e i p t  o f  no t i fi c a tion and w i l l  b e  t h e  p rimary contro l 

point for the S ta t e . 

The sher i f f  and the county comm i s s ioners o f  a l l  a f fe c t e d  coun t i e s  wi l l  exe rc i s e  

contro l  o f  county forces . County EOC ' s  w i l l  be a c t ivated upon no t i f i c at ion and wi l l  

b e  the primary control point for each coun ty . 

DOE and the contractor wi l l  exerc i s e  con t ro l  ove r  Rocky F l a t s  force s . Such 

contro l  wi l l  be maintained f rom the Ro cky Flats EOC . 

An order to evacuate an area having radi o l ogical  contami nation w i l l  normally be 

made by the Gove rno r upon the adv i c e  of the Colo rado Depar tment of Heal th . Should 

the radiolog i c a l  haz ard p r e s en t  an imm ed i a t e  threat to the heal th o f  the popu l ac e , 

tho s e  areas des igna ted by DOE - RFAO o r  the Co l orado Depar tment o f  Hea l th wi l l  be 

immediately evacua ted , and the areas wi l l  be contro l l ed to l im i t  r e - en t ry p ending 

fur ther respons e ac t ion s . Cont ro l  a c t ions may inc lude res tric t ions on food and 

drinking wate r .  

2 . 1 1 . 4 . 5  Communi c ations 

The Nat ional Warning Sys t ems ( NAWAS ) ,  the Colorado Law En fo rc ement Emergency 

Radio Sys t em ( CLEER ) , and commercial  t e l ephone w i l l  b e  used to d i s s eminate no t i f i c a 

t i o n s  o f  a n  inc iden t . D i rec tion and contro l  coordination w i l l  be mainta ined by 

l inking S ta t e , County , Rocky F l a t s  EOC ' s ,  and on- s cene con t ro l  po ints  together on the 

S ta t e  Local Government Civi l De fense Ne twork . Each l aw e n forc ement agency wi l l  

maintain the i r  own communicat ions . Medical and heal th asp e c t s  wi l l  b e  coordinated 

through the S t . An thony Hospi t a l  Communi c a t ions Cente r .  

2 . 1 1 . 4 . 6  Pub l i c  Warnings 

The de c i s ion to i s sue warnings and the content of warning m e s s ages  w i l l  be made 

by the Co lorado Department o f  Heal th , Divis ion o f  Rad i a t ion and Hazardous Was te s  

Con t ro l . I f  Civil  De fense warning s i rens are loca ted in a f fec t ed areas , the s i rens 

wi l l  alert the popu l a t ion to tune to emergency b road c a s t  s tations . Warni ng m e s s ages , 

inc l uding evacuation ins t ruc t ions , wi l l  be d i s s emina ted v i a  comm e rc i a l  pub l i c  b ro ad 

c a s t ing s t a t ions and b y  pub l i c  s a fe ty veh i c l e s  w i t h  loudspeake r s . 
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2 . 1 1 . 4 . 7  Radiological Expo sure Control 

I f  an area is de termined to cons t i tute a radiological haz ard , a l l  emergency 

forc e s  wi l l  proceed through e s t ab l i shed control point s . All per sonnel entering the 

contro l led area wi l l  b e  i s sued do s ime ters , i f  needed , and wi l l  b e  regi s te red at the 

contro l  poin t . After the a l lowed exposure t ime has e l ap s ed , personnel mus t  re turn to 

the contro l point to have do s imeters read . I f  the maximum al lowabl e  expo sure has 

been reached , per sonnel wi l l  no t b e  allowed to r e - enter the area . I f  a i rborne rad i o 

logi cal hazards exi s t , a l l  personnel shal l fo l low proper resp iratory requi rements  

e s t ab l i shed by the  Co lorado Department of  Health . 

2 . 1 1 . 4 . 8  Evacua t i on and Traffic Cont ro l  

Should a n  inc ident result in a po tenti a l ly hazardous release o f  cont aminat ion , a 

contro l l ed area wi l l  b e  e s t ab l i shed around the exi s t ing or proj e c t ed location o f  

contamination . Thi s  a c tion wi l l  control ac c e s s  to the area and control evacuat ion i f  

deemed neces sary . Al l vehi c l e s  approaching the contro l l ed area wi l l  b e  adv i s ed o f  

the hazard o r ,  i f  c ondi tions warran t , den ied a c c e s s  t o  the area . Tra ffic o n  main 

arteries  wi l l  b e  re - routed so as  no t to pass through a contro l l ed area or interfere 

wi th emergency operation s . In the event o f  evacuation , control po i n t  personnel wi l l  

e s tab l i s h  evacuation rout e s  and d i re c t  evacuees to des ignated recep tion areas . 

2 . 1 1 . 4 . 9  Medical  S e rv i c e s  

Roc ky F l a t s  pe rsonnel wi l l  be treated a t  S t .  Anthony ' s  Ho spi tal or S t .  Luke ' s  

Ho spi tal i n  accordance wi th wri t ten agreement s  be tween Roc ky F l a t s  and tho s e  fac i l i 

t i e s . During evacuation general populat ion personnel wi l l  b e  s c re ened a t  an o ff - s i t e  

contro l led area fo r contaminat i en . Cont aminated veh i c l e s  wi l l  no t b e  p ermi t ted to 

leave the contro l led area , and cont aminated personnel wi l l  b e  tran s ferred to ambulan c e s  

or buses  a t  con t ro l  points . Personnel who have indicat ions o f  contamination wi l l  b e  

direc t ed or t aken to nei ghborhood s choo l s  or to Camp Geo rge Wes t ,  Go lden , Colorado 

where decont amination fac i l i t i e s  w i l l  be es tabli shed . The Unive rs i ty o f  Colorado 

Med i c a l  Center wi l l  coordinate the u t i l iz at ion o f  o ther ho s p i t a l s  fo r the t reatment 

of inc ident v i c t ims . 

2 . 1 1 . 4 . 1 0 Pub l i c  I n format ion 

The DOE - RFAO and i t s  contractor are respon s i b l e  for a l l  i n fo rmation r e l a t ing to 

an on - s i te inc i dent a t  Roc ky Flats . The Colorado Department o f  Heal th , DOE - RFAO , and 

the contrac tor wi l l  coordinate pub l i c  in format ion to avo id releas ing con f l i c t ing 

in fo rmation that may unne c e s s ar i ly al arm the pub l i c . I n forma tion and news r e l e a s e s  

to appropriate  m e d i a  for warning and evacua t ion purpo s e s  s h a l l  be coordinated b y  the 

Colorado Department of Hea l th . 
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2 . 1 1 . 4 . 1 1 Exe rc i s e  and Evaluat ion 

The S ta t e  P l an wi l l  be exer c i sed annual ly .  As s e s sment of the p l an by all agenc i e s  

invo lved has , a f t e r  a numbe r  o f  rev i s ions , resul ted in c oncurrenc e that t h e  p l a n  i s  

w e l l -developed and ready to b e  exerc i sed . Exe rc i se s  may b e  announced o r  unannoun c ed . 

Announced exe rc i s e s  wi l l  be fo r t ra in ing purpo s e s ; unannounced exe rc i se s  w i l l  b e  for 

evaluation purpo se s . Each exe rc i s e  wi l l  be ac comp l i s hed in a c c o rdance w i th an exe rc i se 

p l an that wi l l  be pub l i shed s eparat e ly . A c r i ti que o f  each exe rc i s e  wi l l  be held 

wi thin one  week o f  the  exe rc i s e  to evaluate the  resul t s  and revi ew recommendat ions . 

The c r i t i que wi l l  s e rve a s  the b a s i s  for annual rev i ew and revi s ion o f  the p l an . 

2 . 1 1 . 4 . 1 2 Federal As s i s t anc e Resources  

In add i t ion to the Rocky F l a t s  and Colo rado S ta t e  eme rgency resou rc e s , the  

avai l ab i l i ty of  add i tional a s s i s tance through the Fede ral Eme rgency Radiolog i c a l  

As s i s t anc e p rograms i s  recognized and incorporated as p a r t  o f  t h e  Colo rado S ta t e  

P l an .  

2 . 1 1 . 5  Rocky Flats  Te s t s  and Exe rc i s e s  

Te s t s  and exe rc i s e s  o f  the Roc ky F l a t s  Eme rgency P l an and p roc edures are conduc ted 

pe riodi c a l ly on a s e l e c ted b a s i s . Such exerc i s e s  are c oo rdinated by the Shi ft Sup e r 

intendent ' s  O f f i c e  and t h e  Emergency P l anning Coo rdinat o r .  The exe rc i s e s  a r e  d e s i gned 

to d e t e rmine p rocedural adequacy and emp loyee t raining and performanc e .  Po s t - te s t  

c ri t i que s are conduc ted t o  d e t e rmine e f f i c i ency and t o  modi fy p rocedures as required . 

The eme rgency response indo c t rinat ion and t raining p rograms include f i r s t  aid , 

radiological  contro l , and the use  o f  eme rgency e quipment . P e riodic refresher courses 

are given to ensure that emergency response t eams and key p e r sonne l remain ful ly 

t rained and c ap ab l e  o f  handl ing any eme rgency s i tuation . 

Emergency equipment i s  p e riodi c a l ly inspec t ed and t e s ted to ensure such equipment 

is conti nuously ava i l ab l e  and ope rabl e .  Te s t s  inc lude a c t ivation of eme rgency warning 

and communic a t ions sys t ems , and t ranspo rtation and control equipment . Exe rc i s e s  have 

inc luded the partic ipati on of o ff- s i t e  eme rgency support groups such as medi c a l  and 

l aw enforc emen t . 

The Rocky Flats  eme rgency p reparedn e s s  p rogram i s  und e r  cont inuing rev i ew by the 

Rocky F l a t s  P l ant Manag e r  and the Eme rgency P l anning Revi ew Commi t tee . Proc edural 

c hanges  are made immedi a t e ly , as  requi red . All p roc edure s are .rev i ewe d , updated , 

and/or reval i dated annual ly . 
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2 . 1 1 . 6  National Preparedne s s  

The Federal Preparedne s s  Agency ( FPA ) and the De fense Civil  P reparedn e s s  Agency 

( DCPA ) have overall  respons ib i l i ty for c iv i l  defen s e  and s urv ival in the event of an 

enemy a t tack , maj or natural d i s as te r , or c a t a s troph ic man - c aused emergency cond i t ion . 

The s e  agenc i e s  p l an the training and warning systems , evacuation shelter  p rograms , 

and c are and rehab i l i ta t ion programs for c ommun i t i e s  that may b e  a f fe c ted by a maj or 

d i s a s ter . 

The Region 6 Headquarters for DCPA , located in a hardened underground fac il ity 

at the Denve r Federal Center , s erve s  a s  the regional Emergency Ope rat ing Center 

( EOC ) . The DOE - RFAO at Roc ky F l a t s  has a s s igned indivi dua l s  to s e rve a s  o ff i c ial 

repre s entat ive s at this  c en t e r . 

To support the c iv i l  de fen s e  e f fort , Roc ky F l a t s  maintains a National Preparedne s s  

P l an a s  part o f  the overall  Rocky F l a t s  Emergency P l an . Al e r t s  and warnings o f  

impending d i s a s ter would b e  received through the Nat ional Warning Sys tem ( NAWAS ) .  

Upon rec e ipt o f  an a l e r t , the Roc ky F l a t s  Emergency Radio Sys t em ( ERS ) would be 

ac tivated , p roviding a commun i c a t ions l ink to all Federal agen c i e s  throughout the 

country . 

Other suppo rt measures inc lude plans fo r evacua t ing a l l  Roc ky F l a t s  personnel  to 

an emergency rel o c at ion area , an on - s i te c iv i l  defen s e  shelter  program , and a v i tal 

records p rotec tion p l an to a s s i s t  in the recovery and re sumpt ion of P lant operation s  

during t h e  p o s t - d i s as ter rehab i l i t a t i on period . 

2 . 1 2 SAFEGUARDS AND S ECURITY 

The Sa feguards and Security fun c t ion at Roc ky F l a t s  i s  an integ ra t ed program 

d e s i gned for the pro tect ion o f  nuc l ear material  from l o s s , the ft ,  or divers i on by 

unauthorized persons ; the pro tect ion of c l a s s i fied in forma t ion from compromi s e , 

e sp ionage , the ft ,  or lo s s ; and the p ro te c t ion o f  government property from s abotage , 

the f t , lo s s , or o ther harm . In r e spons e to pub l i c  comment ,  the P l ant ' s  s ecur i ty and 

nuc lear inventory sys tems are di s cus sed in grea ter detail  than pre s ented in the DE I S . 

The S a feguard s and S ecur i ty o rganization inc lude s , but i s  no t l imited to , the 

fol lowing func tions : 

1 .  P l an t  P ro t e c t ion 

2 .  Fire Department 

3 .  Eme rgency P l anning 

4 .  Secur i ty P roc edur e s  

5 .  Pers onne l  Ac c e s s  Control 

6 .  C l a s s i fied Document Control & Records Managemen t  
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7 .  Technical  S ecur i ty 

8 .  Nuc l e ar Materials  Control and Acc ountab i l i ty 

9 .  Ut i l i t i e s  

The obj e c t ives o f  the S a feguards and S e curity Program inc lude 

1 .  Cont inuous s tudy to de tec t and evaluate potent ial  threa t s  aga ins t a l l  

government a s s e t s  at Roc ky F l a t s  

2 .  The deve lopment o f  protec t ive measures to counter the range o f  cred i b l e  

thre a t s  

3 .  As s e s s ing the e ffec t iveness  o f  pro t e c t ive measures 

4 .  The enforcement o f  S a feguards and S ecuri ty requi remen ts through adminis tra

t iv e  and civil proc edures 

5 .  Maintenance o f  appropriate p l anning against a l l  reasonab l e  cont ingenc i e s  

The Department o f  Energy ( DOE ) app l i e s  an in- dep th approach t o  pro tect ion me a 

sure s . Such measure s include phys ical  s ecur i ty me thods , personnel adminis trat ive 

contro l s , and materi a l  accoun t ab i l ity proc edures to meet the respon s ib i l i t i e s  pre

v iously speci fied . The S a feguards and S e curi ty Program i s  dynamic in nature . I t  

provide s for a cont inuous revi ew o f  pro t e c t ive measures t o  ensure maximum e ff i c i ency 

wi thin the pro fes s ional s ta t e - o f- the - art and to ensure c omp l i ance with all DOE require

ment s . 

The remainder o f  thi s  s e c t ion provide s a descrip tive rev i ew o f  the measures in 

e ff e c t  for the pro t e c t ion of nuc l ear material and , c oncurrently , c l a s s i fied i n fo rma

t ion . Such detai l ,  however , will not b e  pres en t ed as to j eopardiz e  or comprom i s e  

s ecur i ty operat ions . 

The phys i c al s e curity program i s  des i gned w i th in the fol lowing concept s :  

1 .  To i s o l a t e  P l ant fac i l i t i e s  containing Special  Nuc l ear Material  from a l l  

o ther adminis trat ive o r  support fac i l i t ie s . 

2 .  To phys i c a l ly and admini s trativ e ly res tr i c t  a c c e s s  to Spe c i al Nuc l ear 

Material to tho s e  persons who pos s e s  a Securi ty Acc e s s  Authorizat ion ( c lear

anc e )  and who have an operat ional o r  o ff i c i al need for access . 

3 .  To de tec t and thwart any a t t empt at unauthorized a c c e s s  to , o r  removal o f ,  

Spec ial  Nuc lear Material wi thin a fac i l i ty .  

4 .  To maintain an adequa t e , wel l - trained , and equipped P l ant Pro t e c t ion force 

w i th immediate  re sponse capab i l i ty to meet any overt or covert attack 

agains t the  fac i l i ty . 

5 .  To coordinate with Federal , S ta t e , or' local l aw enforcement agenc i e s  for 

pursui t and recovery o f  nuc lear materi a l s  in the event that e arlier p ro te c 

t iv e  measures are unsucc e s s ful . 
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The phy s i cal s e cur i ty sys tems , des i gned to con fo rm to the above concep t s , u t i l i z e  

phy s i c a l  barriers , e l e c tronic  al arm and detect ion systems , personne l  a c c e s s  control 

procedures ,  an armed security forc e , and trained operating personne l .  

2 . 1 2 . 1  Phys i cal Barriers 

The Roc ky Flats fac i l i ty cons i s t s  o f  6 , 5 0 0  acres o f  Federal gove rnment - owned 

property . Thi s p roperty is fenced with barbed wire , and " No Trespa s s ing" s i gns are 

pos ted . The P l an t  i s  located at the c enter o f  the property , wi th two a c c e s s  roads 

c ro s s ing the property . One road i s  from Highway 9 3  located to the wes t  and one is 

from Indiana S treet  to the e a s t . The terrain s urrounding the P l an t  is rough , serving 

a s  a natural b arrier to normal vehicular tra f f i c . 

2 . 1 2 . 1 . 1  P lant Perimeter 

The P l an t  i s  surrounded by a security fenc e , whi c h  is topped wi th barbed wire 

and l i ghted during hours o f  darkne s s . A road ins ide the fence permi t s  vehi cular 

patrol by armed guards and immediate respon s e  c ap ab i l i ty in the event of  an inc ident 

such a s  a t temp ted intru s ion . 

The two main gat e s  s e rv e  as no rmal entrance points into the P l an t  from the 

a c c e s s  roads . The e le c t r i c a l l y  operated gates are manned 2 4  hours a day by armed 

guards who open and c lo s e  the gates by means of remo t e  contro l . 

A l l  person s  entering the P l an t  mus t  have an approp r i a t e  s e c ur i ty b adge . P ersons 

o ther than emp loyees mus t  b e  identi f i ed , logged in by a guard , and i s sued a temporary 

b adge be fore b eing permi tted to enter the P l an t . 

A l l  vehic l e s  enterin g  the P l an t  are sub j e c t  to s earch prior to entering , or 

whi l e  wi thin the p e r ime t e r  fenc e . 

Two - way radio and te l ephone communi c a t ion are maintained b e tween the main gate 

guard p o s t s  and the P l an t  Protec t ion Central D i s pa tch S ta t ion . Closed - c i r cu i t  t e l e 

v i s ion p rovides mon i toring o f  m a i n  g a t e  operations by t h e  Central D i spatch S ta t ion . 

There are o ther add i t ional features i n  the p rotec t ive sys t em that wou l d  a l s o  a l e r t  

protec tive for c e s  i n  t h e  event o f  an a tt emp ted entry by unauthoriz ed intruders . 

A doub l e  fence i s  p l anned for the northern part o f  the P l an t  and i s  s chedu led 

for comp l e t ion in 1 980 . 

2 . 1 2 . 1 . 2  Internal S e c u r i ty Area 

I n s i de the P l an t  p e rimeter , the " i s land s e c ur i ty "  concep t is u t i l i z e d .  There 

are four type s  o f  internal security areas for the p ro t ec t ion o f  c l a s s i f i ed info rma

t ion and nuc l e ar mater i a l : 
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1 .  S pe c i a l  Nuc l e a r  Mat erial  Protected Area 

2 .  S p e c i a l  Nuc lear Ma terial Acc e s s  Area 

3 .  C l a s s i fied Exc lus ion Area 

4 .  C l a s s i fied Limi ted Are a  

Spe c i a l  Nuc l e a r  Mate rial  P ro te c ted Area 

An SNM P ro te c ted Area i s  a s ecurity area that surrounds fac i l i ti e s  whi ch contain 

speci fied quan t i t i e s  of spec i a l  nuc l e a r  material and may contain c la s s i fied i n forma

t ion . I t  i s  s urrounded by a chain l ink s ecurity fenc e , topped wi th barbed wire . The 

fenc e s  are l i gh ted during hours of darkne s s . 

The entranc e s  to SNM Pro tec ted Areas are security p o s t s  manned by armed guards . 

There are two o r  mo re guards i n  the s e  areas a t  a l l  t ime s . Internal areas are a l so 

under guard patro l . No p e r sonal vehi c l e s  are perm i t ted wi thin an SNM P ro te c t e d  Area . 

Acc e s s  to the area i s  contro l l e d  by a coded badge sys tem , based upon s ecuri ty c l ear

ance and operat ional need . A l l  v i s i tors to an area must h ave prope r  authorizat ion 

for acc e s s  and are logged in a t  the area guard pos t .  Unc l e ared vi s i to r s  are under 

the continuous e s co rt of a security - c l eared empl oyee . Unc l eared vendors and cons truc 

tion personne l are unde r cont inuous guard escort . All personal lunch boxes , b ri e f

c a se s , package s ,  and other i tems are inspected when entering o r  l e aving an SNM Pro 

tec ted Area . 

Al l personnel and government veh i c l e s  are radiome trical ly s e arched by s ta t ionary 

radiome t r i c  s c anning devic e s . Personnel o r  veh i c l e s  required to u t i l i z e  emergency or 

non- rout ine po rta l s  are s c anned by guards u s ing portab l e  s c anning equipmen t .  I n  the 

event a radiome tric alarm is  a c t ivated , the Pro te c ted Area Portals  are s e cured and 

the person or veh i c l e  is detained by the guard unt i l  the cause o f  the a l arm condi tion 

c an b e  determined . I f  the cond i t ion c anno t b e  resolved by the guard , special ly 

t rained heal th s c ience personn e l  are brough t i n  to per form a d e t a i l ed radiome t r i c  and 

phys i c a l  search . When the cause o f  the alarm i s  located , the Nuc l ear Materi a l s  

Contro l Manager i s  no t i fied t o  inve s t igate any mater i a l , part s , o r  other i tems that 

may b e  d i scovered . I f  a person o r  veh i c l e  should penetrate the Pro te c ted Area barriers 

i n  an unauthorized manner , the P l an t  perime ter barrier gates  would b e  s e cured and 

P l ant Protec t ion forces  wou l d  be alerted to immediately apprehend s uc h  person o r  

vehi c l e . Any further act ion would b e  accomp l i shed under ac t ivation o f  emergency 

p l an s . 

Spe c i a l  Nuc l e ar Mate rial Ac c e s s  Areas 

SNM Acc e s s  Are a s  are l o c ated within SNM P rotec ted Area s . They contain s pe c i fi e d  

quan t i t i e s  o f  s p e c i a l  nuc l e ar m a t e r i a l  and may contain c l a s s i fied informat ion and 

material . SNM Acc e s s  Area s  are prima r i l y  bui ldings where Spec i a l  Nuc l ear Material  i s  

p ro c e s s e d  o r  s to red . The s e  buildings are cons truc ted o f  reinforced concrete o r  other 
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mat e ri al res i s t ant to p enetrat ion . Al l non - rout ine and emergency p o rt a l s  are locked 

and cont inuou s ly al armed . Approp riate hardware p e rmi t s  eme rgency egre s s  from within 

the bui ld ings i f  the need shoul d  ari s e . During non -operational hours , all doors are 

locked and a l a rmed , and internal areas are under a rmed guard patro l . During normal 

working hour s , a c c e s s  to the bui ldings and areas is c on t ro l l ed admin i s t ra t iv e l y  by 

supe rv i s ion , in accordance w i th wri t t en al l - inc lusiv e  Building Rul e s  that are s t r i c tly 

obse rved . 

C l as s i fied Exc lus ion and Limi t ed Areas 

C l a s s i f ied Exc lus ion Areas are s ecuri t y  areas that contain only c l a s s i f i ed 

mat t e r , and l e s s  than spe c i fied quant i t i e s  o f  Special  Nuc lear Material . The barriers , 

acc e s s  contro l s , and guard pro tec t ion are s imi l ar to tho s e  described for S NM P ro t e c t ed 

Area s , w i th two exception s : ( 1 )  radiometric s e arches are not requ i red , and ( 2 )  

phy s i cal  s earche s are requi red only on a random bas i s . 

Exclus ion areas cont ain s ecurity intere s t s  o f  such nature that mere acce s s  to 

the area cons t i tu t e s  acce s s  t o  thos e  interes t s . Limi ted areas c ontain s ecurity 

intere s t s  that are adminis t ra t ively contro l l ed by guards o r  s e cur i ty - c le ared indiv i 

dual s .  

2 . 12 . 1 . 3  Vau l t s  and Vaul t - Type Rooms 

Vau l t s  and vaul t - type rooms are u t i l i z ed for the storage o f  c l a s s i f i e d  i n forma

t ion and Special Nuc l ear Ma terial . Vau l t s  are c on s t ruc ted to DOE regulatory requ i r e 

ment s , usua l ly o f  reinfo rced c onc re te , w i th Government - approved doors and loc king 

mechani sms . Vau l t - type rooms are o f  p enetrat i on - res i s tant cons truc t ion , with ap

proved locking mechan i sms , and are internal ly protected with e l e c t ronic space a larm 

systems . Such areas u t i l i z ed for s t o rage o f  Spec i al Nuc l e ar Material  have locking 

mechani sms that requ i re the p re s ence o f  two security - c l e a red , authorized person s  

b e fore access  c a n  b e  accomp l i shed . Records are maintained o f  a l l  p ersons having 

acc e s s  to s torage a reas . 

Vau l t s  and v au l t - type rooms are located ins ide bui ldings that are designated a s  

Spec i a l  Nuc l ear Material  Ac c e s s  Areas o r  within Cl as s i f i ed S ecurity Area s , depending 

upon the nature o f  the security intere s t  b eing p rotec ted . 

2 . 1 2 . 1 . 4 Al arm S y s t ems 

There are various a l a rm sys tems used for s ecur i ty pro te c t ion purp o s e s , al ong 

w i th c e rtain operational a l a rm sys t ems that s e rve to a l e r t  both secur i ty and opera 

t ing personnel ,  a s  the s i tuation may dictate . 
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1 .  The bui ld ing al arm sys t ems are des i gned to detect  any at tempt at unau tho 

rized entry into any p roc e s s ing o r  manu fac turing bui l d ing through a door o r  

o ther opening . 

2 .  Vau l t - type room al arm sys tems are de s i gned to detect  any attempted penet ra 

t ion o f  t h e  room perimeter . 

3 .  Radiometric s c anning al arm systems are des igned to d e t e c t  any at temp t by 

unauthor i z ed persons to remove c ertain quan t i t i e s  o f  nuc l ear material from 

a s ecurity are a . Thi s  capab i l ity mus t  be qual i fied , in that s c anning 

s ens i t iv i ty may be a ffected by the form o f  the material , po s s ib l e  shie lding , 

and o ther considera t ions . I t  mus t  be real ized , however , that the current 

sys tems are cons idered to b e  the be s t , wi thin the state - o f - the -art  and 

techno logical  l imi t s . 

4 .  The f i re detect ion al arm sys tem i s  d e s i gned to p rovi de immediate no t i f i c a 

t ion o f  fire  cond i t ions to t h e  F i re Departmen t and t h e  Security Department . 

5 .  Operation s - related al arm sys tems inc lude , but are no t l imited to , nuc lear 

c r i t i c a l i ty a larms and a i r  monitor ing al arm systems ( s ee S e c t ion 2 . 5 . 1 ) . 

Al l a larm sys tems are maintained and tes t ed in accordance w i th DOE requi rements . 

2 . 1 2 . 2  Ma terial I n  U s e  

2 . 1 2 . 2 . 1  C l as s i f i ed Information 

C l as s i f i ed information may be contained in various forms ; e . g . , document s ,  

parts , and a s s emb l ie s . At a l l  t ime s , c l a s s i fied in format ion that i s  not in approved 

s to rage e i ther is in the cus tody of personne l who po s s e s s  nec e s s ary S ecuri ty Ac c e s s  

Authorizat ion ( c l earanc e ) , o r  i t  i s  p ro t e c ted from unauthorized a c c e s s  within DOE 

regulatory s ecur i ty measures .  Al l such in forma tion is located within the s e curi ty 

areas p reviously de s c ribed . 

2 . 12 . 2 . 2  Spec ial  Nuc lear Material 

Spe c i a l  Nuc l ear Materi a l  not in s torage may b e  in various forms ; e . g . , raw 

material , parts , and was te . All material e i ther is in the cus tody o f  personne l  who 

p o s s e s s  the nec e s s ary S ecurity Ac c e s s  Authoriz ation , or i t  is pro t e c t ed from unautho r 

ized a c c e s s  wi thin DOE regu l a tory security measure s .  Such ma terial i s  located wi thin 

SNM Acc e s s  Areas previously desc ribed . 

2 . 12 . 3  Transportat ion On S i t e  

2 . 1 2 . 3 . 1  C l a s s i fied In format ion 

C l a s s i f i ed document s  are transm i t ted w i thin and between internal secur i ty areas 

through the c l a s s i f i ed mai l  s e rv i c e , hand- c arried by aut ho r i z ed per sonne l , or t rans -
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mi tted by armed guard couri e r . A rec e i p t  sys tem p rovides uni que ac countab i l i ty o f  

each document .  

C l as s i fied parts and material may b e  t ransported be tween internal s ecuri ty areas 

only by armed guard in loc ked security vans or by c leared emp loyee s  unde r  armed guard 

e scort . Continuous radio communication i s  maintained b e tween the guards and the 

P l an t Protec t ion Central Di spatch S tation whi l e  the material is enroute b e tween 

s ecuri ty areas . 

2 . 1 2 . 3 . 2  Spec ial  Nuc lear Ma terial 

Special Nuc lear Ma terial i s  t ransported b e tween s ecuri ty areas by armed guards 

u t i l i z ing locked s ecuri ty vans . Two -way radio communication i s  maintained b e tween 

the vans and the P lant Protec tion Central Di spatch S tation at a l l  times whi l e  material 

i s  in tran s i t .  In the event of any interrup tion of the shipment for any reason , 

appropriate P l an t  Pro t e c t ion respons e  procedures w i l l  b e  p l ac e d  in e ffec t . 

Low- l eve l nuc l ear was te material i s  transported b e tween s e c ur i ty areas by the 

P l ant t rucking s e rvi c e , e s corted by armed guards u t i l i z ing Plant Pro t e c t ion patrol 

vehi c l e s . The pro tec tive capab i l i t i e s  in e ffec t for those shipment s  are the same as 

the measures used for SNM transported in s ecuri ty vans . 

2 . 12 . 4  Transportation O f f  S i te 

2 . 1 2 . 4 . 1  C l a s s i fied In format ion 

C l a s s i fied documents are transmi tted to other fac i l i t i e s  through the Document 

Control Department ,  us ing DOE - and o ther government regulatory requirement s ) desig

nated me thods , mail  c hanne l s , and p rocedure s . 

2 . 1 2 . 4 . 2  Special Nuc l ear Material 

All shipments o f  nuc l ear material are contro l led through the Rocky Flats Tra f f i c  

Departmen t . Spec i fi c  procedures a r e  des cribed in S e c tion 2 . 6 . 1 0 .  

2 . 1 2 . 5  Personne l S ecuri ty 

2 . 1 2 . 5 . 1  Acc e s s  Au thoriza tion 

Al l personne l  who have a c c e s s  to c l ass i fi e d  in format ion or nucl ear material mus t  

pos s e s s  a c t ive S e curi ty Acc e s s  Authorizations ( c l earances ) .  Prior t o  having acces s , 

each emp l oyee i s  thoroughly inves tigated by the O ff i c e  o f  Personne l  Management or the 

FBI to determine the individual ' s  rel i ab i l i ty ,  s tab i l i ty ,  and charac ter f i tne s s . 

Thes e  c l e arances are reviewed at 5 - year intervals . The DOE ' s  Albuquerque Sa feguards 
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and S ecur i ty S e c t ion revi ews q l l  inves t igat ive results  and appropriately gran t s  

Ac c e s s  Au thorizations . Al l Ac c e s s  Au thorizat ions a r e  periodi c a l ly reinv e s t igated and 

updated . 

2 . 1 2 . 5 . 2  Vi s i tor Control 

Al l v i s i tors to Rocky F l a t s  who requ i re acce s s  to c l a s s i f i ed in formation and/o r 

Spec i a l  Nuc lear Material mus t  have an appropriate vi s i t  requ e s t  submi tted through the 

S a feguards and S ecuri ty Department . The reques t  mus t  spe c i fy the vi s i tat ion date s , 

l evel  o f  security c l earance ,  and the purpose  o f  v i s i t  to indi cate an o ffic ial  need 

for acces s .  Thi s  i n fo rma tion i s  re flec ted on the indivi dual ' s  v i s i to r  ident i fi c a t ion 

badge . 

2 . 1 2 . 5 . 3  S e curity Educat ion 

Al l personne l  are requ i red by DOE to have an initial  s ecuri ty indoc trinat ion 

outl ining the ir s ecurity responsibi l i t i e s  and job dut i e s . Each emp loyee receives 

recurring s ecuri ty educ ation through various medi a .  

2 . 12 . 5 . 4  S ecur i ty Badging Sys tem 

The s ecuri ty badging sys t em i s  adminis tered by the S afeguards and Secur i ty 

Department . Badge s are i s sued to eve ry person entering the P lant to provide a means 

o f  e s t ab l i shing and veri fying ident i ty , the s ecuri ty c learance l evel  held by the 

indivi dual for a c c e s s  to c l a s s i f i ed i n fo rmation , and the o ff i c ia l  need for a c c e s s  to 

areas containing nuc lear material opera t i ons . A l l  baage s  are prepared by the Acc e s s  

Con t ro l  O f f i c e  and a r e  ac countab l e . Badge s are color coded and s ecuri ty area coded 

accord ing to the person ' s  need and c l e arance s tatus . The badges are of unique des i gn 

and are period i c a l ly changed accord ing to DOE regul ation . 

2 . 1 2 . 6  P l ant Pro t e c t ion Force 

2 . 1 2 . 6 . 1  Respon s ib i l i ti e s  

The P lant Pro t e c t i on Force i s  respon s i b l e  for 

1 .  Maintaining the integri ty o f  the P l ant and i t s  operat i ons again s t  s abo tage , 

overt o r  covert attack , or o ther damage or harm to the fac i l i ty 

2 .  Enforcement o f  government s ecur i ty regulat ions pertaining to the pro t e c t ion 

o f  c l a s s i fied i n fo rmation , nuc l ear material , and government a s s e t s  from 

lo s s , the ft , divers ion , or o ther harm 

3 .  Enforcement o f  P lant rul e s  and regu l at ions as s e t  forth by Ro c ky F l a t s  

management 

4 .  Provide a s s i s tanc e in the event o f  nat iona l , natura l , or local emergency 

s i tuations 
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2 . 12 . 6 . 2  S ta f fing 

The P l ant Protec t ion Forc e has in exc e s s  of 100 uni formed p e rs onnel to p rovide 

24-hour pro t e c t ive and admini s t rativ e  s ervi c e  to the fac i l i ty .  Al l personne l  are on 

cont inuous call in the event of an emergency s i tuation . As add i t i onal support ,  an 

auxi l i ary force comp o s ed of emp loye e s , is also maintained . The P lant Protec t ion 

Central S t at ion s erve s  a s  the control point for al l operations . 

2 . 1 2 . 6 . 3  Equipment 

The P l an t  Pro te c t i on Force is we l l  equipped to mee t any emergency s i tuation or 

ho s t i l e  threat to the fac i l i ty .  Equipment and fac i l i ti e s  inc lude 

1 .  Weaponry , inc luding firearms such as revolvers , r i f l e s , sho tguns , and 

automat i c  weapons . 

2 .  Vehic l e s , inc luding patro l  c ars , shipment vans , and armored personne l  

c arriers . 

3 .  Riot equipment , inc luding helmets , masks , batons , and tear gas d i spen s e r s . 

4 .  B omb d i sposal un i t , cons i s t ing o f  a cart for remov ing susp e c t  i tems and a 

t rai l e r  for final d i sp o sa l . 

5 .  Two - way radio communi cat ion wi thin the fac i l i ty and w i th local  law en forc e -

ment agenc i e s . 

6 .  On - s i t e  p i s to l  and r i f l e  fir ing range . 

2 . 1 2 . 6 . 4  Training 

Al l P l an t  Protection guard s receiv e  ext en s ive training wi th all avai l ab l e  wea

ponry . Al l guards mus t  ful f i l l  DOE qua l i f i c at i on requi rements on the fir ing r ange 

prior to b e ing p e rm i t ted to c arry a weapon . In add i t ion , special  c l a s s  and f i e l d  

training in r i o t  and mob control i s  provi de d  through t h e  cooperation o f  t h e  J e f ferson 

County Sheri f f ' s  Department . Vo lunteer memb e r s  a l s o  compri s e  Bomb Techn i c i an Teams 

and Spe c ial  Weapons and Tac t i c s  ( SWAT ) t eams w i thin the department . 

2 . 12 . 6 . 5  P lans and Procedur e s  

Al l guards have spec i fi c  wri t ten orders or guidan c e  to gove rn t h e i r  per formance 

during normal operations . At the s tart o f  a shi ft , guards are bri e fe d  concerning any 

spec i a l  or t empo rary condi t ions relating to the i r  dut i e s  during that s hi f t . 

P lans and procedur e s  related to unusua l s i tuation s , i . e . , r i o t s , demon s trat ions , 

t e rro r i s t  attac k ,  bomb threa t ,  and o ther emergenc i e s , have b een prepared and app roved 

to b e  put into e f fe c t  as the need may d i c tate . The s e  p l an s  and proc edures de fine 

appropriate re spons ib i l i t i e s  and a c t i on s  to b e  t aken and are incorporated into the 

overal l Roc ky Flats  Emergency Plan . 
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2 . 12 . 7  Technical S e cu r i ty 

2 . 12 . 7 . 1  Respon s ib i l i t i e s  

The Technical Securi ty Group i s  respons i b l e  fo r coordinat ing the ins t a l l ation 

and maintenance o f  s ecuri ty dete c t i on and surve i l l anc e sys tems i . e . , alarm sys tems , 

radiome tric  s c anning sys tems , c l o sed c i rcuit  tel ev i s ion sys tems , communication sys t ems'  

such as t e l ephone and radio , and a c c e s s  control dev i c e s  such as magne t i c  c ardkey or 

badge reader sys tems . 

The Technical S ecurity group i s  a l s o  respons i b l e  for pe rforming c ont inuous 

phys i c a l  and el ec tron i c  inspec tions of t e lephone s , conference rooms , pub l i c  tour 

route s , c omputer terminal s ta t ions , and o ther areas . The purpo s e  is to detec t any 

tampering o r  surrep t i t i ous l i s tening dev i c e s  or e l e c t ronic emanations that could 

resu l t  in espionage , sabo tage , or o ther harm to the fac i l i ty ,  thereby d i s c l o s ing 

c l a s s i fied informat ion to unautho rized persons or j eopardiz ing nuc lear material . 

The Techn i c al Security g roup a l s o  provides support to the P l ant engineering 

groups in the des ign and installation of new security sys tems . 

2 . 12 . 7 . 2  S ecur i ty Surveys 

Annually , the entire s ecurity program at Roc ky Flats  is revi ewed by a team o f  

Albuque rque Headquarters DOE s ecuri ty representa tive s . Al l areas o f  the s ecurity 

p rogram are reviewed for comp l i ance w i th DOE Headquarters and local di rec tive s . 

Surveys typ i c a l l y  addre s s  such areas as guard force operations , l ighting , alarm 

systems , c l a s s i f i ed document contro l  and accoun tab i l i ty , phys i c al pro t e c t ion o f  

c a l s s i fi ed mat e r i a l s  and spe c i al nuc lear material , badging and a c c e s s  authorizat ion 

p ro cedure s . Formal evaluations are p repared re l a t ive to each of these areas o f  

s ecuri ty conc e rn and are d i s cu s s ed i n  detail  with the contrac to r .  S e curity survey 

repo rts are forwarded to DOE Headquarters for the i r  revi ew and concurrence . Such 

surveys may inc lude the direc t partic ipat ing of DOE Headquarters s ecurity rep r e s enta

tives operating in conj unct ion w i th Albuque rque DOE securi ty survey t eam member s . 

Formal surveys are supplemented by day - to - day moni toring a c t ivi t i e s  rou tinely c arried 

out by Rocky F l a t s  DOE Area O f f i c e  representatives . 

2 . 12 . 8  F i re Department 

2 . 12 . 8 . 1  Respons i b i l i t i e s  

A s  a uni t  o f  t h e  S a feguards and S ecuri ty Department , t h e  F i re Dep artment i s  

respon s i b l e  fo r 
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1 .  Answering any fire al arm and ext ingu ishing any fire 

2 .  Per forming preventative maintenance inspe c t ions o f  a l l  bui l dings and areas 

wi thin the P l ant for poten t i a l  fire h az ards 

3 .  Ensuring the maintenanc e o f  f i re f i ghting equipment at the Central F i re 

S ta tion and other equipment located throughout the P l an t  

4 .  Maintaining the c la s s room and field educat ion and t raining p rogram in fire 

fight ing technique s ,  first  aid , and other sp ec ialized t raining 

5 .  P rovi ding mutual a i d  to surrounding me t ropol i t an c ommun i t i e s , i f  reque s ted 

and approved through the DOE 

2 . 12 . 8 . 2  S t a ffing 

The F i re Department has 25 members who provide 2 4 - hour s e rv i c e  on a p l atoon 

s chedul e .  As addi tional support , volunteer emp loye e s  in manu facturing buildings 

compri s e  F i re B ri gade s . 

2 . 12 . 8 . 3  Equipment 

The Fire Department equipment cons i s t s  o f  

1 .  Two pumper t rucks 

2 .  One wat e r  tanker t ruck 

3 .  One ful l y  equipped ambulance 

4 .  One fully equ ipped rescue veh i c l e  

5 .  One " brus h "  t ruc k ,  used p rimarily for gras s fires 

6 .  Two general purpos e  vehic l e s . 

P l ant bui l dings are equipped with various types o f  f i re d e te c t ion and extin

gui sh ing equipmen t .  Maj o r  bui l dings are equipped w i th sprinkl e r  systems . 

2 . 12 . 8 . 4 Training 

All members of the F i re Departmen t are c ontinuous ly receiv ing t raining in all  

aspe c t s  of  f i r e - fighting t ec hn i que s , including spec i a l i z ed methods for radioac t ive 

material f i re s . Members are also t rained in f i r s t  aid and as Eme rgency Med i c a l  

Techn i c i ans ( EMT ) f o r  heal th and s a fety purpos e s  relat ed to pos s ib l e  acc idents . 

2 . 12 . 9  Nuc l ear Mat e r i a l s  Con t ro l  

2 . 1 2 . 9 . 1  Ma terial Con t ro l  Sys tem 

Spec ial  nuc lear mat e r i a l s  ( SNM ) are located in spec i fi c  areas throughout the 

P l ant s i te . Each area i s  ass i gned an account numbe r  under whi c h  a l l  t ransact ions are 

ob s e rved and recorded . The areas a re under the management o f  ope rating supervisors , 
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cus todian s , o r  o ther individua l s  respon s i b l e  for the s a f e ty , the us e ,  and the internal 

control of SNM . The s e  individual s  veri fy and report each tran s fe r  to or from thei r  

areas . Materi a l s  are c ontro l l ed wi thin an ac coun t in e i ther p i e c e - part or bulk fo rm . 

Serialized i tems or p i e c e  par t s  are each ass i gned a uni que iden t i f i c a t ion numb e r . 

The s e  numbers are used to aid in the c on trol o f  SNM . Bulk ma terials  are converted to 

p i e c e  parts prior to shipping to another account or b e fore inventory . Mu l ti p l e  c opy 

material trans fer forms are fi l l ed out and s i gned by th� respon s i b l e  individual 

b e fo re each trans fer . One copy i s  sent to Material Control Records personne l who 

check the corre c tn e s s  o f  the data and record the transac t ion ; o ther cop i e s  accompany 

the material . Rec e i p t s  o f  mate rial are documented by the s i gnature o f  the rece iver 

who immedi ately veri f i e s  the identi ficat ion of the material  and , in s ome c a s e s , the 

quan t i ty of SNM . Onc e  more , copies are sent to Material Control Records p ersonnel 

who again veri fy the data . Thus , through the Material Con trol operations , all trans 

fers are checked independently and repeatedly as the material move s through the 

fac i l i ty .  

P lutonium from o ther DOE fac i l i t i e s  i s  held in s ecure areas . Thi s  material i s  

s e r i ally veri f i ed and a s s ayed as i t  i s  received . Al l SNM measurements are reported 

to the Nuc lear Materials  Control Department for proper revi ew and encoding . The 

accountab i l i ty o f  the spe c i a l  nuc l ear material removed from a vau l t  during a de finite 

time period may b e  v eri f ied by examining the records . 

2 . 12 . 9 . 2  Sys tem Moni toring 

Spe c i al Nuc lear Materials are under c ontinual accountab i l i ty rev i ew . Transac tions 

are reviewed to ensure the val idity and propriety of mater i a l  movement and d i spo s i t ion . 

The account ing sys t em and i ts me thod s  o f  operation are outl ined in appropriate DOE 

d i r e c t ive s . Holders o f  spe c ia l  nuc lear mate r i a l s  operate accord ing to e s t ab l i shed 

wri t ten procedure s . These are comp i led in manua l s , are d i s tr ibuted throughout the 

P l an t  s i t e , and are updated as nec e s sary . The manual s are prepared from DOE d i re c 

t iv e s  or recommendat ions and s erve as re fe rence s  for guidance in the proper handling 

of spec i a l  nuc lear material . Periodic reviews o f  the areas are made to ensure tha t  

operat ions a r e  cons i s t en t  w i t h  e s t ab l i shed d i r e c t ives and procedure s .  

The contractor maintains an internal audi t s t a f f  who se re spons ib i l i t i e s  also 

inc lude the review of  a l l  sys tems , inc luding spec i a l  nuc lear mater i al contro l , to 

ensure tha t operat ions are conduc ted e ff i c i ently and according to presc ribed me thods 

and procedure s .  
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2 . 12 . 9 . 3  Ma terial Accountab i l i ty 

Data P ro c e s s ing Sys tem 

Informat ion on a l l  DOE - contro l l e d  special  nuc l ear materials  is main tained in the 

Nuc l ear Mat e r i a l s  Management and S afeguards Sys t em ( NMMSS ) .  The NMMSS is a DOE 

c entral i z ed automat i c  data p roc e s s ing sys tem that rec e iv e s  and stores  per tinent 

info rmation regarding nuc lear material s . The sys tem a l s o  provides periodic  repo rts 

for management purpo s e s  to a l l  DOE organ izations in connec t ion with nuc lear mat e r i a l s  

inventory and financ ial management programs , nuc l ear materi a l  contrac t admini s tration 

activi t i e s , and safeguards ac tiv i t i e s . 

Roc ky Flats  Nuc l ear Mat e r i a l s  Control Department 

The Roc ky Flats  P l ant Nuc l ear Mat er i a l s  Control Department ma intains i t s  own 

computerized nuc lear mat e r i a l s  accountab i l i ty system . Outputs from the Roc ky Flats  

computer are  used as input to the  NMMS S ,  which in return provide s reports to Roc ky 

F l a t s . Al l source and spec i al nuc lear mate r i a l s  received at Roc ky Flats  are sub j e c t  

t o  contro l  b y  the P l ant accountab i l i ty func tion . 

Ac countab i l i ty Sys t em 

The nuc l ear materi a l s  accountab i l i ty sys tem con s i s t s  o f  a doub l e - entry accounting 

funct ion u t i l iz ing computer s to rage c ap ab i l i t i e s  for maintaining permanen t records o f  

a l l  in-plant materi a l  ac tivi t i e s  and account balances . 

The computer i s  programmed to revi ew al l incoming data for the purpo s e  o f  

ensuring val i d i ty o f  informat ion and ac curacy o f  i t em and/or material ident i fi c a t ion . 

Input information incongruent with programmed data i s  automat i c a l ly rej e c t ed by the 

system and entered on a v i sual record with an exp l anation of its unacceptab i l i ty .  

Val id d i s c repanc i e s  such a s  encoding e rrors may b e  corre c t ed by members o f  the 

Nuc lear Mat e r i a l s  Contro l Department and reentered into the computer . 

Invalid d i s c repan c i e s  such as incorrec t i tem ident i ficat ions , inaccurate material 

d e s c ription codes , and at temp t s  to act ivate material movement between unau tho r i z ed 

areas are inv e s t igated and c o rrected by P lant operat ing per sonne l . 

I tems subj e c t  to o f f - s i te trans fer mus t  b e  recorded p roperly in the computer 

s torage banks prior to preparation o f  the fina l  shipp ing papers . A l i s t  of the parts 

o r  c omponents to b e  shipped i s  tape encoded , introduc ed to the c omputer by means o f  

the proper program , and a tabulation i s  made o f  a l l  pertinent data . Cop i e s  are 

forwarded where neces sary . 

2 - 2 5 5  



Upon shipment , iden t i t i e s  o f  the i tems shipped and a l l  relevant information are 

removed from the s torage banks and trans ferred to permanent f i l e s . Should i t ems be 

returned to Roc ky F l a t s  for any reason , data may be w i thdrawn f rom the s e  f i l e s  and 

rea c t ivated in the comput er storage b anks . 

Material Balanc e Accounts 

Material Balance Accoun ts are a requ i red part o f  the accoun tab i l i ty system . 

Each individual mate ri al balance area o r  ac count , whi l e  independent in i tsel f ,  i s  

part o f  the overall P l ant control sys tem . The aggregate o f  a l l  material in the 

separate ac counts a lways equal s ,  in weight , the total amount re f l e c ted by the overall 

Plant control account . 

P l an t - wide movements have no e ffec t on the ove rall  P l an t  mate rial balanc e s ; 

however ,  internal movement between account area does affec t both the s ending and 

rece iv ing account s .  

D i f ferences  w i thin s ingle ope rat ing accounts resul t ing from inventories o r  

measurement o f  ex ternal ly rece ived material are a c t iv i t i e s  requi ring adj us tment o f  

the overall P l ant control ac count . Fai lure on the part o f  the acc ountant to p o s t  

ext e rnal a c t i v i ty to e i ther t h e  control account o r  to t h e  individual material balance 

ac count c auses  an imbal ance that w i l l  be detec ted during the phy s i c a l  inventory 

reconc i l ia t ion . 

On a p e r iodic bas i s , spec i a l  nuc lear materials  are phys i c a l l y  inventoried to 

veri fy the ac tual amount of mater i a l  on hand versus the amount shown through ac count ing 

procedures and records to be on hand . The Phys i cal Inventory is the quan t i ty o f  

nucl ear material determined to b e  o n  hand by phys i c a l ly ascertaining i t s  p res ence 

us ing techniques that inc lude samp l ing , weighing , and analy s i s . The Book Inven tory 

i s  the quan t i ty o f  nuc l ear material reflec ted by ac count ing rec o rds such as gen e ra l  

and subs i d iary l edgers . In nuc l ea r  mate r i a l s  account ing , i t  has hi s to r i c a l ly been 

the beginning phy s i cal inventory adj us ted for rec ei p t s  and remova l s  for a given 

reporting period . The Inven tory D i fferenc e ( ID )  is the algebraic d i f fe rence be tween 

the nuc lear material Book Inventory ( B I )  and the Phy s i c al Inventory ( PI ) ; i . e . , 

ID=B I - P I . Inventory D i f ference ( ID )  was formerly referred to as Book Phys ical Inven

tory D i f fe rence ( BP I D )  and Ma terial Unac counted For ( MUF ) . Prob lems may arise  in 

this area because of the d i f f i cul ty in accomp l i shing an accurate phy s i c a l  inventory . 

The condi t ions o f  mate rial resul t ing from proc e s s ing , errors in measurement , and many 

o ther c ircums tances can c ause p ro b l ems tha t are man i fe s ted in apparent material 

shortages or gains . The ID figures do no t represent s to l en o r  diverted spec i al 

nuc l ear materials  but do require inves tigat ion . The pro c e s s ing o f  ma terials o ften 

cause s  l ine and tank SNM ho ldups that are d i f ficul t to measure . Repre s entative 

samp l e s  and rel i ab l e  a s s ay s  are d i f f i cu l t  to obtain for heterogeneous material s . The 

mul t i tude o f  mate rial measurements , each with a degree o f  e rror , can cause d i f ference s  

that c on tribute t o  a n  ove ral l ID shortage o r  gain . 
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Oxides and fine heterogeneous residues are normal to some pro c e s s ing operat i ons . 

Col l e c ting homogeneous samp l e s  for rel i ab l e  mea surement i s  extremely d i f fi cul t .  

Var i a t ions in ma terial quan t i t i e s  caused by such cond i t i ons are inve s t igated by the 

Nuc l ear Material Control Department and are evaluated agai ns t s t a t i s t i c a l l y  determined 

s tandards . 

Any d i f fe renc e s  between the book and phy s i c a l  inventor i e s  are inve s t i gated by 

the Nucl ea r  Ma t e r i a l s  Control Departmen t and reconc i led by P l an t  sup e rv i sors , custo

d i ans , o r  ac count holders by rev i ew of  the c i rcums tanc e s . 

Qua l i ty Con t ro l  Measurement Data 

The S tandards Laboratory is respons ible  for ensuring the ac cu racy of ins t ruments 

and/or me thods u s ed for measuring spec i al nuc l ear ma terial . Thi s  department is  

comp o s ed of  techn i c i ans who c ontinua l l y  mon i t o r  the dev i c e s  and me thods empl oyed , and 

evaluate the accuracy o f  each . I t s  func tions are as fo l l ows : 

1 .  Methods used by s e rv i c e  l aboratories for ana l yz ing sampl e s  conta ining 

spec i al nuc l e a r  mate rials  are tes ted regularly w i th compounds of known or 

synthe s ized compo s i t ion . 

2 .  Spec i fi c  instruments used for nondes truc tive measuring are tes ted for 

ac curacy aga i n s t  " s tanda rd s "  o f  e s tab l i shed value prepared espec i a l l y  for 

use  wi th each method . 

Measurement control programs are in e ffec t for al l measurement sys tems u t i l i z ed 

for inventory and accoun tabi l i ty o f  spec ia l  nuc l ear ma terials  a t  Rocky Flats . 

Measurement control programs are as fo l l ows : 

1 .  S c a l e s  and balan c e s  are main tained in good working condi t ion and are rou 

tine l y  cal ibrated in comp l i ance with an e s tab l i shed program . 

2 .  Analyt i c al qua l i ty c ontro l programs for rou t ine data are analyzed s ta ti s t i 

c a l l y  t o  determine and main tain accuracy and p re c i s ion o f  the me thods . 

3 .  Key s amp l e  variab i l i ty contro l  programs are c arried out to d e t e rmine the 

unce rtainty assoc i ated wi th sampl ing me thod s . 

4 .  Control programs for vo lume , tempe ra ture , and pre s sure measurement s  are in 

e f fec t  to maintain prec i s i on and accurac y . Routine checks o f  cal ibration 

are also made . 

5 .  C a l ibrat ion programs for non - d e s t ru c t ive as say ( NDA ) measurements are 

maintained . Non - de s tru c t ive a s say equipmen t i s  c a l ibrated with appropriate 

s t anda rds and i s  monitored p e riodi c a l l y  to ensure prop e r  func t i oning wi thin 

e s tabli shed contro l  l im i t s . 

6 .  S amp l e  Exchange P rograms are c arried out b e tween l abora t o r i e s  and fac i l i 

t i e s  t o  as sure tha t analy tical  resul t s  are a t  the current s tate o f  the art . 
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7 .  Inventory We i gh t  Veri f i c ation Programs are maintained by the Nuc lear 

Ma terials  Cont ro l  group to determine , on a s t a t i s t i ca l  b as i s , that weighed 

i t ems reported on inventory are co rrec t .  

Inventor i e s  

Spec i a l  Nuc lear Mat e r i a l s  a r e  phy s i ca l ly inventoried a t  Roc ky F l a t s  monthly , 

w i th the except ion o f  a few approved vau l t  s torage areas and Chemical  Recovery areas 

which are inventor i e d  quarterly . Normal ly one day is required for c l e anup and a 

s econd day to record the phy s i ca l  inventory . Each material b al ance a ccount o r  area 

( MBA ) is shut down , c l e aned , and the SNM material is measured and recorded on phy s i 

c a l  inventory she e t s  b y  the MBA supervi sor o r  h i s  d e s i gnated c u s to d i an . There are 

over 1 0 0  individual MBA ' s in exi s tence for repo r t ing into the Nuc l e ar Materi a l s  

Control Sys t em .  

Each individual part , p i ec e ,  uni t ,  o r  batch has a uni que i denti f i c at ion numbe r  

tha t  mus t  b e  reported along with type o f  material , d e s c ri p t ion , net we igh t , a s s ay ,  

e l ement we i ght , i s o topes ( where requi red ) ,  and i s o topic  we i gh t  ( where requ i red ) .  The 

phy s i cal inventory i s  encoded on magn e t i c  tape and introduced into a sophi s t ic a t e d  

c omputerized sys tem that maintains a p e rp e tual b o o k  inventory in t h e  d a t a  bas e .  

Each i tem iden t i f i c a t ion numbe r  phy s i c al ly inventoried i s  matched to the p e rp e tual 

book invent o ry . Any unmatched i tems are reconci le d  by trained Nuc l e a r  Material 

Control Ac count an t s . Al l i tems are normally accounted for wi thin thre e  working days 

fo l lowing the phy s i c a l  inventory . 

After p o s s e s s ion o f  indiv idual i tems has been ver i fied , phy s i c a l  inventory 

weights  are compared to the compu t e r  p erpetual inventory weigh t s , and inventory 

di fferen c e s  ( ID )  are d e t e rmined by uti l i z at ion o f  the b a s i c  balan c e  formu l a  = B eg inning 

Inventory ( B I )  + Rec e i p t s  ( R )  - Shipment s  ( S )  - Ending I nventory ( E I ) = Invent o ry 

D i f feren c e  ( ID ) . I nvent o ry d i f fe renc e s  are rou t inely ob t ained wi thin f ive working 

days fo l l owing phy s i ca l  inventory . Invent o ry di fferenc e s  may o c cur for the fol lowing 

reason s : 

Type o f  I nventory D i f ference 

1 .  Measurement o f  material  

in pro c e s s  ( thi s i tem 

ac coun t s  for the l arge s t  

amount o f  the total  

cumu l a t ive Inventory 

D i f ferenc e )  

Explanation 

Inventory D i f feren c e s  tha t re s u l t  from changes in 

materi a l  form b e tween measurement s  involved in an 

inv entory b a l an c e . Cau s e s  of the s e  d i f feren c e s  

c an b e  

a .  Sub s t i tu tion o f  measured values for value s 

based on c a l culations . 

b .  Measurements made a f t e r  materia l s  s ep aration 

from impur i t i e s . 

2 - 2 5 8  



Type o f  Inventory D i f ferenc e 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

Remeasurement o f  i tems 

on inventory 

Pro c e s s  holdup 

d i f ferences 

Equipment holdup 

d i f ferences 

Measurement 

adj us tments 

Rounding 

Record ing and 

reporting errors 

Shipp e r - r e c e iver 

adj us tments 

Explanation 

Inventory D i f ferenc e s  that result from remeasure 

ment during an inventory o f  material  quan t i t i e s  

p revi ously reported . Causes  o f  the s e  di f ference s  

c an b e  

a .  Improved measurement equipment 

b .  Use  o f  d i f ferent measurement methods 

c .  Human errors in making measurement 

D i f ferenc e s  ( b e tween p re s ent and prev i ous report

ing periods ) on material  holdup quan t i t i e s  that 

are p art of the f l ow or pro c e s s  and subj e c t  to 

c l eanout . 

D i fference s  ( b e tween present and p revious repor t 

ing p eriods ) o n  mat e r i al holdup quan t i t i e s  that 

are part of the pro c e s s ing equipment or are d i f f i 

c u l t  t o  remov e . 

D i f fe renc e s  b rought abou t by improved measurement 

qua l i ty c ontrol and c a l ibrat i on p rograms . An 

exampl e  i s  the detec t i on o f  a p reviou s ly unknown 

b i as in a measuring devic e .  

Accumulated fract ional d i f fe renc e s  due to math e 

matical  rounding o f  value s to f i t  required formats 

and report ing uni ts . 

D i f ferenc e s  attributed to recording and reporting 

e rrors such as ari thmet i c  errors , data transm i s s ion 

errors� and transpo s i t i on e rrors . 

D i f fe renc e s  result ing from adj us tment s  made by the 

receiver o f  quant i t i e s  o ri ginally reported a t  the 

s hippers ' value s . Thes e  d i f fe renc e s  occur b e c ause 

o f  measurements made by d i f fe rent ins truments by 

d i f ferent fac i l i t i e s . 

I nv entory d i f ference s  greater than the c ontro l l im i t s  alert S afeguards and 

S ecurity personn e l . Pro c e s s  operat ions in the Material Balance Ac c ount c e a s e  unt i l  

reconc i l iat ions can b e  made . 
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The Nuc lear Materials Con t ro l  System for current batch accountabi l i ty w i l l  b e  

replaced during 1 97 9 . The n e w  sys tem wi l l  be a n e a r  real t ime sys tem w i th t e rminal 

input from p ro ce s s  areas . Thi s  system wi l l  p rovide updated material book balance s  on 

a daily basi s .  The s ame doub l e  entry accoun ting p rocedures in exi s tence at Rocky 

F l a t s  s ince the s tart o f  operation w i l l  b e  integrated in the near real t ime sys tem . 

Report ing 

Summary reports  o f  spe c ial nuc l ear material ac tivity and inventor i e s  are rou

tinely forwarded to DOE and to the contrac tor management a f t e r  the phy s ical inven

tories are c omple ted and the account s  are c l o sed . 

Al l reports are p repared and submit ted by Nuc lear Mate r i a l s  Con t ro l  Department 

memb e rs . Thes e  reports re flec t the c ompo s i t ion o f  ending inventori e s , account adj us t 

men t s , and material ac tiv i ty b etween the Roc ky F l a t s  Plant and o ther DOE c on t rac tors 

and Nuc lear Regulatory Commi s s ion ( NRC ) l ic ensee s .  

Apprai s a l s  

Twi c e  yearly , t h e  Roc ky F l a t s  nuc l ear materials  c on t ro l  and manageme�t sys t ems 

are sub j e c t  to appraisal by survey teams f rom the Albuquerque Operations O f f i c e  o f  

DOE . The s e  app ra i s a l s  cons i s t  o f  aud i ts o f  the material account ing sys tem . Thi s  

inc ludes inventory veri fi cat ion , determination o f  ac curac i e s  in the fac i l i t i e s  record s  

and reports plus  rev i ew o f  measurement p rograms , analytical capab i l i t i e s , s cale and 

balance p rograms , cal ibrat ion p rograms , s ampl ing p roc edure s and s t at i s t ical method s . 

The s e  aud i t s  al s o  involve a revi ew o f  the mate r i a l s  management p rogram , inc luding the 

fore c a s t ing , u t i l ization and control p rocedures for nuc lear materi a l . The e ffec t iv e 

nes s o f  the s e  ALO apprai s a l s  i s  a s s e s sed by DOE Headquarters . Thi s  a s s e s sment c ons i s t s  

o f  routine revi ews o f  reports  o f  the ALO surveys and may inc lude d i re c t  part i c ipation 

w i th the ALO survey team at Roc ky F l at s . 

S afeguards Comm i t t e e  

The Roc ky F l a t s  P l ant S afeguards Comm i t te e  i s  c ompo sed o f  t op - l ine managers who 

p e riodi cally examine the e ffec t iven e s s  o f  s a feguards and s ecur i ty me thods . The 

c omm i t te e  recommends o r  d i rec t s  change s ,  correct ions , improvemen t s , modi ficat ion , o r  

c omp l e t e  ins tallat ion o f  new measures i f  condi t ions s o  meri t . They rev i ew a l l  areas 

and methods relative to the phy s i c a l  p rot e c t ion of the P l ant , the adequacy of SNM 

s to rage vaul t s , and the evaluat i on o f  moni toring s y s t ems . The commi t te e  inve s t i gates 

any c i rcums tance b earing on the s afeguards and s e curity of  nuc lear material . 
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3 .  ENVIRONMENTAL IMPACTS 

T h i s  c h ap t e r  con s i d e r s  the env i ronme n t a l  imp a c t  from cont inued opera t ion of the 

Roc ky F l a t s  P l an t . Both the b e ne f i c i a l  and adv e r s e  impac t s  a s s o c i a ted w i th u t i l i 

z a t ion o f  n a tural  r e sourc e s , a l t e r a t i o n s  t o  the ex i s t i ng envi ronmen t ,  and b i o l o g i c a l  

e f fe c t s  o f  nonrad i o a c tive and r ad i o ac t ive e f f l u e n t s  a r e  d i s cu s s ed . The impac t s  o f  

nonrad i o a c t iv e  and radioac t ive e f f luen t s  during normal operations  and p o s t u l a t ed 

ac c i den t s  are cons i dered . 

A numbe r  o f  c hange s i n  Chap t e r  3 have b e e n  made i n  re spon s e  to c omme n t s  r e c e ived 

on the DE I S . I n  add i t ion to c o r re c t ion s  o f  typograph i c a l  errors and rewording for 

c l a r i f i c a t ion , the fo l lowing summar i z e s  the maj or c hange s made : 

• Re feren c e s  to l aws , regu l a t ions , gu ide s , and s t andards h ave b e e n  updated . 

• The source t e rms for no rma l opera t ion h av e  been r ev i ewed and revi sed b a s e d  on 

c u r rent ope r a t i on s , proc edure s , and measured d a t a . 

• The do se c al c u l a t ions  h av e  been c omp l e t e l y  redone u s ing upd a t e d  and documented 

me thodo lo g i e s . Organ doses  were c a l cu l at e d  for 70  ( ra t h e r  than S O ) y e a r s , a 

rev i s e d  demography was u s e d , and f a c t o r s  were c a l c u l a ted to conve r t  do s e s  for 

adu l t  r e fe rence man to do s e s  to i n fant s ,  c h i l dren , and adul t  fema l e s . Some 

c a l cu l a t ions o f  popu l a t ion do s e  were done u s i ng a hypo the t i c a l  h i gh - dens i ty 

pop u l a t i o n  near and downwind o f  the P l ant . P r e s e n t a t ion o f  the o rgan do s e s  h a s  

b e e n  expanded to show do s e s  to individual s for s ix t e en d i r e c t i o n s  a n d  a t  e i gh t  

d i s tanc e s  from the P l ant for rou t ine r e l e a s e s  and f o r  probab i l i t y - we i gh t ed 

a c c i de n t  re l e a s e s , and a t  n i ne d i s t an c es downwind for e a c h  o f  the p o s t u l a t e d  

max imum c re d i b l e  re l e a s e s . T h e  u se o f  the t o t a l  body do s e s  a s  t he pr imary do s e  

h a s  been deemphas i z e d . The d o s e  m e a s u r emen t s  p r e s en t e d  i n  t h e  DE I S  have b e e n  
r e� a l c ul a t e d an d t h e  r e s u l t s  a r e  p r e s en t e d  i n  t h i s  FE l S . T h e  r e s u l t s  o f  t h e  
r e c a l uc u l a t i on c o n f i rm t h e  f i n d i ng p r e s en t e d  in t h e  DE I S ,  n ame l y , t h a t  t h e 

d o s e  t o  t h e  g e n e r a l  p o p u l a t i on i s  v e ry s m a l l an d w i l l  r e s u l t  in no s i g n i f i c ant 

adve r s e e nv i r o nmen t a l i mp ac t . 

• The a c c i de n t  s c enari o s  were reevil u a t ed . A max imum c redi b l e  a c c i de n t  for b e ry l 

l i um h a s  b e e n  adde d . The prob a b i l i ty o f  impoundmen t  f a i lure was i n c re as ed from 

O . O O I /y e a r  to O . O I/ye a r , as suming the ponds wou l d  no t wi ths tand a 1 0 0 - y e a r  

f l ood . The c a l cu l a t ion o f  the r e l e a s e  f rom an impoundment fai lure was c o rr e c ted . 

The amount o f  p l u to n i um w h i c h  be c ome s a i rborne i n  a f i re was reduced , a s  d e s c r ib e d  

i n  S e c t i on 3 . 2 . 2 . 4 .  I n forma t i on in the D E I S  c on c e rning past  chem i c a l  exp l o s ions 

was no t doc umented and was d e l e t e d , because its  re l i ab i l i ty wa s doub t ful . The 

c r i t i c a l i ty a c c i d e n t  s c ena r i o s  were revi sed to i n c l ude a max imum p robab l e  a c c ident , 

as we l l  a s  the me t a l  and s o l u t i on max i mum c red i b l e  ac c i den t s . The magni tude o f  

t h e  max imum c re d i b l e  s o l u t ion c r i t i c a l i ty w a s  i n c reased to a c c ount f o r  the 

c o n t i nued ope r a t i on of the e x i s t i ng p l u t on i um r e c ov e ry and repro c e s s i ng f ac i l i ty .  

Re l e a s e s  o f  f i s s i on p roduc t s .  p l u t on i u m , and ame r i c i um from c r i t i c a l i ty a c c iden t s  

we r e  r e c a l c u l a t e d . 3 - 1  



• E ffects  o f  t rans portat i on , inc luding acc idents , were c ompletely reevaluated 

us ing me thods from the Nuc l ear Regulatory Commi ss ion ' s  envi ronmental s ta tement 

on transportation of rad i oac tive material s .  An analy s i s  of a t ransportation 

ac c ident in a densely popul ated urban area was added . 

3 . 1  NORMAL OPERATION 

Impac ts attributable to normal operat i on o f  the Rocky Flats Plan t  c an be divided 

into two categories - - nonradiolog i cal and radiologi cal . The nonradiol ogical impac ts 

inc lude those related to ( 1 )  the u t i l izat i on of natural resourc e s , ( 2 )  alterations to 

the envi ronment , and ( 3 )  potential bio logical e ffec t s  re sul ting from the release o f  

nonradioac t ive material s .  Radiological impac ts are thos e  rel ated only t o  potent i al 

biological e ffec ts resul ting from the release o f  radioac tive material s . Thi s  d i f feren

tiat ion is maintained to provide maximum de fini t ion of the radiologi cal impac ts that 

are of primary intere s t  in the evaluati on of the Rocky F l a t s  P lant . 

P l ant u t i l ization o f  natural resource s  take s s everal forms . Water , fos s i l  

fue l s , metal s , chemic al s ,  and e l e c t ri c i ty are used , and c onsumed in mos t  c as e s , i n  

the normal c ourse o f  opera t ion . I n  this respec t ,  Rocky Flats i s  l ike any o ther 

indus trial fac i l i ty .  The extent and impac t o f  this u t i l ization are described and 

evaluated in this s e c t ion as one o f  the nonradi o logical impac t s  o f  the continued 

operat i on of Rocky Flat s . 

P lan t - related alterati on o f  the envi ronment includes changes to the topography , 

hydrology , geo logy , me teoro logy , and to plant and animal populations that would 

charac terize the P l an t  s i te i f  the fac i l i ty did no t exi s t . There also are ecological 

e ffects of released material s ,  which are cons idered in a s eparate d i s cus s i on . The 

age o f  the Rocky Flats P l ant ( about 2 5  years old ) and o f  o ther i ndustrial and residen

t ial deve lopments in the area makes it d i f ficult  to de fine the impac t s  wh i ch c an be 

attributed spe c i fically to the Rocky Flats P l ant ; consequently , the evaluati ons and 

impac t assessments o f  P lant - related al terat ions to the envi ronment are o ft en qua l i ta

t ive rather than quan t i tative . 

All subs tances foreign to the natural envi ronment can be de fined as c on taminants 

or potential pol lutants . To determine its charac terization as a pol lutant , each 

con taminant mus t  b e  cons idered w i th respe c t  to i ts release rate , concentrati on , and 

toxi c i ty to l ife sys tems . Thi s  determinat i on i s  in turn related to the transport 

media and mechanisms by wh ich contaminants enter the surrounding environment and 

ul t imately interac t wi th the various ecologi cal systems . 

In the p rocess o f  transport ,  a l l  con taminants are subj e c t  to s ome degree o f  

d i spers ion . Thi s  action reduces the i r  concentration as they are carried from the 

release point by natural sys tems . Contaminants in air and water l eaving the P l ant 

w i l l  mix wi th l arger air and water masses , resulting in reduced concentra t ion . Contami -
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nan t s  entering eco logi c a l  sys t ems may b e  subj e c t  to further di lut ion or reconcentra

t ion depending on the affin i ty o f  various sp e c i e s  for di f ferent con taminants . Some 

contaminants are further sub j e c t  to react ion and changes in phy s ical and chemical 

form as they migrate through the natural systems . 

In e s timat ing quan t i t i e s  o f  pol lutants fo l l owing spe c i fi c  transport pathways , 

overes t imates are used ( i . e . , " conservatism" ) to as sure that the maximum envi ronmental 

impac t wi l l  b e  avai lab l e  for use in the dec i s ion -making proce s s . Admini s trative 

guides or internally impo s ed l imi t s  are app l i ed to processes  produc ing e ffluent s . 

The s e  guides sp e c i fy the amount s  o f  po l l u tants which may b e  d i scharged in order to 

minimize the amount of po l l utan t  ( per the ALAP pol i cy )  and to as sure comp l i ance w i th 

the law ,  when app l i c ab l e  laws exi s t . Legislation , regulations , and s tandards exi s t  

which l im i t  the release o f  various contaminan t s . S tate and Federal agenc ies en forc e 

thes e  l imi ts . 

Re l ease l imits  for the Rocky Flats P lan t are embod i ed in s everal regu l a t ions . 

Concentration l imits  for nonradioac t ive con taminan t s  in water have been estab l i shed 

through an "Authorization to Discharge Under the National Pol lutan t  Di scharge E l imina

t ion System" ( an NPDES permi t ) , admin i s tered by the U . S .  Environmental P ro te c tion 

Agency ( EPA ) and the Colorado Department of Heal th ( CDH ) . A copy of the Roc ky Flats 

permi t is inc luded in thi s  S t a t ement as Append ix D .  L im i t s  for nonradioac tive mat e 

rial s in a i r  a r e  es tab l i shed by regulations app l icab l e  to a l l  indus trial fac i l i ties . 

The s e  regulations are i s sued by the EPA and imp l emented through S tate regulat ions . 

Radioac t iv i ty Concentration Guides ( RCG ' s ) for radioac t ive materi a l s  have b een recom

mended by the Inte rnational Commi ttee on Radio logical Pro tec tion ( ICRP ) and the 

Nati onal Counc i l  on Radiation Pro t e c tion and Measurements ( NCRP ) . The s e  guides were 

adop ted as l imi t s  by the AEC and ERDA and continued in e ffect by DOE . The Federal 

Radiat ion Counc i l  was e s t ab l i shed by Executive Order in 1 9 5 9 . I n  1 9 7 0  the EPA was 

ass igned the re sponsib i l i ty for defining s t andards . Unle s s  exempt , Federal f ac i l i t i e s  

including the Rocky F lats P l ant mus t  comp ly w i t h  p o l lution contro l s tandards estab l i shed 

pertinent to Federal environmenta l  s tatutes inc lud ing the Clean Water Act , S a fe Drink ing 

Water Act , Clean Air Act , Resource Conservat ion and Recovery Act , and the implementing 

r�gulation s adopted by s tate and local governments . 

The e f fec t o f  radioac t iv e  materials on l i fe sys t ems nec e s s i tates spe c i f i c  analy s i s  

o f  each radioac t iv e  i s o top e . The decay p roduc t s  of each i s o tope mus t  be analyzed in 

add i t ion to the radi ation types and energy leve l s , d i spers ion mechan i sms , chemical 

tox i c i ty , radiotoxic i ty ,  and its short - and long- term e f fe c t s  on the ecolog i c a l  

sys t ems and popul ations b o th in the immediate P l an t  v i c inity and f o r  many m i l e s  
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around the s i te . Thi s  type o f  deta i l ed analys i s  i s  app l ied to normal releases and to 

acc idental rel ease s . A comp l e te discussion o f  these evaluations i s  presen ted in 

S e c t ions 3 . 1 . 2 ,  3 . 2 . 4 ,  and Appendices  F and G .  

Nonradioac t ive s o l id was tes are depo s i ted in a san i tary l and fi l l  on the P l ant 

s i te . The operat ion of the land fi l l  i s  subj e c t  to the EPA regulat ion " Guide l ines for 

the Land D i sposal o f  S o l id Was t e , "  Code o f  Federal Regulat ions , Ti t l e  40 ,  P art 241 , 

1 9 7 4 . The l andf i l l  i s  not used for hazardous material s ,  and i t s  operation i s  no t 

greatly a ffec ted , there fore , by the more recent ( 1 9 7 6 )  "Resource Conservat ion and 

Recovery Ac t . "  Only dome s t i c , nonradioac tive , nonproces s , s o l id was tes may be depos 

i ted in the l andf i l l . Radioac tive was te s , subj e c t  to spec ial packaging , s t r i c t  

contro l , and mon i toring , are s to red t emporari ly o n  s i te and shipped t o  a DOE - approved 

storage fac i l i ty .  The transpo rtati on of these s o l i d  was te s  is desc ribed and po tentia] 

transportat ion impac t s  are evaluated in S e c t i on 3 . 3 .  

3 . 1 . 1  Nonradiological Impac t s  

The nonradio logi cal impac ts attributab l e  t o  the Roc ky Flats  P lan t under normal 

operat ing cond i t ions fal l  into three general categori e s : ( 1 )  u t i l i z at ion of natural 

resources , ( 2 )  alterations to the phys ical env i ronment ,  and ( 3 )  b iological e ffec ts o f  

contaminant releases . Sections 3 . 1 . 1 . 1  through 3 . 1 . 1 . 3 d i s cuss the P lant ' s  imp ac t s  

in each o f  these areas , con s idering both t h e  bene f i c i al and adverse e ffec t s . 

3 . 1 . 1 . 1  Ut i l ization o f  Natural Resources 

The u t i l i zat ion of natural resources by the Rocky F l a t s  P lant involves the 

consump t ion of fo s s i l  fue l s , metal s , chemi cals , and e l e c t ri c i ty . Water resources are 

also involved during the normal course o f  operation . The sys tems , p ro cesses , and 

uses of thes e  resources by the Plant are described in S e c t i ons 2 . 6 . 5  through 2 . 6 . 9 .  

Wa ter 

The Roc ky Flats P lant purchased approximately 113 m i l l ion gal lons of water in 

FY 1 9 7 7  from the Denver Wa ter Board . Th i s  compares w i th 1 1 6  m i l l ion gal lons in 

FY 1 97 6 , 1 2 6  m i l l ion gal l ons in FY 1 9 7 5 , 143 m i l l ion gal l ons in FY 1 9 7 4 , and 1 6 1  mil 

l i on gallons in FY 1 9 7 3 . F i gure 3 . 1 . 1 - 1 shows the P l an t  wat e r  bal ance for FY 1 9 7 7  

and the various water flows through the P lant . O f  the total 1 1 3  m i l l ion gal l ons 

purchas ed , 7 2% en tered the treated water sys tem , 2 6% was used as raw water in makeup 

for the P lant ' s  cool ing towers , and the remainder went to i rrigation or evapo rat ion . 

Almo s t  a l l  ( 9 1%) o f  the makeup water was evaporated by the towers and may be l o s t  as 

a water source to the immediate region . B lowdown from the cool ing towers i s  now sent 

to the sani tary treatment plant . Prior to late 1974 it was d i scharged to Woman Creek 

or to Walnut Creek . 
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Water from the water t reatment p l ant i s  used fo r proce s s e s , sani tary was t e , 

s team produc tion sys tems , and in mi s c e l l aneous services . Approximately 66% o f  the 

treated water is used for dome s t i c  purpo ses and enters the sanitary was t e  treatment 

system that d i s charges to the B - series holding ponds on South Walnut C reek . Proc ess  

water accounts for l ess than 1 0% o f  the treated water used . P rocess  was tewater i s  

t reated in t h e  process waste treatment fac i l i ty f o r  the removal o f  radioac tive conta

minan t s . Treated wastewa ter i s  evaporated in the solar evaporat ion ponds . P rocess 

was t ewat er that meets  Radioactivity Concentra tion Guides ( RCG ' s )  as de fined by ERDA 

MC0 5 2 4  ( USERDA , 1 9 7 7 ) wi thout treatmen t i s  s tored in Ponds B - 2 on South Walnut Creek 

and A- l and A- 2 on North Walnu t  Creek . Evapo rat ion concentrates the remaining contami 

nan ts , wh ich s e t t l e  into the s ediment o f  thes e  ponds . 

Irrigation water i s  used a t  the P lant primari ly during the summer months . The 

water requi rements o f  vege ta tion and the dry c l imate during the irrigat ion season 

prevent any s i gn i fi c ant portion of this water from entering groundwat e r  flow . Thi s  

water i s  los t to the region as a water source through evaporation from the soil  and 

p l ant s . I t  i s  b e l i eved , however ,  that enhancement o f  on- s i te vegetation mo re than 

compensates for this water use . Thi s  vege tation improves s o i l  s tabi l i ty and reduce s  

ero s i on , minimiz ing transport o f  contaminants from t h e  s o i l s  i n t o  t h e  natural drainage s . 

Water used by the cool ing towers in diss ipat ing building heat fo r c l imate con

t rol s erves two purposes . I t  provides bene fits in wo rking cond i t i ons for the em

ployees and it e l iminates the d i scharge of thi s was te heat to natural water sources , 

the only o ther cooling medium that could be used to p rovide this servi c e . 

Operation o f  the P l ant ' s  heating boi l e rs also require s wat er . Under ideal 

cond i t ions , the sys tem is a c lo s ed cyc l e  wi th all  water be ing returned to the b o i l ers 

for reus e . B o i l er b lowdown , periodic maintenance , pre s sure r e l i e f  valves , and s t eam 

l eaks from valves and o ther equipment , however , allow part of the s team to e s c ape to 

the a tmosphere . Thi s  results in app roximately 12 . 0  mi l l ion gal lons of water being 

lost  annually from the s team plant alone . Addi t ional water i s  l o s t  because of evapora

t ion from cool ing towers , solar evapo ration pond s , and ho lding ponds . S te am heat ing 

is the only feas ible heat ing method for the P lant . Ne i ther elec tric heat nor direct 

fuel - fired heat ing i s  acceptable for e ffic i ency , cost , or s a fe ty reasons . 

About 5 0% o f  the wat e r  initially purchased for P lant use ( approximately 5 6 . 8  

mi l l ion gal lons in FY 1 97 7 )  is discharged via ho lding ponds B - 1 ,  B - 3 ,  and B - 4 to 

South Walnu t Creek . Thi s  flow then comb ines with the natural drainage from North 

Walnut Creek as a tributary to Great Wes tern Reservoir . Thi s  reduces the amount o f  

water the C i ty o f  Broomfield would o therwi s e  have t o  p rocure from o ther sourc e s . 

A total water- recyc l e  p l an i s  nearly compl eted . When that proj ect i s  fini shed , 
a l l  proc e s s  and laundry was tewa ter w i l l  be treated and di s t i l l ed t o  
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c reate a supply o f  high - puri ty water . Sani tary was te s , presently treated in the 

s ani t ary was t e- treatment p lant and d i scharged to Walnut Creek , w i l l  also b e  recyc l ed . 

S ewage treatment involves a recen t ly comp l e ted tertiary s tep and a reverse osmo s i s  

proc e s s  now nearly operational . Comp l e tion o f  these changes w i l l  mean that n o  P l an t  

was tewater w i l l  l eave the s i te except b y  evaporation . Thi s  p l an w i l l  e l iminate 

l iquid discharges to Grea t  We s tern Rese rvo i r . The imp lementation o f  the total water

recy c l e  p l an w i l l  allow Roc ky Flats to comp ly w i th the 1985 zero d i scharge of pollu

t ants requi rement as set for th in the Water Pollution Con trol Ac t of 1 9 7 2 . In add i 

tion , the p l an w i l l  further reduce t h e  possib i l i ty o f  any a c c i dental release o f  

contaminants ,  e i ther chem i c a l  or radioac t iv e .  

Natural Gas 

Natural gas is the p rimary fue l source for opera t i on of the P l an t ' s  heat ing 

bo i l ers and for o ther proce s s  use s . Roc ky Flats purchased app roxima t e ly 637 m i l l ion 

cubic fee t o f  natural gas from the We s tern S lope Gas Company during FY 1 97 7 .  Thi s  

compares wi th 5 68 mi l l ion cub i c  fee t in F Y  1 9 7 6 , 7 4 6  m i l l ion cub i c  fee t  i n  FY 1 9 7 5  

and 1974 , and 7 2 6  mi l l ion cub i c  f e e t  in F Y  1 9 7 3 . 

The P lant ' s  natural gas supply i s  on a inte rrup t ible b as i s ; i . e . , during p eriods 

of high gas demand by res i den tial cus tomers , the P l an t ' s  supply may b e  curtailed or 

discon tinued . Thi s  occurs primari ly during the winter mon ths , al though natural gas 

shortages are exp e c ted to increase curtai lment periods in the next few years . The 

consumpt ion of natural gas does represent the l o s s  o f  a natural resource that c annot 

b e  rep l ac ed , as i s  the case for a l l  fos s i l  fue l s . The use o f  natural gas to p roduce 

heat ing s team i s , however , more effi c i en t  than e lec tric hea ting , and thus rep resents 

the minimum consump tive imp a c t  cons i s tent w i th P l ant safety and energy requirements . 

S ince natural gas supp l i e s  are becoming less  ava i l ab l e , a coal - fi red p l an t  i s  rece iving 

budgetary consideration for the 1 9 80 ' s .  

Other Fos s i l  Fuel s  

Fue l o i l , d i e s e l  fue l ,  gasol ine , and propane are u t i l ized a t  Rocky Flats  as 

backup fue l  supplies  for heating bo i le rs , fuel for s tationary and mob i l e  combust j on 

engines , and fue l  for p rocess  use s . 

Heavy fue l  o i l  ( grade #6 ) i s  the primary backup fue l supp ly for the P l ant ' s  

heating bo i lers . Approximately 335 , 00 0  gallons were consumed in FY 197 7 for thi s  

servi c e , compared wi th 940 , 000 gal lons in FY 1 97 6 ;  5 14 , 000 gal lons in F Y  1 9 7 5 ; 

7 0 2 , 000 gal lons in FY 1 9 7 4 ; and 1 . 6  mi l l ion gal lons in FY 197 3 . Energy conservation 

measures and m i ld winters contributed to the reduced consump t ion in FY 197 4 , 1 9 7 5 , 

and 1 9 7 7 . Consump t ion o f  fuel o i l  i s  ant i c ipated to increase as natural gas sho r t -
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ages occur , but accurate e s t imates are not feasible because o f  the many fac tors 

a ffec t ing P l ant energy requi rements . Consump t i on of #6 fuel oil does represent the 

l o s s  of an i rreplaceab l e  resourc e . As a backup fuel supply for the heat ing boi lers , 

however ,  i t  i s  more e ffic i ent than electric  heat , and i t  con s t i tutes the minimum 

c onsumpt ive impac t con s i s tent wi th P l ant s a fe ty and energy requirements . 

Gasol ine and diesel  fuel are used in s tat ionary and mobi le combus t i on engines 

used to power equipment and vehi c l e s . Thi s  resource consump t ion is unavoidab l e  given 

present engine techno logy . Conse rvation measure s have been imp l emented to minimize 

thi s impac t .  D i e s e l  fuel consump tion was reduced by almo s t  1 , 8 00 gal lons from FY 1 9 7 6  

t o  FY 1 9 7 7 , whi l e  gasol ine consump tion increased about 3 , 000 gallons . 

E l e c tri c i ty 

E l e c t ri c i ty i s  purchased from the Pub l ic Service Company o f  Colorado . Rocky 

F l a t s  used approximately 104 , 0 00 megawat t  hours (MWH )  in FY 1 9 7 7 . Thi s  compares with 

usage of approximately 105 , 000 MWH in FY 1 9 7 6 ; 1 0 6 , 000 MWH in FY 1 9 7 5 ; 103 , 000 MWH in 

FY 1 9 7 4 ; and 1 12 , 000 MWH in FY 1 9 7 3 . Elec t ri c i ty i s  used for l ighting , e l e c t r i c 

mo tor- driven pumps and o t h e r  p rocess  equipment , contro l s ,  and ins t rumentation . 

Consumpt ion i s  ant i c ipated to increase as new fac i l i t ie s , improvement s ,  and more 

automation are added to the P l ant . E s t imates made in 1 9 7 1  show as much as 1 6 7 , 7 5 0  

MWH may be requi red b y  F Y  1983 . Thi s  i s  p robably a n  overe s timat e , s ince energy 

conservation measure s , inc luding curtai lment o f  none s s en t i al l ight ing , l e s s  air 

cond i t ioning , and newer , more e f fi c ient equipment ,  wi l l  reduce consump tion . A new 

sub s ta tion has been cons truc ted to handl e new l oads . The maj o r  new load wi l l  b e  the 

new plutonium recovery and was te treatment faci l i ty .  Thi s  fac i l i ty w i l l  requi re 

appreci ab l e  heating and ven t i l ating equipmen t and w i l l  p rovide increased safety for 

both emp loyees and the general publ i c . The exi s ting e l e c trical supply c apac ity from 

Pub l i c  S ervi c e  Company of Colorado appears adequate for a l l  exi s t ing and ant i c ipated 

load s . Increased P l ant requi rement s  for e l e c t ri c i ty may be conside red as impac ting 

the overal l  e lectrical requi rement s  o f  the uti l i ty sys t em ; however ,  the general 

inc rease i n  population and consequent res idential  and industrial power demands far 

exce ed the add i tional requi rements for Rocky Flats  alone . A 1 9 74 repo rt pub l i shed by 

the Colorado Divis ion of Commerce and Developmen t ( Ne i l l  and Baughn , 1 9 7 4 )  shows an 

overal l ,  e s t imated increase i n  electric  power consumption of 6 . 9% from 1974 to 1 9 7 5  

f o r  Colorado and t o t a l  consumption o f  11 . 7  mil l ion M WH  for 1 9 7 5 . Roc ky Flats ' e l ec 

trical power consumption con s t i tutes l e s s  than 1% o f  thi s e s t imated total consumpt ion , 

a p e rc entage that w i l l  remain relat ively constan t  through 1983 . 
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Metal s and Chemic a l s  

Various metal s and chemicals a r e  consumed in research and development ,  produ c 

t ion , fabrication , manufac turing , and was te pro c e s s ing . The trans formation and 

consump t ion of these materials  is unavoidab l e  in the conduct o f  operations at Rocky 

Flats , as i s  the case for mos t  industrial fac i l i t i e s . 

Much o f  the P l an t ' s  chemical consump t ion oc curs in was t e  pro c e s s ing and plu

tonium recovery operations . The s e  ac t ivi ties are direc t ed towards maximum recovery 

of e s senti al and valuab l e  materials and maximum p rotec tion of the envi ronmen t . 

Plutonium recovery and o ther wast e  treatment p roc e s s e s  inherently minimiz e  contamina

t ion of the environment by cap turing the se materials for reuse or by solidi fying 

was t e s  into a form suitable for long- term s torage . The consumpt ion of these materials  

i s  j u s t i fied by the reduced contaminan t  releases  real ized by the i r  use in was t e  

treatment proc e s s e s . The quan t i t i e s  o f  maj or chemicals used during F Y  1 9 7 7  are 

summarized in S e c tion 2 . 8 .  

Land Use 

Land areas o f  possible conce rn are eas t and southeast of the P lant . The con

cerns general ly are the c lo s e  p roximity o f  a l arge popula t ion in case o f  an ac c i dent , 

the amount and degree o f  soi l contamination a t t ribut ed to p lutonium , and the possibi

l i ty o f  an impoundment failure c aus ing contamination o f  Great Wes te rn Reservo i r , 

whi ch i s  the main water supp ly for the C i ty o f  Broomfield . S e c t ions 2 . 3 . 9 ,  3 . 1 . 2 , 

and 3 . 2  provide detailed di scuss ions and information relat ing to these concern s  and 

should be re ferred to for addi tional background in formation . 

In 1 9 7 5 , the U . S .  Government purchased app roximately 4 , 000 acres around the 

original 2 , 52 0 - acre Roc ky Flats  P l an t  s i te . Thi s  acqu i s i t ion expands the buffer zone 

and p revent s  industrial or residential development from enc roaching on the P l ant . 

The buffer zone p rovides an addi t ional safe ty margin in the even t o f  an abnormal 

occurrence a t  the P l ant . Informat ion concerning the use o f  adj ac ent l ands i s  con

tained in Chapter 7 .  

3 . 1 . 1 . 2  Al terations o f  the Envi ronment 

Al teration o f  the env i ronment inc ludes consideration o f  impac ts to the s i te and 

immediate region in the areas o f  topographY , geo logy , hydro logy , meteoro logy , and 

eco10gy . The se areas o f  interest are discussed more ful ly in S e c tions 2 . 3 . 4 through 

2 . 3 . 6 ,  2 . 3 . 10 ,  and Appendices A ,  B ,  and C .  

3 - 9 



Topography 

The topography o f  the Rocky Flats P l ant s i te cons i s t s  o f  a wes t - to - eas t ,  s l op ing , 

a l luvial fan that drops rel a t ively sharply on the east  edge and four natural drainage 

channel s , Walnut and Rock Creeks , loca ted north and Woman Creek and Smart Di tch south 

of the s i te . 

The cons truc t ion and operation o f  the P l ant has not al tered the exi s t ing topo 

graphy s igni ficantly . No maj or excavat ion or f i l l  operations have resulted in s i gni f i 

c ant e l evation or contour changes to t h e  s i te . Mos t  s t ruc tures have been bui l t  a t  

exi s t ing grade e l evations , a few wi th basements , wi th columns driven t o  bedrock for 

foundat ion support . Topographical changes have resu l ted from the con s t ruc tion o f  

roadways , fenc e s , underground pip ing and drainage channel s  around bui ldings and 

roadways , and rerout ing McKay Di tch . 

The natural dra inage channels have been a l tered by the cons t ruc t ion o f  dams , 

d i tches , and ponds to re tain the water temporarily . Thi s  retention al lows s e t t l ing 

of suspended sol i ds from P l ant effluent s treams and natural drainage s . The bene fits  

a s soc iated wi th thes e  re tention and s e t t l ing ponds are j udged to outweigh the topo

graphic alterat ions resulting from dam and pond con s t ruc t ion . 

A land f i l l  area ( see Sec tion 2 . 9 . 4  for more information )  north o f  the Plant for 

the d i sposal o f  sol i d ,  nontoxic , nonradioac t ive wa ste materials cons t i tutes a topo

graphic a l t e ra tion . As was t e  materials are p l aced in the landf i l l  exc avation , the 

area is bac kfi l l ed and compac ted . The l andfi l l  wi l l  be exhaus ted and i t s  use d i scon

t inued when i t s  surface contours ma tch thos e  of the surrounding topography . A ground 

wa ter d iversion system and dam down s tream o f  the land f i l l  have been cons truc ted to 

minimize groundwa ter flow through the l andfi l l  and consequent ly potential  groundwater 

contaminat ion . Extens ive analy s i s  of the land f i l l  in the early s event i e s  disc losed 

sma l l  amoun ts o f  low- l evel radioac t iv i ty , p rimari ly t r i t ium .  Depos i t  o f  radioac tive 

waste in the land f i l l  is prohib i t ed , and all materials del ivered to the l and f i l l  are 

mon i tored for radioac t ivity be fore d i sposal . Dams have been bui l t  to c ap ture pre 

c ip i tation runo ff from the l and f i l l  area to further minimize poten t i al ground - and 

surface -water contamination . The s e  are topographic a l terat ions , but thei r  bene fits  

are e s t ima ted to outwei gh the topographic impac t .  

Geology 

The geology o f  the Rocky Flats  P lant s i te i s  charac terized by a thin topso i l  

l ayer underl ain b y  Rocky Flats  Al luv ium , a grave l that cons i s t s  mo stly o f  quartz i te 

boulders and c l ay .  Thi s  surfi c i a l  material i s  underlain by 2 5  to 2 7 0  fee t o f  the 

Arapahoe format ion ( se e  S e c t ion 2 . 3 . 4 )  which , in turn , is underlain by 100 to 800 

feet of �he Laramie forma tion . A detailed desc ription o f  the geology o f  the s i t e  and 

region i s  presented in S e c t ion 2 . 3 . 4  and Appendix C .  
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The Rocky Flats P l ant has no s igni fi cant impac t on the geology o f  the s i t e  or 

regiQn . Mos t  maj or s truc tures are supported by co lumns driven to b edrock ;  cons equently , 

s truc tural loads do not imp a c t  the weake r ,  l e s s  s table top s o i l  and al luvium o f  the 

s i t e . Some permanent d i s turbance of s o i l s  and sub surface geological features i s  

unavo idab l e  and i s  charac teri s tic o f  a l l  man-made s tructure s . The Rocky Flats  s i t e  

was initially s e l e c ted based parti a l l y  o n  s o i l  s tabi l i ty ,  avoiding geologic fea tures 

and s o i l s  subj e c t  to s i gn i fican t  impac t .  

Hydrology 

The hydrology o f  the Rocky F l a ts P l an t  s i te i s  charac terized primar i ly by sur

face and groundwater flow fo l l owing the topography and geol ogy from west to eas t .  

Groundwater originates from surface and sub surface sourc es in the e levated areas west 

o f  the s i te . I t  flows through the al luvial gravel , emanat ing as surface springs e a s t  

o f  t h e  P l an t  and , for the mo s t  part , j oins surface dra inage channels  tha t c onnec t 

with S tandl ey Lake and Gre a t  Wes tern Reservoi r .  Groundwater elevations b elow the 

surfac e vary cons iderab ly from s eason t o  season , with maximum l evels  and flow during 

spring runo ff and winter p re c ip i tat ion period s . The al luvial gravel i s  a relatively 

porous s tructure that doe s  no t read i ly retain wate r ;  consequently , groundwater flow 

rates are high . Thi s  lack o f  water retent ion i s  evidenced by the rather spar s e  and 

dry vegetation charac teri s t i c  o f  the Rocky F l a ts area . The sur fac e drainage channels  

are Rock Creek , North Walnut Creek , S outh Walnut C reek , Woman Creek , and s everal 

di tches . North and South Walnut Creek j o in and flow into Grea t  We s te rn Re servo i r .  

Woman Creek drains t o  S t andl ey Lake . Natural surface water flow occurs primari ly 

during winter and spring from p re c i p i tation runoff and g roundwater surface springs . 

Wi thout P lant water di scharge s , a l l  natural drainages would b e  dry a portion o f  the 

year . Woman Creek is dry during summer period s . A more detai led d i s cu s s i on o f  

hydro logy i n  the Rocky F l a t s  area i s  given i n  Sec t ion 2 . 3 . 5  and i n  a report by Hurr 

( Hurr , 1 9 7 6 ) . 

The Rocky F l a t s  P lant has c aused a l terat ions to the hydro logi c a l  charac t er i s t i c s  

o f  the s i te . Regional effects  are not as evident because o f  the many water sources , 

both natural and man-made , used to supply the Denver metropo l i tan area . 

The natural drainages that c ould conce ivably receive Plant e ffluent have been 

dammed , a s  previous ly d i s cus sed , to p rov ide s e t t l ing basins . Surface areas occ up i ed 

by buildings and roadways tend to concentrate rainfal l runo ff , which causes h igher 

f low rates over remaining exposed s o i l s . This c an c ause increased eros ion if o ther 

measures , such as add i t i onal vegetation planting s , are not introduced t o  m i t igate 

thi s e f fec t .  S eve ral species o f  eve rgreens and o ther shrub s , as we l l  as gras s , have 

been p lanted to p rovide s o i l  pro t e c tion wi thin the secur i ty fenc e . The s e t t l ing 

bas ins a l so s e rve to p revent exces s ive carryove r  of eros ion materials  into the 

natural drainage s . The solid materials  remain as sediment in the holding ponds . 
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McKay D i tch ( al s o  i den t i fied as Z ang Ditch in some o ther documen ts ) was rerouted 

to a course and drainage paral lel ing the Upper Church D i t ch . Thi s  el iminated flow 

through the P l ant s i t e  from thi s drainage sourc e that previously entered into North 

Walnut C reek . The new rout ing cont inues as a tributary to Great Wes tern Reservoi r ,  

but reduces the poten t i a l  for heavy s torm runo ff flow through North Walnut C reek . 

The subsequent hazard o f  fl ooding the holding ponds and o f  c arryove r  o f  sediment from 

these ponds into Great Wes tern Rese rvoir also is reduced .  

Foundation s t ruc ture s , espec i a l ly l arge basement - type s t ruc tures , tend to d i s 

turb groundwater flow and l evel b y  impeding and interrup t ing natural groundwater 

courses . The highly porous nature o f  the Roc ky Flats al luvial gravel , however ,  

resul t s  i n  l i t tl e ,  i f  any , impac t o f  thi s nature for the Roc ky Flats P l ant . Ground

water is able to move rapidly around such s truc tures through the porous al luvial 

material . Ground- and surface -water flow have also been altered around and down

s tream o f  the s an i tary landfi l l . An impermeab le d i ke has been cons t ruc t ed around the 

we stern end and sides o f  the l andfi l l  to c ause groundwater and surfac e wat e r  to flow 

around rather than through the compac ted f i l l  and solid was te materi a l . Also , a dam 

has been constructed down s t ream o f  the l and f i l l  to retain runoff originating in the 

l andf i l l  and to retain groundwater flow c i rcumventing the impermeab l e  dike . These 

measures are intended primarily to prevent contamination o f  groundwater and surface 

water in the are a .  

I n  mos t  cases , al terations t o  hydro logical charac t er i s t i c s  o f  the s i te have been 

made to minimize the overa l l  envi ronmental impact  of the P lant , e specially wi th 

regard to contaminant migra tion via water course s  to the downs tream , populated areas . 

The bene f i t s  derived from a l terations to the natural hydro logical charac teri s t i c s  are 

thus j udged to outwe igh the adverse impac ts of these a l t e ra ti ons . 

Meteoro logy 

The meteorology o f  the Rocky Flats  P l ant s i te i s  charac terized by high variab i 

l i ty o f  wind direc t i on depending o n  the t ime o f  day . The average annual wind speed 

i s  l e s s  than 9 mi l e s  per hour . However ,  peak gus t  wind speeds during front range 

down- s l op e  wind s torms c an be high . During these s to rms , 'winds from the wes t 

northwes t  have been measured i n  exce s s  o f  1 0 0  m i l e s  p e r  hour . The p roximi ty o f  the 

s i te to the Front Range of the Rocky Mountains has a s t rong relationship to thi s 

phenomenon . 

i n  the area . 

High winds are relatively frequent occurrence s ; yet , tornadoes are rare 

The c l imate is rel atively dry wi th annual prec i p i t a t ion of only 15  
inches per year . A detai l ed descript ion o f  t h e  s i t e  meteorology i s  p rovided in 

S ec t i on 2 . 3 . 6  and App endix B .  

The P l an t  has l i t t le impact  on area me teoro logy . Any influence would b e  l imi ted 

to downwind d i s tance s  on the o rder of the charac teri s t i c  s i z e  o f  the P lant area 

wi thin the secur i ty fence (�l m i le ) . Such in fluence s  could dilute the downwind con-
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centrat ions o f  e f fluent plumes from P lant bui ldings ( S l ade , 1 9 68 ) , a fac t which has 

been conservative ly omi t t ed from all dose calculations . The Plant ' s  cool ing towers 

are the maj or mechan i sms that p rovide any on - s i t e  me teorological influenc e . Under 

o ther cond i t ions and in o ther locations , the se towers might represent a me teo rol ogical 

impac t .  The p e rs i s tent wind s , dry c l imate , and d i spersed locati on o f  smal l  towers 

around the s i t e  p roper , however ,  resul t in rapid plume rise and in dilution and 

dispers ion of the released water vapor in the a tmosphere . During ep i sodes of dense 

air pol lution near the c enter of Denver , there is l i t t l e  o r  no exchange of a i r  

between Rocky F l a t s  and t h e  central port ion o f  t h e  Denver metropol i t an are a .  

Eco logy 

Comprehens ive eco logi cal descriptions o f  the Rocky F l a t s  P lant area are found in 

S e c t i on 2 . 3 . 10 and Appendix A .  

The fac i l i ty doe s  oc cupy land that would o therwi s e  b e  avai l ab l e  for native p l an t  

and animal l i fe .  Revege t ation o f  d i s turbed areas i s  di fficul t because o f  frequent 

high wind s , low rainfal l ,  and , in many area s , rocky soi l ,  but it  has been suc c e s s ful 

in some areas . Natural revege tat ion has resul ted in some recovery o f  overgrazed 

areas . Mos t  of the s i t e , exc luding the area enc losed by the secur i ty fenc e , is open 

gra s s l and with nat ive and introduced spec i e s . 

Vegetat ion wi thin the P lant confines has been enhanced in bo th variety and 

quant i ty by p l an t i ng as previously discussed . As a resul t o f  P lant discharge s , there 

is cont inuous water flow in South Walnut Creek and downs tream . 

3 . 1 . 1 . 3  B io logi cal E ffec t s  o f  Nonradioac t ive Contaminant Releases 

Th� release o f  nonradioac t ive contaminant s  to the a i r , water ,  and soi l  of the 

Rocky Flats P l ant s i te and region cons t i tutes a po tent i al pol lution source that mus t  

b e  evaluated i n  terms o f  po t en t i a l  bio logical e ffec t s  o n  a l l  l i fe forms . Quan t i ta 

t ive evalua t i on i s  based on the continuous monitoring and analys i s  o f  P lant e ff luen t s  

and compari son with concentration l im i t s  e s t ab l i shed b y  S tate and Federal authori t i e s . 

The s e  l im i t s  are indic a t ive o f  po tent i al harm to the human popula ti on . They do no t 

nec e s sari ly represent effects  on o ther l i fe sys t ems . Consequently , addi tional evalu

a t ion of a more qual i ta t ive nature i s  required to adequately de fine and assess the 

overal l impac t of contaminant releases on o ther l i fe forms . Thi s  sub s e c t ion di s 

cusses and a s s e s s e s  the impac t o f  such releases in bo th quanti tative and qua l i t at ive 

terms , as appropri ate . 

The release o f  nonradioac t ive contaminant s  i s  governed primari ly by conc entra

t ion l im i t s  e s t ab l i shed by Federal agenc ies for each of the two p rimary t ransport 

medi a ,  air and wate r .  
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Contaminants in E ffluent Waters 

Release l imi ts for nonradioac tive contaminan t s  in water e ffluents are embodied 

in the Rocky Flats P l an t ' s  "Au thorizat ion to Discharge Under the National Pol lutant 

D i scharge E l imination Sys tem" ( FWPCA , 1 9 7 2 ) , commonly known as the NPDES p ermi t .  By 

l aw ,  an NPDES permi t was requi red by July 1 ,  19 7 7 , for a l l  water e ffluent source s  

o t h e r  than pub l i c ly owned treatment works . Thi s  requi rement i s  de fined in the 

Federal Water Pol lut ion Control Act Amendments of 1 9 7 2 . In accordance w i th Sec tion 402 

of the Ac t ,  the NPDES permit speci fies e ffluent l imi tat ions for each point sourc e . 

The permi t i s  i s sued by the regional admin i s t rator o f  the U . S .  Envi ronmental Pro t e c 

t i o n  Agency ( EPA ) and admini s tered b y  the Colorado Department o f  Heal th , Water Po llu

t ion Control Divi s ion . A c opy o f  the Rocky Flats ' NPDES p ermi t is incl uded in thi s 

S tatement as Appendix D .  

Prior to imp lementat ion o f  the NPDES permi t ,  the P l an t ' s  water e f fluent limita

t ions were governed by s tandards o f  the U . S .  Pub l i c  Hea l th S ervi c e  ( US PHS ) and the 

Colorado Department o f  Heal th ( CDH) . The USPHS Drinking Water S t andards of 1 9 6 2  were 

the primary guidel ines fol lowed a t  Roc ky Flats . The Water Pol lu tion Control Com

m i s s ion of the CDH i s , however , the agency responsible for admin i s t ra tion of the 

USPHS guideline s . In s ome case s , the CDH e s tab l i shed s t andards of i t s  own . The basic 

Colorado s tandards were revised e ffec t ive S eptember 1 ,  1971  ( CDH ,  1 9 7 1 ) . The s e  re

vised s tandards for water sources are summarized in Tab l e  3 . 1 . 1 - 1 along wi th chemical 

guidel ines del ineated by the USPHS in the Drinking Water S t andards o f  1 9 62 ( US PHS , 

1 9 69 ) . I n  add i tion , the Water Pol lution Control Commis s ion comp i l ed c la s s i fications 

and corresponding s tandards for the maj o r  water source s  of Colorado . Al though Walnut 

Creek and Woman C reek were no t c la s s i fied , the ' mos t  restrictive s t ream c l as s i fi c a t ion 

s tandards were used as guide l ines . Some o f  the l imi t s  e s t ab l i shed for drinking water 

by the USPHS and CDH do no t relate direc t ly to health hazards , but rather to the 

acceptab i l i ty of the water as to taste , odor , and color . 

Tables  3 . 1 . 1 - 2 through 3 . 1 . 1 - 5  l i s t  the monthly , average , nonradioac t ive contam 

inan t s  contained in P lant e ffluents as measured i n  holding pond waters from 1 9 7 1  

through S ep t ember 1 9 74 . Examinat ion o f  T ables  3 . 1 . 1 - 2 through 3 . 1 . 1 - 5 dhows that the 

monthly average e f fluent contaminant c oncentrat ions from the holding ponds were 

general ly wi thin the l imi ts for c l as s i fied s treams . The s e  l im i t s  served as gu ide l ines 

for the period preceding imp lementation of the NPDES permi t in 1974 . 

Tables  3 . 1 . 1 - 6 through 3 . 1 . 1 - 8  l i s t  the nonradioac t ive e ffluents from Oc tober 

1974 through December 1 9 7 7 . As s tated in the NPDES permi t (Appendix D ) , the e f fluent 

l im i t s  enac t ed on S ep tember 4 ,  1974 , were superseded less than 30 days later by more 

s tringent requi rement s . Examinat ion of Tables  3 . 1 . 1 - 6 through 3 . 1 . 1 - 8  shows that 

the s e  l im i t s  have rarely been exceeded . The l imits we re exceeded primarily during 

the first two months fo llowing imp l ementat ion of the permi t and resul ted from opera

t i onal adj u s tment s  during s tart -up o f  the new sani t ary , tertiary treatment fac i l i ty .  
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TABLE 3 . 1 . 1 - 1 
WATER QUALITY STANDARDS 

PRIOR TO NPDES PERMIT 
(WATER POLLUTION CONTROL COMMISSION COLORADO DEPAREIENT OF HEALTH) 

I. BASIC (NON-RADIOACTIVE) STANDARDS II. ADDITIONAL WATER QUALITY STANDARDS (�IOST RESTRICTIVE FROM CLASS A, 8" C, AND D , ) 
APPLICABLE TO ALL WATERS OF THE STATE 

A. All waters capable of treatment or control 
prior to discharge into any waters of the 
state shall receive secondary treatment with 
disinfection or its industrial waste equiv
alent. 

Waters shall be free from substances attrib
utable to municipal. domestic, or industrial 
wastes that: 

B.  Will either settle to form unsightly, putrescent 
or odorous bottom deposits or will interfere 
with the classified use of the water; 

C. Create unsightly floating debris such as oil, 
grease, or scum; 

D. Will produce objectionable odor, color, taste, 
or turbidity , or objectionable aquatic life; 

E. May, in sufficient level, concentrations or 
combinations prove deleterious to human 
or animal life. 

A. General (Colorado Department of Health) 

Parameter Limits Classification 

Fecal 
Coliform 
Bacteria < I OOO/ml A, B t  

Dissolved 
Oxygen 6 mg/l 8 , 

pH 6.5 -8.5 8, 

Turbidity Not to impair natural B , 
and developed fisheries 

Total 
Dissolved 
Solids Less than 500 mg/l A , BI 

(annual volume-
weighted average) 

Toxic 
Materials 
(Biocides, 
Pesticides, 
etc.) Free From All 

Temperature 

( 'F) 70 B , 

Sodium 
Adsorption 
Ratio Review of C , D , 

Commission 

Taste & Odor Free From A, B! 
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B. Chemical (mg/l) 

Parameters 

Alkyl Benzene 
Sulfonate 

Arsenic 

Barium 

Cadmium 

Chloride 

Copper 

Carbon 
Chloroform 
Extract 

<::yanide 

Fluoride 

Iron 

Lead 
Manganese 

Nitrate 

CDE 
A , B ,  

Suggested 
Maximum 
(USPHS) 

Grounds for 
Rejection 

(USPHS-C'DH) 

0.05 
1 .00 
0.01  

0.05 

0.20 
2.4 

0.05 

0.01 



TABLE 3 . 1 . 1 -2 

; NONRADIOACTIVE WATER EFFLUENTS 

JANUARY THROUGH DECEMBER, 1 9 7 1  
Sampling Point and (1)  Guide N� Parameter Measured Value Jan. Feb Mar. Apr. �lay Jun. Jui. Aug. Sep. Oct. 

I. N. Walnut Ck., Pond A 
pH 6.5-8.5 • 7.8 7.6 7.5 7.8 7.9 8 .0 7.8 9 .2 8 .5 7 .6 7 .8 7.7 

Nitrate (NO, -) 45.0 I Ll  1 3.7  1 9 .6 29.7 8 5 .0 20.1 23.0 23.4 36 .3  5 2.9 5 8 .9 78.6 
Phosphate (PO, - 3 ) (2) N.A. 0.6 1 . 1  0.6 0.7 0.6 0.6 0.6 0.6 0.6 0.4 0.6 0.6 
Fluoride (F-) 1 .0 0.4 0.4 0.4 0.4 0.4 0.4 0 . 3  0.4 0.4 0.4 0.5 0.4 
Total Solids 500.0' 1 7 3  1 0 1  1 64 1 8 3  3 9 3  2 3 3  - - 300 384 429 438 
Chromium (Cr+' ) 0.05 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

II. S. Walnut Ck., Pond B-4 
pH 6.5-8.5 • 7.3-8.0 7.4-7.6 7.2-7.9 7.2-7.8 7.6-8.4 7.7-8.5 7.2-8.2 7 .1 -9.6 7.2-7.9 7 .1-8 . 1  7.2-7.7 7.2-7.8 
Nitrate (NO, -) 45.0 1 6.7 6.2 9.4 8.4 5.5 3.8 3.4 4.1  3 .6  7.2 7.1 4.9 
Phosphate (PO, -3) (2) N.A. 10.9 9.2 6.3 4.3 12 .5 1 3.3 8.9 7.9 1 5 .4 20.7 22.6 1 7 .2 
Fluoride (F-) 1 .0 0.5 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.4 0.7 0.4 
BOD, 30.0' 5.4 9.9 4.5 6.4 5 .8 7.3 - 8.2 7.9 6.7 4.2 6.0 
Dissolved Oxygen (3) 6.0' I 26.3 10.8 10.8 1 1 .0 9.9 10.3  4.4 4.4 5 .3  6.2 8.8 9 .2  
Total Solids 500 .0' i 400 68 1 406 392 456 368 - - 260 309 3 9 3  3 32 I 
Chromium (Cr+') 0.05 I <0.005 <0 .005 <0 .005 <0 .005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 i 

III. Woman Ck., Pond C-l I I 
pH 6.5-8.5 • i 7.8 7.7 7.5 7.5 8.0 7.8 7.8 8.4 8.5 8.2 8.1 7.7 I Nitrate (NO, -) 45.0 i 0.5 0.9 0.4 0.4 0.3 0.3 0.3 0.6 1 .2 1 .3 1 .5 0.9 , 

Phosphate (PO, -')  (2) N.A. 0.6 1 . 3  0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 I 

Fluoride (F-) 1 .0 0.4 0.4 0.4 0.4 0.4 0.4 0.3  0.4 0.3  0.4 0.8 0.4 i I 
Total Solids 500.00' 243 2 1 2  205 249 272 1 75 227 I 1 88 - - 1 85 194 I 
Chromium (Cr+' ) 0 .05 <0.005 <0.005 <0 .005 <0 .005 <0 .005 <0 .005 <0 .005 <0 .005 <0.005 <0.005 <0.005 <0.005 1 

NOTES 1 ( 1 )  All concentrations are monthly averages based on analysis of pond grab water samples i n  milligrams per liter (mg/l) except pH. 

I 
(2) No standards had b een established for phosphate in 1 9 7 1 .  
(3) Dissolved oxygen limit is a minimum requirement. 
. Limits for pH, Biochemical Oxygen Demand (BOD, ), Dissolved Oxygen, and Total Dissolved Solids are Colorado Department of Health Standards . 

All other limits are U.S. Public Health Service standards for drinking water. 
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I TABLE 3 . 1 . 1 -3 
NONRADIOACTIVE WATER EFFLUENTS 

-���-T
-

-�- JANUARY THROUGH DECEMBER, 1 972 =I 
������r

P
��

n
a�:�e��--�

(
�
l
�
) 

���_-f--�_�:_·��:_I--J�a_n .
-

--�=-
-

-�:.-��:

-

pr�__ Ma�_��u�n: _____ ��L __ -_�- '�U� ___ -S�P.-

-

___ ���_ Nov __ -Dec. I 
I I. N. Walnut Ck., Pond A 

pH 6.5-8.5 * 

Nitrate (NO, -) 45.0 
Phosphate (PO. -' )  (2) N.A. 

Fluoride (F-) 1 .0 
Total Solids I 500.00' 

8.5 8.3 
38-5 58.6 
<0.6 <0.6 

0.7 I . !  

324 369 

8.5 
19.1  

1 .9 
0.8 

239 

8 .8 
9 . 1  
1 .0  
0 .8  

239 

9 .0 8.9 
7.8 4.3 
1 .0 <2.2 
1 .3 1 .3  

25 1 24 1 

8 .1  
74 

0.9 
0.82 

5 1 6  

7;� I <0.3 i 
0.54 I 537 I 

Chromium (Cr" )  0.05 

7.5 
59.0 
<0.6 

0.9 
361 

<0.005 

7.8 
54.7 
<0.6 

0.8 
308 

<0.005 <0 .005 <0.005 

8.2 
14.9 

<0.6 
0.5 
178 

<0.005 <0 .005 

8.8 
1 2.7 

<0.8 
0.9 

261  
<0 .005 <0.005 <0 .005 <0.005 <0 .005 <0.005 I �

-
---��---- �-�----�------1 

II. 

Ill. 

S. Walnut Ck., Pond B-4 

pH 6.5-8.5' 
Nitrate (NO, -) 45.0 
Phosphate (PO. -' ) (2) N.A. 

Fluoride (1'-) 1 .0 
BOD, 30.0' 
Dissolved Oxygen (3) 6.0' 
Total Solids 500.00' 
Chromium (Cr·' ) 0.05* 

7.4 
6.2 

2 1 .0 
0.7 
7.8 

392 
<0.005 

7.2 
3.6 

2 1 .4 
0.9 

10.5 
8.5 

434 
<0.005 

7.5 7.8 
2.5 2.5 

20.9 18.5 
0.8 0.9 
5.7 6.9 
8.3 I I . !  

461 420 
<0 .005 <0.005 

Woman Ck., Pond C-I 1 6.5-8.5' 7 .7  7.4 7.7 7.9 pH 
I 

Nitrate (NO, -) 1 45.0 1 .4 0.9 0.3 0 .3  
Phosphate (PO. -' ) (2) N.A. 

I 
<0.6 <0.6 <0.6 <0.6 

FluorIde (F-) 1: 1.0 I 0.7 0.8 0.7 0.8 
1 otal SolIds 500.00J 236 188 235 
ChromIUm (Cr·'!

_ ��� � <0.�0�5_�<�0�.�0�
05

_�
<
_

0 .
�
0
�
05 

__ 
<0.005 

7.6 
2.6 

14.3 
0.7 
4.3 
6.8 

374 
<0.005 

7.9 
0.2 

<0.6 
0.6 

226 
<0 .005 

7 .6  
1 .8 

18.0 
0.6 
3 . 1  
3 .3  

364 

7.7 
3.9 

1 7.6 
0.6 
7.8 
5 . 3  

373 

7.7  
3.5 

12.0 
0.6 

14.4 
4.7 

3 1 0 
<0.005 <0 .005 <0.005 

7.8 8.0 8.3 
0 .3  <0.9 <0.2 

<0.6 <0.9 <0.6 
0-5 O� 0-5 
1 3 2  1 32 151  

<0�05 <0�05 <0�05 

7.9 
5 .0 

1 1 .3 
0.6 

1 1 .9 
4.2 

354 
<0 .005 

8 .2 
0.2 
0.7 
0.5 
192  

<0.005 

8 .3  7.9 
2.2 2.9 

14.4 1 3.7 
0.9 0.7 

1 1 .2 
6.7 

3 1 5  402 
<0.005 <0.005 

8.1 8.2 
<0.2 0.35 

0.6 0.7 
<0.6 0.5 

192 21 4 
<0.005 <D.005 

NOTES 
(1)  All concentrations are monthly averages based on analysis of pond grab water samples in milligrams peI liter (mg/I) except pH. 
(2) No standards had been established for phosphate in 1972.  
(3)  Dissolved oxygen limit is a minimum requirement. 

Limits for pH, Biochemical Oxygen Demand (BOD, ), Dissolved Oxygen, and Total Dissolved Solids arc Colorado Department of Health Standards. 
All other limits arc U.S. Public Health Service standards for drinking water. 
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I 
8.0 II 5 . 1  

14.3 I 
0.48 I 
4.5 i 
9.7 II 442 

<0.005 

8.2 
0.8 

<0.3 
0.38 

224 
<0.005 



1-I Sampling Point and Guide ( I )  Parameter Measured Value Jan. 

l. N. Walnut Ck., Pond A 
pH 6.5-8.5 ' 7.9 
Nitrate (NO, -) 45 .0 62.5 

I Phosphate (PO, - ' )  (2) N.A. 0.7 
I Fluoride (F-) 1 .2 0.75 

I Total Solids 500.00' 448 
Chromium (CrH ) 0.05 <0.005 

I II. S. Walnut Ck., Pond B-4 
pH 6.5-8.5' 7.8 
Nitrate (NO, -) 45.0 I 1 .8 ! 

1 Phosphate (PO, -')  (2) N.A. 1 4.8 

I Fluoride (F-) 1 .2 0.64 

I BOD, 30.0' 14.9 
Dissolved Oxygen (3) 6.0 9.3 
Total Solids 500.00' 229 
Chromium (Cr·' ) 0.05 <0.005 

III. Woman Ck., Pond C-I 
pH 6.5-8_5 ' 8 .1  
Nitrate (NO, -) 45.0 0.8 
Phosphate (PO, -' )  (2) N.A. 0.7 
Fluoride (F-) 1 .2 0.52 
Total Solids 500.00' 226 
Chromium (Cr H )  0.05 <0.005 

NOTES 

TABLE 3 . 1 . 1 - 4  
NONRADIOACTIVE WATER EFFLUENTS 

JANUARY THROUGH DECEMBER, 1973 

Feb. Mar. Apr. May Jun. Ju!. 

7 .8 8.2 8.0 8.1 8 . 1  8 . 1  
70.5 65.7 84.7 42.5 4 1 .4 1 7.6 
<0.6 <0.8 2_0 1 .0 0.7 <0.06 

0.76 0.44 0.35 0.58 0.67 0.59 
390 340 298 3 1 0  404 426 

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

7.8 8.0 8.1 8.3 8.6 8.1 
2.6 4.3 9.7 1 1 .2 6.4 5 .2 

1 4.5 1 3 .4 6.2 3 .2 2.0 2.0 
0.8 1 0.46 0.47 0.66 0.72 0.58 
6.4 7.2 <10 <5.4 <7.0 9.5 
8 .6 8 .36  9.2 9.4 6 .1  5 .4 

445 4 3 1  405 383 481 452 
�0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

8.0 8.2 7.9 8.2 8.6 9.3 
0.7 0.49 1 .0 1 .7  0.8 J . J  
0.9 <0.7 < 1 .2 J . J  <0.6 <0.6 
0.7 0.44 0.34 0.58 0.53 0.48 

250 204 1 5 7  1 3 2  1 8 8  1 76 
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Aug. Sep. 

8 . 1  7.8 
<2.7 <5.8 
<0.7 <0.6 

0.57 0.5 
407 470 

<0.005 <0.005 

8.4 8 . 1  
3 . 7  <7.6 
3 .7 1 .7 
0.46 0.4 

1 5 .9 5 .1 
3.3 6.0 

416 392 
<0.005 <0.005 

9.1 8.9 
<0.5 < 1 .0 
<0.7 <0.6 

0.53 <0.4 
144 2 1 6  

<0.005 <0.005 

( I )  All concentrations are monthly averages based on analysis o f  pond grab water samples in milligrams per liter (mg/I) except pH. 
(2) No standards had been established for phosphate in 1973.  
(3) Dissolved oxygen limit is a minimum requirement. 

I 

I i 
Oct. Nov. Dec. 

I 
7.8 7.9 7.7 I I 

1 2.3 1 9 .0 34.0 I 
I 

<0.6 <0.6 <0.6 I 0.6 0.6 0.49 
274 372 

-� 

<0.005 <0.005 

7.9 8.0 7.6 
10.4 1 1 .4 1 5 .4 I 

I 2.3 <2.4 10.3 
0.6 0.4 0.43 

16 .7 9.4 8.2 I 
7.3  7 .8 7.5 I 

507 586 � 
<0.005 <0.005 <0.005 

8.5 8.2 7 .8  
0.5 <0.4 <0.7 1 

<0.6 <0.6 <0.6 
0.4 0.4 0 .31  

230 283 259 
<0.005 <0.005 <0.005 

I 
, Limits for pH, Biochemical Oxygen Demand (BOD, ). Dissolved Oxygen and Total Dissolved Solids are Colorado Department of Health Standards. 

All other limits are U.S. Public Health Service standards for drinking water. 
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TABLE 3 . 1 . 1 ·5 
NONRADIOACTIVE WATER EFFLUENTS f.mPling Point and (I)  
JANUARY THROUGH S EPTEMBER, 1974 

Guide 
! Parameter Measured Value Jan. Feb. Mar. Apr. May Jun. Jui. (5 ) Aug. Sep. (2) 

1 1. N. Walnut Ck., Pond A 
pH 6.5-8.5 * 7.9 7.7 7.9 7.5 7.5 I. F,<4) l .  F. I. F. I.  F. 

I I 

Nitrate (NO, .) 45.0 1 6 .3 37.5 <1 1 .0 <7.4 <7.2 l.  F. l . F.  l. F.  I. F. 
Phosphate (PO, . 3 ) (2) N.A. <0.7 <2.0 < 1 .2 1 .7 <2.0 I. F. 1 .  F. l. F. I. F. 
Fluoride (1'-) 1 .2 <0.3 - 0.28 0.38 0.52 l. F. l.  F. l. F. I.  F. 
Total Solids 500.00* 271 <20.7 <35 60 58 l.  F. l. F. l. F. 1. F. 
Chromium (Cr+' ) 0.05 <0.005 <0.005 <0.005 <0.005 <0.005 l. F. I. F. l.  F. l. F. 

Il. S. Walnut Ck., Pond B-4 
pH 6.5-8.5 * 7.8 7.9 7.8 7.3 7.7 7.0 7.8 7.6 7.5 
Nitrate (NO, .) 45.0 14.6 8.0 <6.1 <9.1  < 1 7.9 <5.6 <2.3 <2.39 3.0 
Phosphate (PO, " )  (2) N.A. 5 .8 5 .8 5 .4 3.2 4.8 4.9 < 1 .32 1 . 32 2.4 
Fluoride (F-) 1 .2 0.5 - 0.46 0.76 0.62 0.80 0.49 0.5 3 0.44 
BOD, 30.0' 5 .5 9.5 8.5 1 1 .2 4.4 14.0 26 24 35 
Dissolved Oxygen (3) 6.0' 8.5 8.3 6.6 2.3 3.5 4.2 8 1 2  1 7  
Total Solids 500.00* 482 <30.1  <20 <43 34 67 28 1 7  28 
Chromium (Cr+' ) 0.05 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.08 <0.05 

Ill. Woman Ck., Pond C·I 
pH 6.5 -8.5 * 7.8 8.1  8.2 7.7 7.8 7.5 8.7 9.0 8j 
Nitrate (NO, .) 45.0 1 .4 <5.0 <5.0 <5.0 5 .0 5 .0 l .l 5  <0.23 0.69 
Phosphate (PO, " )  (2) N.A. <0.6 1 .4 < l . l  1 .5 < 1 .2 < 1 .7 - - -
Fluoride (F') 1 .2 0.4 - 0.42 0.6 0.63 0.7 - - -
Total Solids 500.00 * 256 <6.9 7 21 <28 23 1 3  306 155 
Chromium (Cr+' ) 0.05 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - -

NOTES (1)  All concentratIons are i1lUnthly averages basea on analysis of pond grab water samples in mIllIgrams per liter (mg/I) except pH.  
(2) �:PDES permit went into effect Sept. 4, 1974. EstablIshed lImit of 8 mg/I, aauy average, for phosphGIUS. Pond samples were replaced at this time by 

l samples from dIScharge pomt stIpulated m the NPDES permIt and IdentIfIed m Table 3 . 1 . 1-6.  
(3) Dissolved oxygen limit is a minimum requirement. 
(4) I. F. - insufficient flow for sampling and analysis. 
(5) Beginning July, 1 9 74, samples taker. from outfall ponds A·3, B-4, and C·1, rather than pond grab water samples, in preparation for implementation of NPDES permit. 

• Limits for pH, Biochemical Oxygen Demand (BOD, ),  Dissolved Oxygen, and Total Dissolved Solids are Colorado Department of Health Standards. All other limits are U.S. Public Health Service Standards for drinking water. -----
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TABLL 3 . 1 . 1 -6 

NONRADIOACTIV E WATER EFF LUENTS 

(October 1 9 74 through December 1 97 5 )  

,------..• _ .. _---- -- - ----_ ._------ - - - -

Sampling Point and Discharge I 

Parameter Measured Limit Oct. Nov. Dec. Jan. l·eb. Mar. Apr. May Jun. JuL Aug. Sep. Oct. Nov. Dec. 

I. Discharge 00 I 
Total Suspended Solids 
(mgil) - Daily Avg. 1 5 .0 2 1 .0 8 .23 5 . 1 4.0 3 .9 4.5 4.2 2 .6 3 . 1  2 .0 2.4 4.3 4.5 3 .7 2 .8 

- Daily �Iax. 25 .0 5 3 .0 45 .0 1 5 .0 1 0 .0 1 0 .0 1 4 .0 1 4 .0 1 1 .0 1 4 .0 2 .0 1 4 .0 1 7 .0 1 3 .0 1 1 .0 9 .0 

Total Phosphorus (P) 
(mg/l) . Daily Avg. 8 .0 9 .0 2.6 3 .75 2 .94 1 .0 1 .9 1 .3 1 .9 0.5 0 .5 0 .5 0 .4 0 .7 0.6 0.7 

-Daily Max.  N.A.  6 .8 8 .0 4 .0 5 .0 3 .0 4 .3  2 .7 8 .0 1 .0 2 .0 0.8 0.7 1 .4 1 .0 2 .1  

Total Nitrogen -30 Da y Avg. 20.0 1 0 .3 1 3 .8 1 2 . 1 9 .4 

Nitrate (as N)*  
(mg/I) -Daily Avg. 1 0 .0 3 .0 6 .09 1 1 .2 1 2 .39 8 .48 7 .6 1 0 . 1  7 .5 5 .5 6 .9 6 .4 

--Daily Max. 20.0 7 .4 9 .0 1 9 .0 1 6 .0 1 3 .0 1 7 .0 1 4 .0 1 7 .0 1 3 .0 1 1 .0 1 4 .0 

Fluoride 
(mg/l) -Daily Avg. N.A. 0 .56  0 .7 2  0.38 0.27 0 . 37 0.6 0.45 0.4 0.4 0 .4 0 .3  0 .2 0 .3  0 .3  0 . 3  

-Daily Max.  1 .7 0 .7 0.8 0.5 0.4 0.6 1 . 1 0.6 0.6 0.6 0 .5 0.4 0.5 0.6 0.4 0.4 

Total BOD, 
(mg/!) -Daily Avg. 1 0 .0 1 9 .0 1 0 .80 8 .0 9 .2 3  6 .5 4 .9 3.5 5 .4 4.0 4.4 4.7 4.7 3 .8 4.7 3 .7 

-Daily Max.  25 .0 4 3 .0 4 3 .0 8 .0 32.0 1 0 .0 9 .0 9 .0 9 .0 1 3 .0 1 3 .0 1 0 .0 1 8 .0 7 .0 1 0 .0 8 .0 

Total Residual Chlorine 
(mg/I) -Daily Avg. N.A. <0 . 1  <0 . 1  0 . 1  0 . 1 < 0 . 1  < 0 . 1  0 . 1  < 0 . 1  < 0 . 1  <0 . 1  0 . 1  <0.1 <0.1 <0 . 1  0 . 1  

-Daily Ma x .  0 . 1  <0 .1 <0 . 1  0 . 1  0 . 1  <0.1  <0.1  0 . 1  < 0 . 1  <0.1 <0 . 1  0 . 1  <0.1 <0.1 0 . 1  0 . 1  

Dissolved Oxygen 
(mg/l) -Daily Avg. 4.0 1 1 .0 8 .08 8.0 7 . 3  7 .2 3  7 . 1  6 .46 6 .0 5 .3 5 .4 5 .7 6 .0 6.3 7 .0 7 .5 

-Daily Min. 2 .0 1 .8 1 .7 7 .0 .- - - 5 .0 5 .0 5 .0 5 .0 5 .0 6 .0 6 .0 6 .0 7.0 

Total Chromium 
(mg/I) ·-Daily Avg. 0 .05 <0.05 0.05 0 0.05 0.06 0.05 0 .05 <0.05 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

-Daily Max. 0 . 1  <0.05 0 . 1  0 0 . 1  0 . 1  0 . 1  0 . 1  <0.1 0.1 <0.1 <0 . 1  <0 . 1  <0.1 <0.1 0 . 1  

Oil and Grease 
(mg/I) - -Daily Avg. N.A. 3 .0 0.9 0 1 . 1 2  0.4 0.3 0.35 0.21  0 .3  0 . 2  0 . 2  0 .3 0 .2 0.1  0.2 

-Daily Max.  1 0 .0 4 .0 2 .1 0.5 4.2 0.6 0.5 0.8 0.3 0.4 0.3 0 .2  0 .4 0 .4 0 . 1  0 .2  

Fecal Coliforms 
(organisms/! OOml) 

-7 Day Avg. 400 Neg. Neg. 0 0 0 0 0 0 0 0 0 0 0 0 0 

-30 Day Avg. 200 Neg. Neg. 8 .5 2  0 0 0 0 0 0 0 0 0 0 0 0 

pI! 
-Min. 6 .0 7 . 3  7 . 3  6 . 2  6 .4 6 . 3  6 . 3  6 .2 6 .5 7 .0 6 .4 6 .5 6 .0 6 .5 6 .7 5 .9 

-Max. 9 .0 8 . 1  8 .4 7.6 7 .4 7 .5 7 .5 7 .6 7 .4 7.8 7 .2 7.1  6 .8 7 .8 7 .6 7 .5 

!-'low (X 1 0 '  liter) N.A. 20.0 29.0 20.5 1 6 .8 1 9 . 3  1 7 .6 20.9 2 3 .8 2 1 .4 1 9 .9 1 6 .4 1 4 .9 1 4 .9 1 5 .9 1 9 . 1  

II .  Discharge 002 (A-3) 
Nitrate (as N) 

- Daily Avg. 1 0 .0 1 .0 LI-'.  1 .0 I .F.  LF. 2.0 4.0 4.7 2 .4 1 .0 2.0 I.F. I .F . < 1 .0 1 .0 
-Daily �!ax .  20.0 1 .0 1 .1-'. 1 .0 I .F.  1.1-. 2.0 5 .0 5 .0 3 .0 1 .0 2 .0 I.F. I.F. < 1 .0 1 .0 

Flow (x 1 0 '  liter) N.A. 2 .6 1 .1-' .  0.6 1 . 1-' .  - - - - - - -

III .  Discharge 003 (C-l ) 
Nitrates (as N) 
(mg/I) -Mon. Avg. N.A. < 1 .0 1 .0 1 .0 1 .0 1 .0 1 .0 1 .0 1 .0 0.23 < 1 .0 <0.23 < 1 .0 < 1 .0 < 1 .0 0 . 1  

- Mon. Max. N.A. <1 .0 1 .0 1 .0 1 .0 1 .0 1 .0 1 .0 1 .0 0.23 < 1 .0 <0.23 < 1 .0 < 1 .0 < 1 .0 0 . 1  

Total Dissolved Solids 
(mg/l) �Ionthly Composite N.A. 1 1 6 1 5 .0 1 6 8  243 248 203 1 6 2  1 6 3  1 0 2  1 6 2  1 1 0 64.0 8 1 .5 1 46 1 46 

Chemical Q :x ygcn Demand 
(mg/l) Monthly Composite N.A.  1 3 .0 4 3 .0 7 .0 8.0 1 2 .0 8.0 1 3 .0 1 4 .0 20.0 2 2 .0 1 9 .0 8 .0 1 1 .0 1 2 .0 1 3 .0 

pH -Min. N.A. 7 .8 8 .0 7 .8 7.7 7 .7 8 . 1  7 .9 7 .7 7.5 7 .6 8 .2  7 .9 7 .4 8 .2 7.9 
--Max. N.A. 8 .7 8 .0 8 . 1  8 .1 8 .0 8 . 3  8 .0 8 . 3  8.6 8 .6 9 . 1  8 .0 8 .3 8.4 8 .0 

!-'low (X 1 0 '  liter) N.A. - 1 6 . 1  1 1 .0 1 1 .0 - - - - - -

Notes Key --
, Discharge limits per NPDES permit. N.A. - Not Applicable - -no data available 

1.1-. - Insufficient flow for sample analysis 
Discharge 00 1 samples are taken at the outfall of the sewage treatment plant, except total residual chlorine, which is sampled at the outfall at pond B 4 ,  S. Walnut Ck. 
Discharge 002 samples arc taken at the outfall of pond A-3, N. Walnut Ck. Flow is by precipitation runoff only, however, as no plant discharges directly by this source. 
Discharge 003 samples arc taken at the outfall of pond C-l , Woman Ck. Flow is by precipitation runoff only, however. 
'Prior to September 1 9 7 5 ,  the NPDES Permit limits were set for Nitrate (as N). Values after September represent values for Total Nitrogen. 
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Sampling Poin t and Discharge' 
Parameter Measured Limit Jan. 

TABLE 3 . 1 . 1 -7 
NONRADIOACTIVE WATER EFFLUENTS 

(Jan 1 976 through December 1 976) 

Feb. Mar. Apr. May June Jul. Aug. Sept. Oct. Nov. 
---- ---- - ----

I .  Discharge 00 1 
Total Suspended Solids 
(mg/I) -Daily Avg. 1 5 .0 2 . 1  2 .3 2.3 2.6 2.3 <2.0 <2.0 <2.0 

-Daily Yrax. 25 .0 I 4 .0 6.0 5 .0 9 .0 7 .0 <2.0 < 2.0 <2.0 
Total Phosphorus (P) I (mgjl)  -Daily Avg. 8.0 1 . 1 1 .0 1 . 1  1 . 1  0.9 0.9 < 1 . 1  < 1 .3 

-Daily Max. N.A. 1 .8 2 . 1  1 .9 2 .4 1 .6 1 .8 1 .9 1 .8 
Total Nitrogen 
(mg/l) (30-Day Avg.) 20.0 9 .3 6 .4 9 .7 1 0 .0 7 .9 < 1 0 .2 <4.0 <6.5 

Fluoride 
(mg!l) -Daily Avg. N.A. 0.3 0 .3  0 .4  0 .4 0.4 0.3 <0.3 <0.4 

-Daily Max. 1 .7 0 .4 0.4 0.4 0.6 0 .5 0.4 0.3 0.4 
Total IlOD, 
(mg/l) -Daily Avg. 1 0 .0 4 .5 6 .7 9 .7 1 .9 2.9 < 1 .9 <2.0 <2.0 

-Daily Max. 25.0 1 3 .0 1 5 .0 49.0 4 .0 2 3 .0 7 .0 5.0 5.0 
Total Residual Chlorine 
(mg/!) -Daily Avg. N.A. < 0 . 1  <0 . 1  <0 . 1  <0.1 <0.1  <0 . 1  0 . 1  <0. 1 

-Daily Max. 0 . 1  <0 . 1  <0 ) < 0 . 1  <0.1  <0 .1  0 . 1  0 . 1  <0.1  
Dissolved Oxygen 
(mg/I) -Daily Avg. 4.0 7 .4 6 .9 6 .8 7 .3 7 . 1  6 .8  6.6 <6.7 

-Daily Min. 2.0 7 .0 6 .0 6 .0 6 .0 6 .0 6.0 6.0 6 .0  
Total Chromium 
(mg/l) -Daily Avg. 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0. 1 <0. 1 

-Daily Max. 0 . 1  <0.05 <0.05 <0.05 <0.1  < 0 . 1  <0 . 1  < 0 . 1  <0. 1 
Oil and Grease 
(mg/l) -Daily Avg. N.A.  0.1  0 .2 0.2 0.4 0.4 0 .3  0.3 0 .2  

-Daily Max. 1 0 .0 0 .2 0.3 0.4 0.5 0 .5 0.4 0.4 0 .3  
Fecal Coliforms 
(organism s/l00 ml) I 

-7-Day Avg. 400 I 0 0 0 0 0 0 0 0 
-30-Day Avg. 200 0 0 0 0 0 0 0 0 

pH -Min. 6.0 8 . 1  7 .0 7 .0 7 . 1  7 .3 7 .2 6 .9  <7.3  
-Max. 

'f' 

7 .6 7 .8 7 .8 7 .8 7 .8 7.6 7.7 
Flow (X 1 0' liter) 1\.A.  1 8 .9 1 7 .6 1 6 .7 1 8 .2 20.7 2 1 .4 2 1 .4 20.3 

II. Discharge 002 (A-3) 
Nitrate (as N) 

-Daily Avg. 1 0.0 < 1 .0 1 .0 3 .0 5 .0 4.0 <2.0 2.0 3 .0  
-Daily Max. 20.0 < 1 .0 1 .0 3 .0 6 .0 6 .0 2.0 2.0 3.0 

p H  -Min. 6.0 7 . 8  7 .8  
-Max. 9.0 7 .8  7 . 8  

Ill .  Discharge 003 (C-1) 
Nitrates (as N) 
(mg/l) -Daily Avg. N.A. < 0 . 1  <0. 1 

-Daily Max. N.A. <0.1  <0. 1 

-Mon. Avg. N.A. <0.1 0 . 1  <0 . 1  1 .0 0 .3  < 1 .0 

-Mon. Max. N.A. <0 . 1  0 . 1  <0 . 1  1 .0 0.3 < 1 .0 
Total Dissolved Solids 
(mg/l) -Daily Avg. N.A. 1 3 1  1 1 8  

-Daily Max. N.A. 1 4 1  1 34 

Monthly Composite N.A. 1 5 3  1 5 0  1 4 3  70 1 2 1  1 5 8  

Chemical Oxygen Demand 
(mg/I) -Daily Avg. N.A.  2.0 1 2.0 

-Daily Max. N .A. 2.0 1 2.0 

Monthly Composite N.A. 5 .0 9 .0 3 .0 1 1 .0 2 6 .0 1 4 .0 

pH -Min. N.A. 7 .7 7 .9 8 . 1  8 .2 7 .9 8.0 8 . 1  8.7 

-Max. N.A. 8 .3 8 .3 8 . 3  8 . 3  8 .9 9 .2 9.0 8.7 

Notes 
, Discharge limits per NPDES permit. 

Discharge 001 samples arc taken at the outfall of the sewage treatment plant except for total residual chlorine, which is 
sampled a t  the ou tfall of Pond B-4, S.  Walnut Creek. 

Discharge 002 samples arc taken at the outfall of pond A-3, N. Walnut Creek. \:low is thc precipitation runoff only, 

however; a s  no plant discharges directly by this source. 
Discharge 003 samples arc taken at the outfall of pond ('- I ,  Woman Creek. Flow is the precipitation runoff only, ho\l,Icver, 

as no plant discharges directly by this source. 
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6 . 0  
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< 3 .5 
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1 5 .0 

< 1 . 1  
2. 1 

5 . 9  

<0.4 
0.5 

3 .2  
6 .0 

<0. 1 
< 0 . 1  

< 7 . 1  
7 .0 

<0.05 
<0.1  

0 .4 
0.5 

0 
0 
7.3  
7 .6 

1 9.6 
---

4.3 
6 .0  
7.9 
8 . 1  

< 2.0 
<2.0 

<0.9 
1 . 5 

7.0 

<0.4 
0.5 

< 0 . 1  
5 . 0  

< 0 . 1  
<0. 1 

< 7 . 1  
6 . 0  

<0.05 
<0. 1 

0.2 
0.3  

0 
0 
7.0 
7.4 
- -

2 . 7  
3 . 0  
8 . 0  
8 . 2  

--- ---

1 .4 <0. 1 0 . 1  

1 .4 <0. 1 0 . 1  

1 04 1 6 2  226 
1 1 2 1 7 8 226 

2 1 .0 9.0 7.0 
2 1 .0 9.0 7.0 

8 .8  8 .8  8 . 6  
9 . 2  9 . 1  8 . 7  

Key 

N.A. - Not Applicable 
-- No data available. 
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7 . 8  
7 . 9  

0 . 3  
0 . 3  

248 
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: 
8.0 
8.0 

8.2 
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TABLE 3 . 1 . 1 -8 
NONRADIOACTIVE WATER EFFLUENTS 

(January 1977 through December 1 977) 
Sampling Point and Discharge' 

Parameter Measured Limit Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 

I. Discharge 00 I 
Total Suspended Solids 
(mg/I) -Daily Avg. 1 5 .0 <2.6 <2.0 <2 .6 <3.5 <3.2 <2.0 <2.0 <2.5 <3.1  <4.3 <3.8 <3.4 

-Daily Max. 2 5 .0 1 2 .0 <2.0 8 .0 1 8 .0 1 5 .0 <2.0 <2.0 6.0 7.0 1 3 .0 1 6 .0 1 0.0 
Total Phosphorus (P) 
(mg/I) -Daily Avg. 8.0 1 .2 1 .6 2 .0 1 .7 1 .7 2 . 1  2 .3  2 .3 2.4 3.0 2 .8 3.5 

-Daily Max. N.A. 2 .3 2 .5 3 .4 2.8 2.3 4 .4 4 .2 4 .2 4 .9 4 .4 5 .5 6.0 
Total Nitrogen 
(mg/I) (3D-Day Avg.) 20.0 1 3 .5 1 3 .9 < 1 1 .5 <9 . 1  9.0 <9.5 <9.5 1 1 .2 1 1 .6 < 1 3 .4 1 3 .2 < 1 3 .4 
Fluoride 
(mg/I) -Daily Avg. N.A. 0.4 0.4 0 .8 0.4 0.3 <0.3 0.5 <0.5 0 .5 0.5 0.5 0.4 

-Daily Max. 1 .7 0 .5 0 .5 3 .0 0.5 0.5 0.5 0.6 0.6 0.8 2.0 0 .8 0.6 
Total BOD, 
(mg/l) -Daily Avg. 1 0 .0 6.6 5 .8 3 .4 < 3 .9 < 3 .2 <2.9 <2.2 <2.8 < 1 .4 5 .2 <5 .2 10.0 

-Daily Max. 25 .0 1 5 .0 1 4 .0 1 2 .0 7 .0 10.0 7.0 5 .0 7 .0 7 .0 1 8 .0 1 1 .0 29.0 
Total Residual Chlorine 
(mg/I) -Daily Avg. N.A. <0.1 <0.1  <0.1  <0 .1  <0.1  <0.1  <0 . 1  <0.1 <0.1  <0.1  <0.1  <0.1  

-Daily Max. 0 . 1  <0 . 1  <0.1 <0 .1 <0 . 1  <0 .1  <0.1  <0 .1 <0 .1 <0.1 <0.1 <0.1  <0 . 1  
Dissolved Oxygen 
(mg/I) -Daily Avg. 4 .0 7.8 8 .3 8 .4 7.9 7.2 6 .8 6.8 6 .7 6 .7 6 .8 7 .6 7.4 

-Daily Min. 2.0 7.0 7.0 7 .0 7.0 6.0 6 .0 6.0 6 .0 6 .0 5 .0 7 .0 6.0 
Total Chromium 
(mg/I) -Daily Avg. 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

-Daily Max. 0 . 1  <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Oil and Grease 
(mg/l) -Daily Avg. N.A. 0.9 0 .6 0.6 0.8 0.6 0.5 0.5 0 .5 0.6 0.4 0.3 0.3 

-Daily Max. 1 0 .0 1 .5 1 .4 0 .8 1 .2 0.8 0.6 0 .6 0.6 1 .6 0.6 0 .5 0.4 
Fecal Coliforms 
(organisms/100 ml) 

-7-Day Avg. 400 0 0.5 0 0 0 0 0 0 0 0 0 0 
-3D-Day Avg. 200 0 0 . 1  0 0 0 0 0 0 0 0 0 0 

pH -Min. 6 .0 6 .6 6 .7 6 .9 6.8 6.8 6.7 6 .6 6 . 1  6.8 6.8 6 .9 6.8 
-Max. 9 .0 7 .3  7 .4  7 .5  7 .4 7 .5 7.8 7 .7 7 .7 7.6 7.6 7 .6 7.5 

Flow (X 10' liter) N A  2 2 . 1  14.9 1 6 .8 1 8 .7 1 9 . 3  1 7 .9 1 8 . 1  1 8 .8 1 6 .4 1 6 .0 1 1 .4 1 8 .0 

II. Discharge 002 (A-3) 
Nitrate (as N) 

-Daily Avg. 1 0 .0 7.0 7.0 7 .0 5 .8 3 .0 1 .0 <5.0 <0.3 <0.3 < 1 .0 <0 .3 0.3 
-Daily Max. 20.0 7.0 7.0 7.0 7 .0 4.0 1 .0 9.0 <0.3 <0.3 < 1 .0 <0.3 0.3 

pH -Min. 6 .0 7.7 8.0 8.0 7 .7 8.0 8.1 7 .6 7.4 7 .4 8 .2 7 .4 8 . 1  
-Max. 9 .0 7.7 8.0 8 .5 8 .2  8.4 8.1  7.8 7.4 7 .7 8 .2 7.4 8 . 1  

I l l .  Discharge 0 0 3  (C-l ) 
Nitrates (as N) 
(mg/l) -Daily Avg. i N.A. <0 .1  <0.1 <0 . 1  0.1  <0.3 <0. 3  <0.3 <0.3 <0.3 0.9 <0.3 <0.3 

--Daily Max. I N.A. <0 . 1  <0 .1  <0 .1  0 .1  <0.3 <0.3 <0 .3 <0 . 3  <0.3 0.9 <0.3 <0.3 
Total Dissolved S olids 

--Daily Avg. I N.A. 260 178 1 84 l S I  1 5 8  150 158  108  9 3  1 4 8  206 220 
-Daily Max. N.A. 268 24 1 226 1 5 7  1 74 1 6 3  1 7 2  1 25 98 161  220 223 

Chemical Oxygen Demand I -Daily Avg. N.A. 28 6 .0 9.0 15 5 .0 15 18 14 26 1 1  2 1  1 3  
-Daily Max. JjN.A 28 6 .0 9 .0 1 5  5 .0 I S  1 8  1 4  26 I I  2 1  1 3  

pH -Min. N.A. 8.3 8 .4 8 .3 8.0 8.5 8 .2  8 .5 7_0 7 .4 7 .2 8 . 3  7.9 
-Max. N.A. 8 .6 8_6 8.5 8.3 8.6 8.8 8.6 8 . 3  9 . 1  9 .4 8.4 � -Key -- _. Notes 

, Discharge limits per NPDES permit. KA. - Not Applicable 
Discharge 00 1 samples arc taken at the outfall of the sewage treatment plant cx<.:cpt for total residual chlorim" which is sampled at the outfall of Pond B4, 

S .  Walnut Ck . 
Discharge 002 samples arc taken at the outfall of pond A-3, N. Walnut Ck. Flow is the precipitation runoff only, however, as no plant discharges directly 

by this source. 
Discharge 003 samples arc taken at  the outfall of pond C-l , Woman Ck. Flow is the precipitation runoff only. however. as no plant discharges directly 

by this source . 
• 

3 - 2 2 



Ove rall , the Rocky F l a t s  Plant has suc ceeded in minimiz ing the release o f  non

radioact ive contaminants in e f fluent waters . The Pl ant does no t cons t i tu t e  a s igni 

fican t , nonradioac t ive , water pollution sourc e , and i t  does n o t  represent a d i rec t 

threa t  to human hea l th from nonradioac t ive con taminan t s  in e f fluent waters . 

Contaminants in E ffluent Ai r 

Release l imi ts u t i l ized for nonradioac t ive contaminants in a i r  during normal 

P lant operations are thos e  speci f i ed in regulations i s sued by the S tate , under the 

S tate Imp l ementation P l an . The nonradioac t ive , a i rborne contaminant s  released by the 

Rocky Flats  P lant inc lude sulfur dioxide , n i trogen oxide s , and unburned hydrocarbons 

from the various P lant bo i l ers ( see Tab l es 2 . 6 . 6 - 2 ,  2 . 6 . 6 - 3 ,  and 2 . 8 - 2 ) . Also inc luded 

are bery l l ium ,  c arbon t etrachloride , hydrocarbon vapors , and t race quan t i t i e s  o f  

o ther materials and chemicals from various manu fac turi ng fac i l i t ie s . Chemi c a l s  used 

a t  Roc ky Flats are l i s ted in Tab l e  2 . 8 - 1 .  

O f  these potential pollutant s , bery l l ium presen t s  the gre a t e s t  potential heal th 

hazard because of i t s  t oxi c i ty and because of the relatively l arge quan t i t i e s  handled 

by the P lant . As di scussed in S e c t ion 2 . 5 . 3 . 1 ,  a l l  fac i l i t i e s  in whi ch beryl l i um i s  

p roc e s s ed are equipped wi th exhaus t  a i r  fil tration sys tems . The s e  sys tems u t i l ize 

HEPA (High E ff i c i ency Particulate Ai r )  fil ters , cyclone separators , and o i l  impinger 

pre fil ters . I n  add i tion , a l l  e ffluent exhaus t  sys tems are i sokinet i c al l y  s ampled on 

a continuous bas i s . E f fluent bery l l ium concentrations from appropriate bui ldings are 

determined us ing the atomic ab sorpt i on method ( Bo kowski , 1 9 68 ) . Tab l e  3 . 1 . 1 - 9  l i s t s  

the monthly and annual amounts o f  bery l l ium released from 1 9 7 1  through 1 9 7 7 . Rel eases 

through December 1 9 7 7* have been wel l  below the appl i c ab l e  EPA l im i t s  and do no t 

repres en t  a s igni fi c an t  env i ronmental impac t .  

An automated flue- gas moni to ring sys tem i s  being instal led to moni tor sul fur 

dioxide , carbon monoxide , and unburned hydroc arbons emanating from the various P lant 

heat ing boi l er s . When natural gas i s  used during bo i ler operation , flue - gas contam i 

nan t s  a r e  minimized and n o  sul fur dioxide i s  p roduced because o f  t h e  l a c k  o f  sul fur 

compounds in natural gas . As di scussed in Sec t i on 2 . 6 . 6 , 1 ,  and as shown in Tab l e  

2 . 6 . 6 - 2 ,  a maximum nitrogen oxide concentration o f  2 60 ppm resu l t s  from bo i ler 

operat ion wi th natural gas . Ope ra tion using the backup fuel supp ly , 1t6 fue l  o i l , 

does resul t in higher con t aminant release , and the pre sence o f  sul fur in the fuel 

p roduce s  some sul fur dioxide in the flue gas . Maximum concentrations o f  400 ppm 

nitrogen oxides and 420 ppm sul fur dioxide have b een recorded whi le burning fue l  o i l . 

Emi s s ion rates o f  c arbon monoxide and unburned hydrocarbons average l e s s  than 15 ppm 

and 2 . 5  ppm , respec t ively . Other nonradioac tive air contaminant releases from manu

fac turing fac i l i t i e s  are charac teri s t ically low because o f  sophi s ti c a ted , exhaus t - a i r  

fil t ra t ion systems used t o  t rap radioac tive material s ,  as desc ribed in S ec t ion 2 . 7 . 1 .  

*A rec ent (February , 1 9 7 8 ) fire released �14 . 5g o f  bery l l ium . S e e  S e c t ion 3 . 2 . 1  
for an analys i s  o f  the impact  o f  a hypothet i c al maximum c redibl e  bery l l ium fire . 
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TABLE 3 . 1 . 1 - 9 

BERYLLIUM RE LEASES 

( grams ) 

1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  

Jan . 0 . 823 0 . 1 6 0 . 2 3 0 . 7 1 0 . 3 9 0 . 44 

Feb . 2 . 0 9 2  0 . 1 8 0 . 2 8 0 . 3 9 0 . 62 0 . 25 

Mar . 1 .  239  0 . 2 2 0 . 1 3 1 . 2 0 0 . 40 0 . 18 

Apr .  0 . 699 1 . 2  0 . 22 0 . 87 0 . 3 1  0 . 18 

May 0 . 619 0 . 1 5 0 . 0 9 3 . 1 7 0 . 7 0 0 . 28 

June 0 . 370 0 . 3 8 0 . 14 1 .  3 8  0 . 2 0 0 . 34 

July 4 . 49 1  0 . 24 0 . 3 3 2 . 29 0 . 3 8 0 . 24 

Aug . 0 . 802 0 . 3 7 0 . 3 4 0 . 22 0 . 1 8 0 . 30 

S ep t . 0 . 88 1  0 . 41 0 . 5 5 0 . 23 0 . 15 0 . 2 2 

Oct . 0 . 5 1 9  0 . 2 5 3 . 3 2 0 . 1 5 0 . 63 0 . 2 0 

Nov . 0 . 0 94 0 . 3 7  0 . 7 5 0 . 2 0 0 . 42 0 . 3 9 

Dec . 4 . 20 1  0 . 3 2 0 . 7 0 0 . 1 8 0 . 81 0 . 68 

Total 1 6 . 83 4 . 2 5 7 . 0 8 10 . 9 9 5 . 19 3 . 70 

S tandard ( l )  3 , 650 3 , 65 0  3 , 650 3 , 650 3 , 650 3 , 650 
% o f  S t and . 0 . 46 0 . 12 0 . 1 9 0 . 3 0 0 . 14 0 . 10 

Conc entration (2) 

C avg . 0 . 0013 0 . 0002 0 . 0 0 1 5  0 . 0 023 0 . 0004 0 . 0003 

C max . 0 . 2 0 9  0 . 0 54 0 . 144 0 . 43 0 . 40 0 . 0 15 

S t andard ( 3 )  0 . 0 1  0 . 0 1  0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 

% o f  S t and . 13 . 0  2 . 0  15 . 0  23 . 0  4 . 0  3 . 0  

1 .  Max imum perm i s s i b l e  l imi t e s tabl i shed by the EPA i s  10 grams per 
day per s tat ionary source . 

1 9 7 7  

0 . 19 

0 . 3 2 

0 . 66 

0 . 5 2 

0 . 2 2 

0 . 24 

0 . 3 1 

0 . 28 

0 . 54 

0 . 44 

0 . 2 6  

0 . 9 5 

4 . 93 

3 , 65 0  

0 . 14 

0 . 0003 

0 . 1 5 8  

0 . 0 1  

3 . 0  

2 .  Concentrations in mic rograms per cub ic me ter ( � g/m3 ) based on stack s amp l e s  
C avg - average monthly concentrat ion 
C max - maximum s ingle samp l e  concen tration 

3 .  S tandard in � g/m3 app l i e s  to average monthly conc entration in ambient ai r .  
( The Rocky Flats ' s e l f- imposed internal goal for bery l l i um 

i n  air i s  0 . 0 05 � g/m3 , one - hal f the o ff i c i al s tandard . )  
The permi s s ible exposure level o f  2 . 0  � g/m3 for an e i ght -hour t ime -we ighted 
average ( with a c e i l ing concent ration o f  5 . 0 � g/m3 for a 10 -minute expo sure ) 
i s  used by OSHA . The max imum permi s s ible exposure level i s  2 5  � g/m3 for a 
30 -minute peak concentrat ion . The EPA standard for a 30 - day exposure to the 
general pub l i c  is 0 . 0 1 � g/m3 . 
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Al l emi s s i ons are w i thin regulations o f  the State  o f  Colorado as amended in 1 9 7 7 , for 

emi ss ions for which app l i c ab l e  regulat ions ex i s t . 

Normal operation o f  the Rocky Flats  P l an t  resul ts in smal l releases of contami 

nants in e ffluen t a i r .  Comparison with e s tab l i shed l im i t s  show the se releases to b e  

be low the app l i c ab l e  l imi ts ; cons equently , they d o  not represent a s igni fi c ant 

envi ronmental impac t or threat to human heal th . 

E ffec t s  on Other L i fe Forms 

The e f fe c t s  of nonradioac t ive contaminant releases on l i fe forms o ther than man 

are , at b e s t , d i fficult to quant i fy .  Both the d ivers i ty of spec i e s  and comp l ex 

interre l a tionships between species  and between aquatic  and terres trial  environs 

require long- term ecological moni toring programs . 

S everal s tudie s  h ave been carri ed out at Roc ky Flats  to assess  the bio logical 

impac t on the aquatic and terres trial  ecosy s tems . These s tudies h ave been conduc ted 

by Roc ky F lats , by univers i t i es under contrac t to ERDA ( now DOE ) , and by other govern 

ment l aboratories . Tab l e  3 . 1 . 1 - 10 summarizes the s e  p a s t  and c on t inuing s tudies . A 

detailed des cript ion o f  the s e  p rograms and thei r  findings to date i s  presented in 

Sect ions 2 . 1 0 . 4 . i , 2 . 1 0 . 4 . 2 ,  and 4 . 1 . 3 .  

The mos t  exten s ive s tudy o f  nonradi ological impac ts was conducted on the aquatic 

env i rons from July 20 through Augus t  1 7 , 1973 ( Z i l l ich , 1 9 7 4 ) . Thi s  period was 

cho s en bec ause s t reams a t  that t ime of the year are normal ly a t  low flow ; conse

quently , the  impact o f  was t e  discharges would b e  mos t  evident . The fol lowing d i s 

cus s i on summarizes  thi s s tudy and i t s  resul t s  and i s  indicative o f  t h e  nonradi o 

logi cal impac t that normal P l ant opera t i on has on aquatic  l i fe forms . 

The b i o t i c  parameters were subdiv ided by t rophic l evels  as fo l l ows : the primary 

produc ers or green p l ant s , the p rimary consumers ( e s s en t i a l ly the aquatic mac roinver 

tebrates ) ,  and the secondary c onsumers such as fish and man . The three maj or sub 

group s wi thin the p ri�ary producers s tudied were phy toplankton , roo ted aquati c s , and 

periphyton . The s e  p l ant populat ions are nutrient dependent and o ften fluc tuate 

dras t i c a l ly in response to minor changes in water qua l i ty . The periphyton popula

t ions were con s i dered mos t  indic at ive of imp a c t  vari ations in p rimary p roduc t ion . 

The periphyton populat i ons were much h igher a t  s i tes rece iving waters from the was t e 

water tre a tment p lant . 

A compari son o f  periphyton growth in Woman Creek , which receives only surface

water runo ff from prec i p i ta t ion, and in Walnut Creek , which does contain nut r i ents 

from s ani tary was te e f fluents , indi c ated that 1 5  times more primary produc t i on occurred 

in Walnut Creek than in Woman Creek . I f  the d i s charge of nutrients were to c ont inue 
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TABLE 3 . 1 . 1 - 10 

S PEC IAL ENVIRONMENTAL STUDIES AT ROCKY F LATS* 

Colorado S tate Univers i ty : 

S tudi e s  o f  Deer near Rocky Flats  
P lutonium Level s  in Terre s t rial Ecosys tems 
P lutonium Level s  in Aquatic Sys tems 
Restoration and Revege tation of S o i l  
Wind Tunnel S tudi es o f  Plume Dispers ion 

Univers i ty of Colorado : 

Plutonium Transport by Needle I c e  
P lutonium Transport b y  Pol l en 
Vegetat ion Mapp ing 

ERDA Hea l th and S afe ty Laboratory ( now called Envi ronmental Measure
ment s  Laboratory ) : 

Re suspension o f  Plutonium 
Vertical Transport o f  P lutonium 
Horizontal and Vert ical Dis tributions o f  

Plutonium and Americ ium i n  the Soil  
Interrelations o f  Soil  and Airborne P lutonium 

Concentrations 
Time Trends in P lutonium Concent ra t ions in 

Air Near Roc ky Flats  

EPA - Las  Vegas : 

P lutonium in Cattle near Roc ky Flats  
S tudi e s  o f  P lutonium in People Living near Roc ky Flats 

Roc ky Flat s : 

Pond Ecology S tudi e s  
Remot e  S ens ing for Ecological Mon i toring 
Eco logical Moni toring 
Plutonium in Soil  Particle  S iz e  S tudies 
Plutonium Solub i l i ty in the Envi ronment 
Chromosome Aberra tions in Plutonium Workers 
P lutonium Transport through S o i l  
S o i l  Decontamination 
Plutonium , S t rontium , and Ces ium in Background 
High Al t i tude Fal lout S tudy 

Battelle  Pac i fic Northwe s t  Laboratorie s : 

Re suspens ion and Part i c l e  S iz e  o f  Plutonium in S o i l  

Oak Ridge Nat ional Laboratory : 

P ar t i c l e  Size  o f  P lutonium in Soil  

U .  S .  Geolog i c a l  Survey 

Hydrological Mapping of Groundwater 

*References to envi ronmental s tud ies concerning Roc ky Flats  are given in 
S e c t ion 2 . 13 .  
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at the l evel present during the s tudy , the e l evated algae growths could eventual ly 

lead t o  f i l tering and tas t e  o r  odor p rob l ems in Great Wes tern Reservo i r . To a l leviate 

thi s po s s ib i l i ty , Broomfi eld t reats the reservo i r , as needed , wi th coppe r  sul fat e  to 

reduce algae growth . 

Phosphorus , the key e l ement for the p romot ion o f  such growth , was more abundant 

in Walnut Creek than in other s treams in the v i c ini ty of the P lant s i t e  at the t ime 

of the s tudy . Phosphate concentrati ons have been reduced s ince the s tudy was con

duc ted ; consequently , the primary produc t ion s hou ld now be l e s s . Al l laundry was t e  

i s  now being impounded and no longer l eave s  t h e  P lant s i te . In addi t ion , 80% o f  the 

remaining phosphorus that was b eing discharged from the s ewage- t re atment p l an t  i s  

b eing removed b y  a recently instal led , phosphorus - removal t reatment sys tem . 

The primary consumers , macroinvertebrates such as snai l s , c lams , may fl ie s , and 

c ray f i sh are exce l l en t  moni tors o f  l ong - t erm water qua l i ty . The b e tter the water 

qual i ty , the more diverse the macroinvertebrate populati ons t end to b e . I t  i s  mos t 

s i gni ficant that the divers i ty o f  macroinvertebrates in Walnut Creek , which was made 

up almos t exc lusively of Roc ky F l a t s  P lant was te d i scharge s , was comparab l e  to that 

in Woman Creek , a s t ream receiving e s s entially no d i s charge s . Even relatively 

sens i t ive s ideswimmers , mayfl ies , and cadd i s f l i e s  are present in Walnut Creek . Thi s  

i s  indicative o f  a c on tinuously high- qual i ty discharge . The diversi ty and ratio o f  

sens i t ive t o  insen s i t ive organ i sms was better than i n  any o ther Denver- area s tream 

s tudi ed by the Federal Water Pol lution Control Admini s tration [ now incorporated into 

the Environmental Protec t ion Agency ( USDI , 1 9 67 ) ] . 

Secondary consumers such as fathead minnows , green sunfish,  and wes t e rn whi t e  

suc kers were found inhab i t ing Walnut Creek . Viab l e  egg s , fry , and adul t fathead 

minnows in spawning cond i tion were observed in a l l  drainages l eaving the P l an t  s i t e . 

Thi s  i s  s igni fi c an t  because fatheads have been the mos t  widely s tudi ed fresh water 

fish for determining the effects  of potential pol lutan t s  on fi sh reproduc t ion ( Ar thur 

and Eaton , 197 1 ; Mount , 1968 ; Brungs , 197 1 ;  Brungs , Oc tober 197 1 ; Brungs , 1 9 69 ) . The 

reproduct ion o f  thes e  fish in Roc ky Flats was t ewater is a good indi cator o f  the 

qual i ty of the P l an t ' s  was t ewaters . 

Native fish from Great Western Reservoi r  and introduced fish held in l ive cages 

in Walnut and Woman Creeks were analyz ed for chlorinated hydrocarbons .  The resu l t s  

gave n o  reason for concern when compared to current Food and Drug Admini s tration 

guide l ines . Even the flesh o f  a l l  f i sh held in South Walnu t Creek at the Pond B - 4 

outfall were b elow 2 . 5  ppm for a l l  so lven t s  and polychlorinated bipheny l s  ( Zi l l ich , 

1 9 7 4 ) . 

In summary , the data indicate that nonradiological e ff luent s  from P lan t op era

t ion have had no s igni fi c an t , de trimen tal imp ac t  on the aquatic  env i ronment .  
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3 . 1 . 2  Radiological Impac t As s e s sment 

The radiological impac t from rou t ine operat ions re sul t s  from low- level , chronic 

releases from P l ant bui ldings and on - s i te contaminated areas . The sourc e term has 

been reviewed and rev i s ed s ince i s suance of the DEI S  based on current operations , 

proc edure s , and measured dat a . The assessment o f  the impac t o f  these releases on 

pe rsons re s iding wi thin 50 miles  of the P l ant will  b e  made in thi s section .  

The assessment o f  the radiological impact on o f f- s i te persons invo lves the 

fol l owing s teps . F i rs t , the source t e rm mus t  be determined . The source term is the 

amount of each radionucl ide released from the P l ant s i te , in uni t s  of curies per 

yea r .  The radio logi cal source term from future , normal operat ion o f  Roc ky Flats 

con s i s t s  o f  ai rborne and waterborne sourc e s . Secondly , the amount o f  each radionuclide 

del ivered , v i a  the various p athways , to persons res i ding at various d i s t ances and 

directions from the P l ant mus t  be determined . The pathways pert inent to rout ine 

re leases are inhalat ion of both the initial , uns e t tled a i rborne material and the 

material resuspended into the air from the so i l , food and water inge s tion , and i rradi a 

t ion b y  radionuc l ides depo s i ted o n  t h e  ground ( called ground p lane i rrad i a t ion ) .  The 

third s tep is to determine the dose received by a person from exposure to the radio

nuc l i de s . Computer codes and equat ions based on recommenda t ions o f  the Internat ional 

Commi s s ion on Radio logi cal P ro te c t ion are used to c al cul ate doses to a person who 

inhal e s  or inge s t s  radionuc l ides . S ince p lutonium and some o ther radionuc l ides are 

not uni formly di s t ributed in the body , the dose to a pe rson wi l l  be determined for 

both the total body , and a l so the l iver , bone , and lungs , whi ch are the organs o f  

maj or concern for plutonium and other radionuc l ides which comp r i se the source term .  

Persp e c t ive for the impact o f  the do ses i s  p rovided by a compari son with the o rgan 

dos e s  rece ived by a person from natural radiat ion sourc e s  ( cal led background radiation ) 

and by an e s t imate o f  the r i s k  o f  canc e r  mo rtal i ty .  The use o f  the total body do ses 

a s  the p rimary dos e  has been deemphasized as a result o f  comments on the DE I S . 

Thi s  s e c t ion presents the re su l t s  o f  detailed calculations . For a complete  

de s c ri p t ion o f  thes e  calculations , s e e  Appendix F .  I t  i s  intended that the in forma 

t ion p rovided in Appendix F wi l l  al low a . person w i th no knowl edge o f  radiat ion do s i 

metry but wi th ma thema t i c al ski l l s  t o  reproduce any dos e  value presented i n  thi s 

Chap ter . 

3 . 1 . 2 . 1  Radiological Source Terms for Ai rborne Rel eases 

The a i rborne sources inc lude releases from P l ant bui ldings and the continued 

resuspens ion of plutonium from on - s i te so i l s  in the vicinity of the p a s t  oil drum 

l e akage ( de s c ribed in Sec tion 2 . 3 . 9 . 1 ) . 

The radioac tive a i rborne releas e s  from past operation are d i s cus sed in S e c t ion 

2 . 7 . 2 .  The s e  release s  were used in the deve lopment o f  the a i rborne sourc e term for 

future operations . Tab l e  3 . 1 . 2 - 1 shows the total a i rborne source term used to des -
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c ribe a l l  future , normal ope ra t ions o f  the P l ant . The values in this table are 

con s i dered to b e  overe s t imates . 

TABLE 3 . 1 . 2 - 1  

ANNUAL AIRBORNE SOURCE TERM FROM FUTURE NORMAL 
OPERATION OF ROCKY F LATS 

Radionu c l ide 

Tri t ium ( 3H ) *  

Uranium - 2 34 

Uran ium - 2 3 5  

Uranium - 2 3 6  

Uranium - 2 3 8  

Thorium - 2 31* 

Thorium - 234* 

Plutonium - 2 3 8  

Plutonium - 2 3 9  

Plutonium - 240 

Plutonium - 241* 

Plutonium- 242 

Americ ium- 241 

Release from 
P l an t  

Bu i ldings 
( IJ C i ) 

5 x 106 

1 0 6  

4 

0 . 4 

89 

4 

89 

2 

80 

1 8  

5 0 9  

2 x 10 - 3  

5 0  

M i s c e l l aneous Alpha 
Emi t ting Radionu c l i de s  

1 

""'Beta Emi tter 

Resuspens ion 
From S o i l  

( IJ C i )  

** 

** 

** 

** 

103  

3 , 50 3  

794 

2 2 , 374 

7 . 1  x 10 - 2  

880 

o 

To tal 
( IJ Ci ) 

5-;106 

1 0 6  

4 

0 . 4 

89 
4 

89 

105  

3 , 583 

8 1 2  

2 2 , 883 

7 . 3  x 10 - 2  

9 3 0  

1 

**Some uranium was also released as a result o f  l eakage from the o i l  drums s to red 
outdoors ( See S ec . 2 . 3 . 9 . 1 ) . The uranium source term i s  negl igible in comparison 
to the plutonium and americ ium sourc e terms . 

The sourc e t e rm for trit ium from P l ant buildings for future , normal operat ion i s  

five curies per y e a r  ( 5  x 10 6 IJ Ci/yr ) .  A s  shown in Tab l e  2 . 7 . 2 - 3 ,  t h e  annual tritium 

releases for 1 9 7 5 - 1 9 7 7  were below five curies . The P l an t  has e s tab l i shed an admini s 

trative l im i t  o f  0 . 1  Ci p e r  month on the total amount o f  trit ium whi ch may b e  rece ived 

for chemical p rocess ing a t  the fac i l ity . Based on the 1 9 7 5 - 19 7 7  releases and the 

admini s t rat ive l imi t ,  the five curie source term i s  not expec ted to be exceeded in 

the future . 

The annua l  u ranium source term from P lant buildings i s  100 IJ C i/yr o f  uranium 

alpha a c t iv i ty from dep l e ted uranium plus 100 IJ Ci/yr o f  uranium alpha a c t iv i ty from 

highly enriched uranium . The source term for each uranium i so tope presented in 

Tab l e  3 . 1 . 2 - 1  was c alculated from the 100 IJ Ci/yr source terms and the isotopic comp o 

s i t ion f o r  uranium presented in Tabl e  2 . 7 . 2 - 4 . Thorium - 2 3 1  and t ho rium - 2 3 4  are 

daughter p roduc t s  of uranium . The ac tjvi ties  o f  thes e  beta emi t t ing i s o topes are 

equal to the activities  of the resp e c t ive parent uranium i s otopes . Tab l e  3 . 1 . 2 - 1  

also inc ludes these two i so topes a s  part o f  the uranium source t e rm .  P a s t  releases 
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o f  alpha ac tivity from depl e t ed uranium and enriched uranium fac i l i ties  are shown in 

Tab l e  2 . 7 . 2 - 3 .  As described in S e c t ion 2 . 7 . 2 ,  maj o r  e ffluent fi l t rat ion improvements 

were made in 1 9 7 0 . The his tory o f  releases s ince 1 9 7 0  i s  cons idered to be ind i c ative 

of p robab l e  future releases . Annual releases from deple ted and enriched uranium 

fac i l i t ies from 1 9 7 1 - 1 9 7 7  were a l l  below 100 � Ci , which i s  used as the source term .  

The source term for plutonium alpha ac tivity from Plant bui ld ings i s  100 � Ci/yr . 

The ac tivi t i e s  o f  the plutonium i s o topes l i s ted in Tab l e  3 . 1 . 2 - 1 were c al culated from 

the i sotopic compos i tion o f  Roc ky Flats  p lutonium , as given in Tab l e  2 . 7 . 2 - 2 .  With 

the except ion of plutonium- 241 , which i s  a beta emi tter , the summation of the remaining 

p lutonium i s o topes yields the 100 � Ci/yr total of p lutonium alpha ac t ivity . Past 

a i rborne releases from plutonium fac i l i ti e s  are shown in Tab l e  2 . 7 . 2 - 1 .  The effluent 

f i l tration sys tem improvements made in 1 9 7 0  also resu l t ed in reduced emi s s ions from 

p lutonium fac i l i ti e s . The 100 � C i/yr source term i s  b ased on the annual releases 

from 1 9 7 1 - 1 9 7 7  and on the admini s trat ive con t ro l s  described in S e c t ion 2 . 7 . 2 .  

The source term for americ ium alpha a c t ivi ty from P l ant" bui ldings i s  5 0  � Ci/yr . 

Americ ium- 241 i s  p re sent in Rocky F l a t s  plutonium as the result o f  radioac t ive decay 

o f  plutonium - 241 . Rocky Flats plutonium i s , in general , about 1 0  years old* , which 

resu l t s  in an americ ium- to -plutonium a c t ivity ratio o f  f rom 0 . 1  to 0 . 2 .  During 

p ro c e s s ing , amer1C 1um is separated from the p lutonium , and thi s s eparat ion c an resul t 

in a ratio for materi a l s  released di fferent from the ratio whi ch exi s t ed in the 

mixture . 

Americ ium concentrat ions were measured in the e ffluent from a fac i l i ty whe re 

americ ium has been handl ed in the chemically s eparated . form . The americ ium to p luto

nium alpha act ivity ratio in the e ffluent did not exceed 0 . 42 .  The 5 0  � Ci/yr source 

t e rm for americ ium is based on an americ ium- t o - plutonium alpha activity ratio of 0 . 5  

and the p lutonium source term o f  1 0 0  � Ci/y r .  

I n  add i t ion , a source t e rm o f  1 � Ci/yr of m i s c e l l aneous a lpha emi t t ing i so topes 

was inc luded . Thi s  source term inc ludes add i t ional iso topes of thorium , curium , 

neptunium , and uranium wh i ch are handled at Rocky F l at s . The total amounts o f  the s e  

materials ( g ram quan t i t ie s )  a r e  much sma l l e r  than f o r  plutonium or uranium ; there fore 

the expec ted source term is much smal l er than that for p lu tonium or uranium . Measure

ments o f  curium b e fore e ffluent f i l t rat ion have subs tantiated this expectat ion . 

The sourc e term from resuspens ion o f  p lutonium in on- s i te soil  i s  4400 � C i/yr 

o f  plutonium alpha a c t ivity . Extensive field measurements and calculations have been 

performed on reentrainment ( resuspens ion ) of the p lutonium from a Rocky Flats  t e s t  

s i t e  ( Miche l s , 1 9 73 ) . The s e  measurements indicate that the frac tion o f  the plutonium 

*Created by reac tor about 10 years ago . 
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i n  s o i l  whi ch w i l l  b e  reen t ra ined e ac h  year i s  about 6 . 3 x 10 -4 . Using this frac t ion , 

the p lutonium source term from the on - s i te p lutonium not covered by the asph a l t  pad 

( � 6 . 9  Ci ) was ca lculated to b e  about 4400 � C i/yr . The a c t iv i t i e s  of the plutonium 

i so tope s  in Tab le 3 . 1 . 2 - 1 were c alculated from the i s o top ic compos i tion in Tabl e  

2 . 7 . 2 - 2 .  

Americ ium i s  present in the s o i l  a s  the resu l t  o f  plutonium- 241 b e ta decay . On 

the bas i s  of measurements of the on- s i te americ ium- to - plutonium alpha a c t iv i ty ratio , 

the americ ium a c t ivi ty wi l l  no t exceed 0 . 2  t imes the plutonium a lpha a c t iv i ty . Based 

on the maximum ratio and a plutonium source t e rm o f  4400 � Ci/yr , the americ ium source 

term was calculated to b e  880 � Ci/yr . 

3 . 1 . 2 . 2  Rad io logical Source Term for Drinking Water 

Feasible mechan i sms for t ranspo rt o f  radioac t ive materials of Ro c ky Flats origin 

to drinking wat e r  supp l ie s  are ( 1 )  the surfac e water drainage sys t ems (waterborne 

sourc e )  and ( 2 )  depos i t ion onto the water bodies from the a i r  ( ai rborne source ) .  

Waterborne radionuc l ide concen trations are determined by trac ing the flow o f  

water e f f luents from the P l an t  to nearby reservo irs whi ch s e rve as raw water supp l i e s  

to popu lation areas . As described in S e c t ion 2 . 3 . 5 . 1 ,  and dep i c ted i n  F igures 2 . 3 . 9 - 2 

and 2 . 3 . 9 - 3 ,  surface runo ff and t re at e d  san i t ary e ffluents from Roc ky Flats  flow 

exc lu s ively through two water courses , Walnut Creek and Woman Creek , whi ch flow into 

Great We s tern Reservoir and S tandley Lake , respe c t ively . There fore , radionu c l ides in 

Rocky Flats waterborne e f fluen t s  may b e  present i n  communi ty drinking water obtained 

from these two reservoirs . Addi tionally , the a i rborne deposi t ion of radionu c l ides o f  

P lant origin onto nearby reservoirs i s  cons idered t o  be a possible contributor to the 

radio logical impac t of future normal operations . 

Great We s tern Reservo i r  and S t andl ey Lake receive water from Roc ky Flats  drainage 

sys t ems . I n  population areas supp l ied by Gre a t  Wes tern Res ervoir and S t andley Lake , 

measured concentrations o f  radionu c l ides in t ap water were used to c a l culate dose 

commi tment s  from future normal operat ions . These concentrations represen t  maximum 

expec ted values a t t ributed to Roc ky Flats origin and are presented in Tab l e  3 . 1 . 2 - 2 . 

S amp l e s  o f  Broomfield and Wes tmins ter tap water were used for plutonium , americ ium , 

and uranium . S amp l e s  from Great Wes tern Reservoir and S t andley Lake were used for 

tri tium concentration measurements . The concentrations for p lu tonium and americ ium 

in drinking water from Great Wes tern and S t andley Res ervoirs are based on a rev i ew o f  

tap wat er data from the years 1 9 7 4  through 1 97 7 . Averages for thes e  years are in a l l  

cases l e s s  than 0 . 1  pCi/l wi thout background correc t ion . The source term i s  therefore 

the maximum expec ted concentration , an inten tional overe s timate . More recen t  data 

show plutonium conc entrations in tap water of �0 . 0 2 pCi/l o r  l e s s . In the case o f  

tri t ium ,  a n  e s t imated regional background o f  5 0 0  pCi/l was sub trac t ed ( Rockwe l l , 

1 9 7 8 ) . 
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TABLE 3 . 1 . 2 - 2  

MAXIMUM EXPECTED RADIONUCLIDE CONCENTRATIONS I N  TAP WATER 
RESULTING FROM FUTURE NORMAL OPERATIONS 

I so tope 

Pu - 2 3 9  and Pu - 240 

Am - 241 

Uranium 

Tri t ium 

Conc entration ( pC i/l ) 

Gre at We stern Reservo i r  

0 . 1  

0 . 1  

2 . 0  

200 

S t andley Lake 

0 . 1  

0 . 1  

2 . 0  

1 0 0  

N o  o ther regional water supp l i e s  rece ive wa ter from the Rocky F l a t s  drainage 

sys tems . Therefo re , the conc entrations o f  radionuc l ides of Roc ky Flats  origin c an 

result only by depos i t ion onto these water bodies from a i rborne radionuc l ides . A 

report ( Denver Wa ter Department , 1 9 7 5 ) p repared for the Colorado S ta t e  Legi s l a ture 

Metropo l i tan Water S tudies Comm i t tee gives the current and proj ec ted water require

ments and re sourc es fo r the Denver me t ropo l i tan area . The fol lowing i s  a l i s t  o f  

maj o r  re servo i rs that s e rve as w a t e r  suppl ies  f o r  the Denve r me t ropo l i t an area : 

Gro s s  Reservo i r ,  Rals ton Re servo i r , D i l lon Res ervo i r ,  Home s t ake Re servo i r , Eleven 

Mile  Reservo i r , Lake Cheesman , and S t andl ey Lake . Add i t ional ly , surface water 

sourc es include the South P l at te River , Clear Cree k ,  S t .  Vrain Cree k ,  Boulder C reek , 

South Boulder Creek , and Cherry Creek . Wi th the exc ep tion o f  S tandl ey Lake , these 

reservo irs and s t reams do not receive water from the Rocky F l a ts drainage sys tems . 

Therefore , the only mechani sm for transport o f  radionuc lides from Roc ky F l a t s  to 

o ther Denver me tropo l i tan water supp l i e s  is the ai rborne pa thway . Concentrat ions o f  

radionuc l ides in wa ter supp l i e s  o ther than S tandley Lake were determined by mode l ing 

a irborne releases ( see Appendix F ) . 

3 . 1 . 2 . 3  General Me thodology fo r Do se Calculat ions 

For this Impact S t a tement the primary emphas i s  is placed on the dose received by 

a pe rson ( re ferenc e man ) l iving in the vic ini ty o f  the P l ant for a period o f  7 0  years . 

Thi s  dose w i l l  be c a l led the 7 0 - year dose from 7 0  years o f  P l ant opera t i on . The uni t 

o f  dose equival ent i s  the rem . In thi s  Impact S tatement , the terms "dose"  and " dose 

equivalen t "  a re used interchangeably . The dose in rem i s  the p roduc t o f  1 )  the 

energy absorbed in a uni t  mas s of the absorbing materi al , 2 )  a qual i ty fac to r ,  which 

adj usts  the value fo r the re l a t ive biological e ffec t f rom d i f ferent types o f  radiation , 

and 3 )  a dis tribution fac to r , wh i ch adj usts  for po s s ible  nonun i form d i s t ri but ion o f  

energy depo s i t i on in a n  organ or t i s sue . One rem o f  do se t o  a t i s sue o r  org an from 

X ray or gamma rad i at ion i s  there fore equivalent in b i o logical e ffec t to one rem o f  

a l pha rad i at ion t o  the s ame t i s sue , when appropri a te qual i ty and di s tribut ion fac tors 

are used . Rem do ses from all types of radia tion are directly addi t ive for a g iven 

mass of t i s sue or organ . Re fe renc e man re fers to the adu l t  male w i th organ mas se s  
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and intake rates de fined by I CRP Publ i c ation #23 " Report o f  the Task Group on Reference 

Man" ( ICRP , 1 9 7 5 ) .  The doses to individuals other than reference man are a l so con s i 

dered , us ing organ mas s e s  and intake rates derived from ICRP Pub l ic ation #23 . 

The 7 0 -year dose from 7 0  years o f  P l ant operation to a person l iving within 50 

miles o f  the P l ant i s  the sum o f  doses rece ived v i a  inhal ation , food and water inges 

tion , and ground p l ane irradiation . The fo l lowing are some o f  the considerations for 

the determination o f  the con tribut ion to the total do s e  from each o f  the pathways . 

For the inhalat ion p athway , a person was as sumed to inhale radionuc l ides both 

from the ai rborne chron i c  release and from radionuclides deposited on the ground and 

then resuspended . The amount o f  the resuspended material inhaled over the 7 0  years 

is equal to 0 . 8 6 of the amount inhaled from the c hronic release ( se e  Appendix F for 

the derivation of thi s  fac tor ) .  For Am- 24l there is an add itional contribution , 

s ince Am- 24l i s  p roduced from b eta decay o f  depos i ted Pu - 24l . The contribution from 

resuspens ion o f  thi s  Am- 24l is equal to 4 . 7  x 10 - 3 times the airborne source term for 

Pu - 24l ( see App endix F for the derivat ion o f  thi s  fac tor ) .  The dispers ion o f  the 

airborne release to locat ions wi thin 50 miles  of the P l ant was determined by mul t i 

p lying the total airborne source term ( in uni t s  o f  ac t iv ity released per s econd ) by 

the dispers ion fac tor ( X/Q , in uni t s  of sec/m3 ) ,  discussed and tabulated in Appendix 

B - 2 .  The produc t is the radionu c l ide concentration in air at the point of intere s t , 

in uni t s  o f  curies  per cubi c  meter ( C i/m3 ) .  Compari son with measured concentrations 

shows that this method of calculation overe s t imates the concentration of airborne 

radionucl ides ( Rockwe l l , 1 9 7 8 ) . The dose to the organs o f  a person inhal ing air with 

that radionu c l ide concentration c an b e  c al culated by use of dose convers ion fac tors , 

generated from the DACRIN computer code ( Hous ton e t  al . ,  1 9 7 4 ) . The DACRIN code , 

developed by Battel le - Pac i f i c  Northwes t  Laboratories , i s  based on a mode l recommended 

by the ICRP in the report o f  the Task Group on Lung Dynamics ( ICRP , 1 9 66 ) , updated by 

recommendations in I CRP �ubl ication #1 9  ( ICRP , 1 9 7 2 ) .  Dose convers ion fac tors gene

rated by the DACRIN code are presented in App endix F .  

For ana ly s i s  o f  the food inges t ion pathway , it i s  firs t nece s sary to e s t imate 

the frac tion of a p erson ' s  diet which could b e  affec ted by e ffluents from Rocky 

Flats . Up take through roots , intake of forage by grazing animals ,  intake o f  feed 

grains by animal s ,  and depos i tion on vegetab l e s  and fruit were all cons idered for the 

food pathway . The only s i gn i ficant pathway of radionucl ides to food was found to b e  

v i a  airb orne release s , which then c an b e  depos i ted direc t ly o n  vegetat ion or o n  soi l . 

I t  was as sumed that the frac t ion o f  the diet which contributes to the dos e  was p roduced 

at the location of e ach consumer . This as sumpt ion tends to be conservative , s ince 

mo st sites o f  maj or food p roduction in the 50 -mile vic ini ty o f  the P l ant are farther 

from the P l ant s i t e  than the locations of the maj or population c enters . Model ing o f  

the uptake by p l ants and animals and generat ion o f  sub s equent dos e  convers ion fac tors 

for dos e s  to the organs of consumers i s  ac comp l i shed by the FOOD computer code ( and a 

derived code PAB LM )  developed by Batte � l e - Pac i fi c  Northwes t  Laboratories ( Baker , 

1977 ) .  
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For the water inges t ion pathway , the drinking wa ter sourc e terms , presen ted and 

d i s cus sed in Sec tion 3 . 1 . 2 . 2 ,  were used for persons consuming water suppl ied from 

Great Wes tern and S t andley Reservoirs . For all  o ther persons , d i spers ion model ing o f  

airborne releases was used t o  determine the extent o f  contaminat ion o f  other water 

supp l ie s . See  Appendix F for detail s  o f  thi s  calculation . Dos e  convers ion factors 

for water inges tion were derived from basic princ iples ( s ee Appendix F )  us ing data 

drawn from ICRP Pub l i c a t ions #2 and 1 9  ( ICRP , 1 9 59 and ICRP , 1 9 7 2 ) and f rom the EPA 

Summary Report " P roposed Guidance on Dos e  Limits for Persons Exposed to Transuranium 

E l emen t s  in the General Environment "  ( USEPA , 1 9 7 7 ) .  

For the dos e  from ground p lane irradiat ion , the method o f  calculation was to 

determine the ground surfac e conc en trat ion ( curies per square me t e r )  as a funct ion o f  

time for a chronic releas e , mUl tiply that func tion by the dose convers ion factor 

generated by the EXREM computer code ( Trubey and Kaye , 1 9 73 ) , and then integrate the 

dose over 7 0  years . Re fer to Appendix F for the derivation of the funct ion and the 

deta i l s  o f  the calculation . The dispers ion of the released material to locations at 

various d i s t ances and d i rec tions from the P lant was accomp l i shed , as for the other 

p athways , by the mul tiplication of the ai rborne sourc e term by the X/Q d i spers ion 

facto r ,  accompani ed by depo s i t ion at the location of intere s t . No dep l e t ion o f  the 

plume was as sumed un t i l  it reached the locat ion o f  intere s t .  Thi s  conservat ive 

as sump t ion was used for a l l  pathways . 

The dose to a person at a given d i s tance and d i re c t ion from the P l ant i s  the sum 

of the doses from a l l  of these pathways . 

3 . 1 . 2 . 4  Impac t As sessment for Normal Operations 

The 7 0 -year organ .  dos e s  ( rem ) from 70 years of exposure to routine P lan t releases 

to reference man were expanded from the DEI S  to show doses to individual s  for s ix teen 

d i rec tions and at e i ght dis t ance s  from the P l ant , and are presented in Tab l e  3 . 1 . 2 - 3 .  

Each value in this tab l e  is the sum o f  doses from inhalat ion , food and water inge s t ion , 

and ground p l ane i rradiat ion . 

Al though the values in Tabl e  3 . 1 . 2 - 3 are for refe rence ( adul t )  man , values for 

o ther ind ividual s c an be obtained in this FEIS as compared to the DE I S . Tab l e  3 . 1 . 2 -
4 presents values o f  the ratio to re ferenc e ( adul t )  man for male s  and females who 

begin the 7 0 -year exposure a t  an age l e s s  than 2 0  years and for adu l t  females . When 

the ratios are compos i ted in proportion to the dose contribution from each pathway , 

the compo s i te ratio i s  1 . 3 5 or l e s s  for any organ and for any individual . Therefo re , 

one c an apply the values presented for refe rence man to a l l  o ther individuals with a 

maximum po s s ib l e  undere s t imate o f  35% . 
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TABLE 3 . 1 . 2 - 3 

THE 7 0 -YEAR DOSE TO REFERENCE MAN FROM 7 0  YEARS OF NORMAL P LANT OPERATION 
FROM CHRONIC RELEASES 

Di s t ance Organ Dose ( rem ) to Re ference Man 
Direct ion ( mi l e s ) To tal Bod� Liver Bone Lungs 

N 2 - 3 8 . 6  x 1 0 - 5 1 . 1  x 1 0 - 2 2 . 5  x 1 0 - 2 1 . 1  x 1 0 - 2 

3 -4 4 . 5  x 1 0 - 5 5 . 7  x 1 0 - 3 1 . 3  x 1 0 - 2 5 . 7  x 1 0 - 3 

4- 5 2 . 9  x 10 - 5 3 . 7  x 1 0 - 3 8 . 2  x 1 0 - 3 3 . 6  x 1 0 - 3 

5 - 1 0  2 . 0  x 1 0 - 5 2 . 6  x 1 0 - 3 5 . 8  x 1 0 - 3 2 . 6  x 1 0 - 3 

1 0 - 20 7 . 3  x 1 0 - 6 9 . 1  x 1 0 -
4 

2 . 0  x 1 0 - 3 9 . 0  x 1 0 -
4 

20 - 3 0  2 . 8  x 1 0 - 6 3 . 3  x 1 0 - 4 
7 . 5  x 1 0 -

4 
3 . 3  x 1 0 - 4 

3 0 - 40 1 . 7  x 1 0 - 6 1 . 9  x 1 0 -
4 4 . 3  x 1 0 - 4 1 . 9  x 1 0 - 4 

40 - 50 1 . 2  x 1 0 - 6 1 . 3  x 1 0 - 4 2 . 9  x 1 0 -
4 

1 . 3  x 1 0 -4 

NNE 2 - 3 8 . 3  x 1 0 - 5 1 . 1  x 1 0 - 2 2 . 4 x 1 0 - 2 1 . 1  x 1 0 - 2 

3 - 4 4 . 4 x 1 0 - 5 5 . 6  x 1 0 - 3 1 . 3  x 1 0 - 2 5 . 5  x 1 0 - 3 

4
- 5 2 . 8  x 1 0 - 5 3 . 5  x 1 0 - 3 8 . 0  x 1 0 - 3 3 . 5  x 1 0 - 3 

5 - 1 0  2 . 0  x 1 0 - 5 2 . 5  x 1 0 - 3 5 . 7  x 1 0 - 3 2 . 5  x 1 0 - 3 

10 - 20 7 . 2  x 1 0 - 6 8 . 9  x 1 0 - 4 2 . 0  x 1 0 - 3 8 . 8  x 1 0 -
4 

2 0 - 3 0  2 . 8  x 1 0 - 6 3 . 3  x 1 0 -
4 

7 . 5  x 1 0 -
4 

3 . 3  x 1 0 -
4 

3 0 - 40 1 . 7  x 1 0 - 6 1 . 9  x 1 0 - 4 4 . 3  x 1 0 - 4 
1 . 9  x 1 0 -4 

40 - 5 0  1 . 2  x 1 0 - 6 1 . 3  x 1 0 -
4 

2 . 9  x 1 0 -
4 

1 . 3  x 1 0 - 4 

NE 2 - 3 3 . 8  x 1 0 - 4 4 . 8  x 1 0 - 2 1 . 1  x 1 0 - 1 4 . 8  x 1 0 - 2 

3 - 4 2 . 0  x 1 0 -
4 

2 . 6  x 1 0 - 2 5 . 8  x 1 0 - 2 2 . 6  x 1 0 - 2 

4;.. 5 1 . 3  x 1 0 -
4 

1 . 7  x 1 0 - 2 3 . 8  x 1 0 - 2 1 . 7  x 1 0 - 2 

5 - 1 0  9 . 4 x 1 0 - 5 1 . 2  x 1 0 - 2 2 . 7  x 10 - 2 1 . 2  x 1 0 - 2 

1 0 - 20 3 . 5  x 1 0 - 5 4 . 4 x 1 0 - 3 L O x 1 0 - 2 4 . 4 x 1 0 - 3 

20 - 3 0  1 . 4 x 1 0 - 5 1 . 7  x 1 0 - 3 3 . 9  x 1 0 - 3 1 . 7  x 1 0 - 3 

3 0 - 40 8 . 2  x 1 0 - 6 L O x 1 0 - 3 2 . 3  x 1 0 - 3 1 . 0  x 1 0 - 3 

40 - 50 5 . 7  x 1 0 - 6 7 . 1  x 1 0 -
4 

1 . 6  x 1 0 - 3 7 . 0  x 10 -4 

ENE 2 - 3 4 . 5  x 1 0 -
4 

5 . 7  x 10 - 2 1 . 3  x 10 - 1 5 . 7  x 10 - 2 

3 - 4 2 . 4 x 10 - 4 
3 . 1  x 1 0 - 2 6 . 9  x 1 0 - 2 3 . 0  x 1 0 - 2 

4
- 5* 1 . 0  x 1 0 - 3 5 . 1  x 1 0 - 2 1 . 2  x 1 0 - 1 2 . 1  x 1 0 - 2 

5 - 10* 9 . 7  x 1 0 - 4 4 . 5  x 1 0 - 2 1 . 0  x 10 - 1 1 . 5  x 1 0 - 2 

1 0 - 20** 5 . 9  x 1 0 - 4 
3 . 6  x 1 0 - 2 8 . 2  x 1 0 - 2 5 . 8  x 10 - 3 

20 - 3 0  1 . 6  x 1 0 - 5 2 . 1  x 1 0 - 3 4 . 7  x 1 0 - 3 2 . 1  x 1 0 - 3 

30 -
40 9 . 7  x 1 0 - 6 1 . 2  x 1 0 - 3 2 . 8  x 1 0 - 3 1 . 2  x 1 0 - 3 

40 - 50 6 . 8  x 1 0 - 6 8 . 5  x 1 0 -
4 

1 . 9  x 1 0 - 3 8 . 4 x 1 0 -
4 

*Cons idered to drink water supp l ied from Gre at We s tern Re servoir 
**Cons idered to dr ink water supp l i ed from S t andley Lake 
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TABLE 3 . 1 . 2 - 3 ( continued ) 

Dis tance Organ Dos e  ( rem ) to Re ference Man 
Direction (mi les ) To tal Body Liver Bone Lungs 

E 2 - 3** L O x 1 0 - 3 9 . 3 x 1 0 - 2 2 . 1  x 1 0 - 1 6 . 3 x 1 0 - 2 

3 - 4** 8 . 1  x 1 0 - 4 6 . 4  x 1 0 - 2 1 . 5  x 1 0 - 1 
3 . 4  x 1 0 - 2 

4- 5** 7 . 2 x 1 0 -4 5 . 2 x 1 0 - 2 1 . 2 x 1 0 - 1 
2 . 2 x 1 0 - 2 

5 - 1 0** 6 . 7  x 1 0 - 4 4 . 6  x 1 0 - 2 1 . 1  x 1 0 -1 1 . 6 x 1 0 - 2 

10 - 20** 5 . 9  x 1 0 -4 
3 . 6  x 1 0 - 2 8 . 3 x 1 0 - 2 6 . 3 x 1 0 - 3 

20 - 3 0 1 . 8  x 10 - 5 
2 . 2 x 1 0 - 3 5 . 0  x 10 - 3 2 . 2 x 10 - 3 

30 -40 1 . 0  x io - 5 1 . 3 x 1 0 - 3 3 . 0  x 1 0 - 3 1. 3 x 1 0 - 3 

40 - 50 7 . 3 x 1 0 - 6 9 . 1  x 10 -4 
2 . 2 x 10 - 3 9 . 5  x 1 0 -

4 

ESE 2 - 3** 1 . 1  x 1 0 - 3 1 . 1  x 1 0 - 1 
2 . 4  x 1 0 - 1 7 . 5  x 10 - 2 

3 - 4** 8 . 6  x 1 0 -4 7 . 0  x 1 0 - 2 1 . 6 x 1 0 - 1 4 . 0  x 1 0 - 2 

4- 5** 7 . 5  x 1 0 -4 
5 . 6  x 1 0 - 2 1 . 3 x 1 0 - 1 

2 . 6  x 1 0 - 2 

5 - 10** 6 . 9  x 1 0 -4 4 . 9  x 1 0 - 2 1 . 1  x 1 0 - 1 1 . 9  x 10 - 2 

10 - 20** 6 . 0  x 10 -4 
3 . 7  x 1 0 - 2 8 . 6  x 1 0 - 2 7 . 3 x 10 - 3 

20 - 30 2 . 1  0 - 5 
2 . 6  x 1 0 - 3 5 . 9  x 1 0 - 3 2 . 6  x 1 0 - 3 x 1 

30 - 40 1 . 2 x 10 - 5 1 . 5  x 1 0 - 3 3 . 4  x 10 - 3 1 . 5  x 10 - 3 

40 - 50 8 . 5  x 1 0 - 6 1 . 1  x 10 - 3 2 . 4  x 10 - 3 1 . 1  x 1 0 - 3 

SE 2 - 3 4 . 4 x 10 -4 
5 . 6  x 10 - 2 1 . 3 x 1 0 - 1 5 . 5  x 1 0 -2 

3 - 4 2 . 3 x 1 0 -4 
3 . 0  x 1 0 - 2 6 . 7  x 1 0 - 2 3 . 0  x 10 - 2 

4 - 5 1 . 5  x 1 0 - 4 
1 . 9  x 1 0 - 2 4 . 3 x 1 0 - 2 1 . 9  x 1 0 - 2 

5 - 10 1 . 1  x 10- 4 
1 . 4  x 1 0 -2 3 . 1  x 1 0 - 2 1 . 4  x 1 0 -2 

10 - 20 4 . 0  x 1 0 - 5 5 . 0  x 10 - 3 1 . 1  x 10 - 2 5 . 0  x 10 - 3 

20 - 30 L 5 x 10 - 5 1 . 9  x 10 - 3 4 . 4  x 10 - 3 1 . 9  x 10 - 3 

30 - 40 9 . 0  x 10 - 5 1 . 1  x 1 0 - 3 2 . 6  x 10 - 3 1 . 1  x 10 - 3 

40 - 50 6 . 3 x 1 0 - 6 7 . 8  x 10 -4 1 . 8  x 10 - 3 7 . 8  x 10 -4 

SSE 2 - 3 3 . 0  x 10 -4 
3 . 8  x 1 0 - 2 8 . 6  x 1 0 - 2 3 . 8  x 1 0 - 2 

3 - 4 1 . 6  x 1 0 -4 
2 . 0  x 1 0 - 2 4 . 5  x 1 0 - 2 2 . 0  x 10 - 2 

4- 5 1 . 0  x 1 0 -4 1 . 3 x 10 - 2 2 . 9  x 1 0 - 2 1 . 3 x 1 0 -2 

5 - 10 7 . 3 x 1 0 - 5 9 . 3 x 10 - 3 2 . 1  x 1 0 - 2 9 . 2 x 10 - 3 

10 - 20 2 . 6  x 10 - 5 
3 . 3 x 10 - 3 7 . 5  x 1 0 - 3 3 . 3 x 10 - 3 

20 - 30 L O x 1 0 - 5 1 . 3 x 1 0 - 3 2 . 9  x 10 - 3 1 . 3 x 1 0 - 3 

30 - 40 6 . 0  x 0 - 6 7 . 4  x 10 -4 1 . 7  x 1 0 - 3 7 . 4  x 1 0 -4 1 . 

40 - 50 4 . 2 x 1 0 - 6 5 . 1  x 1 0 -4 1 . 2 x 10 - 3 5 . 1  x 1 0 - 4 

*Considered to drink water supplied from Great Wes tern Re servoi r  
**Considered to drink wate r supp l ied from S t andley Lake 
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TABLE 3 . 1 . 2 - 3 ( continued ) 

Dis tance Organ Dose ( rem ) to Re ferenc e Man 
Direc tion (miles ) Total Body Liver Bone Lungs 

S 2 - 3 1 . 7  x 1 0 - 4 
2 . 2  x 10 - 2 4 . 9  x 1 0 - 2 2 . 2  x 10 - 2 

3 - 4 8 . 9  x 10- 5 1 . 1  x 10 - 2 2 . 6  x 1 0 - 2 1 . 1  x 10 - 2 

4- 5 5 . 7  x 10 - 5 7 . 2  x 10 - 3 
1 . 6  x 10 - 2 7 . 1  x 1 0 - 3 

5 - 10 4 . 0  x 1 0 - 5 5 . 1  x 1 0 - 3 
1 . 1  x 1 0 - 2 5 . 1  x 10 - 2 

10 - 20 1 . 4 x 1 0 - 5 1 . 8  x 1 0 - 3 
4 . 0  x 1 0 -

3 
1 . 8  x 10 - 3 

20 - 3 0 5 . 3 x 10 - 6 
6 . 5  x 1 0 - 4 

1 . 5  x 10 -
3 

6 . 5  x 10 - 4 

30 - 40 3 . 1  x 1 0 - 6 3 . 7  x 1 0 - 4 8 . 3 x 1 0 - 4 3 . 7  x 1 0 - 4 

40 - 50 2 . 1  x 10 - 6 2 . 5  x 1 0 - 4 
5 . 6  x 1 0 - 4 

2 . 5  x 10- 4 

SSW 2 - 3 1 . 2  x 1 0 -4 
1 . 6  x 1 0 - 2 3 . 6  x 10 - 2 1 . 6  x 10 - 2 

3 -4 6 . 4 x 10 - 4 
8 . 2  x 1 0 - 3 

1 . 8  x 1 0 - 2 8 . 1  x 1 0 - 3 

4- 5 4 . 1  x 10 - 5 5 . 2  x 10 -
3 

1 . 2  x 10 - 2 5 . 1  x 1 0 - 3 

5 - 10 2 . 9  x 1 0- 5 3 . 6  x 1 0 - 3 
8 . 2  x 1 0 - 3 3 . 6  x 1 0 - 3 

10 - 20 9 . 9  x 10 - 6 1 . 2  x 10- 3 
2 . 8  x 10 - 3 

1 . 2  x 10 - 3 

20 - 3 0 3 . 7  x 1 0 - 6 4 . 4 x 1 0 - 4 
L O x 1 0 - 3 4 . 4 x 1 0 - 4 

3 0 - 40 2 . 1  x 10- 6 2 . 5  x 1 0 - 4 
5 . 5  x 1 0 - 4 

2 . 4 x 1 0 - 4 

40 - 50 1 . 5  x 10 - 6 1 . 6  x 1 0 - 4 3 . 7  x 1 0 - 4 
1 . 6  x 1 0 - 4 

SW 2 - 3 1 . 1  x 1 0 - 4 
1 . 4  x 10 - 2 3 . 2  x 10 - 2 1 . 4  x 10 - 2 

3 - 4 5 . 8  x 1 0 - 5 7 . 2  x 1 0 - 3 
1 . 6  x 1 0 - 2 7 . 1  x 1 0 - 3 

4 - 5 3 . 5  x 1 0 - 5 4 . 5  x 10- 3 
1 . 0  x 1 0 - 2 4 . 5  x 1 0 - 3 

5 - 10 2 . 5  x 1 0 - 5 3 . 1  x 1 0 - 3 
7 . 1  x 10 - 3 3 . 1  x 1 0 - 3 

10 - 20 8 . 4  x 10 - 6 L O x 1 0 - 3 
2 . 4 x 1 0 - 3 

L O x 10- 3 

20 - 3 0 3 . 0  x 10 - 6 3 . 6  x 1 0 - 4 
8 . 2  x 10 - 4 3 . 6  x 1 0 - 4 

3 0 - 40 1 . 8  x 1 0 - 6 2 . 0  x 1 0 - 4 
4 . 5  x 1 0 - 4 

2 . 0  x 1 0 - 4 

40 - 50 1 . 2  x 10 - 6 1 . 3 x 1 0 - 4 3 . 0  x 1 0 - 4 
1 . 3 x 1 0 - 4 

WSW 2 - 3 6 . 6  x 1 0 - 5 8 . 3 x 1 0 - 3 
1 . 9  x 10 - 2 8 . 3 x 1 0 - 3 

3 - 4 3 . 3 x 1 0 - 5 4 . 2  x 1 0 - 3 
L O x 10 - 2 4 . 2  x 1 0 - 3 

4- 5 2 . 1  x 1 0 - 5 2 . 6  x 1 0 - 3 
5 . 9  x 1 0 - 3 

2 . 6  x 1 0 - 3 

5 - 10 1 . 4 x 1 0 - 5 1 . 8  x 1 0 - 3 4 . 1  x 1 0 - 3 
1 . 8  x 1 0 - 3 

10 - 20 4 . 9  x 1 0 - 6 
6 . 0  x 10- 4 

1 . 4  x 1 0 - 3 
6 . 0  x 1 0 - 4 

20 - 30 1 . 8  x 10 - 6 2 . 1  x 1 0 - 4 4 . 7  x 1 0 - 4 2 . 1  x 1 0 - 4 

3 0 - 40 1 . 1  x 1 0 - 6 1 . 1  x 1 0 - 4 
2 . 5  x 1 0 - 4 

1 . 1  x 1 0 - 4 

40 - 50 7 . 6  x 1 0 - 7 7 . 3 x 1 0 - 5 1 . 7  x 10 - 4 
7 . 3 x 1 0 - 5 
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TABLE 3 . 1 .  2 - 3 ( continued ) 

Dis tance Organ Dose ( rem ) to Re ference Man 
Direction (mi l es ) Total Body Liver Bone Lungs 

W 2 - 3 3 . 0  x 1 0 - 5 
3 . 9  x 1 0 - 3 8 . 7  x 1 0 - 3 3 . 8  x 1 0 - 3 

3 - 4 1 . 5  x 1 0 - 5 1 . 9  x 1 0 - 3 4 . 3 x 1 0 - 3 1 . 9  x 1 0 - 3 

4- 5 9 . 5  x 1 0 - 6 1 . 2 x 1 0 - 3 2 . 7  x 1 0 - 3 1 . 2 x 1 0 - 3 

5 - 1 0  6 . 6  x 1 0 - 6 8 . 2 x 1 0 -4 1 . 9  x 1 0 - 3 8 . 2 x 1 0 -4 

10 - 20 2 . 3 x 10 - 6 
2 . 7  x 1 0 -4 6 . 0  x 1 0 -4 

2 . 6  x 1 0 -4 

20 - 3 0 8 . 9  x 1 0 - 7 9 . 0  x 10 - 5 
2 . 0  x 1 0 -4 8 . 9  x 1 0 - 5 

3 0 - 40 5 . 7  x 1 0 - 7 4 . 9  x 1 0 - 5 1 . 1  x 1 0 -4 4 . 8  x 1 0 - 5 

40 - 5 0  4 . 3 x 1 0 - 7 
3 . 2 x 1 0 - 5 7 . 3 x 1 0 - 5 3 . 1  x 1 0 - 5 

2 - 3 3 . 9  x 1 0 - 5 4 . 9  x 1 0 - 3 1 . 1  x 1 0 - 2 4 . 9  x 10 - 3 

3 - 4 1 . 9  x 1 0 - 5 
2 . 4  x 1 0 - 3 5 . 5  x 1 0 - 3 2 . 4  x 1 0 - 3 

4- 5 1 . 2 x 1 0 - 5 1 . 5  x 1 0 - 3 3 . 4 x 1 0 - 3 1 . 5  x 1 0 - 3 

5 - 10 8 . 3 x 1 0 - 6 L O x 1 0 - 3 2 . 3 x 1 0 - 3 1 . 0  x 1 0 - 3 

10 - 2 0 2 . 8  x 1 0 - 6 
3 . 3 x 1 0 -4 7 . 5  x 1 0 -4 

3 . 3 x 10 -4 

2 0 - 3 0 1 . 1  x 1 0 - 6 1 . 1  x 1 0 -4 
2 . 5  x 1 0 -4 

1 . 1  x 1 0 -4 

30 - 40 6 . 5  x 10 - 7 6 . 0  x 10 - 5 1 . 4  x 1 0 -4 5 . 9  x 1 0 - 5 

40 - 5 0  4 . 9  x 1 0 - 7 
3 . 9  x 1 0 - 5 8 . 8  x 1 0 - 5 

3 . 8  x 1 0 - 5 

NW 2 - 3 9 . 8  x 1 0 - 5 1 . 3 x 1 0 - 2 2 . 8  x 1 0 -2 1 . 2 x 1 0 - 2 

3 - 4 5 . 0  x 10 - 5 6 . 3 x 1 0 - 3 - 2 6 . 3 x 1 0 - 3 1 . 4  x 10 
4- 5 3 . 1  x 1 0 - 5 4 . 0  x 1 0 - 3 9 . 0  x 10 - 3 3 . 9  x 1 0 - 3 

5 - 1 0  2 . 2 x 1 0 - 5 
2 . 8  x 1 0 - 3 6 . 2 x 10 - 3 2 . 7  x 10 - 3 

1 0 - 20 7 . 4  x 1 0 - 6 9 . 2 x 1 0 -4 
2 . 1  x 1 0 - 3 9 . 1  x 1 0 - 4 

2 0 - 30 2 . 5  x 1 0 - 6 
3 . 2 x 1 0 -4 7 . 2 x 1 0 -4 

3 . 1  x 1 0 - 4 

30 - 40 1 . 5  x 1 0 - 6 1 . 7  x 1 0 -4 
3 . 9  x 1 0 -4 1 . 7  x 1 0 -4 

40 - 5 0  1 . 1  x 1 0 - 6 1 . 1  x 1 0 -4 
2 . 6  x 1 0 - 4 1 . 1  x 10 -4 

NNW 2 - 3 9 . 3 x 1 0 - 5 1 . 2 x 1 0 - 2 2 . 7  x 1 0 - 2 1 . 2 x 10 - 2 

3 - 4 4 . 8  x 1 0 - 5 6 . 1  x 1 0 - 3 1 . 4  x 1 0 - 2 6 . 1  x 1 0 - 3 

4 - 5 3 . 0  x 1 0 - 5 
3 . 9  x 1 0 - 3 8 . 7  x 10 - 3 3 . 8  x 1 0 - 3 

5 - 10 2 . 2 x 10 - 5 
2 . 7  x 10 - 3 6 . 1  x 1 0 -3 2 . 7  x 1 0 - 3 

10 - 20 7 . 6  x 1 0 - 6 9 . 4 x 1 0 -4 
2 . 1  x 1 0 - 3 9 . 3 x 1 0 -4 

20 - 30 2 . 9  x 1 0 - 6 
3 . 4  x 1 0 -4 7 . 7  x 1 0 - 4 

3 . 4  x 1 0 -4 

3 0 - 40 1 . 7  x 1 0 - 6 1 . 9  x 1 0 - 4 4 . 3 x 1 0 - 4 1 . 9  x 1 0 -4 

40 - 50 1 . 2 x 10 - 6 1 . 3 x 1 0 -4 
2 . 9  x 1 0 -4 1 . 3 x 1 0 - 4 
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TABLE 3 . 1 .  2 -4 

THE RATIO OF THE 7 0 - YEAR DOSE FROM 7 0  YEARS OF CHRONIC 

PLANT RELEASES FOR MALES AND FEMALES WHO BEGIN EXPOSURE AT AGES LESS 

THAN 2 0 YEARS AND FOR ADULT FEMALES TO THAT FOR REFERENCE MAN 
(Values are for Pu- 2 39 unless noted otherwi se ) 

Start Exposure Rat io to 7 0 -Year Do se for Re ference Man 
Pathwa:y: As Total Bod:y: Liver Bone Lungs 

Inhal ation Adult Female 1 . 10 1 . 15 1 . 34 1 . 14 

Inhalation 10 -year- old Female 1 . 05 1 . 10 1 . 28 1 . 15 

Inhalat ion Newborn Female 0 . 95 0 . 99 1 . 1 6 1 . 14 

Inhalation 10 -year- old Male 1 . 11 0 . 7 9 0 . 93 1 .  02 

Inhalat ion Newborn Male 1 . 0 2 0 . 55 0 . 84 1 . 04 

Inge s tion Adult Female 0 . 83 0 . 84* 0 . 90 1 .  02 1 .  02** 0 . 83 

Inge st ion 10 -year- old Female 0 . 84 0 . 89* 0 . 9 1 1 . 03 1 . 0 3** 0 . 84 

Inge st ion Newborn F emale 1 . 81 1 . 07* 1 . 65 1 .  7 9  1 . 80** 1 . 81 

Inges tion 10 -year- old Male 0 . 94 1 . 03* 0 . 9 6 0 . 95 0 . 97** 0 . 94 

Inge st ion Newborn Male 1 . 47 1 . 17* 1 . 43 1 . 51 1 .  51** 1 . 47 

Ground Plane 
I rradiat ion All Categories 1 . 00 1 . 00 1 . 00 1 . 00 

*Values for 
3

H ( tritium ) 

**Values for Am- 24l ( americ ium ) 

The maximum re ference man , de fined as the hypothe tical individual receiving the 

larges t  doses to a l l  organs , would res ide in the ESE sec tor (which i s  the sec tor for 

maximum annual ai rborne radionucl ide concentration ) at a dis tance o f  two miles from 

the Plant . He would drink water suppl ied from Standley Lake and eat food ( only that 

frac tion of hi s diet grown locally ) grown at hi s re s idence . The contribut ion to his 

total do se by a l l  pathways i s  shown in Table 3 . 1 . 2 - 5 for both average and maximum 

intake rates . For bone , liver , and lungs , more than 7 0% o f  the do se results from 

inha la tion , o f  which about 50% results from breathing resuspended material . The dose 

to the total body i s  dominated by the tritium in the food , water , and air . Trit ium 

contributes 95% o f  the do se to the total body for food inges tion , 57% for water 

inges tion , and 1% for inhalat ion . 

The accumulated organ do se over 7 0  years i s  less than 1 . 0  rem for all individuals . 

I t  i s  in format ive and val id to compare these doses with corresponding doses received 

by Denver area res idents from natural radiat ion sources . Table 3 . 1 . 2 - 6 presents the 

annual and 70 -year organ do ses from background radiation for the Denver area , based 

on data in NCRP 1;45 " Natural Background Radiation in The Uni ted States" ( NCRP , 197 5 ) . 

The frac t ion o f  the background doses for the maximum reference man for average intake , 

obtained by dividing values in Table 3 . 1 . 2 - 5 by corresponding values ( total for 7 0  

years ) i n  Table 3 . 1 . 2 - 6 are 0 . 00011 for the total body , 0 . 01 0  for the live r ,  0 . 020 

for the bone , and 0 . 0043 for the lungs . For persons res iding at other locations , the 
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TABLE 3 . 1 . 2 - 5 

7 0 -YEAR ORGAN DOSES FROM 7 0  YEARS OF PLANT OPERATION 

TO THE MAXIMUM REFERENCE MAN BY PATHWAYS 

Pathway 

Inhalation 

Food Inges t ion 

Water Inges tion 

Ground Plane 

Irradiation 

To tal 

Pathway 

Inhalation 

Food Inges tion 

Water Inges t ion 

Ground Plane 

I rradiation 

Total 

7 0 - Year 
To tal Body 

5 . 59 x 10 - 4 

9 . 9 8 x 1 0 - 6 

5 . 45 x 10 -4 

1 . 46 x 10 - 5 

1 . 1 3 x 10 -3 

7 0 - Year 
Total Body 

7 . 5 5 x 10 - 4 

1 .  9 7  x 10 - 4 

7 . 5 7 x 10 -4 

1 . 46 x 10 - 5 

1 . 54 x 10 - 3 

Organ Dos e  ( rem ) for Average 
Liver 

7 . 4�0 - 2 

6 . 45 x 10 - 5 

3 . 05 x 10 - 2 

1 . 46 x 10 - 5 

1 .  05 x 10 - 1 

Organ Dos e  
Liver 
-- - 1 1 . 01 x 10 

4 . 7 9 x 10 -4 

4 . 2 1 x 10 - 2 

1 . 46 x 10 - 5 

1 . 44 x 10 - 1 

Bone 

1 . 68�0 - 1 

1 . 42 x 10 - 4 

7 . 05 x 10 - 2 

1 . 46 x 10 - 5 

2 . 3 9 x 10 - 1 

( rem ) for Maximum 
Bone 

2 . 2 7 �0 - 1 

9 . 7 3 x 10 - 4 

9 . 74 x 10 - 2 

1 . 46 x 10 - 5 

3 . 25 x 10 - 1 

TABLE 3 . 1 . 2 - 6 

Intake 
Lungs 

7 . 41 x 10 - 2 

9 . 88 x 10 - 6 

5 . 45 x 10 - 4 

1 . 46 x 10 - 5 

7 . 47 x 1Q=2 
Intake 

Lungs 

1 . 00 x 10 - 1 

1 .  9 7  x 10 - 4 

7 . 5 7 x 10 - 4 

1 . 46 x 10 - 5 

1 . 01 x 10 - 1 

DENVER AREA DOSES ( REM/YEAR ) FROM NATURAL RAD IATION BACKGROUND 

Source 

Cosmic Radiation 

Cosmogenic 
Radionuc 1 ides 

External Terres t rial 

Inhaled Radionuc 1 ides 

Radionuc1 ides in the 
Body 

Total for 1 Year 

Total for 70 Years 

Total BO�r 
5 . 0  x 10 

7 . 0  x 10 - 4 

7 . 2  x 10 - 2 

2 . 7  x 10 - 2 

1 . 5  x 10 - 1 

1 0 . 5  

Liver* 

5 . Q;l0 - 2 

7 . 0  x 10 -4 

7 . 2  x 10 - 2 

2 . 7  x 10 - 2 

1 . 5  x 10 - 1 

10 . 5  

Bone 

5 0--10 - 2 . x 

8 . 0  x 10 - 4 

5 . 7  x 10 - 2 

6 . 0  x 10 - 2 

1 . 7  x 10 - 1 

11 . 9 

Lungs 

5 . 0  x 10 - 2 

7 . 0  x 10 - 4 

7 . 2  x 1 0 - 2 

1 . 0  x 10 - 1 

2 4 10 - 2 . x 

2 . 5  x 10 - 1 

1 7  . 5  

*The values for to tal body and l iver are considered to be the same as the values 
reported for the gonads ( wi thout the 0 . 8  shielding factor for the external 
terre s trial sourc e )  in NCRP #45 . 
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frac t ion o f  the background dos e  i s  less than thes e  value s .  The impact o f  rout ine 

operation o f  the Rocky Flats P l ant on persons res iding continuously in the vicinity , 

as compared to the impact from doses rece ived from unavo idab l e , natural sourc e s , i s  

therefore minimal . 

For a person ( re ferenc e man ) l iv ing in the vic ini ty o f  the Plan t  for only one 

year ( and then presumably moving away ) , i t  i s  possible to calculate a dos e  commi tment 

over 7 0  years from one year of intake or exposure to ground plane i rradiation . 

Values are presented in Tab l e  3 . 1 . 2 - 7 as the ratio o f  the 7 0 - year dos e  from 7 0  years 

of exposure to the 7 0 -year dos e  commi tment from one year of expo sure , for e ach of the 

pathways . 

TABLE 3 . 1 .  2 - 7 

RATIO OF THE 7 0 -YEAR DOSE FROM 7 0  YEARS OF EXPOSURE TO 

THE 7 0 -YEAR DOSE COMMITMENT FROM ONE YEAR OF EXPOSURE 

Ratio o f  

7 0 -Year Do s e  t o  7 0 -Year Dose Commi tment 

Pathway 

Inhalation 

Inges tion 

( Food & Wat e r )  

Ground Plan e  
I rradiation 

Radionuc lide 

Pu- 2 3 9  

Am- 241 

Tri t ium 

Pu- 2 3 9  

Am- 241 

Tri t ium 

Pu - 2 3 9  

Am- 241 

To tal Body 

3 6 . 7  

40 . 7  

7 0 . 0  

3 5 . 6  

40 . 2  

7 0 . 0  

3 5 . 3  

3 2 . 9  

Liver 

42 . 0  

42 . 5  

7 0 . 0  

40 . 5  

43 . 0  

7 0 . 0  

3 5 . 3  

32 . 9  

Bone 

38 . 0  

3 8 . 5  

7 0 . 0  

40 . 3  

3 9 . 1  

7 0 . 0  

35 . 3  

3 2 . 9  

Lungs 

68 . 0  

68 . 0  

7 0 . 0  

3 6 . 6 

3 7 . 3  

7 0 . 0  

35 . 3  

3 2 . 9  

For radionuc l ides that are retained in the body for a long period o f  t ime (with 

an e ffec tive hal f- l i fe o f  tens o f  years or more ) ,  the ratio o f  the 7 0 -year dos e  from 

7 0  years o f  exposure to the 7 0 - year dos e  commi tment from one year o f  exposure i s  

about 3 6  t o  43 , whi l e  for radionuc l ides such as tritium w i th a short residence t ime 

( e ffe c t ive hal f - l i fe is 12 days ) ,  the ratio approaches 7 0 . 

For the cons ide rat ion o f  the e f fects  o f  chronic releas e s , the dos e  to the indiv i 

dual has been emphasized and presented for s ixteen directions and a t  eight- d i st anc e s  

from Rocky Flat s . The se do ses a r e  independent o f  the population d i s tribution o r  

growth in the 5 0 -mi l e  v i c i n i ty . Any person in the v i c in i ty o f  t h e  P l ant can det,ermine 

the uppe r  l imit of the dos e  that he could rece ive from 70 years of rout ine operations 

at Rocky Flat s . ( The r i sk from acc idents w i l l  be cons idered in the next sec t ion o f  

thi s  chapter . )  
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To consider the e ffec ts o f  routine releases on population , the population distri

bu.tion was determined for year 1977  and was proj ec ted for year 2000 , and the population 

per s e c tor and dis tance intervals was determined ( see Figures 2 . 3 . 3 - 1 and 2 . 3 . 3 - 2 in 

Chapter 2 ) . The area demography data have been updated from the DEIS us ing more 

rec ent data which re flec t inc reased g rowth southeast o f  the Plant . When the se popu

lation dis tributions are mul tiplied by the corresponding o rgan doses per person 

( re ference man ) in Table 3 . 1 . 2 - 3 and then summed , the resul t is the population dos e  

i n  man- rem for that population for 7 0  years o f  exposure from routine Plan t  operations . 

The population do ses from such a calculat ion are presented in Tabl e  3 . 1 . 2 - 8 .  

TABLE 3 . 1 . 2 - 8 

POPULATION DOSE (MAN-REM ) FROM 7 0  YEARS OF ROUTINE RELEASES 

FOR POPULATION GROUPS BASED ON YEAR- 1 9 7 7  DEMOGRAPHY 

AND ON PROJECTED YEAR- 2000 DEMOGRAPHY 

fopulat ion Dos e  (man- rem ) to the Population Group over 7 0  Years 
GrouE To tal Bod� Liver Bone Lungs 

1 9 7 7  1 . 4  102 -- 4 2 . ];-104 7 . 6  x 103 x 1 .  2 x 10 

2000 2 . 7  x 102 2 . 2  x 104 5 . 0  x 104 1 . 3  x 104 

Thes e  doses were calculated based on the as sumption that all the population in a 

dis tance range received a dos e  equal to that received by a person at the neare r 

dis tanc e . For examp l e , for a population res iding at 40 to 5 0  miles from the Plan t , 

all persons were con s i de red to receive a dos e  as i f  they were at a dis tance o f  40 

miles . 

Even the revised p roj ec ted population demography for the year 2000 doe s  not 

indicate a high den s i ty adj acent to the Rocky Flats Plan t  on the eas t . If one postu

lates a higher den s i ty population o f  11 . 4  persons per acre or 7296 persons per square 

mile for the eas t through south- southeas t sec tors for dis tances 2 to
'
S miles from the 

Plan t ,  the impact on the population dose c an be determined for a maximized s i tuat ion . 

Thi s  value o f  7 2 9 6  persons per square mile i s  based upon mul t iply ing the average 

family s iz e  by the ave rage number o f  hous ing uni t s  in currently developed Planned 

Uni t  Deve lopment s  in the Ci ty of Wes tminster , and developing the entire sec tor to 

this dens i ty .  Thi s  i s  a conservative as sump tion , s ince there i s  no allowance for any 

open space or indus trial areas . Note tha t the populat ion den s i ty of 7 2 9 6  persons per 

square mile i s  a fac tor o f  at leas t 1 . 5 6 greater than the den s i ty for any s e c t ion of 

the 1977 population demography as presented in F i gure 2 . 3 . 3 - 1 .  Table 3 . 1 . 2 - 9 shows 

the percent inc rease in the popUlation bone dos e  for year- 2000 demography i f  the 

hypothe tical high dens i ty eas t o f  the Plan t  were to occur ins t ead o f  the proj ec ted 

demography . 
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TABLE 3 . 1 .  2 - 9 

INFLUENCE OF A HYPOTHETICAL HIGH DENSITY* POPULATION EAST OF THE 

ROCKY FLATS PLANT ON YEAR-2 0 0 0  POPULATION BONE DOSE 

Population Demography 

Year- 2000 as Proj ec ted 

Year- 2000 with high densi ty* 
in eastern** sec tors at 2 - 3 mi les 

Year- 2000 with h igh den s i ty* 
in eastern** sec tors at 2 - 4 mi l e s  

Year- 2000 w i t h  high den s i ty* 
in eastern**sec tors at 2 - 5  miles 

*7296 persons per square mi l e  
**E , ESE , SE , and SSE s ec tors 

Populat ion 7 0 - Year Percent 
Bone Dos e  (man- rem ) Increase 

5 . 00 x 10
4 

5 . 40 x 104 8 . 0  

5 . 7 1 x 104 14 . 2  

5 . 99 x 1 04 1 9 . 8  

The uni t  o f  dose equivalen t ,  the rem , i s  an indire c t  measure o f  potential health 

e ffec t s . Attempt s  have been made to assess  the r i sk in terms o f  health e ffec t s  or 

gene t i c  damage that might resul t from dose commitments made to general populat ions . 

The Nat ional Academy o f  S c i ences in the BEIR Report ( NAS , 197 2 )  as sumed a no- threshhold 

model o f  dose- to - e ffect relationship to derive quantitativ e  risk e s t imate s .  The BEIR 

Repor t  doe s  no t imp ly that health e ffect s  w i l l  be obs e rved at all dose l eve l s . The 

Report states that , in the absence of suffi c i ent data to prove a t rue relati onship , a 

no - threshhold l inear model should be adopted as a conservat ive e s t imator o f  potential 

risk . It mus t  be emphasized that the interpolated risk e s t imat e s  of the BEIR mode l 

res t on conservative assumption s ; there i s  no 

thes e  estimates and an e s t imate o f  z ero r is k .  

Protection and Measurements ( NCRP ) has warned 

experimen tal bas i s  for choos ing between 

The Nat ional Coun c i l  on Radiat ion 

F ederal agenci e s  against making quant i -
tat ive health e ffec t e s t imat e s  based on populat ion dos e , when individual exposures 
are low relativ e  to the RCG ' s .  Thi s  Environmental Impact S t atement presents r i s k  

a s s e s smen t s  based o n  the BEIR Report to re flec t a l l  possible potent ial risks . 

I t  should be noted that e ffec t s  o f  irradiation from external source s , Japanese 

survivors o f  the atomic bomb in par t i cular and i rradiated spondyl i t i c s , were heav i ly 

weighted in arriving at risk e s timates in the BEIR report . The BEIR Report makes 

e s t imate s  o f  absolute r i s k  and relative risk . The lowes t  i s  the absolute risk mode l 

with a 3 0 - year plateau , re ferred to as the " ab solute mode l . "  The highes t  i s  the 

relative risk mode l with a l i fetime plateau , re ferred to as the " relativ e  mode l . "  In 

the tables on pp . 169 and 171 of the BEIR Report ( NAS , 1 9 7 2 ) ,  exce s s  deaths from 

cance rs other than l eukemia for the U . S .  population , per 0 . 1  rem per person per year 

( 20 m i l l ion man- rem per year ) , are predicted as 1 , 2 10 by the " ab solute model "  and 

8 , 3 40 by the "relative mode l . "  

The fract ion o f  diffe rent canc e r  type s  given in the BEIR Report , along wi th the 

assump tion that l iver cancers will  be induced in direc t proportion to the i r  inc i dence 
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in the Hi roshima- Nagasaki survivors , was used to calculate the cancer mortal i ty risk 

values shown in Tab l e  3 . 1 . 2 - 10 . Al so shown in Tab l e  3 . 1 . 2 - 10 are the s ingl e  number ,  

e s t imate value s cons idered by EPA ( USEPA , May 1974)  and the Co lorado Department o f  

Health ( CDH , 1 9 7 6 )  to represent the cancer mortal i ty risk , which i s  w i thin the BEIR 

Report risk range . *  Final values chosen for thi s  report are also shown in Tabl e  

3 . 1 . 2 - 1 0 . The values chosen for thi s Environmental Impac t S tatement are n o t  meant to 

imply offi c i al mandat ing or recommendation o f  any parti cular c ancer risk e s timate , 

but are chosen as reasonab l e  e s t imates of po tential cancer risks so as to c learly 

present r i s k  data . 

Note that also shown in Tab le 3 . 1 . 2 - 1 0  are po tential genetic e f fe c t  ri sks based 

on the BEIR Report data . The unc ertainties  in the genet i c  risk e s t imates are l arge , 

but Newcombe ( 1 9 7 5 ) suggests that the true risk values are near the lower end o f  the 

BEIR Report range . The populat ion dos e  to b e  used in conj unc tion w i th thes e  gene tic 

risk numbe rs should b e  that to the reprodu c t ive o rgans , o f  which dos e  to the gonads 

of man is the primary concern . Based on the best  e s t imates of depo s i t i on of ac t inides 

in gonads ( Durb in ,  1 9 7 3  and R ichmond and Thomas , 1 97 5 )  the dos e  to the gonads will be 

less than the total body dos e  ( i . e . , no concentration o f  a c t inides in gonadal t i ssue 

is as sumed ) .  There is some controversy on this i s sue , but the use o f  total body dos e  

as a pes s im i s t i c  e s t imate o f  gonadal dos e  h a s  b e e n  supported b y  NRC s taff and i s  

cons i s tent w i th dos e  conversion value s used by ERDA i n  the LMFBR statement ( USERDA , 

1975 ) .  Potential gene t i c  e f fe c t s  in this E I S  w i l l  b e  calculated us ing total - body 

doses and as suming 300 e ffec t s  per 1 0 6 man - rem as shown in Tabl e  3 . 1 . 2 - 1 0 . Thi s  

treatment i s  consi de red conservative , but again i s  not meant to represent an official 

recommended value for genetic risk . 

When one mul tiplies the values o f  risk of cancer mortal i ti e s  or genetic defec t s  

per man- rem , given in Tab l e  3 . 1 . 2 - 1 0 , b y  the values o f  the 7 0 -year dos e  for the year-

1 9 7 7  or the year - 2 000 population groups , given in Tabl e  3 . 1 . 2 - 8 ,  the result i s  the 

po s s ib l e  number o f  e ffec t s  for that populat ion group over 70 years from a continuous 

7 0 - year exposure from routine releases from the Rocky Flats P l an t . The resul t s  o f  

thi s  calculation a r e  pres ented in Tabl e  3 . 1 . 2 - 11 . 

The pos s i b l e  numbe r  o f  e ffects , given in Tab l e  3 . 1 . 2 - 1 1 , total s l e s s  than 1 for 

the 1 9 7 7  populat ion group , cons i s t ing o f  1 . 8  mi l l ion persons , over a time period o f  

7 0  years , and 1 for the year - 2 000 population group o f  3 . 5  m i l l ion persons . I t  c an b e  

shown that the pos s ib l e  heal th e ffec t s  over 7 0  years in any population whi ch i s  b eyond 

the 5 0· mile d i s tanc e from the Plant and whi ch may be affec ted by radioac tive e ffluents 

from the P l an t  is much l e s s  than the values presented in Tab l e  3 . 1 . 2 - 11 . As s tated 

in the conclus ion to Appendix G- l ,  by R.  C .  Thompson and W.  J .  Bair o f  Batte l l e 

Pac i fi c  Northwe s t  Laboratori e s , s ince these values are already s o  smal l , " . . .  i t  

*No te that the BEIR Report , page 170 , does indicate that the relative risk mode l ,  on 
whi ch the higher numbers in the range of r i s k  values are based , might generate e l e 
vated r i s k  e s t imates due t o  the proj ection of high relative r i s k  data o f  young peop le 
into the ove r - 5 0 - year -old age group in wh ich the spontaneous c ancer rate i s  very high . 
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E s t im a t e d  By 
BEIR R e po r t l 

Co l o rado S ta t e  2 He a l th D e p a r tm e n t  

To t a l  
9 . 0  x 
4 . 5  x 

TABLE 3 . 1 . 2 - 1 0  
R I S K  ESTIMATES PER MAN - REM O F  DOSE 

Canc e r  
B o dy 
1 0 - s t o  1 
1 0 - 4 7 

Mor t a l i t i e s  
Liver 
��- 6 x 1 0  t o  
x 1 0 - 6 

p e r  Man - Rem 
Bone 
-- - 6 2 x 1 0  to  

1 . 7  x 1 0 - 5 

USEPA3 2 x 1 0 - 4 

E s t im a t e d  By 
BEIR Rep o r t  

US EPA 
4 N ewcombe 

Gene t i c  
S p ec i f i c  De f e c t s s 

5 . 0  x 1 0 - 5 t o  
5 0 1 0 - 4 . x 

E f fe c t s  p e r  Man - Rem ( To t a l  
6 Complex D e f e c t s  

1 . 0  x 1 0 - 5 to 
1 0 1 0 - 3 . x 
3 0 1 0 - 4 . x 

B o dy 

6 . 0  
1 . 5  

1 . 0  

R i s k  o f  
To t a l  Body 

E f fe c t  p e r  Man - Rem U s e d  i n  t h i s  

Can c e r  Mor ta l i t i e s  
G en e t i c  D e f e c t s  
To t a l  R i s k  

1 .  ( NAS , 1 97 2 )  
2 . ( CDH , 1 9 7 6  ) 
3 .  ( USEPA , May 1 9 7 4 ) 
4 .  ( N ewcomb e , 1 9 7 5 )  

2 . 0  x 1 0 - 4 

3 . 0  x 1 0 - 4 

5 0 1 0 - 4 . x 

L i v e r  B o n e  
2 x 1 0 - 6 6 x 1 0 - 6 

x 
x 

x 

Lungs 
1 .  6 x 1 0 - s t o  
1 . 1  x 1 0 - 4 

4 . 0  x 1 0 - 5 

2 . 0  x 1 0 - 5 

7 Do s e  ) 
To t a l  

1 0 - 5 to 
1 0 - 3 

1 0 - 5 

S t a t em e n t8 
Lungs 

- 5 4 . 0  x 1 0  

4 0 1 0 - 5 . x 

s .  I n c l ud e s  dominan t , c hromo s oma l , and r ec e s s ive d i s e a s e s  
6 .  I n c l u d e s  c ongen i t a l  anoma l i e s , anoma l i e s  exp r e s s e d  l a t e r , c on s t i tu t i o n a l  and 

d e g e n er a t ive d i s e a se s . 
7 .  The d o s e  t o  gon a d a l  t i s sue i s  c on s id e re d , f o r  t h i s imp a c t  s ta t em en t ,  to b e  equal  

to the dose  to the t o t a l  body . 
8 .  Based on the more conserva t i ve values from CDR and u . s .  EPA o r  on a reasonab le 

e s t imate of the med i an of the range o f  values from the BE I R  repor t . 

TABLE 3 . 1 . 2 - 1 1  
ESTIMATED MAXIMUM N UMBER O F  POS S I BLE EFFECTS ( CANCER MORTALITIES P LUS GENETI C  DEFECTS ) 

TO THE YEAR- 1 9 7 7  AND TO THE YEAR - 2 0 0 0  POPULAT ION GROUPS 
OVER 70 YEARS FROM 70 YEARS OF EXPOSURE TO ROUT INE RELEAS ES 

FROM THE ROCKY F LATS P LANT 

E s t im a t e d  Maximum 
Popu l a t i on Numbe r  o f  Po s s ib l e  E f fe c t s  over 7 0  Y e a r s  

Group To t a l  B o dy L i v e r  B o n e  Lungs To t a l  
1 9 7 7  0 . 0 7 0 . 0 2 5  0 . 1 6 0 . 3 0 0 . 5 7 
2 0 0 0  0 . 1 4 0 . 044 0 . 30 0 . 5 2 1 .  0 0  
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i s  perhaps unnecess ary to stress  that they are based upon conservative e s t imates 

of expo sure , mul tipl ied by conservative e s t imates of risk from thi s  exposure , and 

that whe ther the ac tual risk approaches the s e  numbers , or i s  z ero , c an in no way be 

inferred from our present knowledge . "  

3 . 2  PLANT ACCIDENTS* 

The bui ld ings and systems that handl e  bo th radioac t iv e  and other tox i c  materials 

have been const ruc ted to prevent the occu rrenc e o f  acciden t s  and the spread of contami 

nation i f  an ac c ident occurs . Acc idental releases to the environment ,  al though very 

improbabl e , are pos s ib l e . S ec t ion 3 . 2  summarizes the acc ident analyses and antic ipated 

e ffec t s  of each type of potential accident on the environment .  

Mo s t  types o f  accidents that have the potential for s i gni ficant releases to the 

environment c an be determined by cons idering possible sourc e s  of material , breache s 

of containment , and forc e s  for d i spersion . On thi s  bas i s , spi l l s , mechanical or 

admin i s t rative fai lures , impoundment fai lure s , f i re s , explos ions , c ri ti c al i ty acci

dent s , aircraft impac t s , tornadoe s , high winds , and earthquakes were cons idere d  as  

possible  cause s  o f  radioac tive release s . 

For each of these accidents an e s t imated maximum c redible** release and probab i 

l i ty o f  oc currence was reevaluated and recalculated in respons e  t o  pub l i c  comment on 

the DEIS . Also , a maximum c redible acc ident for bery l lium was added , the p robab i l i ty 

o f  impoundment failure was inc reased assuming the ponds would not wi ths tand a 100 -
year flood and the amount o f  plutonium which becomes a irborne in a fire was reduced . 

The c r i t i c a l i ty acc ident scenarios now include a maximum probab l e  acc ident and the 

magni tude of the maximum c redible solut ion c ri ti c a l i ty was inc reased . In some cases , 

where suffic i ent info rmation was avai l ab l e  ( e . g . , a i rc raft c rashes ) ,  maximum probabl e  

and expec ted releases have been e s t imated . Thi s  S tatement doe s  no t attempt to evaluate 

all po s s ib l e  accident s c enarios that might occur , but , by cons idering maximum c redible 

acc ident s ,  presents conservative e s t imates of the l arges t  releases that m i gh t  o ccur 

for each type of acc ident . 

To clarify the meaning o f  the various terms u s ed in the accident analys e s , 

cons ider the fol lowing example . ( Note : the data values are arbi trary for purposes 

o f  explanation and do not re.fer to any ac tual type of acc ident . )  Suppose four di ffer-

*fhe acc ident analyses appearing in this sect ion do no t e s tabl i sh comp l i ance wi th 
'
the 

detailed de s ign c r i teria for new radioactive material handl ing fac i l i ti e s . The ap 
p l ic ab l e  detailed des i gn criteria are spe c i fied in ERDA Manual Chapters ( e . g .  ERDAM 
6301 , General Design Cri teria )  and comp l i ance with the s e  c ri teria i s  e s tab l i shed in 
detailed Safety Analy s i s  Report s .  

**The U . S .  Nuc l ear Regulatory Commi s s ion ( USNRC , 1 9 78 )  recommends a cutoff value o f  
1 0 - 7 for real i s t i c  probab i l i t i e s  and permits  a value o f  10- 6 for conservatively 
e s t imated p robab i l i tie s . The smaller value of 10- 7 is used for all c ases in thi s  
E I S ; that i s , accidents with a probab i l i ty o f  occurrenc e o f  l e s s  than 10- 7 per year 
are no t considered c redib l e . 
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ent acc ident scenarios are evaluated , and the analys i s  shows that the p robab i l i ties 

o f  o ccurrence per year are lxlO - 9 , 4xl O - 7 , 3xlO - 5 , and 2xlO - 4 , with corresponding 

releases of 5 0 , 1 0 , 3 ,  and 1 Ci of plutonium . Then the s econd acc ident i s  the max i 

mum c redible acc ident , s ince i t  p roduces the l arge s t  release among tho s e  accidents 

w i th a p robab i l i ty grea ter than 10 - 7 per year . The first accident has a probab i l i ty 

o f  lxl O - 9 and i s  therefore not cons idered c redib l e , whi l e  the third and fourth have 

smal ler consequence s  and the refore are not maximum cases . The maximum p robab l e  

acc ident i s  the fourth , s ince i t  has the larges t p robab i l i ty o f  occurrence .  The 

expec ted release for this s e t  of acc idents is found by summing the p roducts of p rob 

ab i l i ty t imes release for each cas e : 

Expec ted release = ( lxlO - 9 ) ( 5 0 ) + ( 4xlO - 7 ) ( 10 ) + ( 3xlO - 5 ) ( 3 )  + ( 2xlO - 4 ) ( 1 )  

= 3xlO - 4C i/year 

Each of the ac c idents cons idered i s  di scus s ed below , fo llowed by a summary o f  

the accident l ikel ihoods and expec ted accident releases ( l ikel ihood t imes releas e ) . 

Acc i dent l i ke l i hood e s t imates are made on the b as i s  o f  pas t Rocky Flats operat ing 

data , in add i tion to s ta t i s t i c s  from s tudi es o f  other fac i l i t i e s  handl ing radioact ive 

or o ther hazardous materi al . A l i s t  o f  past reportab l e  accidents for Rocky Flats i s  

g iven in Appendix H .  

3 . 2 . 1  Accidents I nvolving Nonradioac t ive Hazardous Materials 

In this s e c t ion a fire involving beryll ium i s  pos tulated and analyzed as the 

maximum c redible acc ident for nonradioac t ive materials  . .  Beryll ium is tox i c  and i s  

handl ed in kilogram quantities  a t  Rocky Flats ( s ee Section 2 . 5 . 3 . 1  and 2 . 5 . 3 . 2 ) .  

Other material s , in the quan t i t i es used at Rocky Flats ( s ee Tab l e  2 . 8 - 1 ) , do not 

cons t i tute a haz ard to the pub l i c . 

Spec i fi c  data regarding the p robab i l i ty o f  acc idents and re leas e s  in bery l l ium

handl ing fac i l i t i e s  have no t been generated , as they have for plutonium .  Overes t imates 

have been used for the maximum c redible release . Based on previous experience ,  the 

maximum c redible acc ident would be a fire in a heavily- loaded fil ter p lenum sys tem 

during which the HEPA fil ters were b reached . Such a sys tem might contain as much as 

10 kg of dus t ,  a small  frac t ion o f  which would be bery l l ium . An even smal ler fract ion 

would be released from the s tack as bery l l ium oxide parti c l e s  in the resp i rab l e  s ize 

range . 

For the ac c i dent s c enario , 10 kg o f  pure bery l l ium was as sumed to burn over a 30 

minute interval . One ki logram o f  bery l l ium oxide in the respirab l e  s iz e  range was 

as sumed to be rel eased from the s tack . Us ing Tab le B - 2 - l o f  Appendix B ,  a maximum 

short - term concentra t ion o f  about 7 . 7  � g/m3 near the P l ant boundary was obtained . 

Thi s  i s  well above the 0 . 01 � g/m3 30 - day - average EPA s tandard , but i t  is below the 
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short - term exposure o f  2 5  � g/m3 which has been e s tabl i shed as the 30 -minute peak 

concentrat ion above the accep table c e i l ing conc entration for an 8 - hour occupational 

exposure . 

3 . 2 . 2  Ac c idents Invo lving Radioact ive Materials  

3 . 2 . 2 . 1  S p i l l s  o f  Rad ioac t ive Materials 

One p o s s ible sourc e o f  rad ioac t ive release to the envi ronment i s  the spi l l ing o f  

radioact ive materi al . Th i s  might resu l t  from the dropp ing o f  radioac t ive material , 

the t ipp ing o f  containers ho lding radioac t ive material s ,  or l eaks in containers . 

Sp i l l s  in th i s  s e c t ion are meant to encompass only the s imp l e , unintent ional release 

of material from its container or contro l led area . The dispersal o f  ma terial from a 

driving force such as fire or explos ion i s  treated separately in later sect ions . 

Only s p i l l s  o f  radioac t ive materials  are considered s ince the cons equence o f  sp i l l ing 

nonradioac t ive materials ( considering the quan t i t i e s  used at Rocky Flats ; see Tab le 

2 . 8 - 1 )  would b e  much smaller . S ince radioac t ive materials are handled extens ively 

wi thin the Roc ky Flats  fac i l i ty ,  some sp i l l s  of material are inev i tab l e . If sp i l l s  

occur , they mo s t  l ikely w i l l  oc cur i n  glove boxes o r  o ther areas having a conta ined 

air flow . In the s e  areas air is highly f i l tered before release to the env i ronment . 

The s e  types  o f  sp i l l s  w i l l  resu l t  in no detec tab l e  increase in total P l ant release . 

S p i l l s  o f  materials outs ide o f  glove boxes and con trol l ed pro c e s s  areas migh t  cause a 

small  increase in the total releas e , s ince the air would pass through fewer f i l ter 

s tage s than the glove - box air flow . 

Room a i r  from a l l  uranium- and bery l l ium-handl ing bui ldings wi l l  pass through at 

least one High E ff i c i ency Particulate Air (HEPA) fil ter , and room air from plutonium 

hand l ing buildings p a s s e s  through a t  least  two HEPA f i l ters before r e l e a s e  to the 

envi ronment ( see S e c t i on 2 . 7 . 1 ) .  Air from glove boxes containing plutonium w i l l  pass 

through at l east  four HEPA f i l ters prior to releas e . Thus , even maj or s p i l l s  o f  

radioac tive ma terial w i l l  resu l t  i n  minor releases o f  radioac t iv i ty t o  the envi ronment .  

Hi storically , mo s t  sp i l l s  o f  radioact ive material , even tho s e  requiring fairly exten 

s ive in- building c l eanup , did no t c ause suffi c i ent increase in the building emi s s ion 

rate for the release to be d i s t ingui shed from normal fluc tuations . As normal bui lding 

releases have been reduc ed dramatically over the years , however , it has been pos s ib l e  

to correlate e ffluent moni tor records w i th maj or contamination event s  ( see 

Table 2 . 7 . 2 - 1 ) . Thus , the p lutonium release from a p lugged drain l ine in 1970 and a 

plutonium barre l- l iner leak in 1 9 7 1  resul ted in releases to the envi ronment o f  about 

25 and 4 � C i of plutonium alpha activ i ty , respe c t ively . S ince 1 9 7 2 , there have been 

no events in this c a tegory that have caused detectab l e  increases in envi ronmental 

release . 

On the bas i s  o f  past Roc ky Flats operational hi s tory , s p i l l s  o f  radioac t ive 

material will occasionally occur . The envi ronmental release from past events has 

been qui te smal l ,  typi cally l e s s  than 10 � C i  of plutonium alpha ac t ivi ty . For the 
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purposes o f  this S tatement , a p e s s imi s t i c  assump tion o f  0 . 5  con �amina tion events per 

year was made wi th an expec ted release o f  10 � Ci o f  plutonium alpha activ i ty . A 

maj or contamination event was as sumed to release up to 100 � C i o f  plutonium alpha 

a c t iv i ty . There have not been any contamina tion events tha t have re s u l ted in envi ron

mental re leases o f  100 � C i ; cons equen t ly , such a release l i ke l ihood is considered 

smal l ,  perhaps less than once in 20 years ( O . O S/year ) .  

The preced ing discuss ion has exc luded cons i deration o f  the re l ease of up to 

e l even curies o f  rad ioactiv i ty c aused by leakage of plutonium- c on t aminated o i l  from 

s torage barre l s  ( s ee S ec t ion 2 . 3 . 9 . 1 ) . The s torage area was outs ide the confines of 

any bui lding or secondary containment . This inc ident i s  not used in the e s t imate o f  

po s s ib l e  future releases because plutonium and plutonium- contaminated mat e r i a l s  are 

no longer s tored out s ide of buildings . 

3 . 2 . 2 . 2  Mechanical or Admini strative Fai lure 

Acc idental releases of rad ioac t ive materi a l s  to the envi ronmen t were as sumed to 

be possible  as a resul t of a mechanical  or admin i s t rat ive fai lure . There are many 

admin i s trative and system-protective features incorporated in the P l an t  des ign to 

p revent such an occurrence , but a mechanical  or adminis trative fai lure may occur . 

There has been one such env ironmental release during Roc ky F l ats ' operating h i s tory , 

resu l t ing from a design error in the f i l ter sys tem . Thi s  inc ident oc curred in 1974 

and resul ted in a release o f  934 �Ci ( see Tabl e  2 . 7 . 2 - 1 ) . As a resul t o f  that release , 

several correc t ive a c t ions have been taken , inc lud ing improved admini s trative con

tro l s  on any change s a f fec t ing the operat ion o f  the exhau s t  sys tem . In add i t ion , 

sys tem and moni toring changes have been implemented e i ther to prevent a repeated 

oc currenc e or to de tect  abnormal releases much sooner . I t  might b e  expected that , 

g iven the system improvements that have been imp l emented s ince the acc idental releas e , 

the future probab i l i ty o f  s im i l ar releases wi l l  be less  than imp l i ed by p a s t  operating 

h i s tory . For purpo ses o f  thi s  S tatement , howeve r ,  a release source term of 1 , 000 � C i 

o f  plutonium alpha a c t iv i ty with a l ike l ihood o f  0 . 0 5 per year was as sumed . The 

e s t imates o f  probab i l i ty and amount o f  rel ea s e  are s l ightly grea ter than i s  actually 

expec ted . A recent EPA report ( USEPA , 1 9 7 5 ) p l ac e s  the probab i l i ty o f  a fai lure o f  

valves or pip ing wi thin a uranium fab rication p l an t  which would resu l t  in a n  environ

men t al release at about 0 . 0 04 per yea r .  Thi s  probab i l i ty was e s t imated on the bas i s  

o f  4 9 0  p l an t  years o f  fue l fabrication experience wi thin the U . S . 

Po s tulation o f  a s cenario for a max imum c redible admini s trative fai lure i s  not 

mean ingful ; if a spec i fi c , credible s cenario were known , approp riate system and 

admini s trat ive contro l s  would be modi fied to prevent the inc ident or to m i t igate i t s  

consequence s . To p rovide a n  examp l e , however ,  o f  the maximum c redib l e  release that 

c an be expec ted for some unde fined administrative failure , a maximum source term was 

c a l cul ated based on a fil ter p l enum bypass s im i l ar to that which occured in 1 9 7 4 . 

The maximum release that might occur from a fai lure o f  the exhaus t  sys tem c an b e  
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e s t imated on the bas i s  of the maximum f i l ter loading . Maximum releases would thus 

resul t from releases of p roc e s s - con taminated air wi thout pas sage through the usual 

HEPA filter sys tem . The maximum loading of p lutonium in the exhaust duc t was calcu

lated based on a 7 5 0 - gram loading o f  the first filter s tage in 120 days . The analy s i s  

conservat ively as sumed 8 -hours - a - day , 5 - days - a-week operat ion yielding an air load o f  

3 . 13 � Ci/m3 . As suming a typical exhaust flow rate for a f i l t e r  p lenum o f  14 , 000 

cub ic fee t  per minute and a filter bypass occurring for 1 5  minutes b e fore correct ive 

ac ti on i s  taken , a total release of 1 9 , 944 � C i  would occur . Releases of air at thi s  

radioac tivity l evel for a longer period o f  t ime wi thout corre c t ive ac t ion be ing taken 

would require s imultaneous fai lure of many independent sys tems and is much l e s s  

l ikely t o  o c cur . The l ike l ihood o f  a maximum release o f  2 0 , 000 � Ci to the a i r  w i l l  

be taken as one - tenth o f  the l ike l ihood o f  any apprec i ab l e  release , o r  0 . 00 5  per 

year . Thi s  l ikel ihood i s  comparabl e  to the EPA - e s t imated p robab i l i ty of an apprec i able 

release from a uranium fabricat ion plant ( USEPA , 1 9 7 5 ) .  

In addit ion to acc idental releases o f  radioac t ive material to the air , acc i �  

dental releases o f  l iquid e ffluents might also b e  postulated . No te , however , that 

proc e s s  wat e r  i s  no longer released off s i t e  ( a l l  p roc ess  was te is now impounded on 

s i te ) , so mechanical o r  admin i s t rat ive fai lures that might resu l t  in the release of 

contaminated l iquid was te wil l no longer c ause an o f f- s i t e  releas e . The only present 

release o f  Plan t  wat e r  from the s i t e  i s  from the sanitary t reatment p l ant . Sanitary 

waste contains only low l evels of radioac t ive contaminat ion . Even i f  some maj or 

p ip ing error o ccurred , which could resul t in maj o r  contamination of the sani tary 

was t e  effluent , thi s e ffluent is released in batches after direct samp l ing to deter

mine the radioac t iv i ty level . The probab i l i ty o f  a maj or l iquid release because o f  

mechanical o r  admini s t rative e rrors i n  the Plant i s  there fore smal l ,  and any future 

expec t ed release from thi s  mechanism would be negl igib l e . Thi s  is particularly t rue 

s ince the Roc ky Flats fac i li ty is be ing modi fied for a total l iquid- recyc l e  operat ion 

s cheduled for 1 9 7 9 . 

There have been past releases o f  trit ium from Rocky Flats . In particular , the 

proc e s s ing of metal s c rap contaminated wi th tritium in 1 9 7 3  l ed to the release of 

s everal hundred curie s  of t r i tium to the air and P l ant was t e  s t reams . S ince the 1 9 7 3  

inc ident , new admini s t rat ive contro l s  have been init iated and new equipment purchased 

to permi t the ident i fication of any non - speci ficat ion radioi sotopes in feed material 

handled by Rocky Flats . Because of thes e  new contro l s , a repeat of the 1973 inc ident 

is highly unl ikely . In add i t ion , the source term from routine Plant operat ion has 

been set at a conservat ive l evel of 5 C i/yr o f  trit ium to account for the proce s s ing. 
o f  materials containing tri t ium contamination ( see Sect ion 2 . 7 . 2 ) . 

3 . 2 . 2 . 3  Impoundment Fai lure 

As di scussed previou s ly , the water in s everal on- s i t e  ponds contains radio

ac t iv i ty . The ac tual l evel o f  radioac t ivity in these waters i s  low , even though the 

pond s ediment contains �n apprec i able inventory of radioac t ive material . For in-
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s t anc e ,  the B- serie s  ponds contain s everal curi es o f  p lutonium trapped in the pond 

s ediment , but the concentrat ion o f  plutonium alpha ac t iv i ty in the water of these 

ponds i s  l e s s  than 40 pCi/l . Further , the pond c ap ac i ti e s  are sma l l , and even if the 

entire contents ( exc luding the sediment s )  o f  the B - series ponds were to be releas ed 

from an acc idental breaching o f  a l l  o f  the ponds , the total amount o f  material released 

would be less than 500  � Ci of p lutonium alpha ac t ivity . The impoundment fai lure 

s c enario does no t include e s t imates o f  imp ac t s  in terms o f  dos e  acqu i red a s  a result 

o f  s ed iment re lease . Of the small  fract ion o f  the sediments whi ch might be rel eased , 

maj or portions would res ide in the stream bed , the sediment o f  reservo irs , and in 

drinking water treatment p l ant fil ters . 

The o ther maj o r  source o f  radioac t ive material contained in water stored on s i t e  

i s  material in the solar evaporat ion ponds . There are three solar evaporation ponds 

designated as 2 0 7A ,  207B ( divided into three sec tions ) ,  and 207C . The ponds are 

asphal t - cement struc tures construc ted near the top edge of a h i l l  having about a 

1 5  degree s lope . A lands lide o f  the h i l l  could rup ture one or more ponds and release 

contaminated was tewater into North Walnut C reek . North Walnut Creek ul t imately 

emp t i e s  into Great Wes tern Reservo i r , a water supp ly for the C i ty o f  Broomfi eld . *  

Typical  concentrations o f  radioac t ive materi al in the solar evapo ration ponds and the 

total c apac i ty o f  the ponds are shown in Tab l e  3 . 2 . 2 - 1 .  The actual concentration o f  

materi al w i l l  vary somewhat from pond t o  pond and wi l l  vary even more a s  a func tion 

o f  t ime . The mean concentrat ion value s , however ,  are averaged over s everal years and 

are reasonable values for envi ronmental assessments . 

Material 

Americ ium 

Plutonium 

Uranium 

TABLE 3 . 2 . 2 - 1 

RADIOACTIVE MATERIAL CONCENTRATIONS 

IN THE SOLAR EVAPORATION PONDS** 

Mean Concentration 
(pC i/l ) 

1 , 3 5 0  

1 , 440 

8 , 0 00 

Conc entration Range 
(pC i/l ) 

450 - 2 , 7 00 

1 , 2 00 - 2 , 0 00 

2 , 300 - 14 , 000 

**To tal c apac i ty o f  the ponds i s  1 6  x 10 6 gal lons ( 60 . 6  x 10 6 l i ters ) . 

I f  a lands l ide or o ther release mechanism were to o ccur , the solar ponds mos t  

l ikely to rupture would b e  2 0 7A and 207B - north . Thi s  re sult i s  based on the fact 

that leakage has oc curred from thes e  ponds only , and both are s i tuated at the h i l l ' s  

*The C i ty of Broomfield has recently ( S ep tember , 1 9 7 8 )  rece ived a grant o f  $ 7 50 , 000 
for pumping and p ip e l ine rev i s ions to permi t the entire c i ty to use water from Denver 
in case an acc ident at Roc ky Flats should make it neces sary to discontinue use o f  
water from Great Western Reservo ir . 
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top edge . Thi s  means the s o i l  under thes e  ponds would be we t and more sus c ep t ibl e ' to 

s l iding than the so i l  be low the other pond s . The operat ing l evel o f  was te solution 

in these two ponds is 6 , 9 3 6 , 000 gal lons ; the i r  over flow c ap ac i ty is 8 , 584 , 0 00 gallons . 

A s imp l e  rup ture o f  the solar evapora tion ponds would re sul t in no o f f- s i te re

leas e , s ince wa ter from these ponds would flow into North Walnut Creek ups tream o f  

the A- series hold ing ponds . The larges t  o f  the A- series  hold ing pond s i s  o f  suffic i 

ent s iz e  t o  hold the c apac i ty o f  a l l  the solar ponds ; consequently , any contamination 

would be trapped on s i t e . For an environmen tal release off s i t e , there would have to 

b e  a rup ture of the A- series  p6nd s in add i t ion to the solar evaporation ponds . Such 

an occurrenc e would requ i re a maj or driving forc e such a s  an ear thquake or tremendous 

rain fal l .  I f ,  however ,  a l l  o f  the materi al in the solar evaporation ponds were 

released to the envi ronment ,  the total release would be the p roduc t of the concentra

t ions in Tab l e  3 . 2 . 2 - 1 and the total c apac i ty ,  a s  shown in that table . Thi s  release 

would be about 87 , 000 � Ci o f  plutonium , 82 , 000 � Ci o f  ameri c ium ,  and 485 , 0 00 � Ci of 

uranium . O f  this total release ,  mo s t  would depo s i t  on the ground be fore reaching 

Great We stern Reservo i r . Much o f  the remainder would become trapped in the Reservo i r ' s  

s ediment or be removed by the C i ty o f  Broomfi e l d ' s  water- treatment p l an t  prior to the 

water be ing c onsumed by peop l e . 

Thi s  analy s i s  as sume s that a l l  o f  the released mat erial i s  consumed by B room

field residen t s . Thi s c learly overes t imates the actual impac t .  The probab i l i ty o f  

a n  o f f- s i te release o f  the total inven tory o f  the s o l ar evaporation ponds i s  sma l l . 

( No t e  that a surfac e runoff system under cons truct ion a t  Rocky F l a t s  would hold the 

total s i t e  runo ff in a design 100 -year storm .  Thi s  sys tem , when imp lemented , w i l l  

even further reduce the p robab i l i ty o f  any o f f- s i t e  release from an impoundmen t 

fai lure . )  

Rain fal l s  such as the maximum recorded in the Rocky Flats  area are not ap t to 

cause the rup ture o f  the many d i f feren t ponds that would have to be involved . Thus , 

whi l e  an exact p robab i l i ty e s t ima te was not made , i t  i s  l i ke ly that the p robab i l i ty 

i s  much l e s s  than 10 - 2 per year . 

The new waste - treatmen t fac i l i ty ,  s cheduled to be in opera t i on in 1 9 8 0 ,  wi l l  

provide to tal recyc l e  for Roc ky Flats  proce s s  was t ewater . The fac i l i ty w i l l  minimize 

the poten t i a l  for a c c i den tal release of radioac tivity to Great Wes tern Reservo i r .  

The wat e r  i n  solar evaporation ponds w i l l  b e  proce s s ed and the ponds wi l l  b e  used for 

s toring pur i f i ed water from the san i t ary was tewater recy c l e  p l an t  ( s ee Sec tion 2 . 7 . 3 . 1 ) , 
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3 . 2 . 2 . 4  F i re 

F i re P reven tion and Control 

Acc idental fires in Rocky Flats  fac i l i t i e s  are a maj or conc ern because of the 

pyrophoric nature of finely divided p lutonium in air . S ince past fires at Rocky 

Flats  have resul ted in sma l l  envi ronmental releases , thes e  fires have rece ived cons i 

derab l e  attention . As a resu l t  o f  thes e  fire s , exten s ive sys tem improvements have 

been made to guard again s t  future fire s , bu t the handl ing o f  plutonium involves some 

risk o f  fire . 

There have been two fires tha t  have caused maj or damage to p roduc t i on buildings 

at Rocky F l at s . The s e  oc curred in 1 9 5 7  and 1 9 6 9  and resulted in e s t imated environ 

mental releases o f  2 5 , 618 and 856 � Ci o f  plutonium , respec t ively ( s ee Tab l e  2 . 7 . 2 - 1 ) . 

In add i tion , there were three isolated fires that c aused detectab l e  releases in 1 9 65 , 

1 9 6 9 , and 1 97 2 . Thos e  fires resu l ted in releases o f  about 1 , 1 70 ; 2 0 ; and l e s s  than 2 

� Ci o f  plutonium , respec t ively . 

F o l l owing the maj or bui lding fires o f  1 9 5 7  and 1 9 69 , extensive improvement s  were 

made t o  minimize the pos s i b i l i ty and potential c onsequences of future fire s . Postu

l ated fires invo lving nonradioac t ive or construc t ion materia l s , along w i th the mos t  

e ffec t ive fire - fight ing t ec hniques for these fire s , a r e  wel l  de fined i n  pub l icat ions 

o f  the Nat ional Fire P ro t e c t ion Assoc i a t ion and Factory Mutual ' s  Loss Control Data 

Shee t s . The theory involved in combatt ing thes e  type s o f  fires i s  generally to 

releas e combustion produc t s  to the a tmosphere as qui ckly as pos s ib l e  to expedite fire 

fight ing . In a fire invo lving p lutonium , the theory i s  reversed . Empha s i s  i s  placed 

on c ontainment o f  the fire and produc t s  o f  c ombus tion wi th minimal release to the 

a tmo sphere . Maj or emphas i s  is p laced on minimiz ing the probab i l i ty o f  a fire . 

Examp l e s  inc lude us ing n i t rogen a tmosphere s , minimiz ing combu s t i b l e  loading in any 

given area , and a s suring that fire de tection and suppre s s ion sys t ems are c apab l e  o f  

detec t ing and containing a fire i f  one should s tart . The s e  cri teria have been imp l e 

mented throughout t h e  Rocky F l ats fire prote c t ion sys tems and operating procedure s . 

The i r  e ffec t ivene s s  is graphically i l lu s trated by compari son o f  the releases attri 

buted to the 1 9 5 7  and 1 9 6 9  fire s , respec tively . Whi l e  the quan t i ty o f  plutonium 

i nvo lved in the 1 9 6 9  fire was much greater , the release was sma l l er than in the 1 9 5 7  

fire . The 1 9 5 7  fire rele as ed approximately 2 5 , 6 1 8  � C i  o f  p lutonium alpha ac t iv i ty , 

whi l e  the 1 9 6 9  fire , which was much more cos t ly as an industrial acc iden t , released 

only 8 5 6  � C i  o f  plutonium alpha a c t iv i ty . Thi s  serve s to demons trate the suc c e s s  o f  

syst em improvemen t s  that were init iated fol l owing the 1 9 5 7  fire . 

The sys tem improvement s  made after the 1 9 5 7  and 1 9 6 9  fires are l i s ted in Tab l e  

3 . 2 . 2 - 2 .  The initial  improvement s were aimed primarily a t  s topp ing the spread o f  a 

fire once i t  s tarted and at prevent ing the release o f  po tent ially con taminated com

bus t ion produc ts . Following the 1 9 6 9  fire , system improvement s  emphasized the reduc -
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tion o f  combustible material loading and containmen t . Subs equent P l an t  modi ficat ions 

and admini s trative contro l s  were aimed primar i ly at reduc ing the p robab i l i ty of a 

fire s t arting and at automat i on o f  f i re p rotect ion systems . Prior to 1 9 5 7 , i t  was 

not cons idered permi s s i b l e  to u s e  water to any extent to fight fires involving 

p luton ium because of the danger of p roduc ing a c r i t i c a l i ty . The nec e s s i ty to use 

water to control the 1957 f i re resulted in a later reevaluation of this philo sophy . 

The contro l l ed use o f  automat i c  water , f i re suppre s s ion sys tems was inc luded in the 

design of a new p lutonium fac i l i ty , Bui lding 7 0 7 , in 1 9 6 7 . After the 1 9 69 fire , 

ex tens ive inves t i ga t ions and experiments were conduc ted in an attempt to define more 

e ffective fire p revent ion measures in addi tion to improvement s  in fire suppress ion 

systems . Automat i c  �ater , fire suppress ion systems were added to f i l ter p lenums and 

to plutonium operating and proc ess  areas . Cri t i c al i ty conc erns were addre s s ed 

through the exc lus ion o f  sp rinkl ers wi thin the glove boxe s , s tr i c t  enforcement o f  

f i s s i l e  material l imi t s , curbing t o  p revent accumulat ions o f  water in l ow places 

( e . g . , s ta i rwel l s ) , and fire - figh ting personnel t raining . Evaluations of  o rganiza

t ional and management pol i c i e s  related to the fire s a fe ty program were also conducted 

to ensure maximum p rogram e f fec t ivene s s . As a resul t ,  s everal p rogram changes were 

imp l emented to further minimize the risk of f i re through adminis trative contro l s . 

One change involved increased frequency o f  fire sys tem inspec tion . Inc luded among 

the other changes were maximiz a t ion of response and c apab i l i ty to contain f i res 

through improved dete c t ion al arm sys tems and personnel train ing . 

TABLE 3 . 2 . 2 - 2  

F IRE PROTECTION IMPROVEMENTS IMPLEMENTED SUBSEQUENT TO THE 

1 9 5 7  AND 1 9 6 9  FIRES 

Improvements Sub sequent to 1957 F i re 

1 .  Glove -box Cons truc t ion - Metal s trips were placed b e tween glove - box 

windows to p reven t f i re from spread ing in p lexiglas glove boxes . 

2 .  Atmosphere Control - The humidity in glove - box l ines was contro l led . 

3 .  Plutonium S torage and Handling - P lutonium metal in d i f ferent forms 

was sep arated in p roduc tion and s tored s eparately ins ide metal c ans . 

4 .  F i re Detec tion - A f i re - de tection system o f  heat sensors was p laced in 

all s torage areas . 

5 .  F i re Figh ting Me thods - Me thods were deve loped for contro l l ing p luto 

nium f i res through use o f  inert gas , carbon dioxide , and magnesium 

oxi de s and . The use o f  water on plutonium fires was s t i l l  que s tionab l e  

because o f  pos sible  p rob l ems involving nuc lear safety . 

6 .  F i l t er - Bank Water Spray System - Water spray systems were bui l t  for 

main f i l ter p l enums . ( Booster p l enums were no t so equipped , which 

resul ted in p rob lems i� the May 1 1 , 1 9 69 , fire . The booster p l enums 

now have water spray systems . )  

7 .  F i re Mains - S tand pipes and hos e connec t ions were added in p roduc t ion 

areas ' .  
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TABLE 3 . 2 . 2 - 2 ( Cont inued ) 

8 .  Uti l i t ies - Elec trical u t i l i t i e s  were reloc ated to avo id penetrat ing 

ventil ation duc t s . Dampers were p l aced in ven t i l a t ion int ake systems 

to p rec lude blowbacks in the event of an explos ion . Spark- arre s t  

screens were instal l ed , and a sys tem for sp ray ing water o n  fil ters was 

added . A fire detect ion sys tem was p l ac ed in the f i l ter banks . 

9 .  Mul tiple Exhaus t  Fil ters - As an alternat ive to a recommendation to 

provide mul tiple exhaus t fil tration , other changes were imp lemented . 

Although Rocky Flats i s  s t i l l  us ing s ingle - source fi l tration , the s iz e  

o f  the exhaust pl enums has been reduced and the numbe r  o f  such p lenums 

has been inc reased . The exi s t ing large fi l ter banks were divided into 

a series o f  sma l l e r  p lenums with noncombustible part i t i ons . 

10 . Modular Containment - A p lutonium produc t ion fac i l i ty designed sub 

sequent to 1 9 5 7  inc luded modular separat ion o f  p lutonium p roc e s s ing 

opera t i ons . 

Improvements Subs equent to 1 9 6 9  Fire 

1 .  Heat detec tion sys tems were installed throughout all  glove boxes and 

conveyor l ines as required . 

2 .  Maj or combustible loading was almo s t  ent i rely e l iminated by removal o f  

l arge quan t i t i e s  o f  combus tible  radiat ion shi elding . Removal was made 

possible by discont inuing the use of glove boxes for s to rage . Combus 

tibles are restricted inside glove boxes , and al l produc t ion materials 

are now enc losed in tight - f i t t ing containers . 

3 .  Inert ing glove boxes and conveyor l ines that contain material such as 

sma l l  pieces of p lutonium and machining chips was accomp l i shed by 

providing ni trogen a tmosphere containing l e s s  than 5% oxygen . ( Glove 

boxes and l ines c ontaining only final mass ive forms of p lutonium are 

not nec e s s arily inerted , because there have been no recorded cases o f  

spontaneous ign i t ion o f  mas s ive forms o f  p lutonium ) . 

4 .  Venti lation sys tems were completely revi sed and improved to ensure 

thei r  integri ty in providing necess ary fire protect ion . 

5 .  Internal wal l s  and doors in all  maj or produc t ion bui ldings have been 

upgraded to provide prope r  fire cuto f fs and area separa t ion . 

6 .  The ex ternal wal l s  o f  these bui l ding were upgraded and sealed . The s e  

measures help pro t e c t  against contamination b eing released to the 

external envi ronment in the event of a pos sible  fire . 

7 .  Wet pipe sprinkler p rotec tion was provided to ob tain 100% coverage in 

all  produc tion areas . 

8 .  Improvements to the Plan t ' s  underground water system ,  w i th add i tional 

s torage and pump ing capac i ty , were comp l e ted . 
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TABLE 3 . 2 . 2 - 2 ( Continued ) 

9 .  P l ant a l arm systems were upgraded to relay i n format ion from o ther 

updated fire p ro t e c t ion measure s . These upgradings enhanc e  instant 

response to any po ss ible emergency on the s i te . 

10 . Extens ive s tudies o f  so lvents used in a l l  areas containing fine 

p lutonium p i ec e s  were done , and some s o lvents have been replaced w i th 

l ess react ive solvent type s . 

In conj unc t ion w i th inve s t igat ions and res earch conduc ted by the contrac tor and 

the AEC fo l l owing the 1 9 69 fi re , a comprehens ive assessment was conduc t ed unde r  AEC 

contract by Factory Insu rance As soc i a t ion , an organizat ion wi th over 80 years o f  

experience i n  fire safety . In 1970 , arrangements were made with the Fac tory Insur

anc e  As soc i ation and Fac tory Mutual Sys t ems , the large s t  underwri ters of improved 

r i s k  fire insurance , to inspe c t  AEC fac i l i t i e s  against highes t  industrial s tandards . 

The intent was to provide fire p rotec tion sys tems in which the minimum protect ion 

l evel is at least equal to the " Highly P rotec ted Risk" cat egory of insuranc e  under 

writers . [ Th i s  program has been inc luded in ERDA Manua l Appendix 0 55 2 . Inspec tions 

are to be conduc t ed period i c a l ly ( at app roximately five -year interva l s ) a t  maj or DOE 

fac i l i ties , inc luding Ro cky Flats . ]  

Two surveys have been made by the Factory Insu ranc e Assoc i a t ion ( F IA )  at the 

Rocky Flats  P l ant . The ini t i al survey was comp l e ted in 1 9 7 0  and was comprehen s ive 

from the s tandpo int o f  cap i tal - loss fire pro t e c t ion . I t  resulted in 1 0 5  recommenda

t ions . A second survey o f  the Rocky F l a t s  P l ant was undertaken by F IA during Sep

t ember and Oc tober , 1 9 7 4 . Resu l t s  o f  that survey were noted in a report dated 

January 23 , 1 9 7 5 . The following i s  quoted from the introduc t ion to the report : 

" The survey i s  a reinspe c t ion o f  the Rocky F l ats P lant and re flec ts 

the maj or changes in f i re p revention and p ro t e c t ion which have been 

accomp l i shed since the original survey by the Factory Insurance As s o 

c i a t ion conduc ted during the Fall  o f  1 9 6 9 . Mo s t  o f  the recommendat ions 

outl ined in the report of the ear l i e r  survey have been accomp l i shed 

resu l t ing in a we l l  pro t ec t ed p l ant having good loss p revent ion 

programs . "  

" . . .  new bui ldings have been cons truc ted u t i l i z ing superior p rotec tion and 

prevention criteri a . "  

Tho se recommendat ions not comp l e ted at the t ime o f  the second survey were e i ther 

in the cons t ruc t ion phase or were covered by an approved exemp tion . Exemp t ions were 

granted only where noncomp l i ance woul d  no t resu l t  in undue hazard to l i fe ,  o f f- s i te 

contamination , vi tal program impairment ,  or probab l e  fire loss  in exc ess  o f  one 

mi l l ion dol lars . It should be no ted tha t only s ix exemp t ions to the F IA recommenda-
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tion s  were granted by ERDA for Rocky F lats . The s econd survey repo�t contains 48 

recommendations . As of Dec ember 3 1 , 19 7 7 , 42 recommendat ions had been comp l eted , 2 

were in progres s , and 4 were in the 6 previous ly di scus sed exc ep tions . Recommenda

t i ons regarding the 1969 fire ' s  c au s e - e f fec t relationship have been imp l emented . 

The F IA also s tated , "There have been a number of s igni fi cant changes in the 

basic  organization of the Loss Prevent i on programs in the P l ant s ince the original 

survey . "  The s e  changes have been direc ted a t  ensuring adequate independence o f  the 

loss - prevention department ,  fire department , cri tical i ty safety group , P l an t  s ecuri ty , 

hea l th phys i c s , and radiat ion moni toring , such that adequate author i ty and control i s  

maintained to ensure safe ty and securi ty for a l l  aspec ts o f  P l an t  operation . A 

number o f  comm i t tees and group s have also been e s t ab l i shed to audi t  the performance 

and provide di rec t ion to the various special i ty groups . These aud i t  organizations 

inc lude the Executive Sa fety Commi t te e , Office of Chi e f  Aud i tor , Nuc l ear S a fe ty 

Commi ttee , and Operational Safety Review Panel Subcommi t tee s . 

An inten s ive ful l - scale  t e s ting program to unders tand better the c auses and 

e ffec t s  o f  fac i l i ty fires was also imp l emented fol lowing the 1 9 69 f i re . Ful l - s i z e  

glove boxes u t i l i z ing the s ame materials as used in p roduc t ion glove boxes were 

burned to e s tab l i s h  whi ch materials con tribut ed to the fire and which materials migh t  

be rep lac ed w i th l e s s  combustible  material s . The t e s t s  also determined how material s 

could b e  more adequately p ro t e c ted i f  a sui tab l e  rep l ac ement could not be found . 

Te s t s  were performed on HEPA fil ters and o ther vent i l ation components to determine 

e ffec t s  o f  heat and smoke . The tests  were used to ( 1 )  s tudy smoke remova l  for rap id 

acc e s s  t o  fire s , ( 2 )  veri fy the effectiveness o f  water sprays in reduc ing f i re 

exhaus t  a i r  t emperatures such that the fil ters would not be damaged , and ( 3 )  deter

mine the effects o f  water sprays on the fi l te r  media . Information gathered in the 

exp erimental p rogram resul ted in many o f  the sys tem and component improvements sum

marized in Tab l e  3 . 2 . 2 - 2 .  

As evidenced by the independent FIA survey , the Rocky Flats  fac i l i ties mee t or 

exceed a l l  nat ional ly recognized fire protection s tandards . The fac i l i ties are wel l  

protec t ed from fire t o  the extent that the wor s t  fire that c an b e  p o s tul ated i n  any 

o f  the fac i l i t i e s  c an be contro l l ed , extinguished , or contained wi thout c reat ing an 

unac c ep tab l e  hazard to employees or the general pub l i c . 

The con tinuing phi losophy prac t iced at the Rocky Flats  fac i l i t i e s  to reduce fire 

hazard i s  to maintain the combus t i b l e  loading as l"w as possib l e . Rocky Flats  main

tains s tr i c t  contro l  over cons t ruc tion materials  and requ i res the use of fire - re sis tive 

or noncombu s t i b l e  materi al s . Interior combu s t i b l e  loading i s  kep t to a minimum . 

Al so , fire extingu i shers are located in s trategic p l aces for use by p roduc t i on workers , 

and proce s s  bui ldings are ful ly p rotec ted by automa t i c  sprinkler sys tems having water 

supp l i e s  adequate in pres sure and c apac i ty to handl e  the water demand o f  the mos t  

severe , credibl e ,  fire ac c ident . Where sprinklers are not ins t a l l ed , for such 
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reasons as no combu s t ibles or cri t i c al i ty concerns , heat detec tion o r  produc t s  o f  

combust ion ( POC ) detec t ion i s  emp loyed . I n  some cases , a combination o f  heat/POC 

detec tion and spe c i a l  fire suppres s ion i s  used in l ieu o f  sprinklers or to supplement 

sprinkler protec t ion . For the pro t e c t ion o f  e s s ential pro c e s s e s  ( e . g . , f i l t e r  pl enum 

final exhaus t ) , addit ional features are ins t a l l ed to ensure minimal rel ease o f  combus 

t ion p roduc t s . Thes e  sys tems inc lude heat de tec tors , an automat i c  water spray to 

cool the air entering the final exhaust p lenum and thus pro t e c t  the in tegri ty o f  the 

high e ffic iency fi l ters , and a manual wat e r- sp ray sys tem ups tream o f  the f i rs t HEPA 

f i l t er i f  the automatic spray system should fai l . Automat i c  actuation o f  thi s pro t e c 

tion i s  backed u p  wi th redundant water supp l i e s , emergency power supp l i e s , and admini s 

trative contro l  v i a  c entral , e le c tronic , moni toring systems . P l enum sprinkler sys tems 

are tes ted every 60 days . Adj acent to heat probes in the p l enum duc t s  are heaters 

whi ch are turned on to c ause t empe rature inc rease s  up to 1 9 0 ° F . The sys tem i s  moni 

tored for triggering o f  the probe and sprinkler sys tem . The water i s  shut o f f  p rior 

to t e s ting . 

In other areas , such as g love boxes , where sprinkl ers are not al lowed for criti 

c al i ty reasons but fire i s  possible becaus e o f  the pyrophoric nature o f  plutonium , 

protective fea tures are supp lemented by nitrogen inerting , whi ch automa t i ca l ly main

tains a 5% or l e s s  oxygen atmosphere in the glove boxe s . 

Cons t ruc t ion des i gn incorporates noncombustible bui lding material s .  Modular 

cons truc tion wi thin bui ldings cons i s t s  of I and 2 hour fi re- re s i s t ive wal l s  to 

localize and l imi t the spread o f  acc i dental f i re s . Conc rete canyons are incorporated 

to i so late the more hazardous operations . Within the modu l e s  d i s cussed above , glove 

boxes are chosen for the i r  fire res i s t ance and consi s t  primarily o f  s tainless steel  

having l aminated o r  wi re s a fe ty glas s , l eaving minimal combu s t ibles ( usually only the 

e lastomeric glove s ) . Duct s  and pl enums o f  the hea t ing , vent i la t ing , and air- condi 

t i on ing sys tems a re heavy gauge metal , and the HEPA fil ters are made o f  glas s - asbe s to s  

f i b e r  o r  o f  equivalent inorgani c  material wi thin a frame o f  f i re - re tardant - treated 

wood or meta l . 

Fire loading in a l l  bui ldings ( except a few warehouse bui ldings ) i s  cons idered 

l ight to moderate wi th very few having a mode rate loading . In l ine w i th exi s ting 

p o l i cy , a l l  fire pro t e c t ion instal lations are designed for moderate fire l oading o r  

better depending on t h e  indivi dual ana lys i s  made . 

Credible fires a t  these fac i l i t i e s , with primary conc ern p l ac ed on p lutonium

handl ing fac i l i ti e s , are no t expec ted to exceed a 3 0 -minute dura tion , with the excep 

t ion that warehouse s torage may be expec ted to last  I to 2 hours . Under e ither 

condi tion , the manual and automat i c  f i re suppres s ion i s  believed to be more than 

adequa te to extingu i sh o r  co�tro l  the tire . 

There i s  a ful ly manned and equi pped fire department on s i te wi th the c apab i l i ty 

to respond to any fac i l i ty wi thin 2 to 5 minutes . As s tated in the l a t e s t  FIA survey , 
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"Th i s  i s  an exc e l l en t , private , ful ly paid fire dep artment maintained on the P lant 

premi s e s . "  Fire department manpower i s  supp lemen ted by trained P lant secur i ty guards 

and by fire brigade members in individual buildings . 

Po s tulated F i re Ac c i dents 

As a resul t of system and operational improvements , both the probab i l i ty of a 

fire and the s ever i ty o f  an environmental release associated w i th a fire have been 

greatly reduced in comparison to the Rocky Flats  operation prior to 1 9 5 7  or 1 9 69 . 

S ince the 1 9 69 fire , there have been no fires that have spread b eyond the immediate 

contain ing are a .  As a result o f  sys tem and operat ional improvements , a probab le fire 

accident i s  di fficu l t  to postulate . Therefore , i t  w i l l  be as sumed , for purpo ses o f  
, 

thi s Env i ronmental Impac t Statemen t , that the maximum probab le fire acc ident i s  the 

s ame as the maximum credible  fire accident . 

Given the many fire prevention , detect ion , and suppre s s ion sys tems and pro c e 

dure s  incorporated into t h e  Rocky Flats P l ant , a maj or fac i l i ty f i r e  ( that i s , a fire 

resulting in extens ive bui lding damage wi th greater than $1 mi l l ion in property lo s s )  

i s  cons idered h ighly unl ike ly . For such a fi re to oc cur , the automa t i c  fire detec t ion 

and wetpipe sprinkler sys tems mus t  fai l  in some manner such that the fire burns 

uncontro l l ed , reaches the HEPA fil ters wi thout being cooled by the p lenum spray 

sys tems , des troys the f i l ters , and releases p luton ium- contaminated combu s t ion produc t s  

and f i l ter loadings t o  the atmosphere . Based o n  a d e t a i l e d  s tudy conduc ted b y  an 

independent consul tant ( TERA , 1 9 7 6 ) , the probab i l i ty o f  such a series of events i s  

l e s s  than 10 - 7 p e r  year and thus i s  considered incredibl e . Thi s  s tudy inc luded a 

rel i ab i l i ty analysis  o f  the automat i c  fire detect ion and sprinkler sys tems . I t  took 

into account the probab i l i ty of the mechanical fai lure of essential c omponents , 

frequency of inspec t ion , t e s t ing , malfunc t ion rates , and redundancy o f  sys tems and 

components where app l i c ab l e . The fire detection and suppre s s ion systems are expec ted 

to fun c t ion as des igned to protect  the HEPA fi l ter sys tems . A probab i l i ty o f  0 . 0 001  

per year was derived for a maximum credib l e  fire ( TERA , 1 9 7 6 ,  Chapter V )  using very 

c onse rvative as sump t ions . 

Experiment s  to de termine the amount of plutonium that becomes airborn e  in a fire 

invo lving various media have been c ondu c ted by several inv e s t igators ( Hi l l i ard , 1 9 63 ; 

Mishima , 1 9 64 ;  Mi shima , 1 9 6 6 ; F e l t , 1 9 6 7 ; Schwendiman , e t  al . ,  1 9 68 ; Mishima and 

S chwendiman , 1 9 7 0 ; Mishima and Schwendiman , Apr i l  1 9 7 3 ; Mishima and Schwendiman , 

Augus t  1 9 7 3 ) . For p lutonium in solid metal l i c  forms , airborne quan t i t i e s  o f  5 x 10 - 5% 

to 0 . 03% by weight were found for burn t emperatures o f  up to 1 0 0 0 ° C  ( 18 3 2 ° F )  in air 

atmosphere s (Mi shima and Schwendiman , 1 9 7 0 ) . Mishima and Schwendiman ( 19 7 0 ) also 

reported that p lutonium compounds in powder forms , when heated to 1000 ° C , resulted in 

release values o f  2 x 1 0 - 5% to 4 x 10- 4% ,  w i th the l arger value at the higher oxygen 

concentra tion and at a t emperature of 7 0 0 ° C  ( 1 2 9 2 ° F ) . Values of 1 . 5  x 1 0 - 3% to 0 . 24% 

have been reported ( S tewart , 1 9 63 ) for burning p lutonium metal or al loys in e s s en t i a l ly 
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s tandard a tmospheric oxygen c oncentrat ions o f  2 0 . 8% with nitrogen con s t i tuting the 

rema inde r of the atmosphere . The value 0 . 24% , equal to the l arge s t  value reported in 

the l i terature for plutonium burning in air , was used to calculate the amount o f  

ai rborne p lutonium from the maximum c redib le f i r e  acc ident . Thi s  i s  a fac tor o f  8 

greater than the 0 . 03% reported for more recent experiments on s o l i d  forms o f  burning 

plutonium (Mi shima and Schwendiman , 1 9 7 0 ) . 

In the DEIS , a value o f  2 . 1% by weight was used for the airborne amount o f  

burning p lu tonium . Howeve r ,  accordi ng to the re ference ( S tewart , 1 9 6 3 , Tab l e  5 ,  

Experimen t No . 1 2 ) , thi s value i s  for plutonium metal burning in a pure oxygen a tmo s 

phere , a c ondi tion whi ch i s  no t app l i c able t o  glove boxes a t  Rocky Flats . The 0 . 24% 

value used in this FEIS i s  the l arge s t  experimental value for plutonium burning 

in air . 

Al though i t  i s  no t p l ausib l e  to de fine the spe c i f i c  mechan i sm that could resul t 

in a maximum c redible fire , i t  i s  necessary to theorize such an event to determine 

the upper bounds of environmental release that may be ant i c i pated from a f i re . 

There fore , for purposes o f  the E I S , a s c enario i s  pre s ented for a maximum c redible 

fire , even though the spe c i f i c  mechani sms are highly imp robable . 

The postulated maximum credible fire was assumed to oc cur in a p lutonium machin

ing area . The glove boxe s in which the operations are conducted are inerted with 

nitrogen ; henc e , the probab i l i ty of a fire starting in a glove box is smal l .  I t  was 

po s tulated , howeve r ,  that a fai lure o f  a p ipeline supp lying machining c oo lan t o i l  to 

the glove box occurs outside the glove box and releases o i l  to the floor . Through 

some unde fined mechanism ( e . g . , a s ta t i c  spark or e l ec t r i c  short c ircui t ) ; the o i l  i s  

i gn i ted . Thi s  fire then igni tes the elastomeric glove s , which are rapidly burned 

o f f , allowing access to the glove - box interior . The maximum amoun t o f  pluton ium 

i nvolved would be a s ingle 3 - kilogram piece  and 1 k i logram o f  chips o r  turnings on 

the bot tom of the box , together w i th a maximum o f  5 to 6 gal lons o f  machining o i l . 

Amount s  o f  f i s s i l e  and hydrogenous materials in glove boxes are l imi ted to as sure 

c r i t i c a l i ty s afety . Exposed to an in- rush of ai r ,  flames , and produc t s  of combus t i on 

through the now-open glove ports , o i l  in the b ox i s  i gni ted and burns rapidly along 

with the 1 ki l ogram o f  p lu tonium chips in the b o t tom of the box . The o i l - fire f l ames 

could also engul f the 3 - ki logram solid plutonium form , c aus ing add i t i onal plutonium 

oxide to form . The speed a t  which the o i l  in the box burns c auses a local i z ed pre s 

sure increase in the box that forc e s  flame and plutonium- c ontaminated combu s t i on 

products back through the open glove port into the room . The rapidly r i s ing heat and 

gases from the o i l  fire on the floor , combined wi th the e ffluents from the glove box , 

could be exhausted through the smoke gri l l  near the c e i l ing i nto the room ' s  air 

exhaus t  duc t , through two s tage s of HEPA f i l ters , and out to the atmosphere ( re fer to 

f igure 2 . 7 . 1 - 2 ) . 

During the progre s s  o f  the fire , we t p ipe sprinkler sys tems would have been 

ac t ivated and heat s ensors in the f i l t er plenum would have a c tivated cool ing chamber 
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sprays , lowering the exhaus t  air temperature below 2 0 0 ° F , and the fil ter would not b e  

damaged . Once the gloves had burned off , the rapid in- rush o f  heat and air wou ld 

a c t ivate additional alarms , and the glove box would b e  i so l a ted from the conveyor by 

an aut omat i c  fire doo r .  Fans in the n i t rogen inerting sys tem wou ld cease recircula

t ion , n i t rogen flow woul d  b e  increased as con t ro l s  attempt ed to res tore the inert 

a tmosphere , and the exhaus t  fan sp eed would increase in an at tempt t o  maintain the 

pre s sure differential b e tween zone s . The reac t ion o f  the inerting , heating , and 

venti la t i on contro l sys tem c reates a once- through sy s t em at a 5 0% increased flow 

rate , but all  glove -box exhau s t  gases s t i l l  pass through four s t ages o f  HEPA f i l ters . 

I f  t emperatures o f  the pl enum cool ing chamber exceed 1 9 0 ° F , the cool ing- chamber water 

spray sy s tem would be ac tuat ed to cool the gases and pro t e c t  the fil ters . 

The speed a t  which the glove- box venti l ation sys t em reac t s  to the fire i s  e s t i 

mated t o  resul t in a 3 t o  5 -minute period b e tween sens ing o f  the fire and ful l  

sys t em ac tua tion . A 3 t o  4-minute period would e l ap s e  before the room sprinkler 

system is activated by high room- air t emperature , and a 2 to 3 -minu te period would 

e lap s e  between receipt of the alarms a t  the fire department control s ta tion and 

arrival on the s cene of fire department personnel . Thus , a period o f  5 to 9 -minutes 

would have e lapsed be fore all automat i c  sys tems ac tuated to contain the fire and 

before fire department p ersonne l arrived to extinguish the fire . For purposes o f  

this evaluation , i t  i s  a s sumed that in l e s s  than three minutes , the glove box would 

have been breached , and 0 . 24% of the p lutonium chips and 0 . 24% of the solid plutonium 

form would have become airborne and would have been forced out into the room . I t  i s  

as sumed that 50% o f  thi s total source p l ates out on wall s ,  duc t  work , and o ther 

surfac e s , resu l t ing in 4 . 8  grams ( 0 . 3 5 curies ) o f  p lutonium alpha ac t iv i ty reaching 

the two - s tage , room- ai r ,  exhaus t  HEPA fi l ters . Thi s  frac t i onal amount o f  p l a te - out 

is consi s tent w i th the assumed p lume depo s i t ion ve loc i ty for p lutonium par t i culates 

o f  0 . 0 0 1  m/s ec and the depo s i t ion area avai lab l e  in typ i c a l  produc t ion areas ( 100 m2 ) .  

I t  i s  further as sumed that the first  HEPA f i l ter s t age achieves a 99 . 9% e f f i c i ency , 

and the second s tage has a 99 . 8% e f f i c i ency . ( See S e c tion 2 . 7 . 1  for data on HEPA 

f i l ter e ff i c i ency . )  Thi s  resul ts in a decontaminat ion factor o f  500 , 000 for the two 

s tage , room- exhaus t ,  HEPA fil ters . Thu s , the release to the a tmo sphere would be 

approximately 0 . 7 0 �Ci o f  plutonium alpha a c t iv i ty . 

The c redib i l i ty o f  such a fire beginning and develop ing as de scribed i s  highly 

que s tionab l e . The as sumed piping sys t em fai lure i s  improbab le and mus t  occur wi thout 

det e c ti on , e i ther by fai lure of the al armed l evel contro l s  on the o i l  s torage t ank or 

fai lure of operating personnel to no t i c e  the leak in their immediate work area . In 

add i t ion , an ign it ion source o f  su fficient energy and durat ion to i gn i te the o i l  mus t  

be presen t . The p articular type o f  o i l  involved i s  a high- flash- t emperature o i l  

selec ted spec i fi c a l ly to b e  d i f fi cul t to igni t e . In real i ty ,  the probab i l i ty o f  thi s  

s equenc e  o f  events i s  very sma l l , and the maximum c redib l e  fire acc ident a s  p o s tul ated 

i s  conservative . Addi t ional conservat i sm i s  p re s en t  in the source term and mechan i sm 

by which the p lutonium reaches the f i lters . No credi t i s  taken for scrubb ing pluto -
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nium out o f  the c ombustion gase s  by the room sprinkle rs o r  by the p l enum- c oo l ing 

chamber sprays . The s e  e f fe c t s  alone c ould reduce the source term to a smal l frac t i on 

o f  that postul ated . In addi tion , the amount o f  p lutonium that becomes ai rborne and 

i s  di spersed into the room ( as sumed to be 0 . 24% each o f  the chips and the plutonium 

sphere ) i s  conservat ive . 

3 . 2 . 2 . 5  Explosion 

The p robab i l i ty o f  a maj o r  explo s ion within the Rocky Flats faci l ity i s  l ow ,  

s ince there are no maj o r  s ource s  o f  chemi cal explos ive force wi thin the fac i l i ty .  The 

components handl ed at the facility are , by thems e lve s , insu fficient to permi t a 

nuc lear explosion . The P l an t  makes only some parts o f  weapons and never has comp l e te 

weapons on s i t e . Unl ike c onvent ional , l ight -water- reac tor reprocess ing and fabrication 

fac i l it i e s , hydrogen gas i s  not used in furnac es nor in o ther maj or s t ep s . Hydrogen 

is used in research ac t ivi t i es , but the total amount o f  hydrogen involved is not 

suffic i ent to p roduce an explos ion whic h  could de s t roy the bui lding or breach the 

HEPA fi l t er sys t em .  

Other chemi cals o r  materials that could potenti ally explode are avai l able only 

in sma l l  quan t i t ie s . The largest  potential explosive force i s  that associated with 

the natural gas used in parts of the Rocky Flats fac i l i ty .  Natural gas is no t sup 

p l i ed to plu tonium- handl ing glove -box sys tems or other parts o f  pluton ium p ro c e s sing 

areas . All high -pressure ves s e l s  in plutonium- handl i ng areas are located in fac i l i ti e s  

that wi l l  contain any rupture in t h e  p re s sure sys tem . I t  does no t appear c redib l e , 

there fore , that an expl o s i on could occu r that would cause comp l e t e  breaching o f  the 

containment sys tem o f  a p lutonium - handl ing bui lding . 

Minor explos ions that would resul t i n  the release o f  s ome radioac t ive material 

to the envi ronment are c redibl e .  Past releases from explosions ( se e  Tabl e  2 . 7 . 2 - 1 )  

have been contained wi thin the buildings . The large s t  o f  the s e  releases was 1 0  � Ci 

o f  plutonium alpha ac t iv i ty . Future releases from any in -p lant exp l o s ions are apt to 

be smal l .  These explos ions wi l l  no t be of suffi c i ent force to d e s t roy the int egri ty 

of the HEPA f i l ter system . On the bas i s  o f  past hi s to ry , the expec ted exp l o s ion 

release term should be 10 � Ci or l es s ,  wi th a l ikel ihood of occurrence of s omewhat 

unde r  0 . 2  per year being as sumed . Re leases l arger than 10 � Ci are pos s ib l e , but 

quan t i t i e s  in exc e s s  of 1 0 0  � Ci are unl ikely , given an intac t HEPA fi l te r  sys t em . 

Since no releases o f  this magni tude have occurred from expl o �i ons in approximately 2 5  

years o f  operati ng his tory , the l ike l ihood o f  such a n  occurrence i s  ap t to be l e s s  

than 0 . 05 per year . The maximum c redible explos ion release i s  taken to b e  1 0 0  � C i  

with a l ikel ihood o f  0 . 0 5 per year . 

Releases to the environmen t that might resul t from maj o r  fires init iated by 

expl o s i ons are inc luded in the maximum acc i dental release f rom fire as described in 

the p revious s e c t ion . 
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3 . 2 . 2 . 6  Cri t ical i ty 

Al though proce s s  configurations and admin i s t rative procedure s  are c arefu l ly 

des igned and moni tored w i th c r i t i c a l i ty control in mind , the formation of a c r i t i cal 

mas s , accompanied by the evolution o f  ioniz ing radiation and f i s s ion produc ts , i s  

always a possib i l i ty when handling p lutonium or highly enriched uranium . The total 

number of f i s s ions for each of the 2 6  c ri t i c a l i ty acc idents recorded in the l i tera

ture (AEC , 1 9 7 1 ) ranges from � 3  x 1 0 1 5  to 4 x 1 0 1 9 . Other evaluat ions have conserva

t ively selec ted � 1 01 8  fi s s ions as repre s entative (AEC , December 1 9 74 ) . None o f  thes e  

recorded c r i t i c al i ty acc iden t s  occurred at the Rocky Flats  P l ant . The se reports o f  

proc ess  p lan t acc idents i ndicate that a n  inadvertant c ri ti c al i ty i s  mos t  l i ke ly to 

occur during those operat i ons in whi ch p lutonium is processed in solution . 

The sys tems and processes  a t  Roc ky Flats were rev i ewed to determine the maximum 

probabl e  and maximum credible c ri ti c a l i ty accidents . S afe ty consi derat i ons and 

evaluat i ons o f  processes  and equipment direc tly related to c ri t i c al i ty are di scussed 

below . Maximum credib l e  c r i t i c al i ty acc idents for metal and solu t i on are then postu

l ated and evaluated . A maximum probab le c ri ti c al i ty accident i s  also described . 

Nuc l ear Cri t i c al i ty Safe ty Cons iderat ions 

Given the many sys t em and adminis tra t ive control s  that exi s t  a t  the Rocky F l at s  

P lant , the l i ke l i hood o f  a n  accidental c ri t i c al i ty i s  remote . Nuc lear c r i t i c a l i ty 

safe ty i s  achieved by phy s i cally contro l l ing the p arame ters that in fluence c ri t i 

c a l i ty :  mas s , geometry , re flection , interac tion , dens i ty ,  moderat ion , concentration , 

and neutron ab sorbers ( neutron poi sons ) .  The fol lowing are examp l e s  o f  features and 

contro l s  provided at Roc ky Flats for prevent ing a c r i t i c a l i ty accident : 

1 .  A doub l e - con t i ngency cri terion i s  used in which at least two unl ikely 

and independent cond i t ions mus t  exi s t  s imul t aneously be fore a critica

l i ty ac c ident i s  pos s ib l e . One excep t i on , which i s  perm i t ted wi thin 

the l imi tations defined in ANS I  N16 . 4 ,  is the primary solution - s to rage 

t anks where Raschig rings ( s trong neutron ab sorbers ) serve as the 

primary nuc lear c r i t i c a l i ty contro l , and s tr i c t  adminis trative proce 

dure s  serve a s  the secondary me thod for cri t i c al i ty prevent ion . 

2 .  Whe rever p o s s ibl e , the equipment shape and dimens ions are such that 

material being processed c anno t  c reate a c r i t i c a l i ty hazard . If such 

prevent i on is not pos s ib l e  b ecause of process  requi rements , s t r i c t  

admin i s trat ive procedures and material l imits  serve a s  cri t i c al i ty 

contro l s . 

3 .  With few excep t ions , glove-box floors are l evel and at a common height 

to prevent accumulat ion o f  l i qujds and materi a l s  in low areas . Dams 

and drains are installed to prevent f i s s i l e  materia l ,  i f  mixed with a 

l i quid , from accumulat ing in an uns afe ( cr i t i c al ) geometry . 
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4 .  Curbs are ins t a l l ed at s tairwe l l s , e l evator shafts , and doors to 

modu l e s  ( compar tmentalized work areas ) .  Th i s  prevents the entry o f  

l iquid containing fi s s i l e material that might accumulate i n  an uns a fe 

geome t ry .  

5 .  Interac t ion be tween fi s s i l e  material in s torage arrays i s  con trol l ed 

by racks permanently pos i t ioned at s a fe d i s tanc es from each other . 

Int erac t ion during material trans fer i s  contro l led by c arrier , containe r ,  

and cart spac ing design . 

6 .  Piping and t anks for p roc ess  l iquid sys tems are des igned to be s a fe 

fo r the mos t reac t ive concentrations . No c redit has been t aken for 

the l e s s  rea c t ive concent rations that are no rmal l y  in the sys t em . 

7 .  Sa feguards such as carrier design , drains , and dams are provided for 

protec t ion against c r i t i c al i ty in the event of a fire . F i l ter p lenums 

are also provided w i th drains to Raschig- ring- f i l led tanks to p revent 

uns a fe ac cumulat ions of sprinkler water . 

8 .  Neutron reflect ion i s  cons idered in the des i gn o f  a l l  process equip 

ment . Ful l  reflec tion by a l i quid spi l l  i s  prevented by c r i t i c a l i ty 

overflow drains and curbs . Cri t i c a l i ty analyses mus t  show the equip 

ment to be subc r i t ical when normal re flect ion i s  combined with pos 

s i ble add i t ional re flection . 

9 .  The ac c i dental introduc tion o f  moderating material ( such a s  l iquid 

from a broken l ine ) is prevented by des ign , where nec es s ary . Cri t i c a 

l i ty analysis  o f  each proc e s s  area mus t  demons trate that s a fe ty i s  

maintained ; i f  there could be both moderati on and reflec tion , the 

equipment mus t  remain s a fe under the c ombined e ffec t s . 

1 0 .  The inadvertent t rans fer o f  fi s s i le solutions i s  prevented ( or the 

c ri t i c a l i ty consequence s  are e l iminated , depending upon the s i tuation ) , 

by such devices as ( 1 )  check valve s , ( 2 )  barome tric l egs , ( 3 ) overfi l l  

alarms wi th au tomat i c  shuto f f , ( 4 )  locks , ( 5 )  s a fe geome try , and ( 6 )  

fixed nuc lear po i sons , such a s  Raschig rings . 

1 1 . S t r i c t  adminis trat ive controls spe c i fy the handl ing procedures for all  

fissile  materi a l . Tes t ing , moni toring , and enforced rep lacement 

schedules  ensure the cont inued rel i ab i l i ty of the pro t e c t ive dev i c e s . 

The Raschig- ring - f i l led ve s s e l s  used for s toring and handl ing f i s s i l e  

solut ion are o n  ( 1 )  a c a l i brat ion inspec tion schedul e , ( 2 )  a Ras chig 

ring inspec tion s chedul e ,  and ( 3 ) a gamma survey schedule to detect 

exce s s ive material buildup . 

The e ffec t ivene ss o f  the sys tem des ign and admini s trative contro l s  for c ri t i ca

l i ty safety is further demons trated by the fac t  that there has never been a c r i t i c al i ty 

acc ident o f  any nature at the Rocky Flats  P l ant . 
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Postulated Cri t i c a l i ty Acc i dents 

At various s tages o f  process ing , plutonium is in the form of metal , dry or we t 

oxi des or o ther compounds , or solut ions of v&rious concentrat ions . Reviews show that 

processes and equipment involving the me tal or solid forms are designed to meet the 

doubl e - cont ingency cri terion and that a cri t i c al i ty in these areas is no t l ikely . 

For purposes o f  thi s  E I S , however ,  a maximum cred ible metal cri tical i ty was as sumed 

to result from the inadvertent s tacking of p lutonium metal ingo ts . The probab i l i ty 

o f  a metal - s tacking inc ident i s  reduced by s tr i c t  adminis trative contro l s  that l imit  

the amount o f  material in an area . Also , carriers are used that c annot ho ld more 

than one ingo t , and the dimen s ions of the carriers provide adequate spacing in the 

event of abnormal cond i t ions such as conveyor breakdown . 

The primary so lution - s torage t anks are the only equ ipment where the doub l e  

cont ingency criterion c anno t be demons trated t o  exi s t  under a l l  c i rcums t anc es . 

There fore , fo r a solut ion c r i t i c a l i ty acc i dent ana ly s i s , that area was s e l ec ted for 

the evalua t ion of the maximum credible nuc lear excurs ion . In addi t ion , s ince thes e  

t anks contain the larges t vo lumes o f  f i s s i l e  solution , a n  acc i dental cri t i c al i ty 

wou ld produc e more fiss ions than one occurring in a sma l l er vo lume . The hypo the tical 

means by whi ch Raschig- ring - fi l led ves sels  containing f i s s i l e  solut ions can b ecome 

unsafe are : 

1 .  Formation o f  vo ids in the tank from s e t t l ing or breaking o f  the rings . 

2 .  Plac ing a t ank in service w i th insuffi c i ent Raschig rings . 

3 .  An unde tected s low bui ldup o f  a f i s s i l e  s ludge in a t ank or slow 

deterioration o f  the rings , or both . 

Condit ion 1 ,  alone , i s  not a cred ible means o f  caus ing an excurs ion because ( a )  

the tempered- glass rings are unl ikely t o  break and ( b )  pas t experience shows them to 

be longlasting . Tanks are reinspec ted and recal ibrated every s ix months in order to 

check for s e t t l ing of the rings , fo rmation of voids , or s ludge bui ldup . In addi tion , 

a s ampl e  o f  the Raschig rings i s  removed from the tank and tested for mechanical 

s trength and boron content . The tanks are drained o f  solut ion and gamma- s c anned at 

periodic interval s  to detec t s ludge buildup . 

Condi tions 1 and 2 each would produce an excurs ion w i th s imilar characteri s t i cs 

- - a  sp ike or burs t o f  fiss ions , fol lowed by a s lowly decreas ing rate o f  solut ion 

b o i l ing . The excurs ion final ly would be quenched by evaporation . The magni tude of 

the sp ike and the power l evel o f  the bo i l ing solut ion would depend mainly on the 

vo lume of the solut ion and the rate a t  which the solut ion was pumped into the tank or 

the rate at which the rings s e t t l ed . The amount o f  addi t i onal solut ion pumped into 

the tank would depend on the pumping rate and t ime requi red to shut the valves . I f  

the rings s e t t l ed , the unpo isoned vo lume above the cri t ical volume would produce the 

s ame effect as vo lume added a fter cri t i c al i ty is reached . 
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Condi t ion 3 would produce an excurs ion charac terized by a slow rise in powe r 

( fi s s ion rate ) over a period o f  hours . The rate o f  power rise would depend on the 

rate of ring deterioration or s ludge buildup , and the magni tude of the power would 

depend on the state of deterioration o f  the rings and the rate o f  heat transfer to 

the surroundings . The early s tages of this type of excurs ion may pass unno t i c ed by 

personne l in the v i c in i ty unt i l  a radiat ion moni tor discovers an increase in background 

radiat ion l evel or the c r i t i c a l i ty alarm i s  sounded . 

E s t imates o f  the resu l t s  o f  an excurs ion for the three cond i t ions are based on 

the max imum f i s s ion - producing values o f  the fo l lowing variab l e s : tank volume , pump

ing rate , solut ion concentrat ion , degree o f  reflec tion , and s ludge bui ldup or ring 

deterioration . 

The parame ters o f  an excurs ion that are o f  importance in evaluating the env i ron

mental consequenc e s  are : 

1 .  To tal F i s s ions- - this i s  the bas i s  for the amount o f  radioact ive 

f i s s ion produc t s  c reated . 

2 .  " S t eady S tate"  Power Leve l - - thi s determines the t ime factor ( d i lu t ion ) 

o f  the radioac t ive material released and the radi a t ion l evel during 

the maj or part of the excursion t ime . 

For ana lyt ical purposes , the metal c r i t i c al i ty was represen ted by the s tacking 

o f  p lu tonium metal ingo t s . A c alculation us ing the PAD code (desc ribed in S trat ton , 

e t  al . ,  1 97 1 )  gave the total number o f  f i s s ions from thi s  ac c ident a s  8 x 10 1 7 ; this 
1 8  value was rounded up t o  1 x 1 0  . There could b e  vaporization o f  some o f  the p lu toni um 

involved ( a  max imum o f  500 g ,  as suming that a l l  o f  the f i s s ion energy was used to 

heat and vaporize the me t al and that the excursion was not terminated by disas s embl y ) . 

A transmi s s ion factor o f  2 x 10 - 6 ( see S ec t ion 3 . 2 . 2 . 4  and Sec t ion 2 . 7 . 1 )  was used 

for the two - s tage , room- air HEPA f i l ters , as suming that the glove box would be breached , 

resu l t ing in a release o f  ( 5 00 ) ( 2  x 10 - 6 ) =0 . 0 01 g o f  plutonium . No c redi t was t aken 

for material depos i ted ins ide the bui ld ing . The p lutonium a c t ivi ty repre sented by 

this release was c alculated us ing the data o f  Tab l e  2 . 7 . 2 - 2 , and the americ ium a c t iv i ty 

was taken as 2 0% o f  the p lutonium alpha ac t iv i ty ( see Sec t ion 2 . 7 . 2 ) . 

The amount s  o f  f i s s ion produc ts c reated during the excurs ion were calculated 

with the ORIGEN code ( B e l l , 1 9 7 3 ) , using a fast ( hi gh energy ) neutron spec trum . 

Based on a range o f  5 to 30 complete  changes o f  a i r  per hour for a bui lding , a value 

o f  5 minutes was selec ted as the release t ime for f i s s ion produc ts . Inc luded in the 

release were f i s s ion produc ts ac tually released a t  5 minutes ,  as we l l  as in- growth 

f rom nonre leased precursors , c al culated us ing the data of Meek and Ride r , 1 9 7 4 . 

Nuc l i des rel eased in amounts l e s s  than 1 mCi were not included in the source term ,  

and 25% o f  the halogens and 1 0 0% o f  the nob l e  gases were assumed to b e  released to 

3 - 66 



the env i ronment ( USNRC , Apri l ,  1 9 7 7 ) .  Solid fiss ion produc t s  were as sumed LO be 

vaporized in the s ame ratio a s  for the p luton ium metal and to pass through two s t ages 

o f  HEPA fi l ters w i th a transmi s s ion factor o f  2 x 10 - 6 . 

The final source term for the hypothet ical metal criticality acc ident i s  shown 

in Tab l e  3 . 2 . 2 - 3 . 

TABLE 3 . 2 . 2 - 3 

RADIONUCLIDE RELEASE FROM A MAXIMUM CREDI BLE METAL CRITICALITY ACCIDENT 

Nuc l ide Release ( C i )  

1 - 134 1 . 0 2x102 

I - 134m 8 . 83xl01 

1 - 1 3 5  1 .  28x101 

1 - 1 3 6  1 . 40x10 2 

I - 1 3 6m 2 . 2 5x101 

Nuc l ide Re lease ( C i )  

Br- 82m 2 . 9 5x10 - 2 

Br- 83 1 .  94 

Br- 84 1 . 23x101 

Br- 84m 2 . 7 8 

Br- 85 5 . 5 5x101 

Br- 8 6  8 . 3 5 1 - 1 3 7  1 . 00 

Xe - 133 2 . 07 

Xe - 1 33m 1 . 9 6x10 - 1 

Xe - 1 3 5  2 . 63x101 

Xe - 135rn 1 .  49x102 

Xe - 1 3 7  2 . 03x10 3 

Xe - 138 7 . 7 7x10 2 

Xe - 1 3 9  1 . 11x102 

Xe - 140 6 . 7 4x10 - 3 

Pu-2 3 8  1 . 7 0x10 - 6 

Pu- 2 3 9  5 . 81x10 - 5 

Pu- 240 1 . 34x10 - 5 

Pu- 241 4 . 44x10 - 4 

Pu- 242 1 .  18x 1 0 - 9 

Aru- 241 1 .  46x10 - 5 

Br- 8 6m 2 . 04x 1 0 - 3 

B r- 87 1 . 19x101 

Br- 88 2 . 68x10 - 3 

Kr- 83m 7 . 60 

Kr- 85m 6 . 5 1 

Kr- 87 3 . 7 5x 1 01 

Kr- 88 2 . 40x101 

Kr- 89 4 . 49x102 

Kr- 90 1 . 1 4x101 

1 - 130  2 . 63x10 - 3 

I - 130m 8 . 3 8x10 - 2 

1 - 131  2 . 7 0x10 - 1 

1 - 1 3 2  3 . 0 2x101 

1 - 133 4 . 20 

For the solu tion c r i t i c a l i ty , the maximum credible acc ident o f  those evaluated 

would resul t in a total of approximately 2 . 2  x 102 0  f i s s ions . Thi s  analys i s  conserva

t ively as sumed that no manual ac t ion was taken to stop the reaction and that nearly 

all of the 2200 l i ters o f  solution i n  the l arge s t  Raschig- r ing- f i l l ed tank had to be 

evaporated . The fiss ion product release was calculated us ing the s ame as sumpt ions as 

for the me tal criticality , except for the use o f  a thermal ( low energy ) neutron 

spectrum . It was also as sumed that 0 . 05% of the 22 kg of plutonium in the solution 

became a i rborne ( USNRC , 1 9 7 7 ) ,  resu l t ing in a release o f  2 2  �g of plutonium . The 

corresponding plutonium and americium ac tiv i t i e s  were calculated as for · the me tal 

excurs ion . The complete source term for the hypo the t i cal solution criti cal i ty acc i -
dent i s  shown in Tabl e  3 . 2 . 2 - 4 .  
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TABLE 3 . 2 . 2 - 4 

RAD IONUCL IDE RELEASE FROM A MAXIMUM CREDIBLE SOLUTION CRITICALITY ACC IDENT 

Nuc l ide Release ( C i )  Nuc l ide Release ( C i ) 

Br- 80 4 . 7 6xlO -2 1 - 1 3 3  9 . 5 9xl02 

Br- 80m 2 . 85xl O - 3 1 - 1 3 4  2 . 2 7xl04 

Br- 82 3 . 1 3xlO - l I - 1 3 4m 2 . 03xl04 

Br- 82m 1 . l 7x l Ol 1 - 1 3 5  2 . 7 3xl0 3 

Br- 83 3 . 5 2xl02 1 - 1 3 6  2 . 7 0xl04 

Br- 84 2 . 3 6xl0 3 I - 1 3 6m 4 . 68xl0 3 

Br- 84m 6 . 6 0x l 0 2 1 - 1 3 7  1 .  90xl0 2 

Br - 85 1 . l 2xl04 Xe - 1 3 lm 1 . l 2xl0 2 

Br- 8 6  1 .  63xl0 3 Xe - 1 3 3  4 . 60xl 02 

B r- 8 6m 3 . 9 3xlO - l Xe - 1 3 3m 4 . l 0xlO l 

B r- 8 7  3 . 60xl 03 Xe - 1 3 5  6 . 00xl0 3 

B r- 88 8 . 3 5x l O - l Xe - 1 3 5m 4 . 9 9x l 04 

Kr- 83m 1 .  3 8xl03 Xe - 1 3 7  4 . 50xl0 5 

Kr- 85m 1 .  3 2xl03 Xe - 1 3 8  1 .  86xl0 5 

Kr- 8 7  8 . 3 lxl0 3 Xe - 1 3 9  1 .  9 8x l 04 

Kr- 88 5 . 3 6xl0 3 Xe - 140 1 .  24 

Kr- 89 1 .  05xl0 5 Pu- 2 3 8  3 . 7 6xlO - 8 

Kr- 9 0  2 . 64xl0 3 Pu- 2 3 9  1 . 2 8xl O - 6 

1 - 1 2 8  6 . 7 5x l O - l Pu - 240 2 . 9 6xlO - 7 

1 - 1 3 0  1 . 32 Pu - 24l 9 . 74xlO - 6 

I - 1 3 0m 1 .  67x l O l Pu - 242 2 . 5 9xlO - l l  

1 - 1 3 1  5 . 5 9xl Ol Am- 24l 3 . 23xlO - 7 

1 - 1 3 2  6 . 63xl03 

As p reviously s t a t ed , a l l  c ri t i c al i t y  acc idents in p rocess ing p l ants invo lved 

f i s s i l e  solut ion ra ther than metal or some other s o l id compound (AEC , 1 9 71 ) . The re

fore , the maximum p robable c r i tical i ty acc ident was chosen to be a solu tion c r i t i c a 

l i ty s imilar t o  t h e  maximum c redible solut ion c r i t ic a l i ty , exc ep t that the total 

number o f  f i s s ions is 1 x 1 0 1 8  (a fac tor o f  2 2 0  sma l le r ) . The radi9nu c l ide release 

for the maximum p robab le acc ident may be calculated by dividing the value s in Tab le 

3 . 2 . 2 - 4 by 2 2 0 . 

The select ion o f  the value 1 x 1 01 8  for the total number o f  f i s s ions was based 

on data from ac c idents which have occurred at o ther fac i l i ti e s , pub l i shed recommenda

t ions ( USNRC , 1 9 7 7 ; AEC , Dec ember ,  1 9 74 ) , and data from the French CRAC exp er iments 
I I 

( Lecorche and Seal e , 1 9 7 3 ) . These expe riments have provided extens ive and p re c i s e  

d a t a  c oncern ing the c onsequences o f  c r i t i c al i ty acc i den ts . 

In add i t ion to the release source terms given in Tab l e s  3 . 2 . 2 - 3 and 3 . 2 . 2 - 4 ,  a 

c r i t i c al i ty acc ident would expose P lant pe rsonnel in the immediate v i c in i ty to the 

p rompt gamma and neutron radiat ion emi t ted by the f i s s ion burs t .  However , cons ider-
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ing the geometric attenuat ion o f  this radiat ion , removal by interac t ions w i th a i r , 

and the low population den s i ty around the Plant ( zero population up to 2 mi l e s ) ,  the 

o f f- s i te populat ion dose from dire c t  rad iation would be smal ler than from the exposure 

to f i s s ion produc ts by at least  a fac tor o f  0 . 00 1 . 

Likel ihood o f  Cri t ical i ty Acc ident 

There has never been a c r i t i c a l i ty acc ident a t  the Rocky Flats P lant . In sup

port of this s tatemen t , envi ronmental samp l ing has never shown the pre sence of suffi 

c ient quan t i t i e s  o f  f i s s ion produc t s  to indicate a cri t i c al i ty ac c i den t . In the 

ab sence of any pas t h i s tory of critical i t i e s , it is  exceedingly di ffi cul t to e s t imate 

the probab i l i ty of an acc i dental c r i t i c al i ty in the Rocky Flats  P l an t . Factors that 

require cons ideration inc lude the production flows o f  f i s s i l e  material , the reac t i 

v i ty ( me asure o f  the dev i a t ion from a cri tical mas s )  at each stat ion , the acc e s s ib i 

l i ty o f  water moderator a t  each dry operation , the pos s ib i l i ty o f  mul t ip l e  batching , 

and the l ikel ihood o f  errors in flow routing . 

An e s t imate has been made o f  the probab i l i ty o f  an accidental c r i t i c al i ty in 

fue l fabrication p lants ( Se lby et al . ,  1973 ) .  F rom four reported inc ident s  relating 

to fuel fabrication operations , and the es t imated 432 ( increased to �490 through 

1 97 5 )  p l an t -years of produc t ion involv ing uranium and plutonium fue l fabri cation , a 

probab i l i ty o f  �8 x 10 - 3  c r i t i c a l i ty accidents per p l an t -year has been derived . In a 

s eparate s tudy o f  a general fue l  reprocessing fac i l i ty based on a fau l t - tree appro ach , 

the likel ihood o f  cri tical i ty has been e s t imated to be approximately 3 x 10 - 3  per 

year . However , the l arger value of 8 x 1 0 - 3 per year wi l l  be used for the maximum 

probab l e  cri t i c al i ty ac c i dent . The probab i l i ty o f  a me tal c ri tical i ty i s  con s i der

ab ly smal ler and wi l l  be t aken as 8 x 10 -4 per year . The probab i l i ty o f  the maximum 

c redib l e  solution c r i t ical i ty was e s t imated as � l  x 1 0 - 8 per year , us ing a fau l t  

tree . T o  as sure conservatism and t o  be cons i s tent wi th the de fini t ion o f  credib l e , a 

probab i l i ty o f  1 x 1 0 - 7 per year was used in the calculations . 

3 . 2 . 2 . 7  Aircraf t  Hazard 

An analys i s  of the hazards associ ated w i th po tential  aircra ft crashes at the 

Rocky F la t s  s i t e  i s  contained in a Rocky Flats report ( see Appendix E - l ) . Thi s  

sec t ion summarizes the principal findings o f  that analys i s . 

The p robab i l i ti e s  o f  an a i rc raft crashing into any o f  the p lutonium areas a t  

Rocky F la t s  were found to b e : 

Probab i l i ty o f  a Crash 
( per year ) 

Large Ai rcraft : 4 . 6 x 10 - 6  

Smal l  Aircra f t : 2 . 8  x 10 - 4 

TOTAL 2 . 9  x 10 -4 
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These values were determined by taking into accoun t the air traffic operat ions 

associated wi th the Jeffe rson County ( Je ffco ) Ai rport ( located approximately 5 miles 

from the s i te ) , the S tapl eton International Airport ( located approximately 2 0  mi l e s  

from t h e  s i t e ) , l ong -d i s t ance fl ights pas s ing over the s i t e , and rotor c raft opera

t ions over the s i t e . Sma l l  a i rc raft operat ions from the c lose - in Jeffco Ai rport 

comprise not only the bulk o f  the l ikel ihood of a c rash , but also comprise the bulk 

of the hazard in t e rms of expected yearly re l eas e quant i t i e s , even given the greater 

damage assoc iated wi th l arge airc raft . 

Should an a ircraft s trike a p lu tonium area at Roc ky Flats , a rele as e o f  radio

a c t iv i ty to t'he envi ronment would oc cur only if all or part o f  the a ircraft pene trates 

all barriers around the plutonium ( wal ls , roo f ,  c e i l ing , and other containment 

wi thin the bui lding ) and i f  thi s  i s  fo llowed by plutonium b eing entrained ( prior to 

cove ring ) by air current s  and dispersed to the outside a tmosphere . Taking into 

account the magni tude o f  the impact and the pene trab i l i ty o f  the barrier s , the proba

b i l i ti e s  o f  re lease of various amount s  o f  plutonium were computed and are ' given in 

Tab l e  3 . 2 . 2 - 5 ( the p robab i l i t i e s  inc lude the l ikel ihoods o f  c rashes ) .  Shown in Tab l e  

3 . 2 . 2 - 5 a r e  a l l  crashes wi th l ike l ihoods greater than 10 - 7 per year ; events w i t h  even 

sma l l e r  probab i l i ti e s  could occur , but they are outside of the c redib l e  range o f  

event s  being con s idered for thi s  Environmental Impac t S ta temen t . The probab i l i ty 

weighted amount released , g iven by t h e  sum o f  t h e  produc t o f  t h e  amount s  released and 

the i r  probab i l i ti e s , is approximately 27 � Ci/y r .  The l arge s t  c redib l e  release is 7 . 3  

curi e s , with an associ ated probabi l i ty o f  occurrence of 1 . 3  x 10 - 7 per year . 

TABLE 3 . 2 . 2 - 5 

PROBAB I LITIES OF RELEASE OF VARIOUS AMOUNTS OF 
PLUTONIUM FROM AIRCRAFT CRASHES 

Amount of P lutonium Released P robab i l i  ty* 
( grams ) ( curi e s ) Per Year 

< 0 . 5  < 0 . 04 3 . 9  x 1 0 -5 

0 . 5 - 3 0 . 04- 0 . 22 8 . 5  x 10 - 6 

5 0 . 3 6 1 . 8  x 10 - 6  

10 0 . 7 3  3 . 4  x 1 0 - 7 

1 5 - 2 5  1 .  0 9 - 1 .  8 2  2 . 7  x 10 - 7 

5 0 - 7 0  3 . 64 - 5 . 09 5 . 8  x 1 0 - 6 

1 0 0  7 . 2 7 1 . 3  x 10 - 7 

*Probab i l i ty per year i s  based on d i s crete analys i s  o f  some 3 0 9  accident pathways 
invo lving various quan t i t i e s  of plutonium . 

Res t r i c ted Air Space 

I n  1975  the Federal Aviat ion Adminis tration ( FAA )  conduc ted a s tudy to determine 

if the produc t ion and s torage o f  nuc l ear material or other potenti a l ly dangerous 

subs tance s  con s t i tute j us t i fication for special  use a i r  space . They conc luded that 
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the l ike l ihood o f  an air c rash releas ing s i gn i ficant quantities  o f  radioac t ivi ty from 

an ERDA ( now DOE ) fac i l i ty is so small that i t  could be c ons idered negl igible . They 

s tated that the minimum s a fe alti tude requirement s  of FAR 91 . 9  p rovided an adequate 

degree of pro tec t ion to ground operations in the event of an aircraft power failure . 

The subj e c t  o f  airc raft c rash probabi l i t ie s  i s  covered in detai l in Appendix E - l .  

ERDA pointed out that restri c t ing air space would p revent flyovers from becoming 

commonplace . Thi s  would increase the awareness of the guard force to pos s ib l e  sur

v e i l l ance flights or other intrusions . The FAA ' s posi t ion was that , whe ther p rohibi ted 

air space is des ignated or not ,  guard force s  would be alerted whenever airc raft were 

detec ted at suffic i ently low alti tudes to cause a security conce rn . They agreed 

that , should such fl ights become commonp lace , numerous fals e  alarms w i thin the secu

r i ty system would l i kely render the alerts ineffec tive . 

The FAA asked ERDA to p rovide data on overflights . A s tudy conducted at Rocky 

Flats from Augus t 1 through September 11 , 197 6 ,  indicated only four flights per day 

were less than 2 , 000 fee t  above ground l eve l . 

The FAA j udged that the number o f  fl ights b elow 2 , 0 00 fee t  was not suffic i en t  to 

j us t i fy prohibited air spac e . Thus DOE and FAA have concurred that safety of fac i l i 

t i e s  o n  the ground from hazards o f  over flying aircraft i s  n o t  suffic i ent j u s t i fication , 

and no further ac tion to ob tain a restri c ted air space a t  Roc ky Flats i s  pl anned . 

3 . 2 . 2 . 8  Tornadoes 

Hypo the tical acc i dents involving tornadoe s  c an be- pos tulated that would c aus e 

the envi ronmental release o f  radioac tive materials . S tudies to date , however ,  ind i 

cate that the Rocky F l a t s  l ocation i s  such that possible  tornadoe s  will  not b e  o f  

suffic i ent magni tude t o  cause loss o f  containment i n  maj or p lutonium p roce s s  build

ings . 

A s tudy for the Roc ky Flats s i t e  (McDonald and Minor , 1972 ) has summarized 

Colorado tornadoes as fol lows : "An investigation o f  the in fluence o f  the Roc ky 

Moun tain Range on meteorological conditions at the Rocky Flat s s i te revealed that the 

o rographic s i tuation can be expec ted to have d i rect influence on the oc currence and 

intens i ties o f  tornadoes at the s i t e . Spec i fi c ally , the presence o f  the mountain 

range and the alti tude of the s i te above sea level c an be expec ted to influence the 

amount of moi s ture present in the air ,  the rate of inflow or converging air layers , 

and atmospheric instab i l i ti e s , all o f  which are related to the p roduc tion o f  s evere 

s torms and tornadoes . These meteorological and orographic cons iderat ions lead to the 

observation that tornadoe s  are less frequent and less s evere in the areas immediately 

adj acent to the mountains . Thi s  observation i s  supported by statis tical data on 

tornado oc currenc e s  and inten s i t i e s  for the S tate o f  Colorado . "  
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Exi s t ing plutonium fac i l i ti e s  at Koc ky Flats have been des igned to wi ths tand 

maximum wind speeds of 100 to 150  mph ,  and a l l  bui ldings have a low pro fi l e , 2 s tories 

or l e s s , that wi l l  minimize struc tural damage . S easonal c hinook winds o f  5 0  to over 

100 mph experienced a t  the Rocky Flats s i te requ i re exc ept ional P l an t  housekeeping 

and tie -down of materia l s  that could become wind- blown mi s s i le s . The s e  precautions 

reduce potential m i s s i l e  damage to s t ruc tures . Al l plutonium process ing areas have 

compartmental ized work areas , glove boxe s , a i r  f i l ters , and p lenums as containmen t 

barriers wi thin each bui lding . The s e  features provide an added containment fac tor i f  

a bui lding ' s  outer wal l should fai l  or b e  penetrated ; these barriers mus t  also be 

breached i f  plutonium is to reach the envi rons . 

A recent Roc ky Flats s tudy ( see Appendix E- l )  indicates tha t there i s  a sma l l  

p robab i l i ty that a maximum s i te tornado might c ause a release o f  0 . 04 t o  0 . 22 curies 

of p lutonium from some of the older bui ldings on s i te . Thi s  s tudy indicates a proba

b i l i ty ranging from 6 . 3  x 10 - 8 per year to 1 . 0  x 10 - 7 per year of a release c aused by 

a tornado , with a maximum re lease of 0 . 22 curie s .  For purpos e s  of this Statement a 

mos t  l ikely re lease o f  0 . 0 7 curie s  wi th a probab i l i ty o f  1 x 10 - 7  and a maximum 

release o f  0 . 22 curie s  wi th a rel ease probab i l i ty o f  6 . 8  x 10 - 8 was as sumed* . 

3 . 2 . 2 . 9  High Winds 

As ment ioned previously , the Rocky Flats fac i l i ty is in a location that experi

ences s easonal high winds ( known as chinook winds in the area , but more properly 

c la s s i fied as down - s lope wind s torms ) .  Wind veloc i ti e s  o f  5 0  to about 125 mph have 

been measured at the Rocky Flats s i te . These winds have never resul ted in s igni fi 

c ant struc tural damage to the P lant bui ldings , nor c aused m i s s i le s  to penetrate any 

o f  the bui ldings , nor resulted in contamination release to the envi ronment .  There 

exis ts , however ,  some probab i l i ty that even higher winds could occur that would c ause 

damage to some o f  the o lder buildings on s i te . A recent Roc ky Flats s tudy ( see 

Appendix E- l ) , using a conservative , theore tical bas i s  for e s timating the l ikel ihood 

of wind veloc i t i e s  higher than those measured at the s i te , has es timated the probab i 

l i t i e s  o f  an environmental release occurring as a resul t o f  high winds . Thi s  s tudy 

indicates tha t , on the bas i s  o f  extrapolat ions to h i gh wind speeds , a wind speed o f  

158 to 2 0 6  mph could c ause a release o f  9 g rams ( 0 . 65 curi es ) o f  plutonium with a 

prob ab i l i ty o f  9 . 2  x 10 - 5 per year . The mos t  l ikely release would be 3 grams ( 0 . 22 

curie s ) wi th a probabi l i ty per year o f  2 . 7  x 10 - 4 . The s e  release values are overe s ti 

mates but have been used for this E 1 S . 

3 . 2 . 2 . 10 E arthquake s 

Evaluat ions o f  the geo logical , s e i smo logi c al , and geophy s i c al c harac teri s t i c s  o f  

the Roc ky F l a t s  s i te were made t o  determine the potential ear thquake exposure o f  the 

*The probabili ty of the maximum tornado release is s l ightly l e s s  than the cuto f f  
value o f  1 x 1 0 - 7  
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a re a . S e i o;m i c d e s i gn c r i  t e r i a  fo r r h(, R o c ky F l a t s  s i  t e  a n, dom i na t ed by the e a r t h 

quake s e r i e s  a t  t h e  R o c ky Moun t a i n  A r s e na l . An e a r t hq u a ke o f  magn i tude 5 . 6  on the 

R i c h t e r  S c a l e  i s  p re d i c te d  at a d i s t an c e  o f  1 6  m i l e s  w i t h  a foc a l  dep t h  of 3 . 1  m i l e s  

onc e eve ry 3 3  ye a r s . Th i s  e a r t hquake i s  p re d i c t e d  t o  genera t e  a p e a k  h o r i z on t a l  

a c c e l e ra t i on o f  t h e  c l ays tone b e d roc k a t  the Roc ky F l a t s  s i t e o f  0 . 0 7 g l s .  A D e s i gp 

B a s i s  o r  S a f e  S hu t down ear thquake o f  magni tude 6 . 0  a t  the s ame lo c a t i on a s  the p revi 

ous l y  men t i oned e a r thqua ke h a s  b e e n  p o s t u l a t e d . Such an e a r thquake wou l d  g e n e r a t e  a 

p e a k  h o r i z on t a l  a c c e l e ra t i on o f  O .  l 4  g l s .  Re s p o n s e  s p e c t ra and c r i t e r i a  for ve r t i c a l  

mo t i ons f o r  the s e  e a r thqu a k e s  have a l s o  b e en d e s c r i b ed ( B lume , 1 9 74 ) . 

Mo s t  bu i l d i n g s  a t  the R o c ky F l a t s  P l ant have b e e n  cons t ru c t e d  i n  a c c o rdan c e  wi th 

t he s e i sm i c  requi remen t of t h e  Un i fo rm Bu i l d ing Code i n  e f fe c t  a t  the t ime . Howeve r ,  

the new p l u ton ium re covery and was t e  t re a tment fac i l i t y , wh i c h  was d e s i gned in a c c o r 

dance wi t h  t h e  more con s e rvat ive s e i sm i c  s i t e c r i t e r i a  deve loped by B l ume ( B l ume 1 9 7 4 ) . 

The l arge s t  r e c e n t  e a r t hquake in the R o c ky F l a t s  area oc curred i n  Augus t ,  1 9 6 7 , 

i n  the Roc ky Moun t a i n  Arsenal  area and had a 5 . 3  magn i tude . The t remor was fe l t  a t  

Roc ky F l a t s , b u t  c au s ed n o  d amage to any P l an t  bu i l dings . I t  i s  exp e c t e d  t h a t  the 

low pro f i l e  and the s t ru c t u ra l , l a t e r a l  s t ab i l i ty p rovided by the wind d e s i gn l oading 

wi l l  m i n im i z e  s t ruc t u r a l  damage caused by ear thquake - indu c ed l o ad ing . 

An eva lu a t ion o f  exi s t i ng p l u tonium- hand l i ng b u i l d ings aga i n s t  the B lume c r i 

t e r i a w i l l  b e  c o nduc ted t o  d e t e r m i n e  t h e  s e i s m i c  fo r c e s  t h e  b u i l d i n g s  c an 

w i t h s t an d . A l l o f  t h e s e  b u i l d i ng s  w i l l  b e  s t u d i e d  to p r e d i c t  t h e i r  c a p ab i l i -

t i e s  t o  re s i s t  the s i t e c r i t e r i a  s e i sm i c  exc i t a t ion o f  magn i tude 6 . 0  o r  any magn i t ude 

e a r thqua ke havi ng s imi l a r  c h a ra c t e r i s t i c s . The r e su l t s  o f  t h i s  i nve s t i g a t i o n  wi l l  be 

incorpo ra ted in S a fe t y  Ana l y s i s  Repor t s . The s e  d o c umen t s  w i l l  b e  p ub l i shed s ep a r a 

t e l y  f r o m  the E I S  a n d  wi l l  con t a i n  de s c r i p t ions o f  each maj or fac i l i ty . 

Unde r  max imum c redi b l e  ear thquake cond i t ions , a l l  s o l a r  evapora t i on ponds could 

be rup t ured i n  add i t i on t o  a l l  ho l d ing pond s . Shou l d  t h a t  happ e n , a l l  was te s o l u 

t i ons c o u l d  e n t e r  G r e a t  We s tern Re s e rvo i r .  Thi s  wor s e - c a s e  acc ident h a s  a l r e ady been 

d i scus sed , howeve r ,  i n  S e c t i on 3. 2 . 2. 3. 

Add i t iona l se i smo l o g i c a l  data are being reviewed to dete rmine whether any o f  the 

conc l u s i on s  pre s ented in the DE I S  are i ncorre c t  and to determine whether the data 

i nd i c ate any s i gn i f i cant adverse envi ronmenta l impact . The r e s u l t  o f  thi s  s e i smo l o f i c a l  

study w i l l  be p ub l i c a l ly ava i l able upon c omp l e t i on . Further , i f  the f indings o f  the 

se i smo log i c a l  study r e s u l t s  in conc l u s i ons s i gn i f i cantly d i f ferent than tho s e  s t ated i n  

t h e  DE I S , then D O E  w i l l  supplement this E I S . 
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3 . 2 . 3  Ac c idental  R e l e a s e  S umma ry 

B a s ed on previou s l y  p re s en t ed m a t e r i a l ,  the t o t a l , expe c t e d , ac c i de n t a l  re l e as e  

amou n t s  a n d  t h e  r e l a ted p robab i l i ti e s  are summa r i z e d  i n  Tab l e  3 . 2 . 3 - 1 .  T h e  t ab l e  

g i v e s  t h e  max imum p robab l e  a c c ident r e l e a s e s  i n  add i t ion t o  max imum c re d i b l e  a c c ident  

r e l e a s e s  a s  app rop r i a t e . Exp e c t e d  annual  r e l e a s e  amoun t s  are de t e rmined by mul 

t i p lying the re l e a s e  amoun t  by the a s s o c i a t e d  p robab i l i ty o f  o c c ur renc e .  Al l amoun t s  

shown a s  m i c rocuri e s  o f  p lu t o n i um a l pha ac t ivi ty were c a l c u l a t ed u s ing t h e  p l u tonium 

i sotop i c  compo s i t i on g iven i n  Tab l e  2 . 7 . 2 - 2 . B e s i d e s  the p l u t on i um alpha 

ac t i v i ty , there wi l l  a l so be p l u t onium - 2 4 1  beta ac t ivi ty and ame r ic ium - 2 4 1  alpha 

a c t iv i ty . F o r  b revi ty , the s e  ac t ivi t i e s  are n o t  shown i n  Tab l e  3 . 2 . 3 - 1 ,  bu t were 

i n c l uded i n  a l l  envi ronmen t a l  do s e  a s s e s smen t s . The amount of p l u t o n i um - 24 1  b e t a  

ac t ivi ty i s  t h a t  g iven i n  t h e  i so t op i c  c ompo s i t i on l i s t ing i n  Tab l e  2 . 7 . 2 - 2 , whi l e  

ame r i c ium - 24 1  ac t ivi ty was a s s umed t o  b e  equal t o  2 0% o f  t h e  t o t a l  p l u tonium a lpha 

ac t ivi ty . The 2 0 %  value i s  about the max imum amoun t o f  ame r i c ium ac t iv i ty t h a t  c ou l d  

bu i l d  up i n  any o f  Roc ky F l a t s ' p lu t o n i um .  For the one wa t e rborn e  r e l e a s e , the 

ame r i c i um and uran i um ac t ivi ty are s hown s ep ara t e ly i n  a foo tno t e . The exac t i s o to p i c  

c ompo s i t ion o f  uran i um i n  t h e  wa t e rborne r e l e a s e  i s  n o t  known , b u t  a l l  uran ium a l pha

emi t t ing i s o tope s of  c on c e rn have nearly iden t i c a l  do s e  c onver s i on fac to r s ; con s e 

quen t ly a l l uran i um was t re a t e d  a s  uran i um - 2 3 8 . Tab l e  3 . 2 . 3 - 2 shows the expec t ed 

r e l e a s e  o f  f i s s i on p rodu c t s  f rom c r i t i c a l i t i e s . 

3 . 2 . 4  Rad i o l og i c a l  Impa c t  As s e s smen t  

The do s e  m e a s u r eme n t s  p r e s e n t e d  i n  t h e  DE I S  h a v e  b e e n r e c a l c u l a t e d  a n d  r ev i s e d 

and t h e  r e s u l t s  a r e  p r e s en t e d  in t h i s  F E I S .  T h e  r e s u l t s  o f  t h e  r e c a l c u l a t i o n c o n f i rm 

th e fin d i ng p re s e n t e d  i n  t h e  D E I S , n ame l y ,  t h a t  t h e  do s e  t o  t h e  g e n e r a l  p o pu l a t i on i s  

v e ry s ma l l  and w i l l  r e s u l t  i n  n o  s i gn i f i c a n t  a dv e r s e  env i ronme n t a l  i m p a c t .  S i n c e  t h i s  

c o n c l u s i o n i s  t h e  s ame a s  t h a t  a r r iv e d  a t  i n  t h e  D E I S , D O E  h a s  c o n c l u d e d  t h a t  i t  wo u l d  

b e  unne c e s s a ry t o  d i s t r i b u t e  r ev i s e d  s e c t i on s  f o r  a d d i t i o n a l  p ub l i c  r e v i ew p r i o r  t o  

f i n a l i z i n g  t h e  E I S . 

The a s s e s smen t o f  the imp a c t  o f  ac c i d e n t a l  re l e a s e s  f rom the Roc ky F l a t s  P l ant 

deal s i n  two ways wi th the p o t en t i a l  impac t on p e rsons l iving wi thin 5 0  m i l e s  of  the 

P l an t . F i rs t , a " ri s k  do s e "  was d e t e rmined for individua l s  a s  a func t i on o f  d i rec 

t i on and d i s t an c e  from the P l ant , analogous to the v a l u e s  i n  Tab l e  3 . 1 . 2 - 3  for rou 

t ine r e l e a s e s . The " r i s k  do s e , "  as de fi ned for t h i s  Impac t S t a t emen t , re fers to the 

dose equiva l e n t  ove r 70 y e a r s  wh i c h  a p e rson wou l d  r e c e ive f rom p robab i l i ty - we i gh t e d  

annu a l  a c c iden t a l  r e l e a s e s .  T h e  r i s k  do s e  i s  equal to the s um o f  the dose f rom the 

p o s t u l a t e d  re l ea s e  f rom e a c h  a c c i dent mul t i p l i ed by the p robab i l i ty p e r  year t h a t  

e a c h  a c c i d e n t  might o c c u r . The c o n c e p t  o f  a ri s k  do s e  i s  u s ed to p r e s e n t  an e s t im a t e  

o f  the r i s k  to a pe rson f rom the consequen c e s  o f  a c c i d e n t a l  re l e a se s , averaged o v e r  a 

p e r i od o f  t ime . No memb e r  o f  the popu l a t ion wi l l  r e c e ive any do s e  f rom a c c iden t a l  

r e l e a s e s  un l e s s  a n  a c c i d e n t a l  re l e a s e  ac t ua l ly o c c urs . 
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TAB LE 3 . 2 . 3- 1 
SUMMARY OF EXPECTED ANNUAL RE LEASES OF P LUTONIUM 

FROM POTENTIAL ACC IDENTS AT ROCKY F LATS 

Rel ease Mechani sm 

Maxi mum Probab l e  Spi l l  I nc i dent 

Maxi mum C red i b l e Spi l l .  I nc i dent 

Maxi mum Probab l e  Mechani cal Fai l u re 

Maximum Credi b l e  Mechani cal Fai l u re 

Total Impoundment Fai l u re** 

Maxi mum P robab l e  F i re 

Maxi mum Cred i b l e F i re 

Maxi mum Probab l e  Exp l os i on Event 

Maxi mum Credi b l e  Exp l os i on Event 

Max i mum P robab l e  C r i t i ca l i ty *** 

Amount o f  Mate r i a l  
Re l eased* 

(�Ci  of p l uto n i um 
a l Eha act i v i ty) 

10 ( a i r )  

100 (ai r )  

1 , 000 (ai r) 

20 , 000 (ai r )  

87 , 0 00 (water) 

0 . 7 (ai r) 

Maxi mum Credi b l e  Sol uti on Cri t i ca l i ty*** 

Maxi mum Credi b l e  Metal Cri t i cal i ty*** 

Typ i cal A i rcraft Acci dent 

0 . 7 ( a i r )  

1 0  (ai r) 

100 (ai r) 

0 . 007 ( a i r) 

1 .  6 (ai r) 

73 . 2  (ai r) 

4. 4 x 105 ( a i r) 

7 . 3 x 1 06 ( a i r) 

7 . 3 x 1 04 ( a i r) 

2 . 2  x 1 05 ( a i r) 

2 . 2 x 1 05 ( a i r) 

6 . 5 x 1 05 ( a i r) 

Max i mum Credi b l e  A i rcraft Acc i dent 

Maxi mum Probab l e  Tornado Re l ease 

Max imum C red i b l e Tornado Re l ease 

Max i mum P robab l e  W i nd Rel ease 

Maxi mum Cred i b l e W i nd Rel ease 

Probabi l i ty Expected Annual Rel ease 
of Rel ease (�C i /yr o f  p l utoni um 

(Eer �ear) alEha ac ti v i t�) 

0 . 5 5 ( ai r )  

0 . 05 5 ( ai r) 

0 . 05 50 ( a i r )  

0 . 005 100 ( a i r) 

0 . 01 870 (water) 

0 . 0001 7 x 10- 5 ( a i r) 

0 . 0001 7 x 10- 5  (ai r) 

0 . 2  2 (ai r) 

0 . 05 5 ( a i r )  

0 . 008 - 5 5 . 8  x 10 ( a i r) 

1 x 10- 7 -7 1 .  6 x 10 ( a i r) 

0 . 0008 0 . 059 ( a i r) 

0 . 00006 26 ( a i r) 

1 . 3  x 1 0- 7 0 . 95 ( a i r) 

1 . 0  x 1 0- 7 0 . 007 (ai r) 

6 . 8  x 1 0-8 0 . 0 1 5  ( a i r )  

2 . 7 x 1 0-4 60 ( a i r) 

9 . 2 x 1 0- 5 60 ( a i r) 

Tota l 3 14 (ai r) 
870 (water) 

(pl us 820 amer i c i um ,  
4850 u ran i um ,  

f i s s i on products 
from Tab l e  3 . 2 . 3-2 , 
and P u-241 and Am-241 

act i v i ty) 

*The beta activity of P u-241 and the a l pha act i v i ty o f  Am-241 were a l so i nc l uded in the dose 
cal cul ations a l though they are not shown in th i s  s ummary tab l e .  

**An i mpo undment fai l ure wou l d  al so re l ease 82 , 000 � C i  o f  ame r i c i um and 485 , 000 � C i  o f  uran i um. 

***F i s s i o n  products wou l d  a l so be re l eased from a c r i t i cal i ty .  See Tab l e  3 . 2 . 3- 2  for the expected 
annual re l ease.  
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TABLE 3 . 2 . 3 - 2 

SUMMARY OF EXPECTED ANNUAL RELEASES OF F I S S ION PRODUCTS 
FROM POTENTIAL CRITICAL ITY ACC IDENTS AT ROCKY FLATS 

Nuc l ide 

Br- 80 
Br- 80m 
Br - 82 
Br- 82m 
B r- 83 
B r- 84 
Br- 84m 
Br- 85 
Br- 8 6  
Br- 8 6m 
Br- 8 7  
Br- 88 
Kr- 83m 
Kr- 85m 
Kr- 8 7  
Kr- 88 
Kr- 89 
Kr - 9 0  
1 - 1 2 8  
I - 1 3 0  
I - 1 3 0m 
1 - 1 3 1  
1 - 1 3 2  
1 - 1 3 3  
1 - 134 
I - 134m 
1 - 1 3 5  
1 - 1 3 6  
I - 1 3 6m 
1 - 1 3 7  
Xe - 1 3 1m 
Xe - 1 3 3  
Xe - 1 3 3m 
Xe - 1 3 5  
Xe - 1 3 5m 
Xe - 1 3 7  
Xe - 1 3 8  
Xe - 1 3 9  
Xe - 140 

Expected Re1ease* 
( C i/yr ) 

- 6 1 . 74 x 1 0 _ 7 1 . 04 x 1 0 _ 5 1 . 14 x 1 0 _ 4 4 . 50 x 1 0 _ 2 1 .  44 x 1 0 _ 2 9 . 5 9 x 1 0 _ 2 2 . 63 x 1 0 _ 1 4 . 53 x 1 0 _ 2 6 . 61 x 1 0 _ 5 1 . 60 x 1 0 _ 1 1 . 41 x 1 0 _ 5 3 . 2 6 x 1 0 _ 2 5 . 64 x 1 0 _ 2 5 . 3 3 x 1 0 _ 1 3 . 3 3 x 1 0 _ 1 2 . 15 x 1 0  
4 . 19 

- 1 1 . 0 5 x 1 0 _ 5 2 . 46 x 1 0 _ 5 5 . 02 x 1 0 _ 4 6 . 7 6 x 1 0 _ 3 2 . 25 x 1 0 _ 1 2 . 66 x 1 0 _ 2 3 . 83 x 1 0 _ 1 9 . 0 9 x 1 0 _ 1 8 . 11 x 1 0 _ 1 1 . 1 0 x 1 0  
1 . 10 1 1 . 89 x 10 -

- 3 7 . 7 3 x 1 0 _ 3 4 . 0 8 x 1 0 _ 2 1 . 84 x 1 0 _ 3 1 .  65 x 10 1 2 . 40 x 1 0 -
1 . 94 1 1 . 80 x 1 0  
7 . 40 

- 1 8 . 11 x 1 0  5 5 . 0 6  x 1 0 -

*The expected release ( re l ease x p robab i l i ty o f  releas e )  values in thi s  column were 
obtained by mul t iplying the releases from the maximum c redible metal cri ti c a l i ty 
in Tab l e  3 . 2 . 2 - 3 by 0 . 0008 , the releases from the maximum credib l e  solution 
c r i t i cal i ty in Tab le 3 . 2 . 2 - 4 by 1 x 1 0 - 7 , and the releases from the maximum 
probab l e  c r i t i c a l i ty acc ident ( the values in Tabl e  3 . 2 . 2 - 4 divided by 220 ) by 
0 . 008 and summing the three produc t s . 
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The s e cond app roach t o  t h e  a s s e s sm e n t  o f  imp ac t i s  to con s i d e r  the imp a c t r e su l 

t ing from an ac t u a l  o c c u r r e n c e  o f  t h e  p o s t u l a t ed a c c i d en t s . Thi s  a s s e s sm e n t  i nvo l v e s  

t he c a l c u l a t i o n o f  t h e  d o s c  equ i va l e n t  c omm i tm en t s  to  pe rsons downwind from t h e  

a c c i d e n t . 

Each o f  t he me t hods p e r t a i n s  to do s e s  to t h e  organs o f  re f e r e n c e  man , name l y ,  

t o t a l body , l i v e r , bone , and l ungs . The do s e  to  the thy ro i d  w a s  a l so d e t e rmined for 

c r i t i c a l i t y  a c c i d en t s , f o r  wh i c h  the i so top e s  of i o d i n e  a r e  part of the s o u r c e  t e rm .  

Acc i de n t a l  re l e a s e s  are con s i de red to o c c u r  over a re l a t iv e l y  sho r t  pe r i od o f  

t i me .  Th i s  l y p e  o f  re l e a s e  i s  c a l l e d  a c u t e , a s  c ompared to a chron i c  re l e a s e  wh i c h  

o c c u rs con t i nuous l y .  Fo r t h e  a s s e s sment o f  i mp a c t  t o  p e r s o n s  downwind from a c t u a l  

a c c i den t a l  re l e a s e s , t h e  c a l c u l a t i ons a r e  b a s ed o n  a n  a c u t e  r e l e as e . F o r  t h e  c a l c u l a 

t i on o f  a r i s k do s e  f rom a c c i d e n t a l  re l e a s e s , t h e  con c ep t requ i r e s  t h a t  t h e  expec t ed 

r e l e a s e  l e rm b e  t re a t e d  e i t h e r  a s  a c h ro n i c re l e a s e  ( ov e r  7 0  y e a r s ) or a s  an a c u t e  
r e l e a s e  a t  the s t a r t  o f  e a c h  o f  t h e  7 0  y e a r s . The dose  t o  the organ s , i n  b o t h  a s s e s s 

men t s , i s  the sum o f  c on t r i bu t i ons f rom a l l  s i gn i f i c an t  p a thway s , i . e . , inhal a t ion , 

food i n g e s t i on , wa t e r  i nge s t i on , gro und p lane i rr ad i a t ion , and i rr ad i a t ion from 

a i rbo rne rad i onuc l i de s  ( p l ume s h i n e ) .  D e t a i l s  o f  t h e  do s e  c a l c u l a t i on me t hodo l ogy 

a r e  given in Append i x  f .  

As s e s sm e n t  o f  R i s k Do s e  

The v a l ue s  o f  the r i s k do s e , i n  uni t s  o f  rem , for re f e r e n c e  man l iv ing i n  the 

v i c i n i t y  of the Roc ky F l a t s  P l a n t  con t i nuou s ly for 70 y e a r s  a r e  given i n  Tab l e  

3 . 2 . � - 1  a s  a func t i on o f  t he d i re c t i on ( s e c t o r )  a n d  di s t an c e  from t h e  P l an t . Comp a r i 

s o n  o f  va l ue s  i n  t h i s  t ab l e w i t h  co rre sponding v a l u e s  i n  Tab l e  3 . 1 . 2 - 3  f o r  rou t in e  

r e l e a s e s  i nd i c a t e s  t h a t  t h e  v a l u e s  o f  the r i s k  do s e  a r e  2 to 4 t im e s  l owe r t h a n  do s e s  

from ro u t i n e r e l e a s e s . The r i s k do s e  t o  the thyro i d  i s  i n c l uded h e r e  b e c au s e  o f  

i o d i n e  re l e a s e s  f rom t h e  pos tu l a t ed c r i t i c a l i ty ac c i den t s . 

du r i ng no rma l ope ra t i on . 

No i o d i n e  i s  r e l e a s e d  

Comp a ri son w i t h  t he 7 0 - y e a r  bac kg round do s e  to the organs , Tab l e  3 . 1 . 2 - 6 ,  

i nd i c a t e s  t ha t  t h e s e  va l u e s  o f  t he r i s k  do s e  a r e  a v e ry sma l l  frac t i on o f  t h e  do s e  

r e c e ived by p e rsons from ba c kground radi a t ion . For t h e  pe rson l iv i ng a t  a d i s t anc e 

o f  2 m i l e s i n  the E S E  d i re c t i on ,  t he s e  frac t i ons are 0 . 0 0 0 0 7 0  for t h e  t o t a l  body , 

0 . 0 0 2 3  fo r t h e l i ve r ,  0 . 0 0 � 5  for t he bonc , 0 . 0 0 1 3 for the l ungs , and 0 . 0 0 0 1 6  fo r the 

thyro i d  ( t ak i ng the t hyro i d  b a c kg round to be t ha t  of the t o t a l  body ) . For p e r s o n s  

l i v in g  a t  o l he r  d i s t anc e s  o r  in o t he r d i r ec t i on s , t h e s e  frac t i on s  a r e  ev en smal l e r . 

The r i s k  t o  p e r s on :" I iving w i  t h i n  5 0  m i l e s  o f  the Roc ky F l a t s  P l an t , from exp o s u r e  to 

t he po s t u l a t ed a c c i d e n t a l  r e l e a s e s  a s  me a s u red by the r i s k  do s e , i s  t h e r e fo re i mp e r c e p 

t i b l e . 
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TABLE 3 . 2 . 4- 1 

7 0 - YEAR RISK DOSE TO REFERENCE MAN FROM POSTULATED ACC IDENTAL RELEASE S  

D i rec - D i s t ance 
tion (mi le s ) 

N 2 - 3 

NNE 

NE 

ENE 

3 - 4 

4- 5 

5 - 10 

10 - 2 0  

2 0 - 3 0  

3 0 - 40 

40 - 5 0  

2 - 3 

3 -4 

4- 5 

5 - 10 

10 - 2 0  

2 0 - 3 0  

3 0 - 40 

40 - 5 0  

2 - 3 

3 - 4 

4- 5 

5 - 10 

10 - 2 0  

2 0 - 3 0  

30 - 40 

40 - 5 0  

2 - 3 

3 - 4 

4- 5 

5 - 10 

10 - 2 0  

2 0 - 3 0  

3 0 -40 

40 - 5 0  

Total BO�� 
1 .  5 x 10 

7 6 10 - 5 . x 
4 . 5  x 10 - 5 

3 . 0  x 1 0 - 5 

7 . 9  x 1 0 - 6 

2 . 2  x 10 - 6 

1 . 2  x 10 - 6 

8 . 1  x 1 0 - 7 

- 4 1 .  6 x 10 

7 . 8  x 10 - 5 

4 . 7  x 10 - 5 

3 . 1  x 10 - 5 

8 . 2  x 10 - 6 

2 . 3  x 10 - 6 

1 . 2  x 10 - 6 

8 . 4  x 10 - 7 

3 . 8  x 10 - 4 

1 .  9 x 10 - 4 

1 . 1  x 10 -4 

7 . 4 x 10 - 5 

1 . 9  x 10 - 5 

5 . 5  x 10 - 6 

3 . 0  x 10 - 6 

2 0 1 0 - 6 . x 

4 6 10 - 4 . x 
2 . 2  x 10 - 4 

6 . 6  x 10 - 4 

6 . 1  x 1 0 - 4  

2 . 3  x 10 - 5 

6 . 6  x 10 - 6 

3 . 5  x 10 - 6 

2 . 4  x 10 - 6 

Organ Risk Dos e  ( rem ) to Re ference Man 
L iver Bone Lungs 

5 . 1  x 10 -3 1 . 1  x 10 -2 4 . 9  x 10 - 3 

2 . 8  x 10 - 3 6 . 2  x 10 - 3 2 . 7  x 10 - 3 

1 . 8  x 10 - 3 4 . 1  x 1 0 - 3 1 . 8  x 10 - 3 

1 . 4  x 10 - 3 3 . 0  x 10 - 3 1 . 3  x 10 - 3 

5 . 2  x 10 - 4 1 . 2  x 1 0 - 3 5 . 0  x 10 -4 

2 . 1  x 10 - 4 4 . 8  x 10 - 4 2 . 1  x 10 - 4 

1 . 3  x 10 - 4 3 . 9  x 10 - 4 1 . 2  x 10 - 4 

9 . 2  x 10 - 5 2 . 1  x 10 - 4 8 . 9  x 10 - 5 

5 . 3  x 10 - 3 

2 . 9  x 1 0 - 3 

1 . 9  x 10 - 3 

1 . 4  x 10 - 3 

5 . 4  x 10 - 4 

2 . 2  x 10 - 4 

1 . 4  x 10 - 4 

9 . 6  x 10 - 5 

1 . 2  x 10 - 2 

6 . 8  x 10 - 3 

4 . 5 x 10 - 3 

3 . 3  x 10 - 3 

1 . 3  x 10 - 3 

5 . 3  x 10 - 4 

3 2 10 - 4 
· x 

2 3 10 - 4 
· x 

1 . 5  x 1 0 - 2 

8 . 2  x 10 - 3 

7 . 2  x 10 - 2 

7 . 1  x 10 - 2 

1 . 5  x 10 - 3 

6 . 3  x 10 - 4 

3 . 9  x 10 - 4 

2 7 1 0 - 4 
· x 

3 - 7 8  

1 . 2  x 10 - 2 

6 . 4  x 10 - 3 

4 . 3  x 10 - 3 

3 . 1  x 10 - 3 

1 2 10 - 3 . x 
5 . 0  x 10 - 4 

3 . 1  x 10 - 4 

2 . 2  x 10 - 4 

2 . 8  x 10 - 2 

1 . 5  x 10 - 2 

1 . 0  x 10 - 2 

7 . 4 x 10 - 3 

2 . 9  x 10- 3 

1 . 2  x 10 - 3 

- 4 7 . 2  x 10 

5 . 1  x 10 - 4 

3 . 3  x 10 - 2 

1 . 8  x 10 - 2 

1 7 10 - 1 . x 
1 6 10 - 1 . x 
3 . 5  x 10 - 3 

1 . 4  x 1 0 - 3 

8 . 7  x 10 - 4 

6 . 2  x 10 - 4 

5 . 1  x 10 - 3 

2 . 8  x 10 - 3 

1 . 8  x 10 - 3 

1 . 3  x 10 - 3 

5 . 2  x 1 0 - 4 

2 . 2  x 10 - 4 

1 . 3  x 10 -4 

9 2 10 - 5 
· x 

1 . 2  x 10 - 2 

6 . 7  x 1 0 - 3 

4 . 4  x 10 - 3 

3 . 2  x 1 0 - 3 

1 . 2  x 1 0 - 3 

5 . 1  x 10 - 4 

3 . 1  x 10 - 4 

2 2 10 - 4 
· x 

1 . 4  x 10 - 2 

8 . 0  x 10 - 3 

5 . 8  x 10 - 3 

4 . 4  x 10 - 3 

1 . 5  x 10 - 3 

6 . 2  x 10 - 4 

3 . 7  x 10 - 4 

2 6 10 - 4 
· x 

Thyroid 

3 . 6  x 10 -4 

- 4 1 .  9 x 10 
- 4 1 . 2  x 10 

8 . 3  x 10 - 5 

2 . 7  x 10 - 5 

- 6 9 . 0  x 10 
- 6 5 . 0  x 10 
- 6 3 . 3  x 10 

3 . 8  x 10 - 4 

1 . 9  x 10 - 4 

1 . 2  x 10 -4 

8 . 6  x 10 - 5 

2 9 10 - 5 . x 
9 . 3  x 10 - 6 

5 . 2  x 10 - 6 

3 . 5  x 10 - 6 

8 . 9  x 10 - 4 

4 . 6  x 10 - 4 

2 . 9  x 10 - 4 

2 . 0  x 10 - 4 

6 . 5  x 10 - 5 

2 . 2  x 10 - 5 

1 . 2  x 10 - 5 

2 . 2  x 10 - 6 

1 . 1  x 10 - 3 

5 . 6  x 10 - 4 

8 . 7  x 1 0 - 4 

7 . 7  x 10 - 4 

7 . 9  x 10 - 5 

2 7 10 - 5 . x 
1 . 5  x 10 - 5 

9 . 9  x 10 - 6 



TABLE 3 . 2 . 4- 1  ( Continued )  

Direc - D i stance Organ Risk Do s e  ( rem ) to Re ference Man 
bon (miles ) Total Bod* Liver Bone Lungs Th:¥:ro id 

E 2 - 3 5 . 9  x 10 - 1 . 9  x 10 - 2 
4 . 3 x 10 - 2 

1 . 9  x 10 -2 1 . 4  x 10 -3 

3 - 4 2 . 9  x 10 -4 1 . 1  x 1 0 - 2 2 . 4  x 1 0 - 2 L O x 10 - 2 7 . 2  x 1 0 - 4 

4- 5 1 . 7  x 10 - 4 7 . 0 x 1 0 - 3 
1 . 6 x 10 - 2 6 . 8  x 1 0 - 3 4 . 5  x 10 -4 

5 - 10 1 . 1  x 10 - 4 5 . 2  x 10 - 3 
1 . 2  x 10 - 2 5 . 0  x 10 - 3 3 . 2  x 1 0 - 4 

10 - 2 0  3 . 0  x 1 0 - 5 2 . 0  x 1 0 - 3 
4 . 0  x 10 - 3 

1 . 9  x 10 - 3 - 4 1 .  0 x 1 0  

2 0 - 3 0 8 . 5  x 1 0 - 6 8 . 2  x 1 0 - 4 1 . 8  x 10 - 3 
7 . 9  x 1 0 - 4 3 . 4  x 1 0 - 5 

30 - 40 4 . 6  x 10 - 6 5 . 0  x 1 0 -4 1 . 1  x 10 - 3 
4 . 8  x 1 0 - 4 - 5 1 .  9 x 1 0  

40 - 50 3 . 1  x 1 0 - 6 3 . 5  x 1 0 - 4 8 . 0  x 10 - 4 3 . 4  x 10 -4 1 . 3 x 1 0 - 5 

ESE 2 - 3 7 . 3 x 1 0 -4 2 . 4 x 10 - 2 5 . 3 x 1 0 - 2 2 . 3 x 1 0 - 2 1 .  7 x 10 - 3 

3 - 4 3 . 5  x 1 0 - 4 1 . 3 x 10 - 2 2 . 9  x 1 0 - 2 1 . 3 x 1 0 - 2 8 . 8  x 10 -4 

4- 5 2 . 1  x 10 - 4 8 . 6  x 10 - 3 
1 . 9  x 10 - 2 8 . 3 x 1 0 - 3 

5 . 5  x 10 - 4 

5 - 10 1 . 4 x 10 -4 6 . 3 x 1 0 - 3 
1 . 4  x 1 0 - 2 6 . 1  x 1 0 - 3 3 . 9  x 1 0 - 4 

10 - 2 0  3 . 7  x 10 - 5 2 . 5  x 10 - 3 
5 . 5  x 10 - 3 

2 . 4  x 1 0 - 3 1 . 2  x 10 - 4 

20 - 3 0 L O x 10 - 5 1 . 0 x 1 0 - 3 
2 . 3 x 1 0 - 3 9 . 7  x 10 - 4 4 . 2  x 10 - 5 

3 0 - 40 5 . 6  x 10 - 6 6 . 1  x 10 - 4 1 . 4  x 10 - 3 5 . 9  x 10 -4 2 . 3 x 10 - 5 

40 - 50 3 . 8  x 10 - 6 4 . 3 x 10 - 4 9 . 8  x 10 - 4 4 . 2 x 1 0 -4 1 . 6  x 10 - 5 

S E  2 - 3 5 . 6  x 10 -4 1 . 8 x 10 - 2 4 . 1  x 10 - 2 1 . 8  x 10 - 2 1 . 3 x 10 - 3 

3 -4 2 . 8  x 10 -4 1 . 0  x 10 - 2 2 . 3 x 10 - 2 9 . 8  x 10 - 3 
6 . 9  x 10 -4 

4- 5 1 . 6  x 10 - 4 6 . 7  x 10 - 3 
1 . 5  x 1 0 - 2 6 . 5  x 10 - 3 

4 . 3 x 10 -4 

5 - 10 1 . 1  x 10 - 4 4 . 9  x 1 0 - 3 
1 . 1  x 1 0 -,2 4 . 7  x 1 0 - 3 3 . 0  x 10 - 4 

10 - 20 2 . 9  x 10 - 5 1 . 9  x 10 - 3 
4 . 3 x 10 - 3 

1 . 8  x 10 - 3 
9 . 7  x 10 - 5 

20 - 3 0 8 . 1  x 10 - 6 7 . 8  x 10 -4 1 . 8  x 10 - 3 
7 . 6  x 10 -4 3 . 3 x 1 0 - 5 

3 0 - 40 4 . 4  x 10 - 6 4 . 7  x 10 - 4 1 . 1  x 10 - 3 
4 . 6  x 1 0 - 4 1 . 8  x 1 0 - 5 

40 - 5 0  3 . 0  x 10 - 6 3 . 4  x 10 -4 7 . 6  x 10 -4 3 . 2  x 10 -4 1 . 2  x 10 - 5 

SSE 2 - 3 4 . 5  x 10 -4 1 . 5  x 10 - 2 3 . 3 x 1 0 - 2 1 . 4  x 1 0 - 2 1 . 0  x 1 0 - 3 

3 - 4 2 . 2  x 10 -4 8 . 0  x 10 - 3 
1 . 8  x 10 - 2 7 . 8  x 10 - 3 

5 . 4 x 10 -4 

4 - 5 1 . 3  x 10 - 4 5 . 3 x 10 -3 
1 . 2  x 10 - 2 5 . 1  x 10 - 3 3 . 4  x 1 0 -4 

5 - 10 8 . 7  x 10 - 5 3 . 9  x 10 - 3 
8 . 7  x 10 - 3 3 . 8  x 10 - 3 

2 . 4  x 10 - 4 

10 - 20 2 . 3  x 10 - 5 1 . 5  x 10 - 3 3 . 4  x 10 - 3 
1 . 5  x 10 - 3 

7 . 7  x 1 0 - 5 

2 0 - 3 0 6 . 4  x 10 - 6 6 . 7  x 10 -4 1 . 4  x 10 - 3 
6 . 0  x 10 - 4 2 . 6  x 10 - 5 

30 - 40 3 . 5  x 10 - 6 3 . 8  x 1 0 - 4 8 . 5  x 10 - 4 3 . 6  x 10 - 4 1 . 4  x 10 - 5 

40 - 50 2 . 3 x 10 - 6 2 . 7  x 1 0 - 4 6 . 1  x 1 0 -4 2 . 6  x 10 - 4 9 . 7  x 1 0 - 6 

3 - 7 9  



TABLE 3 . 2 . 4- 1 ( Continued ) 

Direc - Distance Organ Risk Do se ( rem ) to Reference Man t ion (miles ) To tal BO% Liver Bone Lungs Thyroid 
S 2 - 3 1 . 2  x 10 -2 2 . 7  x 1 0 -2 1 . 2  x 1 0 -2 -4 3 . 7  x 1 0  8 . 6  x 1 0  

3 - 4 1 . 8  x 10 -4 
7 . 1  x 10 - 3 1 . 5  x 10 - 2 6 . 4  x 1 0 - 3 4 . 4  x 10 - 4 

4 - 5 1 . 1  x 10 -4 
4 . 3  x 1 0 - 3 9 . 7  x 1 0 - 3 4 . 2  x 10 - 3 2 . 4  x 10 -4 

5 - 10 7 . 1  x 10 - 5 3 . 2  x 10 - 3 7 . 1  x 10 - 3 3 . 1  x 10 - 3 1 . 9  x 10 - 4 

1 0 - 2 0  1 . 9  x 10 - 5 1 . 2  x 1 0 - 3 2 . 8  x 1 0 - 3 1 . 2  x 10 - 3 6 . 3  x 10 - 5 

20 - 30 5 . 2  x 10 - 6 5 . 0  x 1 0 - 4 
1 . 1  x 10 - 3 4 . 9  x 10 - 4 2 . 1  x 10 - 5 

3 0 -40 2 . 8  x 10 - 6 3 . 1  x 10 - 4 
6 . 9  x 10 - 4 3 . 0  x 1 0 - 4 1 . 2  x 10 - 5 

40 - 50 1 . 9  x 1 0 - 6 2 . 2  x 1 0 - 4 4 . 9 x 10 - 4 
2 . 1  x 10 - 4 7 . 9  x 10 - 6 

SSW 2 - 3 3 . 3  0 -4 
1 . 1  x 10 - 2 2 . 4 x 10 - 2 1 . 0  x 10 - 2 7 . 8  x 10 - 4 x 1 

3 - 4 1 . 5  x 10 - 4 5 . 7  x 10 - 3 1 . 3  x 1 0 - 2 5 . 5  x 10 - 3 4 . 0  x 10 - 4 

4 - 5 9 . 7  x 10 - 5 3 . 9  x 10 - 3 8 . 8  x 10 - 2 
3 . 8  x 10 - 3 2 . 5  x 1 0 - 4 

5 - 1 0  6 . 4  x 1 0 - 5 2 . 9  x 1 0 - 3 6 . 5  x 1 0 - 3 2 . 8  x 10 - 3 1 . 8  x 1 0 - 4 

1 0 - 20 1 . 7  x 1 0 - 5 
1 . 1  x 10 - 3 2 . 5  x 10 - 3 1 . 1  x 1 0 - 3 5 . 7  x 10 - 5 

2 0 - 30 4 . 7 x 1 0 - 6 4 . 6  x 1 0 - 4 L O x 10 - 3 4 . 5 x 1 0 - 4 1 . 9  x 10 - 5 

3 0 - 40 2 . 6  x 10 - 6 2 . 8  x 10 - 4 
6 . 3  x 1 0 - 4 2 . 7  x 10 - 4 L O x 10 - 5 

40 - 50 1 . 7  x 10 - 6 2 . 0  x 10 -4 4 . 5  x 1 0 - 4 1 . 9  x 1 0 -4 7 . 1  x 10 - 6 

SW 2 - 3 3 . 6  x 10 -4 1 . 2  x 10 - 2 2 . 6  x 10 - 2 1 . 1  x 1 0 - 2 8 . 4  x 10 -4 

3 - 4 1 . 8  x 10 -4 6 . 4  x 1 0 - 3 1 . 4  x 1 0 - 2 6 . 3  x 10 - 3 4 . 4  x 10 - 4 

4 - 5 1 . 1  x 1 0 - 4 4 . 3  x 10 - 3 9 . 6  x 10 - 3 4 . 1  x 10 - 3 2 . 8  x 10 - 4 

5 - 10 7 . 0  x 10 - 5 3 . 1  x 1 0 - 3 7 . 0  x 1 0 - 3 3 . 0  x 1 0 - 3 1 . 9  x 10 - 4 

10 - 20 1 . 8  x 1 0 - 5 1 . 2  x 10 - 3 2 . 7  x 10 - 3 1 . 2  x 10 - 3 6 . 2  x 10 - 5 

2 0 - 3 0  5 . 1  x 10 - 6 5 . 0  x 1 0 - 4 1 . 1  x 1 0 - 3 4 . 8  x 10 - 4 2 . 1  x 10 - 5 

30 - 40 2 . 8  x 10 - 6 3 . 0  x 10 - 4 6 . 8  x 10 - 4 
2 . 9  x 10 - 4 1 . 2  x 10 - 5 

40 - 5 0  1 . 9  x 10 - 6 2 . 1  x 10 - 4 4 . 9  x 1 0 -4 2 . 1  x 1 0 - 4 7 . 8  x 10 - 6 

wsw 2 - 3 1 . 9  x 1 0 - 4 6 . 1  x 1 0 - 3 1 . 4  x 10 - 2 5 . 9  x 1 0 - 3 4 . 4  x 10 -4 

3 -4 9 . 2  x 10 - 5 3 . 4  x 1 0 - 3 7 . 6  x 10 - 3 3 . 3  x 10 - 3 2 . 3  x 1 0 - 4 

4 - 5 5 . 5  x 1 0 - 5 2 . 2  x 10 - 3 5 . 0  x 10 - 3 2 . 2  x 10 - 3 1 . 4  x 10 - 4 

5 - 10 3 . 7  x 1 0 - 5 1 . 6  x 10 - 3 3 . 7  x 10 - 3 1 . 6 x 1 0 - 3 L O x 10 - 4 

10 - 2 0  9 . 6  x 10 - 6 6 . 4  x 10 - 4 1 . 4  x 10 - 3 6 . 1  x 10 - 4 3 . 2  x 1 0 - 5 

2 0 - 3 0  2 . 7  x 1 0 - 6 2 . 6  x 10 -4 5 . 9  x 10 - 4 2 . 5  x 10 - 4 1 . 1  x 10 - 5 

3 0 - 40 1 . 5  x 10 - 6 1 . 6 x 10 - 4 
3 . 6  x 1 0 -4 1 . 5  x 1 0 -4 6 . 1  x 10 - 6 

40 - 5 0  9 . 8  x 1 0 - 7 1 . 1  x 1 0 - 4 2 . 5  x 1 0 - 4 1 . 1  x 10 - 4 4 . 1  x 10 - 6 

3 - 80 



TABLE 3 . 2 . 4 - 1 ( Continued ) 

D i rec - D i s tance O rgan Ri sk Do s e  ( rem ) to Re ference Man 
t ion (miles ) To tal BO�* Liver Bone Lungs Thyro id 

2 - 3 3 . 5  x 10 - 3 7 . 9  x 1 0 - 3 3 . 4  x 10 -3 -4 
W 1 . 1  x 10 2 . 5  x 10 

3 -4 5 . 3  x 1 0 - 5 1 . 9  x 1 0 - 3 4 . 3  x 10 - 3 - 3 1 . 3  x 1 0 - 4 
1 .  9 x 1 0  

4- 5 10 - 5 1 . 3  x 10 - 3 2 . 9  x 1 0 - 3 1 . 2  x 10 - 3 8 . 3  - 5 
3 . 2  x x 10 

5 - 10 2 . 1  x 1 0 - 5 9 . 4  x 1 0 - 4 2 . 1  x 10 - 3 9 . 1  x 1 0 - 4 6 . 0  x 10 - 5 

10 - 20 5 . 5  x 10 - 6 3 . 7  x 10 - 4 8 . 2  x 10 - 4 3 . 5  x 10 - 4 1 . 9  x 10 - 5 

20 - 30 1 . 5 x 1 0 - 6 1 . 5  x 1 0 - 4 3 . 6  x 1 0 - 4 1 . 4  x 1 0 - 4  6 . 3  x 10 - 6 

30 - 40 8 . 3  x 10 - 7 9 . 1  x 10 - 5 2 . 0  x 10 - 4 8 . 7  x 10 - 5 3 . 5  x 10 - 6 

40 - 50 5 . 6  x 1 0 - 7 6 . 4  x 1 0 - 5 1 . 5  x 10 - 4 6 . 2  x 10 - 5 2 . 3  x 10 - 6 

WNW 2 - 3 1 . 7  x 10 - 4 5 . 5  x 10 - 3 1 . 2  x 1 0 - 2 5 . 3  x 1 0 - 3 4 . 0  x 10 -4 

3 - 4 8 . 3  x 10 - 5 3 . 0  x 1 0 - 3 6 . 8  x 10 - 3 2 . 9  x 10 - 3 2 . 1  x 1 0 - 4 

4- 5 4 . 9  x 1 0 - 5 2 . 0  x 10 - 3 4 . 5  x 10 - 3 1 . 9  x 10 - 3 1 . 3  x 1 0 - 4 

5 - 1 0  3 . 3  x 10 - 5 1 . 5  x 10 - 3 3 . 3  x 1 0 - 3 1 . 4  x 1 0 - 3 9 . 0  x 10 - 5 

1 0 - 20 8 . 6  x 10 - 6 . 5 . 7  x 10 - 4 1 . 3  x 10 - 3 5 . 5  x 1 0 - 4 2 . 9  x 10 - 5 

20 - 3 0  2 . 4  x 10 - 6 2 . 3  x 10 - 4 5 . 2  x 1 0 - 4 2 . 3  x 10 -4 9 . 8  x 1 0 - 6 

30 - 40 1 . 3 x 10 - 6 1 . 4  x 1 0 - 4 3 . 2  x 1 0 - 4 1 . 4  x 10 -4 5 . 4  x 10 - 6 

40 - 50 8 . 8  x 1 0 - 7 L O x 10 - 4 2 . 3  x 10 - 4 9 . 7  x 10 - 5. 3 . 6  x 1 0 - 6 

NW 2 - 3 3 . 1  x 10 - 4 1 . 0 x 10 - 2 2 . 3  x 1 0 - 2 9 . 8  x 1 0 - 3 7 . 3  x 1 0 - 4 

3 - 4 1 . 5 x 10 - 4 5 . 6  x 10 - 3 1 . 2  x 1 0 - 2 5 . 4  x 1 0 - 3 3 . 8  x 10 - 4 

4- 5 9 . 0  x 1 0 - 5 3 . 7  x 1 0 - 3 8 . 2  x 1 0 - 3 3 . 6  x 10 - 3 2 . 4  x 10 - 4 

5 - 1 0  6 . 0  x 10 - 5 2 . 7  x 10 - 3 6 . 0  x 10 - 3 2 . 6  x 10 - 3 - 1 . 7 x 10 - 4 

1 0 - 2 0  1 . 5  x 10 - 5 L O x 1 0 - 3 2 . 2  x 1 0 - 3 9 . 6  x 1 0 - 4 5 . 1  x 1 0 - 5 

2 0 - 3 0  4 . 4  x 10 - 6 4 . 3  x 10 - 4 9 . 7  x 1 0 - 4 4 . 2 x 10 - 4 1 . 8  x 1 0 - 5 

30 - 40 2 . 4  x 10 - 6 2 . 6  x 10 -4 5 . 9  x 10 - 4 2 . 5  x 1 0 - 4 L O x 10 - 5 

40 - 50 1 . 6  x 1 0 - 6 1 . 8  x 1 0 - 4 4 . 2  x 1 0 - 4 1 . 8  x 1 0 - 4 6 . 7  x 10 - 6 

NNW 2 - 3 2 . 2  x 1 0 - 4 7 . 1  x 10 - 3 1 . 6  x 1 0 - 2 6 . 8  x 1 0 - 3 5 . 1  x 1 0 -4 

3 - 4 1 . 1  x 1 0 - 4 3 . 9  x 10 - 3 3 . 7  x 10 - 3 3 . 8  x 1 0 - 3 2 . 6  x 10 - 4 

4- 5 6 . 3  x 10 - 5 2 . 6  x 1 0 - 3 5 . 7  x 10 - 3 2 . 5  x 10 - 3 1 . 6  x 1 0 - 4 

5 - 1 0  4 . 2  x 10 - 5 1 . 9 x 10 - 3 4 . 2  x 10 - 3 1 . 8  x 10 - 3 1 . 2  x 10 - 4 

10 - 20 1 . 1  x 1 0 - 5 7 . 3  x 1 0 - 4 1 . 6  x 1 0 - 3 7 . 0  x 10 - 4 3 . 7  x 1 0 - 5 

2 0 - 30 3 . 1  x 1 0 - 6 3 . 0  x 10 - 4 6 . 7  x 10 - 4 2 . 9  x 10 - 4 1 . 3  x 10 - 5 

30 - 40 1 . 7  x 10 - 6 1 . 8  x 10 - 4 4 . 1  x 1 0 - 4 1 . 7  x 10 - 4 7 . 0  - 6 
x 1 0  

40 - 50 1 . 1  x 1 0 - 6 1 . 3  x 10 -4 2 . 9  x 10 - 4 1 . 2  x 10 - 4 4 . 6 x 10 - 6 

3 - 8 1  



3 . 2 . 4 . 2  Impact o f  Maximum Credible Acc ident 

An assessment more pert inent than the hypothetical risk dose is the as s e s sment 
of the consequences to downwind persons if an ac c idental release were ac tually to 
occur . Thi s  assessment i s  considered here for each o f  the types o f  maximum credible 
acc idents , for which the sourc e terms are presented in Tab le 3 . 2 . 3 - 1 ,  column 2 ,  and 
in Tab le 3 . 2 . 3 - 2 . The 7 0 -year dose commitment to re ference man downwind from each o f  
the maximum credible acc idents i s  pre s ented i n  Table 3 . 2 . 4- 2 .  

Each release was considered to occur under di spers ion condit ions represented by 
Pasqui l l  E s tab i l i ty category wi th a wind speed of 3 . 0  me ters per second . These 
dispersion condit ions are conservative , even for re leases caused by high winds or -
tornadoe s .  The values in Table 3 . 2 . 4- 2 pertain to the centerl ine o f  the plume and , 
there fore , are the maximum doses for a person encountering the plume . Addi tionally , 
no credit i s  taken for changes in the terrain downwind from the Plan t  or for deple
t ion o f  the plume by fallout . 

The dos e  values at a distance o f  1 . 2  miles repre sent the dose to the max imum 
individual , who was cons idered to be at the P lant boundary . The food he eats was 
also considered to be produced at the Plant boundary . For the critical i ty accidents , 
control of affected food and other agricul tural produc t s  was as sumed i f  the dose to 
the thyroid via the food pathway would exceed 1 . 5  rem for maximum intake for the 
infant , as proposed by the Food and Drug Admini s t ration ( USHEW , 197 8 ) . The food 
affe c ted by the maximum c redible solut ion criticality would be control led wi thin 
50 miles downwind and out to 30 miles for the maximum c redible metal criticality 
accident , based on the proposed FDA c ri terion ( when the a l t i tude o f  the terrain 
relative to the re lease point is not inc luded in the considerat ion of the plume 
dispersion ) . The S tate o f  Co lorado " Radiological Emergency Response P lan for Rocky 
Flats , "  desc ribed in Sec tion 2 . 1 1 . 4 ,  calls for food and agricul tural control when the 
do se to the thyroid ( for all pathways ) exceeds 25 rem . 

Of the pos tulated maximum credible accident s ,  the greatest  impac t  resul ts from 
the airc raft c rash , for whi ch the bone dose ranges from 690 rem for the maximum 
individual to 5 . 8  rem to a re ference man l iving 40 miles downwind . Also o f  intere s t  
are the critical ity acciden t s , from which releas es of the isotopes of iodine can 
result in s igni fican t  thyroid do ses . For the solution critical i ty the thyroid dose 
to the adult re ference man ranges from 1 0  rem at 1 . 2  miles to 0 . 034 rem at 40 miles , 
as suming that affec ted food supplies are control led . I f  the affec t ed food i s  not 
control led , the thyroid dos e  to the adult re ference man who produc es nearly all his 
own food , especially milk , would range from 4300 rem at 1 . 2  miles to 38 rem at 40 miles 
downwind . Almo s t  8 0% o f  this dose re su l t s  from intake o f  affec ted milk and 1 7% from 
above - ground vege tables . For the calculation o f  the dose from the food pathway , the 
release was as sumed to occur at a t ime which allows a maximum t rans fer to man for 
each type of food . 
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TABLE 3 . 2 . 4- 2 

THE 7 0 - YEAR ORGAN DOSE COMMITMENTS TO REFERENCE MAN DOWNWIND 
FROM POSTULATED MAXIMUM CREDIBLE ACCIDENTS 

( Do s e  at the Centerl ine of the P lume and at the same Al ti tude as the Plan t )  

Dis tanc e 
Downwind 7 0 - Year Organ Do se Commi tment ( rem ) 

Ac cident T.YEe (miles ) Total BO�� Liver Bone Lungs 
Spi l l  * 1 . 2  3 . 1  x 10 3 . 8  x 1 0

-3 9 . 4  x 1 0
-3 2 . 2  x 1 0

-3 

2 1 . 4  x 1 0
- 5 1 . 7  x 1 0

- 3 4 . 2  x 10
- 3 1 . 0  x 1 0

- 3 

3 7 . 6  x 1 0
- 6 9 . 3  x 1 0

- 4 2 . 3  x 1 0 - 3 5 . 6  x 1 0 - 6 

4 5 . 1  x 1 0
- 6 6 . 2  x 1 0

- 4 1 . 5  x 10
- 3 3 . 7  x 1 0

- 4 

5 3 . 7  x 1 0 - 6 4 . 5  x 1 0
- 4 1 . 1  x 1 0

- 3 2 . 7  x 1 0
- 4 

1 0  1 . 5  x 1 0
- 6 1 . 8  x 1 0 -4 4 . 4  x 1 0

- 4 1 . 1  x 1 0
- 4 

2 0 6 . 0  x 1 0 - 7 7 . 3  x 1 0 - 5 1 . 8  x 1 0
- 4 4 . 4  x 1 0

- 5 

3 0 3 . 6  x 1 0
- 7 4 . 4  x 1 0

- 5 1 . 1  x 1 0
- 4 2 . 7  x 1 0

- 5 

40 2 . 6  x 1 0
- 7 3 . 2  x 1 0

- 5 7 . 9  x 1 0
- 5 1 . 9  x 1 0 - 5 

Mechani cal Fai lure * 1 . 2  6 . 2  x 1 0
- 3 7 . 5  x 1 0 - 1 1 . 9  4 . 3  x 1 0

- 1 

2 2 . 8  x 1 0
- 3 3 . 4  x 1 0

- 1 8 . 4  x 1 0
- 1 2 . 0  x 1 0

- 1 

3 1 . 5  x 1 0
- 3 1 . 9  x 1 0

- 1 4 . 6  x 1 0
- 1 1 . 1  x 1 0 - 1 

4 L O x 1 0
- 3 1 . 2  x 1 0

- 1 3 . 1  x 1 0
- 1 7 . 4  x 1 0

- 2 

5 7 . 4  x 1 0
- 4 9 . 0 x 1 0

- 2 2 . 3  x 1 0
- 1 5 . 4  x 1 0

- 2 

10 2 . 9  x 1 0
- 4 3 . 6  x 1 0

- 2 8 . 9  x 1 0
- 2 2 . 1  x 1 0

- 2 

2 0 1 . 2  x 1 0
-4 1 . 5  x 1 0

- 2 3 . 6  x 1 0
- 2 8 . 7  x 1 0

- 3 

3 0 7 . 3  x 1 0
- 5 8 . 9  x 1 0

- 3 2 . 2  x 1 0
- 2 5 . 3  x 1 0

- 3 

40 5 . 2  x 1 0
- 5 6 . 3  x 1 0

- 3 1 . 6  x 1 0
- 2 3 . 8  x 1 0 -

3 
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TABLE 3 . 2 . 4- 2 ( Continued ) 

D i s t ance 
Downwind 7 0 - Year Organ Do se Commitmen t ( rem ) 

Acc ident T:YEe (miles ) Total BO�� Liver Bone Lungs 
Explos ion * 1 . 2  3 . 1  x 10 3 . 8  x 10 - 3 9 . 4  x 10

-3 2 . 2  x 10 -3 

2 1 . 4  x 10 - 5 ,  1 . 7  x 10 - 3 4 . 2  x 10
- 3 L O x 1 0 - 3 

3 7 . 6  x 10 - 6 9 . 3  x 10 -4 2 . 3  x 10
- 3 5 . 6  x 1 0 -4 

4 5 . 1  x 10 - 6 6 . 2  x 1 0 - 4 1 . 5  x 10
- 3 3 . 7 x 10 - 4 

5 3 . 7  x 1 0 - 6 4 . 5  x 10 - 4 1 . 1  x 10
- 3 2 . 7  x 1 0 - 4 

1 0  1 . 5  x 1 0 - 6 1 . 8  x 10 - 4 4 . 4  x 10 -4 1 . 1  x 10 - 4 

2 0  6 . 0  x 10 - 7 7 . 3  x 10 - 5 1 . 8  x 10 -4 4 . 4  x 10 - 5 

3 0  3 . 6  x 10
- 7 4 . 4  x 10 - 5 1 . 1  x 10

-4 2 . 7  x 10 - 5 

40 2 . 6  x 10 - 7 3 . 2  x 1 0 - 5 7 . 9  x 10
- 5 1 . 9  x 10 - 5 

**AL rc raft Impact * 1 . 2  2 . 2  270  690  1 6 0  
2 1 . 0  120 310  7 4  
3 5 . 6  x 10 - 1 68 1 7 0  4 1  
4 3 . 7  x 1 0 - 1 45 1 1 0  27 
5 2 . 7  x 10 - 1 33 82 20 

10 1 . 1  x 1 0
- 1 13 3 2  7 . 8  

20 4 . 4  x 10 - 2 5 . 3  13 3 . 2  
3 0  2 . 7  x 1 0 - 2 3 . 2  8 . 1  1 . 9  
40 1 . 9  x 10 - 2 2 . 3  5 . 8  1 . 4  

Tornado * 1 . 2  6 . 8  x 10 - 2 8 . 3  2 1  4 . 8  
2 3 . 0  x 1 0

- 2 3 . 7  9 . 2  2 . 2  
3 1 . 7  x 10

- 2 2 . 0  5 . 0  1 . 2  
4 1 . 1  x 10 - 2 1 . 4  3 . 4 8 . 1  x 1 0

- 1 

5 8 . 1  x 10
- 3 1 . 0  2 . 5  6 . 0  x 1 0 - 1 

10 3 . 2  x 1 0 - 3 3 . 9  x 10
- 1 9 . 6  x 10 - 1 2 . 3  x 1 0 - 1 

2 0  1 . 3  x 1 0 - 3 1 . 6  x 1 0
- 1 4 . 0  x 1 0

- 1 9 . 6  x 1 0 - 2 

3 0  8 . 0  x 10
- 4 9 . 8  x 1 0

- 2 2 . 4  x 10
- 1 5 . 8  x 10

- 2 

40 5 . 7  x 10
- 4 7 . 0  x 10

- 2 1 . 7  x 10 - 1 4 . 2  x 10 - 2 

High Wind * 1 . 2  2 . 0  x 1 0 - 1 24 61 14 
2 9 . 0  x 1 0 - 2 11 2 7  6 . 5  
3 5 . 0  x 10 - 2 6 . 1  15 3 . 6  
4 3 . 3  x 1 0

- 2 4 .. 0 1 0  2 . 4  
5 2 . 4  x 10

- 2 2 . 9  7 . 3  1 . 8  
1 0  9 . 4  x 10 - 3 1 . 2  2 . 9  6 . 9  x 1 0

- 1 

2 0  3 . 9  x 10 - 3 4 . 7  x 1 0 - 1 1 . 2  2 . 8  x 10
- 1 

3 0  2 . 4  x 1 0 - 3 2 . 9  x 10 - 1 7 . 1 x 10
- 1 1 . 7  x 10

- 1 

40 1 . 7  x 1 0 - 3 2 . 1  x 10 - 1 5 . 1  x 10 - 1 1 . 2  x 10 - 1  

*Maximum individual . 
**See Table 3 . 2 . 4- 4 for the effect of a l t i tude toward the mos t  popula ted sec tor . 
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TABLE 3 . 2 . 4- 2 ( Cont inued ) 

D i s tance 
Acc ident Downwind 7 0 -Year Organ Dos e  Commi tment ( rem ) 

TYQe ( m i le s ) Total Body L iver Bone Lungs Thyroid 
Solut ion * 1 . 2  4 . 4  4 . 4  4 . 4  5 . 1  1 0  
Cri t i c a l i ty 2 1 . 8  1 . 8  1 . 8  2 . 1  4 . 4  

3 0 . 85 0 . 85 0 . 85 1 . 0  2 . 3  
4 0 . 50 0 . 50 0 . 50 0 . 60 1 . 4  
5 0 . 3 3 0 . 3 3  0 . 3 3 0 . 40 0 . 97 

1 0  7 . 9  x 10
- 2 7 . 9  x 1 0 - 2 7 . 9  x 1 0

- 2 0 . 10 0 . 31 
20 1 . 9  x 10

- 2 1 . 9  x 10
- 2 1 . 9  x 10

- 2 2 . 7  x 10
- 2 9 . 8  x 1 0

- 2 

3 0  9 . 6  x 10
- 3 9 . 5  x 1 0 - 3 9 . 6  x 1 0

- 3 1 . 4  x 1 0
- 2 5 . 2  x 1 0 - 2 

40 6 . 3 x 1 0 - 3 6 . 3  x 1 0 - 3 6 . 3  x 1 0
- 3 8 . 8  x 1 0 - 3 3 . 4  x 1 0

- 2 

Metal * 1 . 2  1 . 9  x 1 0 - 2 2 . 0  x 1 0
- 2 2 . 2  x 1 0

- 2 2 . 3  x 1 0
- 2 4 . 5  x 1 0

- 2 
Cri t i c a l i  ty 2 7 . 6  x 1 0- 3 8 . 2  x 1 0

- 3 9 . 1  x 10 - 3 9 . 3  x 1 0 - 3 2 . 0  x 10
- 2 

3 3 . 7  x 1 0 - 3 4 . 0  x 10
- 3 4 . 5  x 1 0

- 3 4 . 6  x 10 - 3 L O x 1 0
- 2 

4 2 . 2  x 10
- 3 2 . 4  x 1 0 - 3 2 . 7  x 10 - 3 2 . 8  x 10 - 3 6 . 3  x 10

- 3 
5 1 . 4  x 1 0 - 3 1 . 6 x 10

- 3 1 . 8 x 1 0
- 3 1 . 8  x 1 0

- 3 4 . 4  x 1 0
- 3 

1 0  3 . 5  x 10 - 4 4 . 1  x 1 0
- 4 5 . 1  x 10 - 4 5 . 0  x 1 0

- 4 1 . 4  x 1 0
- 3 

2 0  8 . 6  x 1 0 - 5 1 . 1 x 10
- 4 1 . 5  x 1 0 - 4 1 . 4  x 1 0

- 4 4 . 4  x 1 0 -
4 

*** 3 0  6 . 4  x 10 - 5 8 . 6  x 1 0 - 5 1 . 1  x 1 0- 4 9 . 2  x 10 - 5 1 . 2  x 1 0 - 2 
*** 40 4 . 3  x 1 0

- 5 5 . 9  x 10
- 5 7 . 7  x 1 0

- 5 6 . 2  x 1 0
- 5 8 . 3  x 1 0

- 3 

*Maximum individual . 
***No food control at these d i s tance� . 
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Dos e s  to o ther individual s  in the populat ion can be derived from the values for 
re ference man by consideration of the value s in Tab le 3 . 2 . 4- 3 , which presen t s  the 
ratios of the 7 0 -year dose commi tment s  from acute releases to individual s exposed as 
newborn males and femal e s , as 1 0 - year old mal e s  and females , and as adu l t  females , to 
that for re ference man . For acc iden t s  other than cri tical i ti e s  and impoundment 
failure s , greater than 99% o f  the dose to a l l  the organs resul t s  from the inhalation 
pathway . The values for inhal ation , therefore , are the contro l l ing value s . The high 
values for the newborn mal e and femal e  for the inge s t ion pathway result from an 
increased absorp t ion from the gas t rointes tinal t rac t by a fac tor o f  100  during the 
f i rs t year for plutonium and americium ,  fol lowing the cons iderations of the EPA 
( USEPA , 1 9 7 7 ) .  S ince the inges tion pathway contributes l e s s  than 1% o f  the dose for 
expo sures to plutonium and ame r i c ium ,  increas ing this contribution by a fac tor of 30 
for the newborn female increas e s  the total organ do se by l e s s  than a fac tor 1 . 3 0 . 
S imi larly , for the newborn mal e  the total organ dos e  i s  l e s s  than a fac tor o f  1 . 2 5 
greater than that for reference man for exposures to plutonium and ameri cium .  
Therefore , i t  can be inferred that the dose values for re ference man represent a 
reasonable a s s es sment o f  the dose received by any o ther category o f  individual from 
acute releases of plutonium and ameri c ium .  The high values for the thyroid o f  the 
newborn mal e  and femal e  for both inhalation and inge s tion re sul t from an increased 
met abol i sm of iodine during the first  year by a fac tor of 2 . 3 .  Thi s  factor re flects  
a 7 0% up take by the thyroid o f  the in fan t ( USHEW , 1978)  compared to a 3 0% up take by 
the thyro id o f  re ference man ( I CRP , 1 9 5 9 ) . The contribution to the total dos e to the 
thyroid from the po s tulated cri tical i ty acc i dent s  i s  in the range of 60% to , 0% from 
inhal at ion , 2 5% to 3 2% from plume sh ine i rrad i at ion , 5% to 7% from ground p l ane 
irradiat ion , and l e s s  than 1% from water inges tion , i f  the a ffec ted food is contro l l ed 
and not avai l able for consump t ion . The total ratio o f  the thyroid dose to infan t s  
compared t o  re ference man i s  about 1 . 34 for the newborn male and 1 . 2 6 f o r  the newborn 
female .  I f  the a f fec ted food were not control led , the inges tion pathway would contri 
bute more than 99% o f  the thy roid dos e ,  and the thyro id dose to infan t s  would be 5 . 7 6 
t imes the thyroid do s e  o f  re ference man for the newborn male and 5 . 24 for the newborn 
female .  

To de termine the pos s ib l e  impac t to populat ions from the maximum credib l e  re
leas e , the wind was cons idered to blow toward the sec tor wi th the maximum popul at ion . 
Thi s  i s  the southeas t s e c to r ,  the one towards Denver . To ob tain more reasonable 
d i spers ion value s , the al t i tude o f  the P l ant relative to that for thi s sector was 
cons idered , as wel l  as Pasqu i l l  s tab i l i ty category D in addition to category E ( see 
S ec t ion 2 . 3 . 6 . 3 ) . The centerl ine plume dose was used to e s t imate the dose to a l l  
persons in the secto r , an approach which resu l t s  in a n  overes t imate o f  a population 
dos e  by about a fac tor of 3 ,  s ince the plume width ( at f l o ) at 2 miles  is 400 meters 
or 0 . 3 9 of the sec tor width at that d i s t ance and i s  5500  meters at 40 miles  or 0 . 2 7  
o f  the sector wid th for Pasqu i l l  D condi tions . 
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Pathway 

Inhalat ion 

Inge s tion 

Ground P l ane 
Irradiation 
Plume Shine 

TABLE 3 . 2 . 4 - 3 
COMPAR ISON OF THE 7 0 -YEAR DOSE COMMITMENTS 
FOR IND IVIDUALS OTHER THAN REFERENCE MAN TO THAT FOR REFERENCE MAN FROM ACUTE RELEASES 

( Values are for Pu- 239 unl e s s  noted o therwi se ) 
Ratio to Reference Man o f  7 0 - Year Dose Commi tment 

S tart To tal 
EXEosure as � Liver Bone Lungs Thyroid* 

Adul t Female 1 . 1 0 1 . 18 1 . 3 6 1 . 14 1 . 07 
10 -Year- Old Female 0 . 83 0 . 97 1 . 08 1 . 12 1 . 28 
Newborn Female 0 . 0 8 0 . 0 7 0 . 08 0 . 35 1 . 43 
1 0 -Year -Old Mal e  0 . 7 2 0 . 7 3 0 . 7 3 1 .  32 1 . 28 
Newborn Mal e  0 . 0 7 0 . 0 6 0 . 0 7 0 . 35 1 . 56 

** 
Adul t  Female 0 . 84 0 . 89 1 . 03 1 .  02 0 . 84 0 . 82 
1 0 -Year-Old Female 0 . 90 0 . 97 1 . 18 1 . 17 0 . 90 1 . 44 
Newborn Female 3 0 . 2  28 . 4  3 0 . 0  3 0 . 6  3 0 . 2  5 . 24 
10 -Year-Old Mal e  0 . 7 9 0 . 83 0 . 82 0 . 82 0 . 7 9 1 . 48 
Newborn Male 22 . 4  2 3 . 0  2 3 . 9  24 . 4  22 . 4  5 . 7 6 

All categories 1 . 00 1 . 00 1 . 00 1 . 00 1 . 00 

All c a tegories 1 . 00 1 . 00 1 . 00 1 . 00 1 . 0 0 

*Values c alculated for 1 - 1 3 1 . 
**Values for Am- 241 . 

Table 3 . 2 . 4- 4 presen t s  the compari son o f  the 7 0 - year bone dose commi tment to 
re ference man and to the 1 9 7 7  population in the southea s t  sec tor for · both Pasqu i l l  D 
and E categories , w i th a wind speed o f  3 . 0  me ters per second for both categories . I f  
one we re t o  use a wind speed o f  6 . 6  me ters per second for Pasqui l l  D cond i t i on s , as 
indicated by data from Tab l e  5 of Appendix B - 1 ,  the values for Pasqu i l l  D condi t ions 
would be lowered by the rat io of the wind speeds 6 . 6/3 . 0 ,  i . e . , by a fac tor of 2 . 2 .  

D i s t ance 
from P lant 

(miles ) 
2 
3 
4 
5 

1 0  
2 0  
3 0  
4 0  

TABLE 3 . 2 . 4 - 4 
THE 7 0 -YEAR BONE DOSE COMMITMENT TO REFERENCE MAN 

AND TO THE 1 9 7 7  POPULAT ION IN THE SOUTHEAST SECTOR 
FOR DOWNWIND EXPOSURE TO THE POSTULATED MAXIMUM 

CREDIBLE RELEASE 
7 0 -Year Bone Dose Comm i tment 

Approximate To SE S ec tor 1 9 7 7  
Alt i tude Be low To Re ference Man ( rem ) Populati on ( man- rem ) 
P lant ( meters ) Pasgu i l l  D Pasgu i l l  E Pasgui l l  D Pasgu i l l  E 

1 0 0  5 1  24 7 . 1  x 1 02 3 . 3  x 1 02 

1 0 0  42 3 3  2 . 0  x 1 0 3 1 . 6 x 103 

1 0 0  33 34 9 . 2  x 1 03 9 . 6  x 1 03 

150 1 7  9 . 5  8 . 9  x 1 0 5 4 . 9  x 1 0 5 

2 0 0  7 . 2  4 . 2  2 . 0  x 1 0 6 1 . 2  x 10 6 

2 0 0  3 . 7  4 . 1  7 . 1  x 1 0 5 8 . 0  x 1 05 

2 0 0  2 . 4  3 . 4  4 . 8  x 1 03 6 . 8  x 1 03 

2 0 0  1 . 7  2 . 8  3 . 4  x 1 0 3 5 . 6  x 1 03 

3 . 6  x 1 06 2 . 5  x 1 06 
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S ince the calculated population bone dose i s  greater for Pasqu i l l  category D 
than for category E ,  the risk e s t imates for the population are based on Pasqui l l  
category D .  The population organ doses and 'risk e s t imates for these cond i t ions are 
given in Tab l e  3 . 2 . 4- 5 .  The total pos s ib l e  number of morta l i t i es over 70 years as a 
consequence o f  this maximum c redib le release i s  66 ( or les s )  for a population o f  over 
5 2 5 , 00 0 . 

TABLE 3 . 2 . 4- 5  
THE 7 0 - YEAR DOSE COMMITMENT TO THE 1 9 7 7  POPULATION I N  THE SOUTHEAST 

SECTOR FOR DOWNWIND EXPOSURE TO THE MAXIMUM CREDIBLE RELEASE 
AND THE ESTIMATED EFFECTS 

( Pasqui l l  D cond i t ions , 3 . 0  mls wind speed , w i th approximate terrain towards SE ) 

Distance Approximate 7 0 -Year Organ Dose Commi tment (man - rem ) 
from P lant Al t i tude Below 1 9 7 7  

(miles ) P lant (meters ) POEulation To tal Body Liver Bone Lungs 
102 102 x 1 02 2 100  14 2 . 3  2 . 8  x 7 . 1  x 1 . 7  

3 100  48 6 . 6  8 . 0  x 1 0 2 2 . 0  x 10 3 4 . 8  x 1 0 2 

4 100  283 3 . 0  x 1 0 1 3 . 7  x 10 3 9 . 2  x 10 3 2 . 2  x 10 3 

5 150  5 2 , 143 2 . 9  x 1 03 3 . 6  x 1 0 5 8 . 9  x 10 5 2 . 1  x 1 0 5 
10 200 2 7 5 , 895 6 . 5  x 10 3 8 . 0  x 1 0 5 2 . 0  x 10 6 4 . 8  x 1 05 

20 200 192 , 8 86 2 . 3  x 1 0 3 2 . 9  x 10 5 7 . 1  x 10 5 1 . 7  x 10 5 
30 2 0 0  2 , 044 1 . 6  x 1 01 1 . 9  x 1 03 4 . 8  x 103 1 . 2  x 1 03 

40 200 2 , 0 11 1 . 1  x 10 1 1 . 3  x 1 0 3 3 . 4  x 103 8 . 0  x 1 02 

5 2 5 , 324 1 . 2  x 1 04 1 . 5  x 1 06 3 . 6  x 1 06 8 . 7  x 1 05 

Canc er Risk ( Mortal i ties ) 2 x 10
- 4 2 x 1 0

- 6 6 x 10 - 6 4 x 1 0 - 5 
per man- rem 
Genet i c  De fec t s  per man- rem 3 x 1 0 - 4  

Maximum Denver Area Impac t Over 7 0  Years from the Maximum Credible Release 

To tal Body Liver Bone Lungs 
Canc er Mortal i t i e s  2 . 4  2 . 9  22 35 
Gene tic Defects  3 . 6  

I t  i s  o f  intere s t  to speculate about the impact o f  the maximum c redib l e  release 
on a hypothe t ical populat ion for higher den s i ty res idential condi tions at and beyond 
two miles downwind and southeast from the P l ant . Table 3 . 2 . 4 - 6  presents the analy s i s  
o f  t h e  populat ion bone do se t o  t h e  year 2000 populat ion as proj ec ted , and t o  the year 
2 0 0 0  populat ion plus the hypo the tical higher population den s i ty in the southea s t  
sec tor at d i s t ances 2 - 3 miles , 2 - 4 mi les , and 2 - 5 miles . The hypothetical h i gher 
dens i ty is set at 7 2 9 6  persons per square mile , as for the s imilar calculation for 
routine releases ( see Tab l e  3 . 1 . 2 - 9 ) .  The impac t is to increase the populat ion dose 
in that sec tor by up to 1 6 . 8% .  Of course , the dose per person , as presented in Table 
3 . 2 . 4- 2 ,  i s  no t affected by population den s i t i e s  or d i s tribut ion and i s  the value of 
primary intere s t  when a s s e s s ing the impac t to persons l iving downwind from an acc i 
dental release . 
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TABLE 3 . 2 . 4 - 6 
IMPACT OF THE MAXIMUM CREDIBLE RELEASE ON THE PROJECTED POPULATION 

IN THE YEAR 2 0 0 0  WITH A HYPOTHETICAL HIGH POPULATION ADJACENT TO THE PLANT 
FOR THE SECTOR OF MAXIMUM POPULATION ( SOUTHEAS T )  

7 0 -Year Populat ion Bone Dose** 
Proj ec ted Hypothetical for " Year 2000 Populat ion P lus 

Distance Year 2 0 0 0  Populat ion 
from P lant Population F rom 2 to Hypo thetical  Populat ion at 

(mile s )  S E  Sector 5 Mi l es* ( as i s )  2 - 3 mi les 2 - 4 miles 2 - 5 miles 
2 7 5  7 , 1 6 2  3 . 7 9  x 1 03 3 . 62 x 1 05 3 . 62 x 1 05 3 . 62 x 105 

3 138 1 0 , 0 25 5 . 7 3 x 103 Unchanged 4 . 17 x 1 05 4 . 1 7 x 1 05 

4 393 12 , 892 1 . 28 x 1 04 If Unchanged 4 . 1 9 x 10 5 

5 7 0 , 20 6  Unchanged 1 . 19 x 10 6 If If Unchanged 
1 0  444 , 5 60 I f  3 . 21 x 1 0 6 If If If 

2 0  67 6 , 1 69 If 2 . 50 x 10 6 If If If 

30 1 6 , 254 If 3 . 82 x 104 If If If 

40 5 , 449 I f  9 . 09 x 103 If If If  

To tal 1 , 21 3 , 244 1 , 242 , 7 1 7  6 . 97 x 106 7 . 3 3 x 1 06 7 . 74 x 1 06 8 . 1 5 x 1 06 

Percent Increase 5 . 1% 1 1 . 1  'Yo l 6 . 9'Yo 

*For a populat ion dens i ty o f  7 2 9 6  persons/m i l e2 . 
**Calculated for Pasqui l l  D condi t ions , 3 . 0  m/s wind speed with approximate 

relative a l t i tude towards Denver .  

To addres s  the ques t ion about the impac t on the health o f  an individual from the 
postulated acc idental releases , the assessment c an be approached in two ways , as was 
done for rout ine re lease s .  One way is to e s t imate the risk of canc er mortal i ty over 
70 years . The risk of c ancer morta l i ty can then be compared to risk of morta l i ty 
from common acc idents . The second way i s  to compare the dose that could be received 
from accidental release s with the dose each person receives from natural , unavoidab l e  
( background ) radiation . No te that even though the up take from acc idental releases 
may oc cur in a relatively short period of t ime , the dose to organs such as the total 
body , l iver , and bone is rece ived a lmo s t  uniformly over the 7 0  years because of the 
long re s idence t ime for p lutonium and americ ium in the se organs . Comparison to the 
chronic 7 0 -year background dose i s , there fore , appropriate for the se organs . For the 
lungs and thyroid ( for iodine up take from critical i t ies ) the dose is del ivered 
short ly after up take . For these organs , compari son with the two- and one -year back
ground dose for lungs and thyroid , respec tively , is  appropriate . 

The risk o f  cancer mortal ities ( p lus genetic uefec t s ) per man- rem o f  do se ( o r  
p e r  rem o f  do se to one person ) i s  given i n  Tab l e  3 . 1 . 2 -1 0 . When these values are 
mul t ip l ied by the 7 0 -year dos e  commi tments for corresponding organs , the re sult i s  
the risk o f  cancer mortal i ty ( p lus genet i c  de fec t s )  for the individual or populat ion 
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over 7 0  years . When thi s  multipl ication i s  done for values for the maximum indivi

dual for the pos tulated maximum c redib l e  acc ident ( Tabl e  3 . 2 . 4- 2 ) , the maximum values 

of r i s k  to an individual of cance r  mortali ty ( p lus genetic defec t s ) over 70 years are 

obtai ned . The s e  values are pres ented in Table 3 . 2 . 4- 7 .  One c an generate r i s k  values 

for the individual at any o ther dis tanc e and d i rec tion of intere s t  by the same p roce 

dure . 

TABLE 3 . 2 . 4- 7 

RISK OF CANCER MORTALITY OVER 7 0  YEARS TO 
THE MAXIMUM REFERENCE MAN FROM POSTULATED 

MAXIMUM CREDIBLE ACCIDENTAL RELEASES 

Risk of Cancer Morta l i ty Over 70 Years 
Fol lowing an Ac tual Occurrence 

Ac c ident TXEe Total BodS Liver 
Ac tual 

Bone Lungs To tal* Risk** 

10 - 9 10 -8 
Spill 1 . 6 x 10 - 7 . 6  x 5 . 6  x 

10 - 6 1 0 - 6 1 0 - 5 
B . B  x 1 0 -8 

1 . 7  x 10 - 7 6 . 0  x 1 0 -7 

Mechanical Fai lure 3 . 1  x 1 . 5  x 1 . 1  x 1 . 7  x 1 0 - 5 3 . 3  x 10 - 5 1 . 2  x 10 - 5 

Impoundpient 7 . 0  x 1 0 - 7 3 . 2  x 10 - 7 2 . 4 x Fai lure 10 - 6 5 . 6  x 1 0 - B 3 . 5  x 10 - 6 2 . 5  x 10 - 6 

F i re 1 . 1  x 10 - 10 5 . 2  x 1 0 - 11 4 . 0  x 10 - 10 6 . 0  x 1 0 - 10 1 . 2  x 1 0 - 9 B . 4  x 
Exp los ion 1 . 6 x 1 0 - B 7 . 6  x 10 - 9 5 . 6  x 10 - B B . B  x 1 0 - B 1 . 7  x 10 - 7 6 . 0  x. 

Aircraft Impact 1 . 1  x 10 - 3 5 . 4  x 10 - 4 4 . 1  x 1 0 - 3 6 . 4  x 10 - 3 1 . 2  x 1 0- 2 1 . 1  x 

Tornado 3 . 4 x 1 0- 5 1 . 7  x 10 - 5 1 . 3  x 1 0 - 4 1 . 9  x 1 0 - 4 3 . 7  x 1 0-4 1 . B x 

High Wind L O x 10 - 4 4 . B  x 10 - 5 3 . 7  x 1 0 - 4 5 . 6  x 1 0 -4 1 . 1  x 10 - 3 L O x 

Solution 2 . 2  x 10 - 3 B . B  x 10 - 6 2 . 6  x 1 0 - 5 2 . 0  x 1 0 - 4 2 . 4 x 10 - 3 1 . 7  x Cri ticali ty 

Metal Cri ticality 9 . 5  x 10 - 6 4 . 0  x 1 0 - B 1 . 3  x 1 0 - 7 9 :2 x 10 - 7 1 . 1  x 10 - 5 6 . 2  x 

*Does not include the risk o f  thyroid c anc e r , which i s  general ly no t fatal . 

**The ac tual risk i s  the total risk fol lowing an actual occurrence mUl tipl i ed by the 
p robab i l i ty o f  occurrenc e over 7 0  years . 

t Inc1udes genetic de fects . 

These risk values can be compared to the risk o f  death from common accidents , 

presented in Tabl e  3 . 2 . 4- B .  For a l l  types o f  possible maximum c redib l e  releas e s , the 

total resulting mortal i ty r i s k  to the maximum individual is l e s s  than the risk of the 

average persOn being kil led by a common accident over 70 years . The risk to indivi 

duals farther removed from the P lant i s  corre spondingly l e s s  than the risk to the 

maximum individual and than the risk from common accidents . 

3 - 9 0  

1 0 - 12 

10- 7 

1 0 - 7 

1 0 - 9 

10 - 7 

1 0 - B 

10 - 7 



TABLE 3 . 2 . 4- 8 
RISK OF DEATH FROM COMMON ACCIDENTS 

R i s k  per 7 0 - Year 
Person in R i s k  

TY2e o f  Accident Death Rate* One Year Per Person 
All Ac c iden t s  48 . 4  4 . 84 x 1 0

-4 3 . 3 9 x 1 0
-2 

Mo tor-Veh i c l e  Acc iden t s  2 1 . 5  2 . 1 5 x 1 0
- 4 1 . 51 x 10

- 2 

Fal l s  7 . 0 7 . 0  x 1 0
- 5 4 . 9  x 1 0

- 3 

Drowning 3 . 8  3 . 8  x 1 0
- 5 2 . 7  x 10

- 3 

Fires , Burns 2 . 9  2 . 9  x 1 0
- 5 2 . 0  x 1 0 - 3 

Po i soning by Solids 2 . 2  2 . 2  x 1 0 - 5 1 . 5  10 - 3 
and Liquids x 

�Deaths per 100 , 000 population based on o fficial 1 9 7 5  nat ional stati s t i c s  
( National Safe ty Counc i l , 1 9 7 7 ) .  

The ac tual risk i s  also presented in Tab le 3 . 2 . 4- 7 for each o f  the maximum 
credib l e  acc iden t s . The actual risk i s  the total risk over 7 0  years to the maximum 
re ferenc e man from an ac tual occurrence of the acc ident mul t ipl ied by the probab i l i ty 
that the accident would occur within the 7 0 - year period . These values indicate that 
even a person residing at the P l ant boundary ( 1 . 2  miles from the eenter of the Plant ) 
and cons tantly downwind over 7 0  years has less  than one chance in 60 , 00 0  o f  con
tract ing a fatal cancer initiated by a pos tulated maximum credibl e  acc ident , compared 
to one chance in 30 of be ing kil led by a common acc ident over the same 70 years . 

Comparison of the 7 0 - year do se commitment s  from acc idental releases wi th the 7 0 -
year dose from natural background radiation sources i s  a more direct compari son , 
since such a compari son avo ids the mul tiple as sumptions and extrapolations inherent 
in deriving a cancer risk from a radiation do se ( see Appendix G- 1 ) . The comparison i s  
between the 7 0 -year dos e  commitment s  presented in Tab l e  3 . 2 . 4- 2 ,  for reference man at 
various dis tances downwind from the Plant , and the 7 0 - year background do ses to the 
organs , presented in Tab le 3 . 1 . 2 - 6 .  For all po s tulated maximum credible acc ident s 
except the aircraft crash , to rnado , and high wind ( 158 to 2 0 6  mph ) , the 7 0 - year 
background dose is greater than the 7 0 -year do se commi tment received by re ference man 
at any off - s i t e  location downwind for the total body , l iver , and bone dose s . The 
aircraft crash , which resul t s  in the maximum pos tulated release , resu l t s  fn a bone 
dose to the maximum indiv idual at 1 . 2  mi les which exc eeds the 7 0 -year background bone 
do se by a factor of 5 8 .  The bone dose to reference man exceeds the background bone 
do se by a factor of 26 at 2 mile s , a fac tor which s tead i ly decreas es to 1 . 1  at a 
downwind dis tance of 2 0  m i le s . The organ dos e s  resu l t ing from the tornado and high 
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wind pos tulated re leases exceed the corre sponding background organ dos e s  only s l ightly 
(wi thin a fac tor of 3 )  for individual s other than the maximum individual and only at 
close - in locations . 

When one contemplates these risks , one should also keep in mind the probab i l i 
t i e s  associ ated wi th the pos tulated acc idents , a s  given i n  Table 3 . 2 . 3 - 1 . Converting 
the occurrences per year to years per occurrence ,  one obtains the values o f  expec ting 
one oc currenc e of the maximum c redible release from an aircraft impac t at the c rucial 
spot in 7 . 7  mill ion years , one release from a tornado in 1 0  mi l l ion years , one maxi 
mum c redible solution critical i ty every 1 0  mi l l ion years , and so on . The l ikel ihood 
o f  a s igni ficant release is , there fore , qui te smal l .  

All o f  the doses from hypothetical acc idents ( except fo r critical i ty ) we re 
calculated as suming no action was taken to avoid exposure to the released radionuc l ides . 
In fac t ,  i f  a serious acc ident were to occur , there are a number o f  mit igat ing ac tions 
which could be taken to reduce the cons equenc es . Some o f  the pos s i b l e  ac tions to 
reduce expo sure to released radioac tive material s are ( 1 )  warning people to s tay 
indoors for a period o f  time to avoid exposure to the radioac tive c loud ; ( 2 )  control 
l ing contaminated food supp l i es ( exc ept , as discus sed , for criticality acc idents ) ;  
( 3 )  providing al ternate drinking water suppl i e s ; ( 4 )  decon taminating ground and 
p roperty ; and ( 5 )  in the case o f  a c ri ticality acc iden t , adminis tering iodine compounds 
to inhibi t up take o f  radioac tive iodine . A thorough discuss ion o f  the cost and 
e ffec t ivenes s  o f  a variety o f  mi t i gating ac tions i s  given in Chap ter 1 1  o f  Appendix 
VI o f  the Reac tor Sa fety S tudy ( USNRC , 1 9 75 ) . 

3 . 2 . 4 . 3  Future Impac t o f  Pas t Releases 

P ersons l iving on soil contaminated from pas t re leases wi l l  receive a dose from 
the radionuc l ides in the soi l . Possible pathways are breathing resuspended radio
nuc l ides , inge s t ing food grown on the soil , inges t ing some of the soil  itsel f ,  and 
b eing irradi ated by ground shine . Thi s  section pre s ents the assessment o f  the dose 
to individual s l iving for 7 0  years on soil  contaminated to levels indicated in Figure 
2 . 3 . 9 - 1 ,  which shows the contours of the o ff- s i te plutonium contamination as measured 
by Krey ( Krey and Hardy , 1 9 7 0 ) .  The data of Krey and Hardy overe s t imate o ff- s i te 
concentrations o f  plutonium in soi l . The b e s t  data presently avai lab l e  ( S ec tion 
2 . 3 . 9 . 2 )  indi�ate that about 1 0 0 0  acres of l and exceed the 0 . 01 � C i/m2 level . These 
l ands at p re s e�t are uninhabi ted . I f  they were to be developed , the dis turbanc es 
c aused by deve lopment would resul t  in reduc tion o f  the concentrat ion o f  plutonium in 
the soi l . 

The 7 0 -year dose to a person l iving cons tantly on a contour representing o ff 
s i te soil contamination i s  pre sented in Tab le 3 . 2 . 4- 9 . These values are s imilar to 
those for re ference man l iving in the east- southeas t s e c tor for routine chronic 
releases ( Tabl e  3 . 1 . 2 - 2 )  and are at leas t a fac tor of 5 0  lower than the 7 0 -year dose 
from background radiat ion , even for the 0 . 01 � Ci/m2 contour . 
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TABLE 3 . 2 . 4- 9 
THE 7 0 -YEAR DOSE TO REFERENCE MAN LIVING CONSTANTLY 

ON OFF - S ITE SOI L  CONTAMINATED FROM PAST RELEASES 

7 0 -Year Organ Dos� ( rem ) to Re ference Man 
Contour 
( l:!Cijm2 ) To tal Body Liver 

0 . 0 1 0 . 0 0 1 2  0 . 1 1 
Bone Lungs 
0 . 2 6 0 . 053  

0 . 0 0 5  0 . 0 0 0 62 0 . 054 0 . 13 0 . 0 27 
0 . 003  0 . 0 00 3 7  0 . 0 32 0 . 07 8  0 . 0 1 6  

I t  i s  intere s ting to no te the frac t ion o f  the dos e  contributed by each pathway . 
These values are presented in Tab l e  3 . 2 . 4- 1 0 . The inge s tion o f  soil  at an as sumed 
rate of one gram per day contributes a s igni fi cant frac t ion of the total dose ( excep t 
for lungs ) ,  a contribution which i s  probably near zero for mos t  persons . Al so , the 
p lutonium was considered to be soluble for the calculation of the dos e  to the total 
body , l iver , and bone via inhalation , while p lutonium which has been subj ec ted to 
air- oxidat ion an,d weathering for several years i s  l ikely to be inso luble . Calculation 
of the dos e  to the .total body , l iver , and bone as suming insolub i l i ty would lower the 
c alculated dose to those organs via inhalation by a factor o f  2 .  For detai ls o f  the 
dose calculation methodo logy , see Appendix F .  

TABLE 3 . 2 . 4- 10 
FRACTION OF THE DOSE 

Pathway Total Body 
Inhalat ion 0 . 3 2 
Soil I nge s tion 0 . 3 6 
Ground Shine 0 . 3 2 
Food Inge s tion < 0 . 00 1  

3 . 3  ENVIRONMENTAL IMPACT OF TRANSPORTATION 

FROM EACH PATHWAY 

Liver Bone 
0 . 5 1 0 . 47 
0 . 49 0 . 53 
0 . 004 0 . 0 0 2  

< 0 . 00 1  < 0 . 00 1  

Lungs 
0 . 98 
0 . 0 0 8  
0 . 0 0 7  

< 0 . 00 1  

Thi s  sec t ion discusses the environmental impact associated wi th the t ransport o f  
materi a l s  t o  and from the Rocky Flats P lant . E ffec t s  o f  transportation from b o th 
routine opera tion and accidents were comp l e te ly reevaluated , as a re sul t  o f  comment s  
on the DE I S , us ing methods from the NRC ! s environmental s tatement on trans

'
portation 

of radioac t ive materia l s . An analy s i s  of a t ransportation acc ident in a densely 
popul ated urban area was added . The analyses were b ased on t ranspor tation requirement s  
as summarized i n  Sec t ion 2 . 6 . 10 . 1 , Tab l e  2 . 6 . 10 - 2 .  These transportation requirement s  
are representative o f  requirement s  i n  future years and , whi l e  the exa c t  number o f  any 
p articular type of shipment may vary in future years , no marked change in the overa l l  
transportation requirement s  is expec ted . 
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3 . 3 . 1  Nontoxic E ffec ts o f  Transportation 

3 . 3 . 1 . 1  Traffic Aspects  

There are about 5 0 0  shipments by truck o f  radioac t ive ma terials and about 850  
shipments by truck o f  chemi cals and nonradioac tive material s  to  and from the Rocky 
Flats  P l ant each year . Thi s  total of about 1 , 3 5 0  shipments by t ruck per year wi l l  be 
spread over a cons iderable portion of the Uni ted S tates ( some 30 di fferent locations 
in the Uni ted S tates ship to or receive from Roc ky Flats ) ;  consequently , the expec ted 
number of trucks per day on any particular road in the U . S .  ( except those roads near 
Rocky Flats ) is l e s s  than one . According to the Federal Highway Admin i s t ration , the 
average number of trucks per day on the highway in any spec i fic section of the U . S .  
generally varies from about 1 0 0  to 10 , 00 0  (AEC , 197 2 ) . The general truck tra f fi c , 
there fore , i s  no t s i gni ficant ly affec ted by Rocky Flats  shipments . Even on roads 
near the P lant there wi l l  be only a few shipments per day , and the impac t of trans 
port requirements w i l l  no t be s igni fican t . Furthermore , the gro s s  shipment weights 
o f  the materials transported to and from Rocky Flats are such that trucks can s tay 
wi thin we ight res tric tions of the s tates ; there is no need for overweight permits  and 
no ant i c ipated exc e s s ive loads on bridges or roads . 

The number o f  rail shipmen t s , about 100  per year both inbound and outbound , i s  
ins ignifican t  i n  compari son to total rai l  traffic throughout the nation . Spec ial 
rai l  c ars ( ATMX ) are used for was te shipments . 

The annual number o f  air shipments o f  radioac tive material ( s ince Apri l ,  1 9 7 7 , 
no p lu tonium has been shipped by air)  is less than 200', and the number o f  bery l l ium 
shipments i s  about 2 0 0 . The overall number o f  shipments is minute in compari son to 
the total number o f  air shipments in the U . S .  per year and i s  s igni fican t  only for 
the Je fferson County ( Je ffco ) Airport near the P l ant . Even at Jeffco Airport , the 
number of flights involving Rocky Flats  shipments is only a sma l l  frac tion of the 
total yearly fl ights . 

3 . 3 . 1 . 2  Fuel Consumption 

The principal use o f  natural resources represented by transportation i s  the 
consumption

'
o f  fue l . The total trave l  miles represented by the Rocky Flats trans 

portation r�quirements are about 637 , 0 00 truck miles ; 3 5 8 , 0 00 air miles ; and 1 5 0 , 000  
rail  miles . The AEC ( AEC , 197 2 )  gave the average diesel fuel consump tion o f  large 
interc i ty trucks as 2 . 1  miles/gal lon . The truck miles represent a fue l  usage o f  
about 303 , 0 0 0  gal lons o f  diesel fue l . Thi s  consump tion i s  sma l l  in comparison to the 
2 . 9  b i l l ion gal lons of diesel fue l  consumed by trucks in 1972 . The air and rail 
transport miles also represen t  fue l usage , but over mos t  of these miles the airplane 
or train would al so carry o ther cargo ; consequen tly , the total fue l  consump tion 
should no t be assigned to the Rocky F l ats shipment .  Even i f  the entire train and 
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p lane fuel consump tion were ass igned to Rocky Flat s , the additional fuel consump tion 
would be only about 204 , 00 0  gal lons . Thi s  amount is also a small fraction of the 
total U . S .  fue l  usage . 

3 . 3 . 2  Toxic E f fec t s  o f  Transportat ion 

3 . 3 . 2 . 1  Nonradiological E f fects 

The chemical e f fluents that re sul t from burning the total amount o f  t ruck fuel 
and one - third of the train and p l ane fuel ( about 3 7 1 , 0 0 0  gallons ) are given in Table 
3 . 3 . 2 - 1 .  ( I t was as sumed that about one - third o f  the t rain and p l ane fuel useage i s  
directly attributab le t o  Rocky Flats . )  The se e f fluents are based o n  an EPA Air 
Pollutant Emi ss ion Fac tors ( USEPA , 1 97 2 ) comp i la tion . The emi s s ions shown in Tab le 
3 . 3 . 2 - 1  repre s ent only about one part in 1 04 to 10 5 o f  the total emi ssions from 
general transport in the country . S ince these emi s s ions are wide ly d i spersed over 
the country , their impac t on the environment would be sma l l . 

Thermal e ffluents from transportat ion requi rement s  are l imited to the heat 
released from combus t ion o f  fuel in the truck ,  t rain , and airp lane engines . Thi s  
heat release i s  again only about one part i n  1 04 to 105 o f  the heat re leased by 
general transport in the country and , because o f  i t s  di spersed nature , should cause 
no detectab l e  e ffec t s . 

TABLE 3 . 3 . 2 - 1 
CHEMICAL EFFLUENTS FROM THE 

YEARLY TRANSPORT OF ROCKY FLATS MATERIALS 

E ffluen t 
Particulates 
Sul fur Oxide ( SOx ) 
Carbon Monoxide ( CO )  
Hydrocarbons ( CHx ) 
Nitrogen Oxide ( NOx ) 

Quant i ty ( tons ) 
4 . 0 8 
9 . 52 

2 8 . 7  
8 . 1 6 

40 . 9  

Maj or transportation acc idents involving fires may result in the release o f  
beryll ium oxide t o  the air . Beryll ium i s  recognized as a hazardous air pollutant 
under regulations pub l i shed by EPA pursuant to S ec.tion 112 of the Cl ean Ai r Ac t ( 3 6 1 
CFR 5 9 3 1 ) . Under the EPA standards for bery l l ium , each s ingle source in the U . S .  i s  
perm i t ted t o  discharge 10 grams o f  beryl l ium p e r  day , whereas the expec ted yearly 
release of bery l l ium from Roc ky Flats t ransportat ion acc idents ,  spread over the 
entire U . S . , is only 50 grams per year . The additional exposure of the population to 
bery l l ium from expec ted acc ident releases i s  expected to be negl igible in compari son 
to nat ionwide daily releases . 
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The cons equences to a maximum individual under the wors t acc iden t condi tions 
( c omp lete burning of a total shipmen t o f  bery l l ium ) will be cons idered nex t . The 
maximum c oncentration ( at 3 . 5  mile s ) to which an individual would be expec ted to be 
exposed would be about 7 . 6  x 10 - 8  g/m3 , or 0 . 0 7 6  � g/m3 . The EPA has es tab l i shed an 
amb i en t - air qual i ty s t andard o f  0 . 0 1 � g/m3 in the ai r .  Thi s  s t andard , however , i s  
for a 3 0 - day average whereas the maximum expec ted concentration wi l l  pers i s t  only for 
a short time . The National Academy o f  S c i ences has reported that no acute i l lnes s e s  
have oc curred where peak concentrat ions d o  not exceed 2 5  � g/m3 ( NAS , 195 3 ) . No 
damage in l aboratory animals  has been noted from exposure be low 4 � g/m3 ( USEPA , 
1 9 69 ) . I t  would appear that the maximum shor t - term concen trat ion i s  below that which 
would cause acute e ffe c t s , and because o f  the l imi ted durat ion o f  the exposure , no 
long - term e ffec t s  are expec ted . 

There i s  a pos s ibi l i ty , on the bas i s  o f  expe rimental data on animal s ,  that 
bery l l ium is a carc inogen ( s ee S e c t ion 2 . 5 . 3 . 2 ) . I f  this i s  app l i cable to humans , 
there might be s ome potential  cancer risk assoc iated w i th beryl l ium re l ease s , j u s t  as 
there may be some potential cancer risk assoc i ated w i th low leve l radioac t ive releases . 
Epidemiological s tudies to date , howeve r ,  have no t provided any evidence o f  a relat ion 
ship be tween exposure to bery l l ium and the oc currence o f  human c ancer ( IARC , 1 9 72 ) ; 
consequen tly , any potential c ancer risk to man from the re leases dis cus sed above 
c annot be quan t i fied . 

3 . 3 . 2 . 2  Radiological Effe c t s  

The radiological e ffec t s  from transportat ion assoc iated w i t h  Rocky F l a t s  come 
from two d i s t inc t sourc e s . Firs t , there i s  the external penetrating radiat ion 
rece ived by humans in proximi ty to normally operat ing transport vehi c l es or pac kage s 
held in s torage ; and secondly , there i s  internal exposure resul t ing from radionuc l ide 
releases caused by transportation acc idents . The risk o f  this internal exposure over 
a long period o f  time , cal led the " ri s k  dos e , "  is determined by evaluating the proba 
b i l i ty o f  a particular accident occurring , mUl tiplying by the consequence ( dose ) to 
the populat ion if that parti cular acc ident did occur , and summing over all pos s ible 
acc idents . 

The me thodo logy used to evaluate the radioac t ive releases of Rocky Flats trans 
portation i s  e s s entially that o f  the U . S .  Nuc lear Regulatory Commi s s ion ' s  env i ronmental 
s tatement on t ransportation of radioac tive materi a l  ( USNRC , 1 9 7 7 ) .  S i te spe c i fi c  
data were used whenever the nationwide data o f  the NRC document were no t app l i cable . 
Although plutonium can be shipped by air from Roc ky Flats ( Se c t ion 2 . 6 . 10 . 1 ) , the 
doses were cal culated a s suming that no such shipments take p l ace . ( Currently no 
plutonium is shipped by air . ) The probab i l i ties  of acc ident s  ( Appendix F )  are such 
that shipment o f  radioac tive materi als by truck ins tead o f  air resu l t s  in an inc reas e 
in the ri sk dose to the U . S  popul at ion . The dos imetric me thodology i s  the s ame as 
for Plant operation s  and ac c i dent s .  Both me thodologies are ful ly exp lained in Appen 
dix F .  
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Normal Operations 

The radiological effects o f  normal transportation associated wi th Roc ky F la t s  

a r e  not l imi ted to the area surrounding the P lant , b u t  a r e  spread throughout the 

country , as can b e  seen from Tab le 2 . 6 . 10 - 3 .  Thus it is appropriate to di scuss the 

popul a tion do s e  to the entire Uni t ed S tates rather than l im i t ing the population to 

that immed i ately surrounding the P lant . 

Dose i s  cons idered to s everal portions o f  the popul at ion . Thes e  are the popula

t ion sharing the transportat ion l ink ; the popu l a tion o f f , but near , the transportation 

l ink ; the population surrounding the veh i c l e  whi l e  s topped ; warehous e  personne l ; and 

transportation vehic l e  c rew . Based upon the DOT external dose rate l im i t  of 10 mrem/hr 

at s ix feet from the exterior o f  an exc lus ive use vehi c l e , the 70 year dos e  to the 

U . S .  p opulation from 70 years o f  Rocky Flats transportation is 4900 man- rem . Thi s 

total body external expo sure i s  negl i gible in compari son to the 1 . 2  x 1 09 man- rem 

total body natural background received by the U . S .  population in 70 years . 

The population dos e  from normal Roc ky Flats tran sportation i s  cons idered to have 

a heal th effect upon the entire Uni ted States population . Based on the hea l th risk 

fac tors o f  Tab l e  3 . 1 . 2 - 10 , and as suming that external penetrating radiation will 

deliver the s ame dose to a l l  o f  the body organs , 7 0  years o f  transportati?n will 

resul t in an increase o f  1 . 2  c ancer fata l i t i e s  and 1 . 5  genetic defe c t s  across the 

c ountry . 

A breakdown by shipping mode o f  the external dose to the population i s  as fol lows : 

Truck 

Del ivery Veh i c l e* 

Air 

Rai l 

4000 man- rem 

480 man- rem 

3 60 man- rem 

62 man- rem 

*Transportation of a i r  shipment s  b e tween airport and fac i l i ty 

Over 80% o f  the popu l a tion dos e  i s  received from transport truck shipmen t . Thi s 

i s  due to s everal fac tors .  Trucks ac count for almo s t  7 0% o f  the radioact ive transpor

tation mi leage as soc i ated wi th Rocky Flats and this t ransportation mode i s  in much 

closer proximity to the general pub l i c  than are rai l  or air shipment mode s ; 

Some individuals in the population are more c lo sely a s so c ia ted with Roc ky Flats 

transportation , through working in c l o se p roximi ty to radioactive shipments or l iv ing 

c lo s e  to regul arly used shipping route s . The wor s t  c a s e  i ndividual l iving near 

transport routes would mo s t  l ikely b e  someone who l ives near the gate of the p l ant . 

I t  i s  poss ible that he could be an ave rage d i s t ance o f  3 0  meters from each truck 

shipment as i t  passe s . The total dose to thi s i ndividual would be only 0 . 0 0 1 5  rem i n  

70 years . 
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On the roadways , i t  i s  pos s ible that a truck driver unas soc iated wi th Roc ky 
F l a t s  could fol low a truck carrying radioac tive material s for one ent ire trip . The 
do s e  to someone fol lowing 30 meters behind a Roc ky Flats  transport t ruck for an 
average trip is 0 . 0 0 08 rem . The possibi l i ty of one individual fol lowing radioac tive 
shipments for more than thi s  amount was cons idered incredible . 

In the calculat ion o f  population do se due to normal operat ion s , truck drivers 
were cons idered as part of the general population . However , much of the truck tran s 
portation i s  v i a  DOE - owned vehicles  operated b y  DOE personnel . As suming that the 
do se rate at the driver ' s  posi tion is l imi ted to 0 . 0 02 rem per hour as spec i fied in 
DOT regulations and , as pointed out in Sec tion 2 . 6 . 10 . 2 ,  that mo s t  shipments have an 
external do s e  rate an order of magni tude lower , the annual dos e  to a driver making 3 0  
average trips p e r  year i s  1 . 4  rem . The l im i t  for a n  occupational worker i s  5 rem per 
year . Fo r a del ivery vehicle driver making one hal f o f  all deliveries , the annual 
dos e  would be 0 . 5  rem . 

Individuals who work in the transportat ion industry but are not cons idered 
radiat ion workers rec eive a l arger proport ion of the population do s e  than do other 
individua l s . Thi s  is because of their need to handle and work in close proximi ty to 
the radioactive packages . The proportion of the populat ion do s e  result ing from each 
t ransportation mode that is received by these individual s  is shown below : 

Truck 
Ai r 
Del ivery Veh i c l e  
Rai l 

83% 
94'70 
41% 
9 . 1% 

The portion of the population do s e  associated wi th rail shipment s  i s  low because 
o f  the large dis tance be tween cargo and crew , whi l e  that as sociated with Del ivery 
Veh i c l e s  i s  lower than fo r Air or Truck because of the c lose proxim i ty to the popula
t ion on urban s tree t s , which re su l t s  in a higher proportion o f  that dose being received 
by the general populat ion . 

Transportat ion Ac ciden t s  

The packages used t o  transport materials  in suppo rt o f  Rocky Flats  operat ions 
are des igned to prevent the loss  or di spersal of thei r  contents under "des ign bas i s "  
acc ident cond i t ions in addit ion t o  normal condi t ions o f  transport . *  However , under 
cert ain abnormal condi t ions , releases of radionuc l ides or toxic chemi cals to the 
env ironment could occur . Caus ative factors leading to po tential releases include 

*The release in the Spring fi eld , Colorado , yel lowcake spi l l  (Ma t t son , 1 9 7 7 ) ,  which 
resulted from the co l l i s ion o f  a truck wi th s everal horses on the highway , is no t 
typ i c al o f  acc ident releas es for material transported in approved s hipping containers . 
The material involved i n  that inc ident was natural uranium ore concentrates , which are 
spec i fically exemp ted from many of the transportat ion regulations whi c h  app ly to 
mat eri a l s  containing a higher concentration of radioac tiv i ty . Thi s  inc ident was not 
related to the Rocky Flats  Plant . 
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improperly closed containe r s , 1mmer s ion in aeep wate r ,  o r  acc iden t s . Because o f  

s tringent qual i ty control requi rement s , the likel ihood o f  improper c l osure h a s  been 

e s t imated i n  the range of 1 0
- 4 to 10 - 5 per p ac kage ( AEC , 197 2 ) . *  Moreover ,  the 

release frac tion in the event o f  improper c l o sure is l ikely to be sma l l . The risk 

associated with improper c lo sure , then , i s  e s t imated to be lower than that assoc iated 

with acc idents .  Immers ion i n  deep water i s  l ikely to o ccur only a s  the re sul t o f  a 

s evere acc ident and i s  e s t imated to be c on s iderably l e s s  p robabl e  than an acc ident 

leading to a s imp l e  release ; thu s , the analy s i s  of abnormal releases in transportation 

w i l l  be confined to a c c iden t s . 

Al though there have never been any radioa c t ive releases from t ransportation 

assoc i ated with Rocky Flats , a risk dose c an be c alculated . Based upon the transpor

tation mode l  used in thi s S ta tement ( Appendix F) and acc ident p robabi l i t i e s  and 

release fractions from the NRC ' s  FEIS on t ranportation ( USNRC , 197 7 ) , the resul t s  i n  

Table 3 . 3 . 2 - 2 were c alculated . These doses are the resul t o f  the inhalation p athway . 

Food and water p athways are di fficult to quant i fy because q f  the inhomogenei ty o f  

food and w a t e r  s ourc e s  along transportation route s . From routine P lant r e l e a s e s  i t  

i s  evident that thes e  exposure p athways are o f  minimal importance ,  e spec i a l ly i f  

t ri t ium i s  not inc luded . The ground p l ane d o s e  p athway w a s  also considered , found to 

be sma l l  ( 3 . 0  man- rem) in compari son to the dose from the inhalation pathway , and not 

included . 

TABLE 3 . 3 . 2 - 2 
POPULATION R I S K  DOSE FROM 7 0  YEARS OF ROCKY F LATS TRANSPORTATION 

Truck 

Rail 

Del ivery Veh i c l e  

A i r  

( man- rem inc luding resuspen s ion ) 
Total Body Lung Liver Bone 

60 1 1 0 0 0  7 0 0 0  1 7 0 0 0  
0 . 81 180 110 250 
0 . 60 640 5 2 0  14 
0 . 0 67 

61 
72 

12000  
0 . 0 68 

7 60 0  
1 . 6  

18000 

D i spersion e s t ima t e s  were based upon a year or more o f  me teoro logical data from 

s i t e s  near Whi te S ands , New Mexi c o , and Aiken , South Caro l ina , as presen ted in the 

NRC document .  The risk dose to the U . S .  population i s  sma l l  in comp ari son to the 

organ doses rece ived by the s ame population from natural background . The 70 year 

background organ dos e s  to the U . S . population are 2 . 7  x 109 man- rem to the lung , 1 . 8  
x 1 09 man- rem to the bone , and 1 . 2  x 1 09 man- rem to the l iver and total body ( derived 

from NCRP , 1 9 7 5 ) .  Hea l th e ffec t s  to the population from the risk dose are predic ted 

from the risk e s t imate of Tab l e  3 . 1 . 2 - 1 0 .  The 7 0  year risk of a l l  types of c ancer 

cons idered in thi s  S tatement i s  0 . 63 c ancer deaths . A s imilar c alculation pred i c t s  

*An ac tual audi t of c losure faults on approximately 6 , 000  packages revealed no 
ins tance of complete loss of container integri ty ( B rown and Heaberlin , 1974 ) . 
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0 . 0 1 8  genet i c  e f fec t s . Thi s  canc er r i s k  spread over the en t i re U . S .  populati on i s  
2 . 8  x 1 0

- 9 p e r  person , comp ared t o  3 . 4  x 1 0 - 2 p e r  person for the r i s k  o f  death from 
common acc idents , according to o f fic ial 1 9 7 5  stat i s t ic s  ( see Table 3 . 2 . 4 - 8 ) . 

I t  i s  important to determine the do se to ind ividual s at various d i s tances down 
wind from an acc ident . The r i s k  dose i s  app l icable to the general popul at ion , but 
not if one wi shes to cons ider the cons equence to the populat ion ac tua lly affec ted by 
a part icular acc ident . Thi s  analy s i s  was done for the maximum credible transportat ion 
accident , which is a f i re involving a truc k loaded with Rocky Flats p lutonium . A 
plume r i s e  o f  1 0 0  meters was as sumed , resul t ing in the organ do s e s  shown in Table 
3 . 3 . 2 - 3 . No cred i t  was taken for evacua tion o f  the downwind popul ation , nor fo r 
decontaminat ion o f  the s o i l , which could lower the 7 0  year dose by a fac tor o f  two 
( i f  decontamination i s  e ffected soon after the acciden t ) . ( Append ix F contains 
exp lana t ions of add i t i onal as sump t ions , many o f  which add to the conservat ism o f  
these calculations . )  

TABLE 3 . 3 . 2 - 3 
DOSE OVER 7 0  YEARS ( INCLUDING RESUSPENS ION ) TO AN INDIVIDUAL 

DOWNWIND FROM THE MAXIMUM CREDI BLE TRANSPORTATION ACCIDENT 

Dis tance (Dose in Rem ) 
(mi les ) To tal Body Lung Liver Bone 

0 . 0 6* ( 1 00 meters ) 0 0 0 0 
1 . 2  0 . 0 1 0  0 . 7 7 1 . 3  3 . 2  
2 0 . 042 3 . 0  5 . 0  1 3  
3 0 . 0 58 4 . 2  7 . 0  18 
3 . 5 5* ( maximum ) 0 . 060  4 . 4  7 . 2  18 
4 0 . 0 58 4 . 4  7 . 2 1 8  
5 0 . 0 5 4  4 . 0  6 . 6  1 7  
1 0  0 . 034 2 . 4  4 . 0  1 0  
2 0  0 . 01 7  1 . 3  2 . 2  5 . 2  
3 0  0 . 01 1  0 . 84 1 . 4  3 . 4 
40 0 . 0082 0 . 62 1 . 0  2 . 6  
*The maximum ground l eve l a i r  concentrat ion o f  material released 

from an e levated source occurs at a d i s tance from the s ource 
becaus e of the drift  which takes place be fore the p lume reaches 
the ground . 

By assuming a uni fo rm populat ion dens i ty downwind from the acc iden t , i t  i s  
p o s s ible t o  pred i c t  the resu l t ing heal th e f fects . The inc rease i n  bone cancer out to 
5 0  miles  is 140 cases  fo r a high den s i ty population zone , 26 fo r medium dens i ty ,  and 
0 . 2 2 for low ( s ee Appendix F ) . 
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There are acc idents that are o f  very low probab i l i ty , but very high c on sequence 

if they do occur . Separate c ons ideration o f  thes e  i s  important . One such accident 

is the maximum c redible ac c i dent outl ined above i f  it were to occur in a densely 

populated c i ty such as New York or downtown Denver . Such an acci dent was analyzed in 

an a s s e s sment for t r ansp o r t a t i on through large c i t i e s  (DuCharme , 1 9 7 8 ) . Correct ing 

for spec i fi c  de t a i l s  o f  Rocky F lats transportation , such as i sotop i c  c ompo s i t ion and 

amount s  ( from thi s  document ' s  transportation mode l ) , the 7 0 -year populat ion o rgan 

do se commi tments are as fol lows : 

Total Body 1 . 4 x 1 04 man - rem 

Lung 1 . 0  x 1 0 6 man- rem 

Liver 1 . 7  x 10 6 man- rem 

Bone 4 . 1  x 10 6 man- rem 

The s e  popu lat ion doses l ead to a predi c tion of an increase of app roximate ly 7 0  

c ancer deaths and four genet i c  de fec t s  for a 7 0  year expo sure period . A s imi lar 

analy s i s  for a Rocky F la t s  enriched uranium shipment yields a c ancer death inc rease 

smal ler by a fac tor o f  0 . 0 1 ,  and a genet i c  de fec t increase which i s  sma l l er by a 

factor o f  0 . 00 1 . 

The decontamination c o s t s  o f  such an acc ident would b e  expec t ed to b e  qui te 

high . An e s t imate o f  this figure i s  c on tained in the l arge c i ty t ransporta t i on a s s e s sment 

( DuCharme , 1 9 7 8 ) . When correc ted for Roc ky Flats  transportat ion , the decon taminat i on 

cost i s  approximately $ 1 7 0  m i l l i on . The s e  health effect and decon tamination cost 

e s t imates should b e  kep t  in perspec t ive by cons ideration o f  the l ow probabi l i ty of 

such an event occurring . The p robab i l i ty o f  an extreme truck acc ident occurring i n  a 

high den s i ty zone i s  once in 3 . 3  mi l l ion years for Rocky Flats t ransportation . 

3 . 4  ECONOM;I C , SOC IAL , AND S ECONDARY IMPACTS 

The operat ion o f  the Roc ky Flats  P lant , as with any large indu s t rial comp l ex , 

has direct and indirect socioeconomic impac t s  associ ated wi th i t .  In add i t ion , o ther 

impac t s  such a s  aesthe t ic s , no i s e , and techno logical achievements are attributed to 

the P lant and its opera t i on . D i s cus s i ons of these fol low . 

In evaluat ing the socioeconomic impac t s  o f  the Rocky F lats  P l ant , a general 

assessment o f  the exi s t ing and p roj ec ted population , l and use , and socioeconom i c  

charac t er i s t i c s  in t h e  v i c inity o f  t h e  P lant w a s  perfo rmed . The p rimary socioeconomic 

impac t s  evaluated for the P lant inc luded the potential  effects  on l and- use p l anning 

i n  the area , the direct and induc ed emp loyment as a result o f  the P l ant , and the 

econom i c  e f fec ts as soc i ated with increased d i sposab l e  income and direct  expendi tures 

for goods and serv i c e s  neces sary for the Plan t . In add i t i on , an evaluation of the 

aesthe t i c  impact of Rocky F l a t s  was performed a s  was an evaluat ion of noi s e  w i th 

respe c t  to the surrounding area . 
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3 . 4 . 1  Nat i onal D e fense 

The Rocky Flats Plan t  is a key fac i l i ty for p roduc ing component s  for nuc l ear 

weapons . A requi rement for the work performed at Rocky F l a t s  wil l  cont inue as long 

as the need for an up - to - date nuc l ear weapons stockp i l e  is an e s tab l i shed requi rement 

o f  the national de fense pol i cy . 

Bene fits  resul t ing from a national defense pol i c y  based on an up - to- date nucl ear 

weapons s tockp i l e  are not d i rec tly quan t i fiab l e , and in any event are b eyond the 

scop e  and func tion o f  thi s  S tatemen t . The es tab l i shment of national defens e pol i c i e s  

and the method o f  imp l ementation a r e  the respons i b i l i ty o f  the Pres ident and the 

Congre s s  o f  the Uni ted S tates ; cons equently , a d i s cuss ion and evaluation o f  the 

impac t o f  Rocky F lats on national de fense ,  e i ther adverse or benefi c i al , is n e i ther 

appropriate nor relevant to this S tatement . 

3 . 4 . 2  Employment 

In evaluating the socioeconomic impac ts o f  the Rocky Flats  Plan t , the direct 

emp loyment and residential d i s tribution of emp loyees was determined . In addi tion , 

the secondary emp loyment induced by the direc t emp loymen t was c al culated . Thi s  

empl oyment information p rovided a b a s i s  for de termining the impacts o f  Rocky Flats  on 

the surrounding c ommun i ti e s , s chool s ,  and bus ine s s e s . 

3 . 4 . 2 . 1  D i rec t Employment 

The Rocky Flats  Plant emp loyed approximately 2 , 800 people during 1977 , exc luding 

cons truc t ion workers , p lus app roximately 3 0  col l ege s tudents and teachers during the 

summer . Approximately 60 o f  the ful l - time personnel are emp loyed by DOE . Thi s  

direct employment has dec l ined over recent years , from a maximum o f  3 , 7 50 peop l e  in 

1 9 7 2 , because of reduc tions in p roduc tion schedules and because of budgetary l imita

t ions . Emp loyment p roj ections for the P l an t  through 1985 , however ,  range from 2 , 600 
to 3 , 400 peop l e . Bene fi c ial p rograms derived from the direct empl oyment inc lude 

apprenticeship p rograms , on - the - j ob training for the d i s advantaged , General Education 

Development ( G . E . D . ) qua l i fic ation training , tui tion re imbursement for formal educa 

tion , scholarship programs , match ing grants to educational ins t i tut ions , p l u s  o ther 

educ ational incentives . 

The maj ority o f  Rocky F l at s ' emp l oyees res ide wi thin 20 mi les o f  the Plant in 

the various population c enters . Tab l e  3 . 4 . 2 - 1 shows the res idential d i s tribution o f  

Rocky Flats ' emp l oyees with respect t o  these various commun i t i e s . Over 50% o f  the 

employees l ive in three c i t i e s : Arvada , Boulder , and Denver .  

According to the Denver Regional Coun c i l  o f  Governments , the average fami l y  s i z e  

i n  the Denver metropol i tan area i s  2 . 83 peop l e . Thus , the t o t a l  population as so

c i a ted with the 2 , 800 employees of  Roc ky F l at s  i s  approximately 7 , 924 peopl e . Consi -
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dering the residential . d i s tribut ion shown in Tabl e  3 . 4 . 2 - 1  and the c i t i e s ' popula

t ions as presented in Sec t ion 2 . 3 . 3 ,  the population s egment cons i s t ing of  P l an t  

employees and the i r  fami l i e s  i s  l e s s  than 5% in mos t  c i t i e s . The highest percentage 

increase in populat ion based on di rec t empl oyment from the Rocky Flats  P l ant was in 

Lou i svi l le , where the populat ion increase was approximately 1 1% . In a l l  cases , 

direct employment from the P l ant provi ded add i t i onal j ob opportun i t i e s  for the 

populace in surrounding c i t ie s  wi thout p lac ing a burden on the various private and 

pub l i c  s e rvices  such as hous ing ,  medical s ervi c e s , po l i c e  and fire protec t ion , water , 

and s an i t ary disposal s e rvi c e s . 

TABLE 3 . 4 . 2 - 1 
RES IDENTIAL DISTRIBUTION OF ROCKY F LATS EMPLOYEES 

C i ty 

Boulder 

Arvada 

Denver 

Longmont 

Golden 

Wes tminster 

Louisvi l l e  

Broomfield 

Lakewood 

Lafayette 

Wheat Ridge 

Northgl enn 

Thornton 

E r i e  

Aurora 

Berthoud 

L i t t l eton 

Al l Others 

TOTAL 

3 . 4 . 2 . 2  Secondary Employmen t 

Approximate Number O f  Employee s  
That Res ide In C i ty 

5 1 5  
5 10 
5 0 5  
2 3 0  
1 5 5  
1 1 5  
1 0 5  
1 0 0  

85 
85 
7 5  
6 0  
6 0  
2 5  
2 0  
2 0  
1 0  

1 0 0  
2 , 7 7 5  

Secondary or indirect employment opportun i t i e s  are usual ly c reated o r  induced by 

the presence o f  direct empl oyment in a commun i ty . The s e  induced emp loyment oppor

tun i t i e s  deve lop mainly in s e rvice - oriented occupations , such as retai l goods and 

s e rvices , transportation , and recreat ional activities . 
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For the determinat ion o f  s econdary emp loyment associ ated w i th d i re c t  employment 

at Roc ky Flats , an analys i s  o f  the induced employment w i th respe c t  to direc t employ

ment for the Denver me t ropol i tan area was performed . An employment mul t ipl i e r  was 

determined to p ro j e c t  total employment from direct emp loyment at the Roc ky F l a t s  

P l ant ; i . e . , a change in the d i r e c t  emp loyment i s  p roj ec ted theore t i c a l ly to induce a 

change in the secondary employment by the amount o f  the mul t ip l ie r  t imes the change 

in the dire c t  empl oyment .  The me thod used to perform this analys i s  has b e en u t i l ized 

on s everal large industrial p roj ects  in the Uni ted S tates and i s  desc ribed in the 

Nebraska Bus iness Res earch Bul l e t in No . 63 ( Thompson , e t  al . ,  195 8 ) . Cons idering the 

indus tries in the Denver me t ropo l i tan area and the d i s t ribut ion of employees in these 

indus trie s , the mul t i p l ier for the region was c al culated to b e  2 . 3 .  

U t i l i z ing this mul tipl i e r , the total secondary employmen t associa t ed wi th the 

Rocky Flats  P l ant is approximately 6 , 440 peop l e  ( 2 , 800 x 2 . 3 ) . Thus , the direc t and 

s econdary emp loyment i s  c al cu lated to be 9 , 240 peop l e . These s econdary emp loyees do 

not nec e s sarily have the s ame res idential d i s t ribut ion as the d i re c t  emp loyees , s ince 

many fami l i es acquire servic e s  from surrounding commun i t i e s . It would be di fficul t 

to assess  the impac t these secondary empl oyees have on each o f  the communi t i e s ; 

however ,  because o f  the s iz e  o f  the commun i ti e s  cons idered , no s igni ficant impac t 

would be expec ted . 

3 . 4 . 3  E conomy 

The economic impact  o f  the Rocky Flats  P l ant was evaluated by assess ing the 

inc reased d i sposable income in the region from the P l an t ' s  payro l l  and the direct 

expendi tures for goods and s e rvic es supp l i ed to the P l an t . Each o f  these i tems will  

b e  d i s cussed along with the i r  assoc ia t ed economic impac t ,  if  any . 

3 . 4 . 3 . 1  D i sposable Income 

The Rocky Flats  P l an t  generates an annual payrol l  o f  nearly $ 40 mi l l ion , d i s t ri 

buted t o  approximately 2 , 800 emp loyees . Taxes and nond i s c re t ionary wage deduct ions 

( such as Federal and S tate taxes and social  s e curi ty ) were e s t imated a t  24 . 3% of the 

payrol l ;  thus , the total d i sposab l e  income for Rocky Flats  employees is app roximately 

$ 3 0 , 280 , 000 . 

In determining the impact  o f  d i sposable income , i t  i s  neces sary to cons ider how 

the income i s  spent . The c lo s e  l ink between l evels of emp loymen t and l evel s  of total 

d i sposable income allows the use o f  the value derived for the emp loyment mul tiplier 

( Se c t i on 3 . 4 . 2 . 2 )  a s  an  income mul t i p l ie r .  Add i t i ons to numbers o f  employed persons 

in the area typ i c a l l y  wi l l  p roduce approximate ly proportional add i tions to area 

d i sposable income . F rom the income mul t ip l i e r , the Marginal P rop en s i ty to Consume 

( MPC ) was c al culated ( 1  + mul tiplier = l_�Pc ) ( Thompson et al . ,  1958 ) . Us ing the 
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employment mul tiplier o f  2 . 3  as an income mul tiplier , the MPC was c a l culated to be 

0 . 69 7 . Thi s  imp l i e s  that the average pe rson in the chain of spending money ( Rocky 

F l at s  emp l oyees ' d i sposab l e  income ) wi l l , in each suc c e s s ive spending round , spend 

69 . 7% o f  the funds in the local area , and that the remaining 3 0 . 3% w i l l  be s aved or 

spent outside the area . The suc c e s s ive spending o f  the 69 . 7% (the amount rec e ived in 

the previous pe riod ) forms a geometric progres s ion , the final sum o f  whi ch i s  3 . 3  

t ime s greater than the original amount o f  income introduced into the local e conomy . 

Thus , for the total , disposab l e , annual income o f  $ 30 , 280 , 000 for Roc ky Flats  employe e s , 

the total amount spent over success ive periods w i l l  be approximately $ 100 m i l l ion . 

As an indication o f  the impact on l ocal bus ine s s , i t  i s  useful to compare cur

rent level s  of re tail  sales  w i th current level s  of disposable income in the Denver 

me tropo l i tan area and then evaluate the magni tude of sales  assoc i ated wi th Roc ky 

Flats  employee s ' d i sposab l e  income . Using s t a t i s t i c s  acqu ired from the Denver 

Regional Counc i l  o f  Government s , the gro s s  personal income for Adams , Boulder , Denver , 

and J e f ferson counties  i n  1 9 7 5  was approximately $ 7 . 3  b i l l ion . Thus , the proj ec ted 

disposab l e  income for the area was approximately $ 5 . 5  b i l l i on assuming 2 4 . 3% for 

taxes and non-dis cretionary wage deduc tions . The re tail  sales  for the s e  four c ounties  

totaled approximately $ 6 . 8  b i l l ion for the 1975  fiscal year . The $ 100 m i l l ion of  

disposab l e  income as s oc i ated with the Rocky F l ats P l an t  i s  about 2% of  the total 

d i sposab l e  income for the area . Thu s , 2% o f  retail bus iness i s  a t tr ibutabl e  to Rocky 

Flats  employees .  

3 . 4 . 3 . 2  Dire c t  Expendi tures for Goods , Servi c e s , and Uti l i ti e s  

Annual ly the Rocky F l at s  P l an t  spends about $33 mi l l ion f o r  goods , serv ic e s , and 

u t i l i t i e s  neces s ary for P l an t  operat ion . During the 1 9 7 8  fiscal year , a total o f  

approximately 32 , 000 orders was p laced with 4 , 800 vendors for a total expendi ture o f  

over $ 28 mi l l ion . O f  this total expendi ture , approximate ly 2 9% ( $ 8 . 3  mi l l ion ) was 

for purchas es wi thin Colorado from 2 , 900 vendors . In addi t ion , $5 m i l l ion annual ly 

i s  spent locally for uti l i t i e s . Inc luded i n  the above totals are 1 , 19 8  purchase 

o rders , having a total value of over $1 mi l l ion , i s sued to minori ty vendors . 

3 . 4 . 4  Aes thet i c s  

The ae s the t i c  impac t o f  the Rocky F l a t s  P lant was determined b y  conside ring the 

s iz e , shap e , and location of P l an t  s truc ture s , and the terrain , highways , and l and 

use in the general v i c i n i ty of the s i te . 

As s t a ted in Sec tion 2 . 2 . 2 ,  mos t  o f  the P l an t . bui ldings are one or two s tories 

high , w i th the mos t  prominent s truc tures be ing a water tower and three s tacks . 

P l ant s tructures generally are v i s ib l e  from the north , eas t ,  and south ; however , 

b ecause o f  the rol l ing terrain in the v i c i n i ty o f the P lant and the dis tance from the 

P l an t  to pub l i c  access , thes e  s truc tures do no t dominate the s cenery . The terrain to 
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the west i s  s l ightly higher than the P l ant , thus making the P l an t  more v i s i b l e  from 

that dire c t ion . 

In addi tion , s ince much o f  the l and i n  the v i c inity o f  the s i te i s  used e i ther 

for agricul tural , open space , o r  indus t rial purpo ses , Roc ky Flats does not have a 

s i gn i fican t  aesthetic impact on the surrounding are a .  

3 . 4 . 5  No i s e  

Primary noi s e  source s  for Rocky F l a t s  are the boi ler fans , ven t i lation sys tem 

fans , trans formers , and heavy machinery located in and around the P l ant . As requi red 

by ERDA Manual Chapter 0 5 5 0 , in-p lant no i s e  is subj e c t  to Ai r Force S t andards wi th a 

maximum o f  84 DBA ( de c ib el s , adj usted ) for an e ight - hour expo sure . As a resul t o f  

insulation p rovided b y  the bui ldings and the d i s t ance from the P lant t o  the s i te 

boundaries , the operational no i s e  o f  the P l an t  doe s  not impac t the surrounding 

region . 

The Rocky Flats P l an t  i s  responsible for s everal o ff- s i t e  a i r  s amp l ing s ta tions 

at various locations surrounding the p l ant , whi ch were also cons idered noi s e  sourc e s . 

Rec ently , new designs for thes e  air s amp l ing stations were impl emented to mitigate 

the no i s e  impac t and meet current H?u s ing and Urban Deve lopment (HUD ) s t andards . 

The addi t ional c ommuter traffic during early morning and evening hours contributes 

to the increas ed o f f- s i te noise l evel s  in the area . Mo s t  of the highways are wel l 

travel led by o ther than Roc ky Flats personne l , and the increase i n  no i s e  l evel i s  not 

s igni fican t .  

3 . 4 . 6  Technology And Communi ty Ac t iv i t ies  

The Roc ky Flats P l an t  p rovides technical  knowledge , ski l l s , and adv i c e  to  local 

c ommun i t ie s , individual s ,  and to organizat ions throughout the U . S .  and the world . 

Loca l ly , the Rocky Flats P l ant has p rovided advice on such subj e c t s  a s  fire p reven 

t ion , training o f  f i re - fighters , e f fluent moni toring and pol lution c ontrol , water and 

s ewage treatment ,  l and f i l l  management ,  radiation dos imetry , and safe ty p rograms . 

Rocky Flats also has aided other count ries w i th the knowledge and ab i l i ty to 

handle and p rocess  rare and exo tic materi a l s  such as plutonium , uranium , and bery l l ium .  

Resul ts o f  Rocky Flats ' res earch in chemi s t ry , metal lurgy , machining , gauging , nondes

tructive tes t ing , s afety , fire p revention , heal th phys i c s , and ecology are d i s s eminated 

worldwide through s c i en t i fic l i terature . Pub l i cations conc erning Rocky Flats ' e f forts 

( as o f  December 1 97 7 )  inc lude 52 patents , 330 j ournal arti c le s , and 7 1 1  technical 

reports . ( Unc l as s i fied technical reports are ava i l ab l e  through the National Technical 

Information Service , Washington , D . C . ) 
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Rocky Flats  personne l possess  technical ski l l s  and experience in the safe hand

ling o f  ac tinide and o ther radioac t ive ma terials during such d iverse p ro c e s s e s  a s  

chemical recovery , fabricat ion , and basic research . Thes e  at tributes con s t i tute a 

national resource that would b e  extreme ly d i f ficult and cos tly to dup licate . Employees 

at Roc ky Flats are among the mos t knowledgeabl e  in the world in the field of plutonium 

metal lurgy and plutonium chemis try . 

Plant employee s  are a c t ive in communi ty ac t ivi t i e s  such as Boy Scouts , local 

government ,  Uni ted Way , church programs , and volunteer fire departmen t s . Plant 

personnel have been very ac tive in c ommun i ty mino r i ty p rograms . The Plant contractor 

was recently honored by the League of Latin American C i tizens for P l ant p ersonnel 

a s s i s tance to the League . Many emp loyees are part - t ime teachers i n  local col lege s , 

univer s i t i es , and trade school s .  S ince 1 9 7 2 , emp loyee s  have donated over 3 , 000 pints 

o f  b lood at drives held every three months . Emp l oye e s  also partic ipate ac t ively in 

the purchas e  of U . S .  Savings Bonds . The 1 9 7 7  drive resulted i n  7 3% o f  the employees 

purchas ing $40 , 00 0  i n  bonds every month . 

There are s igni fican t  interac t ions b e tween P l an t  p e rsonnel and commun i ty agenc i e s  

concerned w i th Plant ac tiv i t ie s . Open monthly meetings between DOE , the Plan t  con

trac tor , Colorado Department of Hea l th , J e f fe rson County Health Department ,  Boulder 

C i ty and County Hea l th Department ,  Environmental Protec t ion Agency , and interes ted 

c i tizens are held to revi ew resul ts of mon i toring p rograms and to d i s cuss top i c s  o f  

intere s t  and concern . News media representatives usua l l y  attend the s e  mee tings and 

repor t  high l ights to the commun i ty . 

The contractor has an extensive pub l i c  contact p rogram in which pub l i c  tours o f  

the P l an t  are conduc ted regularly . Several thousand v i s i to rs have toured the P lant i n  

the l a s t  two years . The s e  tours inc lude ?pecial interest groups concerned about the 

use o f  plutonium , in addi tion to the pub l i c  at l arge . 

As a result o f  a recommendat ion o f  the Lamm-Wirth Task Force Report , a C i t iz ens 

Mon i toring Comm i t tee , comprised of 1 5  i ndividua l s , was appointed by Governor Lamm . 

Thi s  c omm i t tee mon i to rs P l an t  operat ions that c ommittee members think might have an 

adverse impact on the pub l ic or on P l an t  emp loyee s .  DOE and contrac tor o fficials  

have worked very closely wi th thi s  commi ttee for the p a s t  two years p roviding infor

mation and brie fings about the Plant ' s  operation . 
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4 .  UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS 

Current and con tinued operation of the Rocky Flats Plant re sults in unavoidable 

envi ronmental impac t s  in three primary areas : ( 1 )  nonradi o logical , ( 2 )  radiological , 

and ( 3 )  soc ioeconomi c . Nonradiological impac ts include a l terations to the phys ical 

environment , the use o f  natural and energy resourc e s , and b iological e ffec ts of 

nonradioac tive e ffluent s . Radiologi cal impac t s  are only thos e  b iological effects 

a t tr ibuted to the release o f  radioactive e ffluent s . Thi s  d i f fe rentiation i s  maintained 

to provide maximum de finition of radiological impac t s , which are of primary interest 

at Roc ky Flats , as p revious ly d i scussed in Chapter 3 .  Socioeconomic impac t s  include 

all o ther indirec t or s econdary impac ts attributab l e  to Plant operation , as d i s cussed 

in Sec tion 3 . 4 .  Thi s  s e c t ion discusses thes e  impac t s  and the m i tigating mea sures 

implemented and p lanned in each o f  the three primary areas de fined above . Various 

mitigating measures have been and w i l l  continue to be imp l emented to reduc e the 

adverse impac t s  attributed to Plant operations . 

4 . 1  NONRADIOLOGICAL EFFECTS 

Nonradio log ical , unavoidab le , adverse environmental impac t s  inc lude al terations 

to the physical envi ronment , the use of natural resourc e s , and the biological effects 

from releas e  of nonrad ioac tive materi a l s . 

4 . 1 . 1  Alterations to the Physical Envi ronment 

Di srup t ion o f  the surfic ial geological feature s and hydrologic charac teri s ti c s , 

however mino r ,  are impac t s  that c annot be avo ided and that will pers i s t  a s  long a s  

t h e  Plant continues t o  operate and occupy the present locat ion . Such impacts are 

characteristic  of all cons truc tion deve lopments and represent typical  i mpac t s  attri

butabl e  to the p re sence of an indus trial fac i l i ty .  

4 . 1 . 2  Uti l ization o f  Natural Resourc es 

The consump t ion of natural re sources at Rocky Flats cons t i tutes an unavoidable 

environmental impac t .  Resource s  used include fos s i l  fuel s ( o i l  and gas ) , chemicals , 

metal s , and e l ec tri c i ty .  The consump tion c an be d irec t , a s  in the case o f  o i l  and 

gas ; o r  indirec t ,  a s  e le c tr i c i ty p roduced by fos s i l - fue led power plant s . Water i s  

u s ed b y  the Plant and re turned t o  the region as a resource through water vapor from 

the liquid proce s s  was tewater treatment p lant and evaporation from cool ing towers , 

so lar evaporation ponds , and holding ponds . 
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4 . 1 . 3  Biological E ffects of Nonradioac t ive E f fluents 

Nonradioac t ive materials are d i scharged in sma l l  amounts through air and water 

( s ee S e c tions 2 . 6 . 6 ,  2 . 9 . 1  and 3 . 1 . 1 . 3 ) . B iological e ffects resul t ing from water 

discharges are di scussed in S e c tion 3 . 1 . 1 . 3 .  Wi th a few exc eption s , d i scharges have 

been w i thin the app l icable S tate and Federal limits ( Se c t ions 2 . 9 . 1  and 3 . 1 . 1 . 3 ) . 

4 . 2  RADIOLOGICAL EFFECTS 

Normal operation of the Rocky Flats fac i l i ty resul t s  in unavoidab l e  releases o f  

small amount s  o f  radioa c t iv i ty t o  the general env i ronment . In add i t ion , there w i l l  

b e  continuing dispersal o f  radioact iv i ty t o  the general environment from p a s t  r e 

leases . There i s  a l s o  a smal l  r i s k  o f  acc idental releases from continued operations 

of the fac i l i ty .  The amounts o f  material that might be releas ed during future opera

t ion of Rocky Flats from both routine and acc ident cond i t ions have been given in 

Sec t ions 3 . 1 . 2  and 3 . 2 .  

The release o f  any amount o f  radioac t iv i ty imp l i e s  some potential  risk to the 

general ecosys tem and to man . As di scussed in S e c t ion 3 . 1 . 2 ,  however , cont inued 

operation o f  the Rocky Flats fac i l i ty should contribute only a smal l , add i t ional 

amount of radioac t iv i ty to that already released by the Plan t  and a l ready present 

from natural sourc es and o ther man-made source s  such as fal lou t .  Ecological s tudies 

of the Rocky Flats area to date have indic ated no detec tab l e  changes in the eco system 

because o f  exi s t ing radiation l evels , nor has any concentrat ion mechani sm been identi

fied to indicate that s igni fi c an t  changes should be expec ted ( Whicke r ,  1 9 77 ) . ( See 

Appendix A- 2 . ) 

Releases o f  radioac t iv i ty to the general envi ronment could resul t in a� in

c reased dose comm i tment to members of the Denver- area population . App endix F and 

S e c t ion 3 . 1 . 2  contain the calculations and discus s ion of dose commi tment to the 

population from the presence of Rocky Flats . 

P robab i l i t i e s  o f  acc idental releases o f  radioac t ivi ty which could impac t res i 

dents i n  the Denver area are l i s ted i n  Tab l e  3 . 2 . 3 - 1 .  The potential  maximum indiv i 

dual d o s e s  from the s e  hypothetical acc idents a r e  given in Tab l e  3 . 2 . 4- 2 and the 

associa ted r i sks are shown i n  Table 3 . 2 . 3 - 1 . The S tate o f  Colorado Radiological 

Emergency Response Plan for Roc ky Flats and the Colorado Department of Heal th P ro t e c 

t ive Ac t ion Guide inc luded in the Plan ( S tate o f  Colorado , 1 9 7 8 )  de fine do ses to 

members o f  the population for which p ro tec t ive a c tion woul d  be required ( see S e c tion 

2 . 11 . 4 . 3 ) . F rom the data in S e c t ion 3 . 2 . 3 ,  the p ro�ab i l i ty o f  occurrenc e o f  an 

accident requiring p rotective ac t ion i s  approximately four t imes in 10 , 000 years . 

The maximum potential  risk to the Denver area population from both routine and acciden

tal rel eases , given continued operat ion of the ROGky Flats fac i l i ty over 70 years , i s  

less than one potential death spread over the population o f  the Denver area . 
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4 . 3  SOCIOECONOMIC EFFECTS 

As d iscussed in Sec tion 3 . 4 ,  the primary soc ioeconomic impac t s  of the Roc ky 

Flats P lant resul t from addi tional , Plan t - re l ated employment and the assoc iated 

increase i n  populat ion in the general vic inity of the Plan t . Thes e  impac t s  inc lude 

increased demand for housing , s chool fac i l i t i e s , and mun i c ipal s e rvices  ( such a s  

water , s ani tary was te , police , and fire p ro tec tion ) .  

Because o f  the p roxim i ty o f  Rocky Flats to s everal populat ion c enter s , the 

Plan t ' s  soc ioeconomic impac t s , al though unavoidab l e , have l i ttle adverse e ffec t on 

the surrounding region . Mos t  of the commun i t i e s  in whi ch emp loyees and thei r  fam i 

l i e s  res ide have grown sub s tantially in recent years . The s e  communi ti e s  have devel

oped adequate hous ing , schoo l s , and muni c ipal s e rvices to meet  the needs of  thi s 

growing populace .  The P lant has been in operation s ince the early 1950s  and i s  

expec ted t o  remain in operation through at least the year 2000 . Therefore , the 

employment is of a long- term nature , and the socioeconomic impac t s  of trans ient 

populations are minimized . 

Other impac ts inc lude ( 1 )  the loss o f  agricul tural p roduc t ivi ty and income from 

the l and compri s ing the Rocky Flats Plant s i te , and ( 2 )  a change in the tax base . 

Thi s  change results  from l and being withdrawn from the pub l i c  tax ro l l s , and t ax 

revenue being generated instead by income ,�roperty , and sales t axes collec ted from 

P lant employee s . Taxes asses sed on agri cul tural l and are based on the produ c t iv i ty 

o f  the land . S ince l and w i thin the P l an t  boundaries i s  o f  low agricul tural value , 

the income and taxes generated by agri cul tural use were small in comparison wi th 

thos e  generated by c onstruc t ion and operation o f  the Plan t . The presence o f  Rocky 

Flats also has resulted in Federa l impac t funds being given to area s chool d i s t ri c t s . 

4 . 4  MITIGATION OF ADVERSE ENVIRONMENTAL EFFECTS 

Several areas of endeavor serve to les sen adverse envi ronmental e ffec t s  from 

Plan t  operations . Thes e  inc lude an enlarged buffer zone , total water recyc l e , and 

ac tions such as improvements i n  acc ident prevention to reduce po tentially adverse 

radioa c t ive and nonradioac tive e ffec ts on the envi ronment .  

4 . 4 . 1 U t i l iz at ion o f  Natural Resource s  

In 1975 , the U . S .  Government purchased approximately 4 , 000 a c r e s  around the 

o riginal 2 , 520 - acre Rocky Flats Plant s i te . Thi s  acqu i s i t ion expands the original 

buffer zone and p revents indus t rial or re sidential development too near the P lant . . 
The buffer zone p rovides a s a fe ty margin in the event o f  an abnormal occurrence at 

the Plant . 
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A total water- recyc l e  p l an , which e l iminates a l l  routine was tewater discharge s , 

i s  be ing impl emented and i s  to be completed in 1 9 7 9 . All proc ess  and l aundry was t e 

water will be treated and d i s t i l led to c reate a supply o f  high-puri ty wate r .  Other 

was tewater s treams , princ ipal ly sani tary waste s , wi l l  be treated in the s an i tary 

was t e  treatment p l an t  and also wi l l  be recyc led for industrial use .  T reatment at 

this p l an t  involves a recently comple ted tertiary step and a p lanned reverse osmo s i s  

p roc es s . Comp l e t ion o f  thes e  changes wi l l  mean that no P l ant was tewater wi l l  l eave 

the s ite except by evaporation . Thi s  p l an wi l l  e l iminate rout ine sani tary was tewater 

discharges to the Great Wes tern Reservo i r . 

The above des c r ibed actions m i t i gate possible adverse impac t s  on residential 

deve lopment in the vic inity o f  the Rocky Flats Plant . Alternat ive s that also c ould 

be cons idered in the mi tigat ion of adverse P lant impac t s  are discussed in Chapter 5 .  
A discuss ion o f  l and use in the immediate vic ini ty o f  the s i te i s  p re sented in Chap

ter 7 .  

4 . 4 . 2  M i t igation O f  Nonradiological E f fe c t s  

Unavoidab l e  adverse impac t s  from nonradiological sourc e s  are bei ng mi tigated by 

reduci ng the quan t i t i e s  of natural resources consumed and by reduc ing the quan t i t i e s  

o f  nonradioac t ive material released . 

4 . 4 . 2 . 1  Consump t ion o f  Energy Resource s  

The DOE and i t s  operating contractor at Rocky Flats have taken posi tive ac t ions 

to reduce the consumpt ion of various fue l s  and water used by the Plan t . Table 4 . 4 . 2 - 1 
shows the total consumption o f  energy , both fos s i l  fue l s  and e l e c t ri c i ty , and water 

for FY 1 9 7 3  through FY 1 9 7 7 . An energy conservation p rogram was imp l emented in 

FY 1974 , and year- end figure s for that year show total energy c onsumpt ion was reduced 

approximately 13% over FY 1 97 3 . For FY 1 97 5 , a further reduc tion o f  approximately 

1 . 5% over FY 1974 was achieved ; a 9 . 4% improvement oc curred i n  FY 1 9 7 6  and a 2 . 4% 
reduc t ion in FY 1 9 7 7 . Thus , a reduc tion o f  about 2 6% was real ized in FY 1 9 7 7  over 

FY 1 9 7 3  a s  a resul t of the energy conservation program . As almo s t  one - third o f  the 

Plan t ' s  water usage is for c oo l ing tower operat ion , which is direc tly rel ated to 

energy use , a net reduc tion o f  approximate ly 3 3% in water c onsumption was also rea l ized 

during the same period . The energy conservat ion p rogram a l so direc tly reduc e s  the 

quan t i t i e s  of ( 1 )  Plant e ffluents assoc i ated wi th the combustion o f  fos s i l  fue l s , and 

( 2 )  chemic a l s  used in water treatment . 

Numerous actions are responsible for reduc ing the Plan t ' s  consumpt ion o f  energy 

re sourc e s . For examp l e , the Energy Conservation Counc i l  was formed to i n i tiate , 

implement , and mon i tor energy conservation p rograms that would reduce energy use 

wi thout compromi s ing s e curity o r  employe e s ' health and s a fe ty .  A c omp lementary 
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a c tion has been managerial - level reviews o f  energy- related prac t i c e s . Cons iderable 

e ffort continues to be direc ted toward impres s ing emp loyees w i th the importance o f  

the i r  participation in conserving energy . 

Various gasol ine - saving e fforts involve Government - owned vehi c l e s . Intra- p l ant 

bus service has been curtailed except in inc l ement weathe r ; transportation of .mail 

wi thin the Plant and to o ff - s i t e  po s t  offices has been reduced ; and Government auto

mobi l e s  having e ight cyl inders have been rep laced by s ix- cyl inder vehi c l e s . Del iveries 

o f  Plant material are conso l i dated , when pos s ible , for further savings . 

TABLE 4 . 4 . 2-1 

CONSUMPTION OF ENERGY RESOURCES AND WATER 

(Fiscal Years)  

Resource 1973 1974 1975 1976 1977 

Natural Gas ( cu ft x 10
3

) 726 , 302 746 , 45 6  746 , 285 568 , 389 637 , 224 

Number 6 Fuel Oil (gal) 1 , 6 19 , 000 702 , 100 513 , 9 00 940 , 200 335 , 000 

Gasoline (gal) 112 , 082 86 , 5 7 1  90 , 215 9 7 , 9 79 101 , 390 

Diesel (ga l )  38 , 728 36 , 39 7  35 , 85 2 2 1 , 126 19 , 356 

Propane ( gal) 5 8 , 505 10 , 180 7 , 625 12 , 204 40 , 8 76 

Electric ity (MWhr) 112 , 348 102 , 75 8  105 , 832 104 , 820 104 , 050 

Total Btu (x 10
9

) 1 , 372 1 , 190 1 , 1 7 1  1 , 06 1  1 , 036 

Reduction (%) 13 1 9 2 

Water (gal) 161 , 16 1 , 000 143 , 435 , 000 125 , 952 , 000 115 , 963 , 000 113 , 244 , 000 

Reduction (%) 1 1  1 2  8 2 

Energy has been conserved through turn ing o f f  l ight s  and electrical equipment 

not e s s ential to the work be ing performed or not requ i red for safety . Uti l i ty 

services  have been curtai led in areas o f  reduced a c t iv i ty . Energy conservat ion has 

also been further emphasized in the Plan t ' s  maintenance programs , in the purchas ing 

o f  new equipmen t , and in bui lding design . The Plant has one o f  the h ighes t  percen

tage s of employee s  who partic ipate in car-pools in the State of Colorado . In add i 

tion , t h e  Plan t , wi th t h e  cooperation o f  DOE and Denve r ' s  Regional Transportation 

Distric t ( RTD ) , has ini t i a ted a p i lot van-pool p rogram to help decrease air pol lution . 

The· Plant also particpates in a paper recyc ling program . 
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The consump tion o f  energy by the P l an t  has decl ined s ince 1 9 7 3 . A Plan t  goal 

for FY 1 9 7 8  is not to exc eed the energy c onsumed in FY 1 9 7 7 . New ideas for energy 

conservation are being sought through an emp loyee s ' sugges tion program . 

4 . 4 . 2 . 2  Control o f  Nonradioact ive Material 

S everal Plan t  systems and operati ng prac t ices have been modi fi ed to minimize the 

release of nonradioac t ive material and thereby minimize the advers e environmental 

impac t s  resulting from these releas e s . 

Adverse e ffec t s  o f  s ewage p l ant d i scharge have been m i t igated by improved con

trol s . Origina l l y  the e ffluent was d i scharged directly into South Walnut Creek 

ups tream from a reten t i on pond . I t  now flows into retent ion Pond B - 1 , i s  then re

leased to Pond B - 3 ,  i s  analyzed and subsequently released to mix with South Walnut 

Creek at Pond B - 4 .  The S outh Walnut Creek drainage bypas ses Pond B - 1 ,  B - 2 and B - 3 

s o  that i t  does �t d i s rup t the holding pond system used for s an i tary was t e  e f fluen t . 

Thi s  bypas s dis charges into Pond B - 4 . Some s to rm runo ff normally flows to Pond B - 4 

through the bypass system . Occas i onally , during periods o f  high runof f ,  the runo f f  

c an be diverted to d i scharge below the B - series ponds into the Walnut Creek Drainage . 

Figure 2 . 3 . 9 - 3  shows the ponds and storm runo f f  bypass system . 

The tertiary treatment proj e c t  improved the exi s t ing s ewage t reatment p lant by 

adding a c larifie r ,  filter sys tem , pumphouse ,  pumps , and instrumentat ion to the 

exi s t ing s ewage t reatment p l an t . The e ffluent now has l e s s  suspended solid material 

and mee ts present e ffluent s t andards for off- s i t e  release ( see Sect ions 2 . 9 . 1  and 

3 . 1 . 1 . 3 ) .  The plan t  also makes the e f fl uent more c ompatible wi th future water

recycle plan s . 

Water from backflushing the raw-water treatment p lant f i l te rs contains solids 

removed during treatment . The water was p reviously releas ed to Woman Creek and then 

o f f  s i te . S e ttl ing tanks were provided for thi s  water , which i s  pumped back to the 

treatment p l ant , and the sludge is pumped to drying p i t s . Dried sludge i s  t ruc ked to 

the s ani t ary l and f i l l . 

Cooling tower blowdowns and drains previously were d i scharged to the ground and 

allowed to drain into the ground or to fol low normal surface runo f f .  Thi s  water 

contains about 3 0 - ppm sodium s i licate for corro sion protec tion . The water now is 

p iped to sani tary drains for t reatment in the s ewage p l an t . Thi s  wa ter is part o f  

the future water- recyc l e  proj ec t , which will treat and reus e e ffluent from the s ewage 

plant for nondomes t i c  purpos e s . 
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In the pas t ,  solar evaporation ponds that hold proc e s s  was t e  l i quids containing 

n i trates have leaked . These ni trates bui l t  up in the soil  around the ponds s o  that 

runo ff water from springs and rains carried the n i t rates to watercourses , and , poten

t i a l ly , o ff- s i te . New c o l l e c t ion t renche s , c omp l e ted in 1 9 7 4 , c o l l e c t  that water , 

whi ch i s  then pumped back to the evaporation ponds , and thus help to p revent c ontamina

tion o f  the waterc ourse s . The t renches are shown in Figure 2 . 9 . 3 - 1 .  I f  flood ing 

would oc cur so that the capac ity of the t renches is exc eeded , the runo ff would go to 

Pond A- 3 ,  a nearly dry reservo i r  for emergency water retent i on ( F igure 2 . 3 . 9 - 3 ) . 

McKay Di tch , which originally c ontributed to the drainage that feeds Pond A- 3 ,  has 

been rerouted to decrease the cont ribut ion to thi s  pond i n  the c ase of a flood . 

To ensure that runof f  water i s  s topped b e fore leaching unde s i rab le material from 

the l and f i l l  and c arrying it o f f  s i t e , a trench was bui l t  around the landfi l l . 

Drains were p laced out side the land f i l l , and a barrier was p laced between these 

drains and the landfi l l to prevent underground water from reaching the landf i l l . 

Some water may s t i l l  drain from the sanitary land fill . For thi s  reason , a smal l dam 

and reservoi r  were bui l t  so that the water c an be held for s amp l i ng and analys i s . 

The water c an then be relea sed o r  i t  can be pumped to the p rocess  was t e  treatment 

fac i l ity , whi chever i s  deemed p roper after analys i s .  The land f i l l  will thus meet 

criteria under the p roposed EPA rule " So l id Was te D i sposal Fac i l i ti es , "  40 CFR 2 5 7 , 

February , 1 9 7 8  ( see S ec t i on 2 . 9 . 4 ) . 

Airborne releas e s  o f  nonradioac t ive materials are mi t igated by ( 1 )  use o f  s c rub 

ber systems for s tacks that might otherwise emi t acid fumes , ( 2 )  reduced fue l  consump

t ion and the purchase o f  fuel o i l  contain ing no more than 1 . 25% sul fur , which reduces 

combu s t i on p roduct e f fluents (Tab l e s  2 . 6 . 6 - 2 and 2 . 6 . 6 -3 ) , and ( 3 )  improved fil trat ion 

of bery l l ium proce s s ing bui ldings ( S ec tions 3 . 1 . 1 . 3  and 2 . 10 . 1 . 1 ) . 

4 . 4 . 3  M i t igation o f  Radio logical E ffec ts 

Rocky Flats uses many d i f ferent measures to guard against the release o f  radio

a c t ive materials during routine operat ion . The se measures inc lude e l aborate systems 

for the containment o f  radioac t ive material s ,  the fil tering of a i r , and the t reatment 

of water that come s in c ontac t with radioact ive material s .  The containment and 

e ffluent control sys tems are explained in detail  in S e c t ions 2 . 5 . 1 ,  2 . 7 . 1 ,  and 

2 . 7 . 3 . 2 .  

4 . 4 . 3 . 1  Control o f  Radioac t ivity 

Admin i s t rat ive procedures and control equipment are cont inually be ing updated 

and improved to further reduce the quant i ty of radioact ive materials  released to the 

envi ronment . The fo l lowing paragraphs describe some of the changes that have been or 

are bei ng made . 
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Rec ently ins t i tuted admini s trative contro l s  inc lude ( 1 )  a c r i t i c a l  rev i ew o f  all  

procedures affecting heal th , s a fe ty , and the envi ronment ,  ( 2 )  a requi rement for 

wri t ten Operational S a fe ty Analyses for all operations , ( 3 )  a qual i ty as surance 

program p re s c ribing the inspe c tion of glove -box glove s , ( 4 )  the e l imination o f  all  

outdoor s torage of  plutonium- c on taminated was t e , and ( 5 )  a rev i ew and adminis trat ive 

s ign- o f f  proc edure for water d i scharge from Ponds A- 3 and B- 3 .  

Al l sys tems fil tering a i r  from plutonium operations were upgraded and modi fied 

to ensure a minimum of four s tage s of fil tration be fore glove - box a i r  i s  discharged 

to the envi ronment . Al l fil tering sys tems for uranium operations are be ing upgraded 

to minimize leakage . Al l p rocess - l iquid was t e  l ines b e tween Plan t  bui ldings are 

being rep l ac ed wi th inspectab l e , doub l e -walled l ines that wi l l  contain any l eakage . 

The new p rocess  was tewater tre�tment fac i l i ty w i l l  recover water from P lant 

l iquid p rocess  was te s  for sub sequent reuse in s team generat ion . Upon comp l e t ion , the 

was t e - treatment fac i l i ti e s  wi ll help red�c e the release o f  r�dioac t ive materials to 

the envi ronment ( s ee Sec t ion 2 . 7 . 3 . 3 ) by e l iminat ing the us e of open evaporat ion 

ponds . An inc inerator for low - l evel solid was t e  wi l l  reduce the volume and weight o f  

LSA was t e  shipped o ff s i te .  

A proj e c t  for removing on- s i te soil containing p lutonium i s  underway . Further 

discuss ion o f  thi s  program i s  given in Sec t ion 5 . 2 . 4 .  

To p revent i t s  release o f f  s i te , laundry was tewater i s  b eing impounded unt i l  the 

new p roce s s  waste - t re atment fac i l i ty is completed . Currently , this water bypas s e s  

the s ewage t reatment p lant and d i s charge s into the s econd retention pond ( Pond B- 2 ) , 
bypas s ing B - 1 .  The treated s ewage e f fluent bypasses thi s  pond and dumps from Pond B- 1 
into Pond B - 3 . Pond B - 2  i s  not l arge enough to hold the amount o f  l aundry was t e 

water that w i l l  be generated be fore the new p rocess  was t e - t reatment fac i l i ty i s  

c ompleted . There fore , a line from Pond B - 2 i s  used t o  trans fer thi s  exc e s s  o f  water 

to a l arger pond (A- 2 )  on North Walnut Creek for s torage and evaporat ion ( Figure 2 . 3 . 9 - 3 ) . 
North Walnut Creek i s  diverted around thi s  pond , thus isol ating the pond from normal 

s tream flow . 

The s an i tary-water recycle sys tem w i l l  collect  all  sanitary l iquid e f fluen t , 

treat i t ,  and reuse i t  in the P lant cool ing towers . Thi s  p roj e c t  i s  s cheduled for 

comple tion in 1 9 7 9 . 

Engineering- S c i enc e , Inc . , in the i r  report ( ES , 1974 ) on wa ter c ontro l  and 

recyc l e  for Roc ky Flat s , recommended drainage c anals and an assoc i ated reservoi r  that 

would c o l l e c t  all surface runo ff water originating in or flowing through the fac i l i ty 

area ( the area where all  Plant bui l dings are located ) . A modi fication o f  thi s  p ro 

j ec t , which will utilize three retention reservoirs , has been p repared . The p roj e c t  

i s  s cheduled for comp l e t ion i n  1 97 9 .  
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The ne t e ffect o f  the zero water d i scharge p rogram w i l l  be to e l iminate the 

rout ine d i scharge o f  P l ant was tewater into Great Western Re servo i r . More detail  on 

the z e ro water d i scharge p rogram i s  given in Sec t ion 5 . 2 . 3 .  

4 . 4 . 3 . 2  E ffluent Moni toring 

E l aborate e ffluent moni to ring systems continuously moni to r  all discharge points 

to ensure that any release i s  wi thin an acceptable range . The monitoring sys tems and 

requirement s  are exp lained in S e c t ion 2 . 10 .  Adminis trative contro l s  are also used to 

ensure that a l l  releases are cons i s tent wi th the as - low- a s - prac ticab l e  release opera

t ing p o l i cy ( S ec t ion 2 . 7 . 2 ) . Overa l l , releases are subs tantially below appl i c able 

DOE guide l ines ( see Sect ion 2 . 10 ) . 

In add i t ion to on- s i t e  moni to ring , the contractor conduc ts rout ine envi ronmental 

mon i toring o f  ambient air and water in the general Denver area to ensure that no 

bui l dup o f  radioac tive materials oc curs in any medium to which the general publ i c  

might be exposed . In addi tion , spe c i a l  s tudie s  have evaluated the potential impact 

o f  P l an t  operations on the genera l ecosys tem o f  the area . Thes e  s tudies are di scussed 

in Sec tions 2 . 3 . 1 0 . 2  and 3 . 1 . 1 . 3 .  The envi ronmental mon i toring data are used to 

veri fy that radioact ive e ffluents have not exc eeded any app l i c ab l e  guidel in e , and 

that they also are held to wi thin as - low- as -p racti c able ( ALAP ) o r  as - low- as reasonably 

achievabl e  (ALARA ) l eve l s  ( S ec tion 2 . 7 . 2 ) .  

4 . 4 . 4  Acc ident Prevention 

P lant process  and e ffluent control sys tems are continually updated to guard 

again s t  any acc i dents . In parti cular , e laborate systems and admini s trative contro l s  

have been de s i gned into fac i l i ti e s  ( and transportation sys tems ) t o  p revent any acc i 

dental c r i t i c a l i ty . Extens ive sys tems improvements have been comp leted toward p re 

venting fires a t  the P l an t . Thes e  fire p revention and suppres s ion measures inc lude 

the fol lowing i tems : 

( 1 )  Sprinkler systems in a l l  produc t i on buildings . 

( 2 )  Heat reduc t i on and fire ext ingu i shing sys tems in a l l  bui lding -
vent i lation fi l te r  p lenums . 

( 3 )  Fire doors and fire ext ingui sher access ports in glove boxe s .  

( 4 )  Improved f i re a larm system . 

( 5 )  Inert a tmosphere rather than a i r  i n  many glove boxe s ,  espec ially in 

new fac i l i ti e s  and p roce s s e s  where it i s  importan t to do so . 

( 6 )  E l iminating a l l  possible combu s tible materials from p roc e s s  area s . 

( 7 )  Painting combus tible shielding with fire - retardant paint . 

F i re p reven t ion mea sures are exp l ained in greater de tai l in S e c t ions 2 . 5 . 1  and 3 . 2 . 2 . 4 .  

Exi s ting s t ruc ture s  are be ing reviewed to determine the e ar thquake , wind , tor

nado and non- tornad i c  forces they c an resi s t . Bui ldings construc ted after 1974 are 

designed to mee t  c r i teria deve loped in the fol lowing report s : for earthquake s ,  B lume 
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( 1 9 74 ) ; for tornadoes , McDonald and Minor ( 19 7 2 ) ,  and USNRC Regulatory Guide 1 . 7 6 

( 19 7 4 )  ( s l igh t modi fi cations on the model tornado have been app l ied whe re appropriat e ) ; 

for winds , Surdahl , 1 9 7 5 . All boilers and pressure ves s e l s  are de s i gned , installed , 

and certi fied according to app l i cab le codes and regul ations ( USERDA , 1 9 7 3 ) . Explo

s ive chemic al s ,  or other subs tances such as natural gas , are contro l l ed both in 

amount and by location to prevent any exp los ion from damaging the containment system 

o f  buildings handl ing rad ioac t ive materi a l s . Such materia l s  are handled and p ackaged 

according to s tr i c t  s t andards ( USERDA , 1 9 7 3 ) to prevent thei r  acc idental release or 

loss . 

Ex tens ive moni toring and analy s i s  sys tems coup led w i th detailed admini s trative 

contro l s  are used at Rocky Flats to ensure that all  radioac t ive materials are properly 

ident i fi ed , and unp l anned releases are p revented o r  detec ted in t ime for remedial 

ac t ion . A s trict  doub l e- ent ry accountab i l i ty system i s  u t i l i zed to guard against any 

unde tec ted losses of material , and a l l  special nuc l ear materials are maintained in 

special areas under cons tant sys tem moni toring to prevent thei r  l o s s . Mitigating 

measures taken to prevent the loss of special nuc l ea� materi a l s  are exp lained in 

greater detail in Sec t i on 2 . 1 2 .  

I n  add i t ion to safety sys tems , moni to ring programs , and admini strative control s 

to guard agains t acc idental releases o f  radioac t iv i ty , Rocky Flats  maintains an 

Emergency Preparednes s  P l an to respond to a l l  credible P lant acc ident s .  The P lan 

provides for a systematic , orderly handl ing of emergenc i e s  in such a manner as to 

minimiz e  the impac t s . The emergency p l an i s  desc ribed in S e c t ion 2 . 1 1 .  
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5 .  ALTERNATIVES 

Various alternatives have been cons idered regarding the Rocky Flats Plant , i t s  
operations , and i t s  impact o n  the environment .  These al ternat ive s range from making 
no change in current ac tivities , to complete relocat ion of the P lant and resto rat ion 
of the exis ting s i te to a near -natural condit ion . The five alternat ives cons idered 
are : ( 1 )  no change in current ac tivi t i es , ( 2 )  comp le t ion of changes current ly underway , 
( 3 )  relocat ion , ( 4 )  terminat ion o f  operations , and ( 5 )  other alternat ive s .  The cost 
that would be incurred and the frac t ion of the 7 0 -year dose remaining after implementa
t ion of the various alternat ives are shown in Table 5 - 1 for di fferent port ions o f  the 
populat ion wi thin 50 mi les of Rocky Flats . Revis ions in this section resul t from the 
different approach to dose evaluat ion , Chap ter 3 .  Also the estimated ac reage in 
excess  o f  the S tate pluton ium- in- s o i l  s t andard has been reduced from the 11 , 00 0  acres 
presented in the DEI S , to 1 , 0 0 0  acres , as a resu l t  o f  new dat a .  

The emi s sion sources from Rocky Flats are : ( 1 )  rou t ine airborne releases , ( 2 )  
airborne releases from resuspension o f  on- s i t e  contaminated soil , ( 3 )  rout ine water
borne releases , ( 4 )  acc idental airborne releases and ( 5 )  acc idental water releases . 
Each alternat ive being cons idered can affect any one , or all , of these sources . The 
e ffec t  can range from a partial reduc t ion to complete e l imination o f  emi s s ion from 
that source . Normal waterborne releases and surface runo ff sourc es both u l t imately 
resu l t  in increased radionucl ide concentrat ion in Great We s tern Res ervoir and S tandl ey 
Lake . In thi s S tatement , there i s  no separate model ing o f  the se two pathways ; instead , 
both are accounted for by us ing measured drinking water concentrat ions from these 
reservoirs . Thus , reduc t ion in only one of these two emi s s ion sources l eads to a 
dose change that could range from close to zero to almo s t  the entire impac t  of the 
two emi s s ion source s  comb ined . The frac t ion of the background do ses received by the 
maximum re ference man from rout ine operations ( average intake ) , as compared with 
natural background , are 0 . 0 0 0 11 for the total body , 0 . 0 10 for the l iver , 0 . 0 20 for 
the bone , and 0 . 0043 for the lungs ( S ection 3 . 1 . 2 . 4 ) . 

E s t imat e s  o f  do se are predic ted separately for three categori e s  of peop l e : 
( 1 )  those dr inking water suppl ied from Great Wes tern Reservo i r , ( 2 )  those drinking 
water suppl i ed from Standley Lake , and ( 3 )  a l l  others l iving wi thin 50 miles of the 
Rocky Flats  P l ant . The change in the dose to the se various segments of the populat ion 
di ffers because o f  the di ffering e ffec t s  o f  the various alternat ives on these segment s ,  
and di fference in the maximized source term contributions for the water pathways . To 
determine the 7 0 -year dose to a given individual fol lowing the imp l ementat ion of one 
of the alternat ives , mu l t i p ly the fraction from Table 5 - 1 for the appropriate drinking 
water supply by that individual ' s  corresponding organ do se found in Table 3 . 1 . 2 - 3 . 

The last column in Tab l e  5 - 1 shows the frac t ion of the acc ident risk dose remain 
ing fol lowing impl ementation of the various alternatives . Refer to Table 3 . 2 . 4- 1 , 

for the 7 0 -year r i s k  dose , presented there as organ do se per individual . 
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TABLE 5-1 
SUMMARY OF COSTS AND FRACTION OF ORGAN DOSES 

TO THE INDIVIDUAL REMAINING AT COMPLETION OF A LTERNATIVES 

Fraction of 70-year dose 
Accident 

Risk 
Drinking Normal Operations Dose 

Cost Water Total All 
Alternative ($ Million) Source Body Liver Bone Lung Organs 

1 .  No change i n  current activities N o  C h a n g e 
2 .  Completion of changes currently underway 

a. Plutonium recovery facility 190 All N o  C h a n g e 
b. Waste treatment facility t t  GWR" 1 .00 1 .00 1 .00 1 .00 

SL*** 1 .00 1 .00 1 .00 1 .00 1 .00 
Other 1 .00 1 .00 1 .00 1 .00 1 .00 

c. Water recycle 3 .1  GWR ;;.0.16+ ;;. 0.4 Ot ;;'0.40t 0.96 1 .00 
SL 1 .00 1 .00 1 .00 1 .00 1 .00 
Other 1 .00 1 .00 1 .00 1 .00 1 .00 

d. Partial removal of on-site plutonium- 0 .47 GWR 0.99 0.97 0.97 0.94 1 .00 
contamina ted soil SL 0.97 0.95 0.95 0 .94 1 .00 

Other 0.9 3 0.93 0.93 0.94 1 .00 

3. Relocation - partial 2000 GWR 0.01 0.02 0.02 0 .. 05 0.00 
- complete 2230 SL 0.03 0.04 0.04 0.05 0.00 

Other 0.05 0.05 0.05 0.05 0.00 
4. Termination of Operations 

a. S tandby 1 7 .8 GWR 0.99 0.99 0.99 0 .94 ;;'O.OOttt 
SL 0.97 0 .98 0.98 0 .94 ;'O.OOttt 
Other 0.94 0.97 0.97 0.94 ;'O.OOttt 

b .  Complete shutdown, total decommissioning, 332 GWR 0.0 1 0.02 0.02 0 .05 
and partial decontamination SL 0.03 0.04 0.04 0.05 0.00 

Other 0.05 0.05 0.05 0.05 0.00 
c. Complete shutdown, total decommissioning, 526 GWR 0.01 0.02 0.02 0.05 0.00 

total demolition and site restoration SL 0.03 0.04 0.04 0.05 0.00 
Other 0.05 0.05 0.05 0.05 0.00 

5. Other potential alternatives 
a .  Actions regarding plutonium-contaminated soil 

( 1 )  Removal of al! soil above State guideline 1500 GWR 0.87 0.64 0.63 0 . 1 8  1 .00 
SL 0.56 0.36 0.36 0 . 1 6  1 .00 
Other 0 . 15  0. 1 3  0 . 1 3  0 . 1 6  1 .0 0  

(2) Soil removal of all soil above 5 0 0  d/m/g 7 2 .4 GWR 0.89 0.71  0.70 0.33 1 .00 
and plowing remaining soil above SL 0.64 0.48 0.48 0.3 1 1 .00 
Sta te guideline Other 0.3 1 0.28 0.28 0.3 1 1 .00 

(3) Removal of all soil above 500 d/m/g and 72 .3 GWR 0.96 0.89 0.89 0 .75 1 .0 0  
n o  plowing SL 0.87 0 . 8 1  0 . 8 1  0.74 1 .00 

Other 0.75 0.74 0 .74 0 .74 1 .00 
(4) Plowing of all land above 0 .12  GWR 0.88 0.68 0.67 0.28 1 .00 

State guideline SL 0.6 0 0 .44 0.43 0.25 1 .00 
Other 0.25 0.22 0.22 0.25 1 .00 

(5) Removal of buried waste 38 No Change 
b. Structural integrity of buildings + t + t No Change 
c. Additional land acquisition No Change 
d.  Surface water control 2.8 GWR 1 .00 1 .00 1 .00 1 .00 

SL 1 .00 1 .00 1 .00 1 .00 1 .00 
Other 1 .00 1 .00 1 .00 1 .00 1 .00 

'breakdown by organ:Total Body = 0.74, Liver = 0.46, Bone = 0.47, Lung = 0.99 
* *Crcat Western Reservoir (lives 4 miles from the plant in the ENE direction) 

" 'Standley Lake (lives 2 miles from the plant in the ESE direction) 
tCQuld range from this value to t .00. 

tt the plu tonium recovery and waste treatment facilitil'S aTC being constructed as one project costing $ 1 90 million 
ttt cQuld range from 0.00 to 1 .00,  due to unccrtaintil!s in normal operation and risk dose associated with Pu recovery operation only 

'1"tt t cost, radiation dose, and benefit information on this alternative is not yet available 
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5 . 1  NO CHANGE I N  CURRENT ACT I V I T I E S  

Con t i nu ing P l an t  o p e r a t i o n s  as  they ex i s t  today rep re s e n t s  t h e  s imp l e s t  o f  any 

o f  the a l t e rn a t i v e s  cons ide red . Ac tual and p o t en t i a l  rad i oac t ive and nonrad ioac t ive 

r e l e a s e s , the i r  imp a c t  and s ourc e s , a s  d e s c ribed i n  Chap t e r  3 ,  wou l d  remain unchanged . 

I f  there i s  no c hange i n  current ac t i v i t i e s , con sump t ion o f  natural re sourc e s , 

a s  iden ti fied i n  Chap t e r s  2 ,  3 ,  and 4 wou l d  c o n t inue at the p r e s e n t  rate a s  l ong a s  

ex te rn a l  fac t o r s , such a s  l o s s  o f  n a t u r a l  gas supp ly , d i d  no t p re c i p i t a t e  c h ange . 

5 . 2  COMPLETION OF CHANGES CURRENTLY UNDERWAY 

Several modi f i c a t i ons to ope r a t i on s , a s  d e s c ribed in S e c t ion s 2 ,  3 ,  and 4 , are 

curre n t l y  p l anned o r  are b e i ng imp l emen ted a s  part o f  a c on t inuing e f fort to upgrade 

the P l ant , rep l a c e  obso l e t e fac i l i t i e s , p rovide t e c hn i c a l  improveme n t s  fo r operation , 

i n c r e a s e  p r o te c t ion for the envi ronme n t , and expand P l an t  func t i on s . I n  addi tion , 

s tud i e s  a re be ing c onduc ted and p l ans deve l oped i n  seve ral o t h e r  a r e a s  whe r e  future 

ac t io n s  and mod i f i c a t ions to exi s t ing opera t ions may b e  d e s i rabl e .  The fo l l owing 

maj o r  c hange s are cu rren t l y  i n  progre s s : ( 1 )  con s t ru c t ion of a new fac i l i ty for 

p l utonium re cove ry , ( 2 )  c on s t ruc t ion of a new proc e s s  wa s t e - t re a tmen t fac i l i ty ,  ( 3 )  

t o t a l  recyc l e  o f  the P l an t ' s  wate r ,  and ( 4 )  p a r t i a l  removal o f  on - s i t e  s o i l  c o n t a i n i : g  

p l u ton i um .  Comp l e t ion o f  t h e s e  p roj e c t s  wi l l  redu c e  t h e  7 0 -year o rgan d o s e  from 

P l an t  sou r c e s  to p e rson l iv ing in the v i c in i ty to the l eve l s  i nd i c ated in Tab l e  5 - 1 . 

5 . 2 . 1  P l u ton i um Recovery F ac i l i ty 

The new p lutonium r e c ov e ry and p ro c e s s  was t e - t re a tment fac i l i t i e s  wi l l  involve 

e s s en t i a l ly independe n t , s e l f - c o n t a ined bu i l d i ng s ; ye t they wi l l  b e  part o f  a s ing l e  

s t ruc ture and a r e  b e ing bu i l t  a s  a s ing l e  cons t ruc t ion p rogram . To t a l  f l oor s p a c e  

for the s e  fac i l i t i e s  p l u s  a supp o r t  fac i l i ty i s  3 3 5 , 0 00 square fe e t . Comp l e t ion i s  

exp e c ted i n  1 9 7 9 . 

The p r e s e n t  p l utonium - recove ry sys tem i s  d e s c ribed i n  S e c t ion 2 . 7 . 3 .  The age o f  

ex i s t ing fac i l i t i e s  guided the AEC ( now DOE ) i n  i t s  dec i s ion t o  c on s t ruc t a new 

fac i l i ty .  The new fac i l i ty u t i l iz e s  e s s en t i a l ly the s ame p roc e s s e s  a s  d i s cus sed in 

Chap t e r  2 for the exi s t i ng fac i l i ty ; howev e r , it is b e i ng con s t r u c t ed to s t r i c t e r  

c r i t e r i a  and sp e c i f i c a t io n s  to e n s u r e  t h a t  the s t ruc ture , equ i pmen t ,  and c on t ro l s  

provide a s suran c e  o f  con t i nued , s a fe op e r a t i on . An envi ronme n t a l  impac t  s t a tement 

( USAEC , J anuary 1 9 7 2 ) was i s sued on the new fac i l i ty .  Now under c on s t ruc t ion , the 

new p l u tonium re c overy fac i l i ty wi l l  r e s u l t  i n  p l u ton ium - recovery op e r a t ions b e ing 

p e r fo rmed in g r e a t e r  s a fe ty , w i th g r e a t e r  operat ing e c onomy , and w i th a redu c ed 
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amount o f  plutonium was te . The po s s i b i l i ty o f  spreading con taminan t s  by fire or 
o ther acc iden t s  wi l l  be dec reased . This new fac i l i ty i s  be ing bui l t  to more rigid 
earthquake , to rnado , f i re , and o ther spec i fications requ ired by the c r i teria for new 
p lutonium fac i l i t ies . The fac i l i ty wi l l  recover as much plutonium as po ssible  for 
return to the manufacturing system , and unrecove rable plutonium residues wi l l  be 
conc entrated for tran s fer to a DOE - app roved , was te storage s i te . The new p luton ium 
recovery bui l ding is not expec ted to resu l t  in any change to the organ do ses to 
persons l iving in the v i c i n i ty of the Plant , e i ther from rout ine releases or from 
r i s k  o f  acc idents . 

5 . 2 . 2  Process Was te Treatment Fac i l i ty 

The new was t e - tre a tment p l ant ( S e c t i on 2 . 7 . 3 . 3 ) has been de s i gned t o  h and l e  the 

p re s ent work l o ad at Rocky F l a t s , the max imum p os s ib l e  output from the new r e c overy 

p l ant , and any incr e a s e  in P l ant proc e s s l iqui d wa s t e through 1 9 8 5 .  Th i s  fac i l i ty wi l l  

b e  i n  a s in g l e  s t ructure that w i l l  b e  i n  a s ln g l e  s t ructure , that wi l l  a l s o  hou s e  the 

new p lutonium - re covery opera t i ons . About 4 2 , 7 0 0  s quare feet of t h i s  bu i l ding wi l l  be 

u s e d  for w a s t e  treatmen t . 

Pub l i c  conc ern has been expressed regarding the release o f  tox i c  and radioac t ive 
material ( Lamm-Wirth , 1 9 7 5 ) .  The new was t e - treatment fac i l i ty is an important element 
of the overal l DOE p rogram fo r achieving a s - low- a s - prac t i c ab l e  releases of e ffluents . 
New design features inc lude the fol l owing : 

a .  A c apac i ty to treat a l l  aqueous proc e s s  was tes generated at Roc ky F l at s , 
thus e l iminat ing use o f  the solar evaporation ponds . Th i s  removes the 
po s s ib i l i ty of chemi cal and low - l evel radioac t ive seepage from the ponds 
into the ground and from carryover by h igh winds onto the surrounding so i l . 

b .  Capab i l i ty o f  drying low- leve l radioac t ive s ludge to minimize shipping 
we ight and volume . 

c .  Capab i l i ty to pelletize salts  from the evaporator to reduce dus t ing and 
vo lume , and to afford mo re economical disposal . 

Conc ent rated salt  solut ions now s to red in the solar evapo ration ponds wi l l  be 
evaporated as part o f  the new fac i l i ty ' s  s tart - up program . The solar evaporation 
prac tice  wi l l  then be discont inued . A s imp l i fied flowsheet for the new was te t reat 
ment fac i l i ty ,  Figure 2 . 7 . 3 - 1  dep i c t s  the operat ions . 

Typ i c al proc e s s  so lutions from the new plutonium recovery fac i l i ty wi l l  be at 
p lutonium and americ ium concentrations o f  10 - 5  gil . Further proc e s s ing o f  these 
solutions in the new waste - t reatment fac i l i ty wi l l  reduce the p lutonium alpha a c t ivity 

- 1 0 to 10 x 10 gil . The di sposal o f  this l iquid i s  di scus sed in S e c t ion 2 . 7 . 3 . 3 .  I t s  
concentration i s  considerably below DOE ' s  radioac tivi ty concen tration guide ( RCG ) for 
plutonium in drinking water , 1 , 6 6 7  x 10 - 9  � Ci/ml ( for an indiv idual in a populat ion 
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in an uncontro l l ed area ) . ( See Tab l e  2 . 7 . 2 - 2 to make the conversion to comparab l e  

uni t s . ) A detailed material balance ( i . e . , a n  accoun tab i l i ty sys tem ) c a l l s  f o r  l e s s  

than 10 grams o f  plutonium in the waste p lant at any one time . Th is avo ids any 

c ri t i c a l i ty hazard and e l iminates requirements for c r i t i c a l ly safe geome try and for 

nuc l ear react ion inhi b i tors in the operations . This quan t i ty res triction w i l l  also 

l im i t  potential envi ronmental hazards . 

The primary bene fit to the Denver-area population from the was te treatment 

fac i l i ty w i l l  be the el iminat ion of any further need fo r solar evapo ration ponds . 

The r i sk o f  an impoundment fai lure , di scus s ed in Sec tion 3 . 2 . 2 . 3  becomes zero . The 

contribution o f  thi s  postulated acc ident to persons drinking water from Great We s tern 

Re servoir i s  e l iminated ; reduc ing the risk dose for the reference man re siding at a 

distance o f  4 miles  ENE o f  the Plant to 0 . 74 ,  0 . 46 ,  0 . 47 ,  and 0 . 99 o f  the values o f  

the total body , l ive r ,  bone , and lungs risk doses presented i n  Tab l e  3 . 2 . 4- 1 , respec

tively . Risk doses to person s  who do not drink water from Great Wes tern Reservoi r 

are not changed . 

5 . 2 . 3  Water Recycl e  

Current handl ing o f  Rocky Flats ' raw , treated , and waste water i s  di scussed i n  

Chapters 2 and 3 .  Proc edures fol lowed at the Plant have resul ted in e ffluents be ing 

gene rally within app l i cab l e  guide l ine s . The se guide l ines have been e s tabl i shed as 

maximum concentrations for mos t  indus trial chemi cals and radionucl ide s in ai r and 

water . 

As desc ribed in Sec tion 2 . 9 ,  suspended solids and bi ological oxygen demand ( BOD ) 
in the Plant ' s  l i quid e ffluent have occas ionally exc eeded EPA guidelines for short 

periods o f  time . These exc e s s e s  happened from construc tion o f  a terti ary wa ter 

treatment sys tem , change s  in operating conditions associated wi th an upgrading 

program for the waste - treatment system , and c l eaning o f  the treatment plant . An 
improvement ,  such as tertiary treatment ,  minimi z e s  future prob lems in mee ting NPDES 

permi t requirement s . 

DOE i s  workin g toward the e l iminat i on o f  a l l  rou t i ne l i quid d i s charges from 

the P l ant . Th i s  wi l l  require t o t a l  recy c l ing of a l l  P l an t  aqueous was t e s . There 

are two maj or cons truc t i on proj e c t s  de s i gned t o  a t t ain t h i s  goal . The f i r s t  of the s e  

p ro j e c t s  i s  the Wat er Cont ro l and Re cy c l e  proj e c t , wh i ch w i l l  provide faci l i t i e s  

fo r the  pur i fi ca t i on and r e cy c l ing o f  a l l  s an i t ary e ff luent and coo l ing tower b low

down wate r .  The wat e r  wi l l  b e  pur i f i e d  by us ing the r ever s e - o s mo s i s  proc e s s . I t  wi l l  

b e  reus e d  i n  the exi s t ing raw-water  s y s t em that supp l ie s  makeup wat e r  t o  the coo l ing 

t owers . Th i s  proj e c t  i s  exp ect ed to b e  ope ra t i onal  in 1 9 8 0  at  an e s t imated c o s t  o f  

$ 3 . 1  m i l l ion . 
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The s econd rel ated p roj ect i s  the p roc ess  was te - treatment portion o f  the new 

plutonium recovery and proce s s  was t e - treatment fac i l i t i e s  ( S ec tions 5 . 2 . 2  and 2 . 7 . 3 . 3 )  

whi c h  wi l l  recyc l e  all  aqueous p roce s s  was tes . Together , thes e  two systems w i l l  

deve lop a total recy c l e  sys tem .  E f fluent from the p rocess  was t e  t reatment fac i l i ty , 

as desc ribed in Chap ter 2 ,  w i l l  be reu s ed on s i t e . 

Recyc l ing w i l l  reduce the volume o f  new water requ i red for operations by an 

average o f  6 . l2 -mi l l ion gal lons per month . Of that tota l , 5 . 2 -m i l l ion gal lons w i l l  

be sani tary was tewater recy c l ed b y  means o f  the reverse osmo s i s  proc e s s ; 920 , 000 g a l 

lons w i l l  be recyc led proc e s s  was te from the new was te - treatment fac i l i ty .  More 

important , the p roj ect w i l l  resu l t  in zero discharge of l iqui d  e ffluent off s it e  from 

the Rocky F l at s  P l ant . Plant e ffluent water wi l l  no longer flow into Great Wes t e rn 

Reservo i r ,  which s tores raw water for the c i ty o f  B roomfield . Because o f  periodic 

low flow cond i tions , the drainage between the P l ant and Great We stern Reservoi r  does 

not support a fish population . 

As exp l a ined in Chap ters 2 and 3 ,  alpha radioac t iv i ty concentration in the 

drinking water supp ly downs tream from the s ani tary was te d i s charges i s , at thi s  t ime , 

con s i s ten t ly less  than 1% o f  the amount permitted by EPA drinking water s tandards . 

Thi s  does not in�lude releases o f  natural uranium a c t iv i ty p re s ent in water taken 

into the Plant from o f f- s i te sourc e s . Cont inued release o f  water from holding ponds 

used for sanitary waste , however , could result in the release of plutonium that i s  

resuspended from prev ious ly contaminated sediments . 

The bene fit  o f  the water recyc l ing i s  to remove that frac t i on o f  the source term 

assoc i ated with water d i s charges from the Plant , and at tributed to drinking water 

from Great Western Reservoi r .  The fract ion o f  the sourc e term may be anywhere between 

1 . 0  and 0 ,  inc lusive . The bene f i t  to persons drinking water from Great Wes tern 

Re servo i r ,  therefore , can range between no change in the organ dose from routine 

releases to the frac t i ons of the organ doses l i s ted in Tab l e  5 - 1 . For a person 

drinking water from Great Wes tern Reservoi r  ( re s i ding at 4 m i l e s  in the ENE s e c tor ) , 

the frac t ions are greater than o r  equal to 0 . 1 6 o f  the total body dos e , 0 . 40 o f  the 

l iver dose , 0 . 40 o f  the bone do s e , and 0 . 9 6 o f  the lung dose . No bene f i t  by way of a 

reduc tion in o rgan dose occurs to persons who drink water supp l ied from o ther water 

systems . 

5 . 2 . 4  On - S i te Contaminated S o i l  

A t  presen t , plutonium concentrations in soi l  in the v i c i n i ty o f  t h e  P lant a r e  a t  

leve l s  above s tatewide background leve l s . ( See Sec t i on 2 . 3 . 9  for a more comp l e te 

desc rip tion o f  the bac kground plutonium l evel s  in the v i c i n i ty o f  Roc ky F l a ts ) . Thi s  

plutonium conc entration resul ted primarily from drums that l eaked plutonium- contam i 

nated o i l  during the period 1 9 5 9 - 1 9 69 . The h ighes t l evel s  o f  p lutoni um are found i n  
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an area j u s t  ins ide the P l ant ' s  eas tern security fence , about 1 . 5  mi l e s  ins ide the 

P l ant boundary . 

Uncontained on- s i te s o i l  contaminated above 5 , 000 d/m/g or 2 2 . 5  microcuries per 

square meter , which invo lves about 43 , 000 square feet , has been removed , packaged , 

and shipped to a DOE - app roved s torage s i te .  To reduce thi s  level to the background 

l evel for field ins t rumen t s , the top 9 inches of s o i l , a total o f  approximately 1 , 2 00 

cubic yards , has been removed . Thi s  p roj ect cost was abou t  $470 , 0 00 . 

The e ffec t o f  the removal o f  s o i l  for this p roj e c t  i s  to reduce the annual 

a irborne source term from resuspen s ion o f  on- s i te soil  by 7 . 2% and to reduce the 

organ do se to persons l iving in the vicinity of the P l ant to approximately 9 3% or more 

of the present e s t imated amount ( Tabl e  3 . 1 . 2 - 3 ) , depending on thei r  dis tance o f  

residence from the P l ant . An envi ronmental assessment was p repared for the proj ect 

( Rockwe l l , 1 9 7 5 ) .  I t  conc luded that the p roj e c t  would no t have a s igni ficant adverse 

effect on the envi ronment .  Care was taken to minimize any increased dispers ion of 

plutonium during the removal p roc e s s . Such d i spers ion would negate any future s avings 

from a reduced plutonium sourc e . 

5 . 3  RELOCATION 

Relocation has been cons idered as an a l t ernat ive to Rocky Flats ' current locat ion . 

Such an action could be a complete relocation o f  all  functions a s sociated w i th Rocky 

Flats , o r  i t  could be l imi ted to relocation o f  only thos e  operations having the 

highes t  potential for adverse e ffects  on the envi ronmefit .  

5 . 3 . 1  Complete Relocation 

All operations curren tly conduc ted at Rocky Flats could be t rans ferred to 

ano ther exi s ting DOE fac i l i ty or to a new s i te . A recent s tudy ( Rockwe l l , 1 97 6 )  

indicates a total cost o f  approximat e ly $ 2 . 2  b i l lion for this a l te rnative . Thi s  

e s t imate inc ludes the fo l lowing : 

a .  Removal o f  a l l  equipment and systems p lus decontami nation and demo l i t ion o f  

a l l  s t ruc tures ( $ 240 m i l l ion ) . 

b .  Removal o f  contaminated s o i l , which inc ludes the asphalt pad area and 

s ediment from ponds in the A and B series , and restorat ion of the Plant 

s i te to near natural cond i t ions ( $42 mi l l ion ) . 

c .  Construc t ion o f  new process and support fac i l i ties  at a d i f fe rent s i te 

( $ 7 7 6  m i l l ion ) . 

d .  Indi rec t costs o f  1 5% plus 2 5% for cont ingency ( $463 m i l l ion ) . 
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The s e  figures b ring the total c o s t  o f  thi s a l t e rnative to about $ 1 . 5  b i l l ion in 

1976 dol l ars . An undertaking such as thi s  would have to b e  imp l emented in several 

phases to maintain neces s ary p roduc tion capab i l i t i es whi l e  new fac i l i ti es are con

s t ruc t ed and p laced i n  operation . A period of about 10 to 12 years would be required 

for ful l  imp l ementat ion at the new s i te . E s c a l a t ion at 6% per year through mid - 1984 

would add $ 7 10 m i l l i on to the cos t ;  thus , a total o f  $ 2 . 2  b i l l ion in costs could be 

expec ted by the ant i c ipated comp l e t ion date o f  1988 . Local expendi tures for s i te 

demo l i tion and res toration , inc luding indi rec t ,  c on tingency , and escalation c o s t s , 

would involve about $ 405 mi l l i on o f  this overall total . 

I f  the new locat ion were l e s s  populated , a bene ficial  impac t on the total env i ron

ment would be involvement o f  fewer p eop l e  should a poten t i a l  acc ident rel eas e s igni f i 

c ant quan t i ti e s  o f  radioac t ive material . T o  the populat ion i n  the vic ini ty o f  the 

present s i te , a bene fi t from comp l e t e  relocat ion would b e  lowering the o rgan dose to 

persons l iving wi thin 50 miles o f  the P l ant . Routine releases from P lant bui ldings 

would be e l iminated , resuspens ion o f  plutonium in on - s i t e  con taminated soil  would be 

reduc ed to 5% o f  its present e s t imated value ( Sec t i on 3 . 1 . 2 . 1 ) , and the risk from the 

postulated accidents would be e l iminated . The organ doses for tho s e  persons would be 

reduced to 5% or l e s s  of the corresponding organ doses for current routine operations , 

as given in Tab l e  3 . 1 . 2 - 3 ,  and organ risk doses from pos tulated acc idents as given in 

Tab l e  3 . 2 . 4- 1  would be reduc ed to zero . Doses to populat ions a t  the new s i t e  cannot 

be e s t imated wi thout knowing the population d i s t ributions , the meteoro logical charac 

teri s t ic s  and the water pathways in the new location . A c ompari son o f  costs  and 

bene fi t s  is made in Chapter 9 .  

Unde rground relocation o f  the P lant i s  but a variation o f  P lan t relocat ion 

di scussed in the p revious p aragraphs . To make thi s  change would b e  ext remel y  cos tly 

as it would inc lude a l l  costs o f  complete  relocation plus the cost  o f  unde rground 

con s t ruc tion . Putt ing the P lant underground would dec rease the r i sk from acc i dents 

as a resu l t  of an a i rc raft c rash , high winds , o r  tornadoes . 

5 . 3 . 2  Partial Relocat ion 

The part ial relocat ion al ternative considers the a c t ion and impacts  assoc i ated 

with trans ferring the P l ant ' s  radioac t ive -materials -handl ing fun c t ions to ano ther 

s i te , leaving only thos e  func tions related to the p rocess ing of nonradioac t ive 

material s .  Thi s  al ternative would inc lude comp l e t e  decontamination , demo l i t ion , 

c ra ting , and shipment o ff s i te o f  a l l  contaminated s t ruc tures and equipment ; s o i l  

removal ; deep p lowing ; and revegetation o f  contaminated l and o n  s i te . New fac i l i ties  

would b e  requi red at a new s i te for a l l  radioact ive -material pro c e s s e s  and assoc i ated 

admini s trat ive and suppor t  serv i c e s . 

5 - 8  



As discussed in S e c t ion 5 . 3 . 1 ,  the recent s tudy ( Rockwe l l , 1 9 7 6 ) o f  costs for 

comp l e t e  reloc ation of the P l ant provides an adequate bas i s  for e s t imating partial 

relocat ion costs . In thi s  cas e ,  the new fac i l i t ie s  would cost app roximately $751 mi l 

l ion . Thi s  inc ludes cer tain stainless steel and bery l l ium fabricat ion fac i l i t i e s , at 

a cost of $ 2 02 m i l l ion , which canno t real i s t i c a l ly be separated from plutonium opera

t ions . All plutonium fabricat ion , sc rap recovery , proc ess  developmen t ,  research , 

was t e  treatment , rec e iving , pac kaging , and storage fac i l i t i e s  would be inc luded in 

the new fac i l i t i e s , a t  a c o s t  o f  app rox imately $450 m i l l ion . New admin i s trat ive and 

support fac i l i t i e s  would c o s t  approx imately $ 9 9  m i l l ion . 

Decontaminat ion , demo l i t ion , c rat ing , and shipping costs at Rocky F l a t s  for 

struc tures and equ ipment are est imated at $ 149 mi l l ion . Thi s  inc ludes demo l i t ion o f  

older contaminated s truc tures only , as the newer structures c an b e  adequately c leaned 

by s andblas ting all surface s .  Removal o f  soi l , deep plowing , and revegetation plus 

removal o f  the A- and B - series pond sediment , is est imated to cost $42 m i l l ion , 

bringing the total decontaminat ion costs  at the exi s t ing s i t e  to $ 1 9 1  mi l l ion in 1 9 7 6  

dol l ars . 

Adding 15% for indirect costs  and 25% for cont ingency , approximately $423 m i l l ion 

( in 1 9 7 6  dol l ars ) would b e  added for a total of $ 1 . 3 6 b i l lion .  Complet ion o f  thi s  

alternat ive would require 10 t o  1 2  years ; thus , escalating the cos t a t  6% p e r  year to 

a midpoint in 1984 , w i th comp l e t ion expec ted in 1988 , the total cost of thi s  a l terna

t ive would be $ 2  b i l l ion .  Regional expend i tures , inc luding indirec t ,  cont ingency and 

e s c a l a t ion costs , would amount to about $ 2 7 5  m i l l ion . 

Personne l , suppl i e s , and u t i l i t i e s  at Rocky Flats  would be requ i red at approx i 

mately 3 7% o f  the current level . Thi s  i s  based o n  the continued need for maintenanc e ,  

support , and adminis trat ive services for remaining fac i l i t i e s , add i t ional admini stra

t ive load re su l ting from decentra l i z ed operations , and the need to coordinate opera

tions with the new fac i l i ty .  Thi s  con s t i tutes  a redu c t ion o f  63% in personne l and 

u t i l i t i e s . As suming also a 50% reduc t ion in supp l i es purchased , the direct annual 

after- t ax revenue loss would be $ 2 6  m i l l ion for the area . Reduc tions in induced 

p ayro l l  ( a fter taxes ) and in Federal impact p ayment s would add ano the r $44 . 6  m i l l ion 

to the regional revenue loss for the partial relocat ion al ternat ive . 

B en e f i t s  to the Denver area that are attributab l e  to this a l t ernat ive would 

inc lude the e l iminat ion of 1 0 0% o f  opera tional radioac t ive emi s s ions , the e l iminat ion 

of 9 5% of future resuspension from on - s i te so i l , e l imination of 1 0 0% of potent ial 

Plant acc iden t s  involving radioactive material s ,  and a reduc t ion in the consump t ion 

o f  natural resourc e s . The organ doses to persons l iving w i thin 50 m i l e s  of the P lant 

would be reduced to 5% or l e s s  of the corre sponding organ doses for current rout ine 

operations , as g iven in Tab l e  3 . 1 . 2 - 3 ,  and organ r i sk do ses from postulated acc idents 

would b e  reduced to zero . Nonradioact ive emi s s ions would c on tinue , a l though at a 

s l ightly reduced rate , but wi th no sign i fi c ant adverse impac t on the envi ronmen t .  
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5 . 4  TERMINATE OPERAT IONS 

Termination o f  operat ions at Rocky Flats  wi thout p rovi s ion for equivalen t  c apa

b i l i t i e s  a t  ano ther fac i l i ty or a t  a new fac i l i ty would resul t in d i scont inua t ion of 

the p roduc t ion o f  certain nuc lear weapons componen t s . Thi s  a l terna tive i s  incon

s i s tent w i th the current nat ional de fense pol icy es tab l i shed by the Pres ident and 

endors ed by Congress through l eg i s l at ion , inc luding appropriat ion ac ts . The current 

national defense pol i cy i s  beyond the scop e  o f  thi s  Environmental Impact S tatement 

for Rocky Flats . The local i z ed e ffec t s  and direct c o s t s  o f  t erminat ing operations at 

the Rocky Flats Plan t  have been evalua t ed and are pres ented in this sect ion as three 

op t i ons : ( 1 )  S t andby , ( 2 )  Comp l e t e  Shutdown , w i th Total Decommi s s i on ing , and Partial 

Decontaminat ion , and ( 3 )  Comp l e t e  Shutdown , w i th Total Decomm i s s i oning , Comp l e t e  

Decontamination , Total Demo l i t ion ,  and S i t e  Res torat ion . 

5 . 4 . 1 S t andby 

P lac ing the Roc ky F l at s  P l ant on s tandby would cons i s t  o f  a shutdown of produc

t ion and research and development activi t i e s , mothball ing the equipment ,  and per forming 

some decontaminat ion . Operat i ons to recover plutonium from was te and s c rap would 

cont inue , as would securi ty , heal th , sa fety , envi ronmen tal , maintenance , f i re depar t 

ment , transportation , and other support ac t ivi t i e s  and personne l . A work force o f  

approximately 1 , 400 p eop le would b e  requi red . B a s e d  on a c o s t  o f  $ 3 0  per square 

foot , and as suming approximately 3 5% of the total P l ant floor area o f  1 . 7  mi l l ion 

square feet would " require decontaminat ion , the c os t  e s t imate for standby mode i s  

approximately $ 1 7 . 8  mill ion . I n  keeping w i th the defini t ion o f  s tandby , thi s e s t imate 

does not inc lude c o s t s  for disas s emb ly of equipment and sys tems , or for decontamina t i on 

o f  external surface s  or l and areas immediate ly adj acent to the buildings . 

Ex i s t ing c ontamina t ion o f  P lant s t ruc tures and land would b e  unchanged , and 

main tenance , s ecur i ty , heal th phys i c s , adminis trat ive , and management personnel would 

be requi red to moni tor and maintain the P l an t  to ensure a continuous ly s a fe and 

s ecure s tatus for a l l  fac i l i ti e s . Plac ing the P lan t in a standby mode would require 

approximately two to three years because of the ma terial in proc e s s  and the t ime 

requ i red for decontaminat ion . 

The bene f i t  to the environment o f  plac ing the P l ant on s tandby would be a 

reduct ion in the rad i oac t ive and nonradioac t ive e f fluents from rout ine P l ant opera

t ion . Ano ther bene f i t  would b e  an avo idance of some potential a c c i dents involving 

the release and spread of radioac tive and nonradioac t ive materia l s . C l o s ipg the 

P lant would also mean a reduct ion in the consump t i on o f  natural resourc es in thi s  

area . A standby mode o f  operation would e l iminate e s s ent i a l ly all  the as sumed source 

term of 100 � C i  of p lutonium a lpha a c t iv i ty emi t ted annual ly to the a i r  from routine 

P l an t  opera tions . It would also e l iminate the potential 5 Ci of t r i t ium a c t ivi ty ; 
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but i t  would no t affect source term , 4 , 400 � C i , a maximized e s t imat e  o f  plutonium 

alpha activ i ty emi t ted from exi s t ing on- s i te contaminat ion . No change i s  expec ted in 

the drinking water source term for water from Great Wes tern' and S t andley Lake . 

The effect o f  the s t andby cond i t i on on persons res iding wi thin 50 miles o f  the 

Plan t , for rout ine , chronic releases , is a reduction of the o rgan doses to 94% or 

more of the current ope ra t ing impac t .  Organ risk do ses for postulated acc idents 

would be reduced , but the reduction has not been quan t i fied . 

5 . 4 . 2  Complete Shutdown , Total Decommiss ion ing , and Par t i al Decontaminat ion 

Complete  shutdown , total decomm i s s ioning , and partial decon taminat ion o f  the 

Roc ky Flats  P l ant , as po s tul ated in this al ternative , would enta i l  shutdown of all  

ac tivi ties , decontamination o f  a l l  s t ruc tures and equ ipment , di smant l ing o f  all  

produc tion and p rocess  sys tems and componen t s , and c ra t ing them for shipment to DOE 

app roved storage s i t e . The decontaminated s t ruc tures would remain , along with the i r  

ut i l i t ie s  and o ther service systems . Some contaminated soi l  wi thin the P l ant bound

aries p robably would remain . 

An e s t imate o f  c o s t s  for thi s  mode o f  termination was made during a recent s tudy 

( Rockwe l l , 1 97 6 ) . In thi s  s tudy , decontamination o f  s t ruc tures would include sand

b l a s t ing of c ertain wal l s  and floors after general s crubdown and c l eaning of a l l  

contaminated surfac e s . S o i l  decontamination o f  c ertain areas would c ons i s t  o f  removal 

and shipment o f  approximat e ly 812 , 000 cub i c  feet of soil , p lus deep plowing and 

revegetat ion of approximately 2 2 0  acre s , inc luding 20 �cres assoc i ated with the 

812 , 000 cub i c  feet o f  s o i l  removed . The asphalt pad , i t s  underlying so i l , and pond 

s ed iment would also be removed and shipped o f f  s i t e . 

E s t imated c o s t  for these actions i s  $ 2 7 8  m i l l ion in 1 9 7 6  dol lars : $ 1 67 mi l l ion 

for building- equipment decon taminat ion and d i sposal and for building restorat ion , 

$ 5 0  m i l l ion for building demo l i t ion and d i spo s al , and $ 61 m i l l ion fo r decontaminat ion 

of soil  and pond s ediment and for s i te res toration . These figures al low 15% for 

indirect c o s t s  and 2 5% for cont ingenc i e s . Escalation at 6% annually to a three - year 

midpoint would raise the total cost  to $ 33 1  m i l l ion , assuming comp l e t ion of the 

p roj ect in 1982 . 

The cost  o f  so i l  and pond decontamination e fforts in the above e s t imates were 

based on the fo l lowing cri teria : 

( 1 )  Al l areas o f  the P l ant s i te and buffer zone in whi ch p lutonium contamina

tion i s  above 1 , 000 d/m/g w i l l  be excavated by an envi ronmental ly approved 

method to remove the top 1/8 inch to 1/4 inch of soi l . The areas w i l l  then 

be deep plowed and revegetated with natural grasses . 
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( 2 )  All areas o f  p lutonium contamina tion on s i te and in the bu ffer zone between 

100 d/m/g and 1 , 000 d/m/g w i l l  be deep p l owed and revegetated . 

( 3 )  Soil  under the asphal t pad and s ediment i n  the bot tom o f  the A- and B - series 

ponds wi l l  be removed and shipped o ffs i t e . 

A total annual revenue loss  to the region o f  approximately $ 44 mil lion in direct 

expendi tures and $ 7 0  m i l l ion in induced pay ro l l  would resul t ( Chapter 9 ) . 

Bene fits  from comp l e t e  shutdown , total decomm i s s ioning , and part ial decontamina

tion would be the el imination of all radioac t ive and nonradioac t ive e f fluents , acc i 

dental release potent ial , consump tion o f  natural resourc e s , and potential impac t s  o f  

contaminated s o i l  for the areas decontamina ted . The 2 2 0  a c re s  that would be decontam 

inated , inc luding the asphalt p a d  area and pond sediment , contain about 9 5% o f  the 

on- s i te soil  contaminated wi th plutonium ( re fe r  to S ec t ion 2 . 3 . 9 . 1  for detailed 

discuss ion o f  p luton ium d i s tribut ion ) . 

P l ant shutdown and part ial decontaminat ion would have the s ame e f fe c t  on the 

organ doses to persons living within 5 0  miles  o f  the P l an t  as would comp l e te reloc ation . 

The o rgan doses for tho s e  persons would be reduced to 5% or l e s s  o f  the corre sponding 

organ doses from current routine operations , and organ risk dos e s  from postulated 

acc idents would be reduced to z e ro . 

5 . 4 . 3  Complete Shutdown , Total Decomm i s s ioning , Complete Decontamination , 
Total Demo l i t ion , and S i te Res to rat ion 

The third mode of termination extends the comp lete decomm i s s ioning and p artial  

decontamination di scussed in S ec t ion 5 . 4 . 2  to inc lude demo l i t ion o f  a l l  Plant s truc 

ture s and fac i l i ti e s , crat ing and shipp ing them for s torage , and comp l e te res torat ion 

o f  the s i t e  through p l owing and revege tat ion . Some re s i dual p lu tonium and americ ium 

would remain in the s o i l  and s tream sediments , as indi cated in S e c t ion 5 . 4 . 2 .  The 

cost for decontaminat ion , demo l i t ion , and c rating o f  a l l  rema ining s t ruc tures and 

equipment , above the $ 2 7 8  m i l l ion e s t imated in Sec tion 5 . 4 . 2 ,  is e s t imated to b e  

$ 1 3 9  m i l l ion . Soil  removal , plowing , and revege tat ion o f  t h e  area prev iously occupied 

by P lant s t ruc tures would add about $ 1  m i l l ion . Th i s  would raise the total cost for 

this alternat ive , inc luding indi rec t and cont ingency costs , to $418 m i l l ion in 1 9 7 6  

dol lars ( Rockwe l l , 1 9 7 6 ) . Escalation at 6% annually to a four-year midpoint would 

increase the c o s t  to  $ 5 2 8  m i l l ion , with an e s t imated c omp l e t ion date of  1984 . A 

total annual revenue loss  to the region o f  approximately $44 mi l l ion in di rec t 

expendi tures and $ 7 0  m i l l ion in induced p ayrol l  would resu l t  ( Chapter 9 ) . 

The bene fits  o f  this alternat ive would be identical  to tho s e  described in 

S e c t ion 5 . 4 . 2 ;  i . e . , s i te decontaminat ion , el iminat ion of all effluent s  and acc ident 

potential , and el imination of the consumption o f  natural re sourc e s . An add i t ional 
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30 acres , now oc cupi ed by Plant s t ruc ture s , would be returned to range after demo l i 

t ion and removal o f  a l l  P lant s truc tures . Thi s  would increase the s i te re storat ion 

acreage to 2 5 0 . The reduct ion in the organ doses to persons l iving wi thin 5 0  miles  

o f  the  Plant i s  ident ical to that for the al ternat ive presented in S e c t ion 5 . 4 . 2 .  

5 . 5  OTHER ALTERNATIVES 

In contra s t  to S e c t ion 5 . 2 ,  which di scus ses change s to Plant operations that 

have been approved , funded , and currently are in various stages of comp l e t ion , thi s 

sec t ion d i s cus ses o ther changes that have been cons idered . The alternatives inc luded 

in this sec tion involve ( 1 )  ac t ions regarding plutonium- contaminated s o i l , ( 2 )  s truc 

tural integri ty o f  bui ldings , ( 3 )  addi t ional land acqui s i t ion , and ( 4 )  surfac e -water 

con t rol . 

5 . 5 . 1  Ac t ions Regarding Plutonium- Contaminated S o i l  

I n  add i t ion t o  the p lutonium- contaminated soil  that has been removed from the 

l ip area ( as d i s cussed in S e c t ion 5 . 2 . 4 ) , there are areas in whi ch some s o i l  removal 

has been done or is under consideration . The areas inc luded are adj acent to the 

solar evaporation ponds , the s o i l  unde r  the asphal t pad , east and sou theast of the 

l ip area , and some was t e  burial s i tes . A l arge fract ion of the organ dose described 

as resu l t ing from normal operat ion is attributab l e  to these sourc e areas . 

Po s s ible ac t ions that c an be taken with the contaminated so i l  inc lude one or 

more o f  the fo l lowing : 

( 1 )  Separat ing p lutonium from the soi l . 

( 2 )  Containing the plutonium . 

( 3 )  Removing the plutonium wi th the soil  ( Se c t ion 5 . 2 . 4 ) . 

Rocky Flats i s  researching me thods to remove plutonium from the soil . The 

methods are intended for app lication in the decontaminat ion of s o i l  under the asphalt 

pad . The research has focused on three bas i c  proc e s s e s : 

( 1 )  Partial  concentrat ion by attri tion s c rubbing , s iz ing , and sc reening . 

( 2 )  Concentration by one or more phy s ical techniques : 

a .  c onvent ional magnet i c  separation 

b .  high- gradient magnetic  s eparation 

c .  flotat ion 

d .  den s i ty gradient 

( 3 )  Chemical l eaching of the final concen t rate from S tep 2 .  
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At p re s ent , research indicates 7 0  to 90% soil  decontamination may be ob tained by two 

s tage s o f  siz ing , sc reening , and attrit ion sc rubb ing , but a third s t age proc e s s  

spe c i fic to plutonium mus t  be sati s fac torily demons t rated . A soil  decontamination 

p l ant b ased on the s e  p roc e s s e s  i s  rece iving budget cons ideration for comp l e t ion by 

1982 , but w i l l  not be bui l t  if i t  i s  determined that some other option , such as s o i l  

removal ,  i s  s afer and less  expens ive . 

Containment o f  the p lutonium i s  exemp l i fied by the asphalt pad whi ch covers the 

area where c ontaminated o i l  leaked from steel  drums . Containment by the asphalt p ad 

removed about 1 . 7  Ci o f  p lutonium from possible resuspens ion . Vege tat ion presently 

s e rves as an e ffec t ive means of containment in mos t  areas to which the present discus

s ion app l i e s . Containment methods ac ceptable for long- term c ontrol might inc lude 

deep - p lowing the s o i l  to p l ace the plutonium out of avai l ab i l i ty for surfac e resuspen

s i on . Deep - p lowing di lutes the concentration of the radioac tivi ty in the so i l , 

making i t  less  avai lable to p lant s  with shal low root zones and to surface runo ff . 

Deep -p lowing would be fo llowed by appl i cation o f  top s o i l  and revege tat ion . 

Five speci fic actions concerning plutonium- c ontaminated s o i l  on and o f f  s i t e  

have been cons ide red . The se ac tions , which fo l l ow , are based o n  the recommendations 

of Healy ( 1 9 7 4 )  and the guidel ines of the Colorado Department of He alth ( S e c t ion 

2 . 3 . 9 . 2 ) :  

( 1 )  Removal o f  a l l  soil  above the S tate guidel ine o f  2 d/m/g ( 0 . 0 1 � Ci/m2 ) .  

( 2 )  Removal o f  a l l  surface s o i l  above 500  d/m/g and deep- p lowing the s o i l  

c ontaining plutonium levels  above the S tate guidel ine . 

( 3 )  Removal o f  a l l  surface s o i l  above 500  d/m/g , but re frain ing from any other 

ac t ion . 

( 4 )  Deep- p lowing a l l  surfac e s o i l  containing p lutonium above the S tate guide

l ine . 

( 5 )  Removal o f  buried was te containing radioac tiv i ty above the S tate guide l ine . 

Cos t s , impac t on organ dos e , and bene fits associated with the se five ac t ions are 

l i s ted in Tab l e  5 - 1 .  Costs for all  soi l - removal e fforts inc lude packaging the s o i l  

and shipping it to a DOE - approved s torage s i t e . 

The mos t  comprehens ive s o i l  removal alternat ive would be to remove all  exposed 

s o i l  with plutonium levels above the S tate guidel ine o f  2 d/m/g ( 0 . 0 1 � C i/m2 ) .  Based 

on data f rom DOE contrac ted s tudi e s , th i s  potentially would involve about 1 , 000 acres 

o f  o f f- s i t e  l and and about 2 , 000 acres of on - s i t e  land . If these 3 , 000 acres were 

excavated at an e s t imated c o s t  of $ 1 1  per square foot , thi s a c t ion woul d  cos t about 

$ 1 . 44 b i l l ion , not inc luding c ap i tal equipment . Removal of the asphal t  pad and the 

s o i l  under it and removal of sediment from the A and B series ponds is e s t imated at 

$ 61 m i l l ion , inc luding indi rect c o s ts and c ont in�ency allowanc e ( Rockwe l l , 1 9 7 6 ) . 

The total e s t imated c o s t  for this alternative i s  there fore $ 1 , 500 mi l l i on . 
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In terms o f  bene fi t s , removing a l l  soi l presently above the Colorado S tate 

guidel ine would d i spose o f  about 9 0% o f  the e s t imated 6 . 9  Ci o f  on- s i te plutonium and 

9 0% o f  the 2 . 6  Ci o f f- s i t e  plutonium . Thi s  would mean a reduc t ion of the on- s i te 

resuspen s i on source term to 0 . 1  o f  the value e s t imated for curren t operat ions ( S ec t ion 

3 . 1 . 2 . 1 ) . No reduc t ion in source term would resu l t  from removal o f  the aspha l t  pad 

and s o i l  under i t , because the plutonium in that locat ion is presently con s i dered to 

be 100% contained . Likewi s e , no reduc t ion in waterborne source term beyond that 

e s t imated under water recyc l e  ( S ec t ion 5 . 2 . 3 ) is expec ted from removal of pond s ediments . 

The reduc t i on in the organ doses for persons l iv ing wi thin 50 miles  o f  the P l an t  

for rou t ine releases are shown in Tab le 5 - 1 for t h i s  al ternative . For the person 

residing a t  4 m i l e s  from the P lant in the ENE sec tor and drinking water supp l ied from 

Great Western Res ervo i r , the 7 0 - year bone dose is reduced to 6 3% of i t s  present 

e s t imated value ( Tab le 3 . 1 . 2 - 3 ) .  The 7 0 -year bone dose would be reduced to 3 6% and 

1 3% for the person residing at 2 miles  in the ESE sector and drinking water supp l i ed 

from S t andley Reservo i r  and for persons drinking water supp l i ed from other sourc e s , 

respective ly . 

The removal o f  off - s i te soil  above the S tate guide l ine o f  2 d/m/g ( 0 . 01 � C i/m2 ) 

would reduce the o rgan doses to hypo the t i c al persons l iving on that ground . The land 

is presently uninhab i ted . S ee Sect ion 3 . 2 . 4 . 3  and Tab l e  3 . 2 . 4 - 3 for the presentation 

o f  these doses . Thi s  removal would reduce the c ontours o f  0 . 05 � C i/m2 and 0 . 02 

� Ci/m2 to a value o f  0 . 01 � C i/m2 , or possibly l e s s , w i th a reduc t ion in the organ 

doses to a hypothe t ical person l iving at thos e  locations to 2 0% and 50% respec t ively . 

Removing s o i l  c ontaining plutonium above 500  d/m/g ( a  j udic iously cho s en , but 

arb i t rary guide ) *  and p l owing the remaining l and containing plutonium above the State 

guidel ine could apprec i ably reduc e the c o s t  as compared w i th removing all  s o i l  above 

2 dim/g . There are . an e s t imated 50 acres on the P l an t  s i te that exceed 500 dim/g . 

The 5 0  acres are in four locat ions , two o f  which do not involve bare soi l . The areas 

are as fol lows : 

( 1 )  S ed iment at the bottom o f  the B - 1 and B - 2 holding ponds . 

( 2 )  Soi l under and adj oining the asphal t  pad . 

( 3 ) Soi l  extending s outhea s t  o f  the asphalt  pad . 

( 4 )  A former was te s torage s i te a t  the northeas t corner o f  the Plant security 
area . 

Removal o f  the s o i l  under the asphalt pad and removal o f  sediments from the A 

and B series ponds has been e s t imated at $ 61 m i l l ion ( Ro c kwe l l , 1 97 6 ) , inc luding 

indirect  c o s t s  ( 15%) and c ont ingency ( 25% ) . S o i l  adj o ining the pad having plutonium 

l eve l s  above 500 d/m/g are e s t imated to include 1 . 0 2 m i l l ion square feet ( 27 acres ) .  

At $ 1 1  per square foo t , the cost o f  thi s a c tion would be $ 1 1 . 3  m i l l ion . The total 

cost o f  soil removal would be $ 7 2 . 3 m i l l ion . At $40 per acre ( Rockwe l l , 1 97 6 ) , 

p l owing and restoring the remaining 2 , 950 acres o f  land containing p lutonium concen-
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trations be tween 5 0 0  d/m/g and the S tate guidel ine o f  2 d/m/g would c o s t  an addi tional 

$ 11 8 , 000 ; thus , the total e s t imated c o s t  for this a l ternat ive is $ 7 2 . 4  m i l l ion . 

The e f fec t o f  the se act ions i s  to reduc e the sourc e term for rou tine releases 

from resuspens ion o f  on- s i t e  soil to 2 6% o f  i t s  present e s t imated value ( Sec t ion 

3 . 1 . 2 . 1 ) . The effect  on the organ do ses to persons l iving w i thin 50 m i l e s  of the 

P lant is given in Tab le 5 . 1 .  For rou t ine operations the do ses to the organs w i l l  be 

28 to 89% o f  the present e s t imated amount . Thi s  alternative has no e f fec t on the 

r i s k  dose from postula ted acc idents . Plowing of o f f- s i te so i l  above the S tate gu ide

l ines o f  0 . 01 � Ci/m2 i s  expected to have the s ame reduc t ion as for the soil removal 

discussed for the first  al ternat ive in thi s sec t ion . 

The third alternat ive i s  removing a l l  s o i l  containing plutonium above 500 d/m/g , 

but do ing no thing w i th the remaining p lutonium- contaminated s o i l . Th i s  would involve 

the removal of pond sediment p lus dirt from under and near the asphal t  p ad . The 

e s t imated cost  would be $ 7 2 . 3  m i l l ion . The effect  o f  this a c t ion i s  to reduc e the 

source term for curren t releases from resuspension of on - s i te soil  to 73% of i t s  

present e s t imated amount . The e f fec t  o n  the organ do ses to persons l iving wi thin 5 0  

m i l e s  o f  the P l an t  i s  given in Tabl e  5 - 1 . Doses t o  the organs w i l l  b e  74% t o  9 6% o f  

the present e s t imated amoun t . 

The fourth alternative , p lowing and restor ing a l l  surface s o i l  containing pluto 

nium above the State guidel ine o f  2 d/m/g , would requ i re plowing approxima tely 

3 , 000 acres a t  an e s t imated c o s t  o f  $ 1 2 0 , 0 00 ( $40 per acre ) . The e ffec t  o f  this  

a c t ion i s  to reduce the source term for rout ine releases  from resuspension o f  on- s i te 

s o i l  to 20% o f  i ts present e s t imated value . The e ffec t on the organ do ses to persons 

l iving wi thin 5 0  miles of the P lant i s  given in Tab l e  5 - 1 .  The dose s  to the o rgans 

are in the range of 22 to 88% of thei r  present e s t imated value s . The e ffec t  on off

s i t e  s o i l  i s  the s ame as for the f i r s t  two al terna t ives in this sec t ion . 

In add i t i on to the surfac e - contaminated areas , there are c ertain places on the 

P lan t s i te that have been used as d i sposal s i t e s , cove red by two to three fee t o f  

soi l . The s o i l  below the surface i n  these areas may contain low levels  o f  plutonium , 

but because o f  the low mob i l ity o f  plutonium in so i l , there i s  no evidence from a i r  

and we ll sampl ing that t h e  plu tonium h a s  moved or that any o f f- s i t e  contamination o r  

expo sure o f  the general pub l i c  h a s  resul t ed from th i s  subsurface cont aminat ion ; nor 

i s  there any reason to expec t any spread o f  thi s c ontamination wi thin the nex t  few 

decades . Add i t iona l ly , s tud i e s  on s o i l  d i s turbance by burrowing animal s  ( Winsor , 

1 9 7 5 ) indicate upcast  s o i l  comes from around the 1 0 - cm horizon , implying that no 

dis turbance oc curs to s o i l s  at 100 - cm depth . Therefore , there w i l l  b e  no expo sure to 

the Denver- area population in the next 7 0  years and no bene fi t ,  as determined in 

prev ious sec t i ons , would be gained by decontaminat ion . I t  i s  recogn iz ed , however , 
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that because p lutonium has a long hal f - l i fe ( 24 , 000 years ) , decontamination could 

prevent dispersal of p lutonium over a very long period and thus prevent any potential 

hazards from that dispersal . 

A f i f th alternative cons i dered in deal ing with p lutonium- contaminated s o i l  i s  to 

remove those disposal s i te s  where the exi s tence of p lutonium concen trations above 

background leve l s  are known or suspec ted . The material involved in these are as 

( exc luding the asphal t pad are a )  amounts to a total e s t imated volume of 6 . 4  m i l l ion

cub i c  feet . Avai lab le informat i on indicates that mos t  of the radioac t ivi ty in the se 

areas is from uranium and o ther naturally occurring alpha emi t ters . The average 

level o f  plutonium in the se disposal s i tes is about 0 . 0 1 nC i ( 0 . 0 0 0 0 1  � C i )  per gram . 

Thi s  level i s  so l ow that the soil  would no t require spec ial packaging for o ff - s i te 

shipment . As a resul t , removal costs  would be reduced to $ 6  per cub i c  foot for a 

total c o s t  e s t imated at $ 3 8  mi l l ion . 

The EPA i s  currently e s tab l i shing guide l ines ( S e c t ion 2 . 3 . 9 . 2 ) for al lowab le 

leve l s  of p lutonium in soi l .  The se guide l ines may have an in fluenc e on future Rocky 

Flats  actions conc erning contaminated soi l .  The Envi ronmental Pro t e c tion Agency 

( EPA) has propo sed a guidel ine of 0 . 2  � Ci/m2 . Thi s  value app l i e s  to the top 1 cm o f  

s o i l  in uncontro l l ed areas and i s  desc ribed a s  a s c reening leve l rather than an upper 

l imi t .  Current data indicate that o f f - s i te soil contaminat ion l eve l s  do not exceed 

the federal proposed screening l eve l .  On s i t e , a p l an ime tric e s t imate from HAS L 

i sop l e ths ( Krey , and others , 1 9 7 6 )  indicates that app rox imately 300  acres o f  exposed 

soil exceeds the proposed sc reening leve l .  I f  the presently p ropo sed 0 . 2  � Ci/m2 

s c reening l evel for the top centime ter o f  s o i l  i s  accepted , no o f f- s i te l and would 

requ i re remedial act ion . About 300  acres of on - s i te land would contain p lutonium in 

exc e s s  of the guide for remedial a c ti on , exc luding areas covered by the asphal t  pad 

and the sediment s  in the ponds . Thi s  land is presently in a contro lled- ac c e s s  area , 

and there fore i s  no t subj e c t  to the recommended actions o f  the p roposed guide . Deep 

p lowing the 300  acres at $40 per acre fo r p lowing and re s to ration wou ld c o s t  about 

$ 1 2 , 00 0 . 

No do se reduc t ion bene fi t i s  expec ted from thi s  a c t ion . 

P re s ently , radioac t iv i ty in soil  a t  Roc ky F l a t s  i s  contained and the locat ions 

are documented . Close surve i l lance o f  a l l  areas having radioact ivi ty i s  maintained 

by the P l ant ' s  operat ing contrac tor and by State and Federal agenc ies . 

5 . 5 . 2  S t ruc tural In tegr i ty o f  P lant Buildings 

S ince the Roc ky Flats  P lant f i rs t  became operational in 1 9 5 2 , many change s  have 

occurred at the P lant . Expans ion , mod i fication , and renovat ion have b een virtually 

continuous p roc e s se s , both to inc rease capab i l i t i e s  and capac i ty ,  and to upgrade 
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exi s t ing s truc ture s , sys tems , and equipment so as to improve the handling o f  radio

ac t ive material s and ensure s afe operation . Throughout the P l an t ' s  h i s tory , every 

new fac i l i ty has been des igned and constructed to meet the mos t  s tr ingent safe ty 

requi rements in e ffec t  at the t ime o f  cons t ruc t ion . Many o f  these new cri teria 

originated from research and development at the P l ant , and many d i f fe rent design 

cri teria have been implemented at d i f feren t t imes in the P lant ' s  his tory . In genera l , 

s truc tures and sys tems have been subj e c t  to more s tringent ( wi th greater safe ty 

fac tors ) design c ri t eria as t ime pas sed . The increased conservat i sm resulted primar

i ly from cons i de ration of more serious pos tulated acc iden t s . The s e  cons iderations 

resulted in a c r i terion requiring greater load c apac ity of s tructure s . Thi s  does no t 

mean that exi s t ing s tructures w i l l  not wi ths tand the corresponding loads i f  the 

pos tulated cond i t ions were to occur . All engineered fac i l i ti e s  have s a fe ty margins 

in exce s s  of the design cri teria . 

Formal S afety Analysis  Reports are b e ing p repared for maj or P l an t  s truc ture s . 

As part o f  this proj e c t , a detailed s truc tural analy s i s  i s  being conducted to determine 

the s t ruc tural c apab i l i ty of each maj o r  bui lding as it pertains to c e rtain natural 

phenomena .  The s e  ana lyses wi l l  document the s t ruc tural response in fac i l i ty S a f e ty 

Analyses Reports o f  the maj o r  bui ldings to s e i smi c , tornado , and extreme wind forc e s . 

The resul ts w i l l  then be used in connection wi th subsequent dec i s ions on P l an t  improve 

ments . 

5 . 5 . 3  Land Acqu i s i tion 

Congre s s  appropri at ed $ 1 1 . 4  m i l l ion for the purchase during 1 9 74 and 1 9 7 5  o f  

about 4 , 000 acres o f  land surrounding the original Rocky Flats  P l ant s i te . Prior to 

the purchase , an Environmen tal Impac t S t a tement was prepared ( USAEC , Apr i l  1 9 72 ) . 

The inten t  was to provide a 1 to 1 . 5  m i l e  extens ion o f  the buf fer z one around the 

fac i l i ty . The acqui s i t ion was and i s  intended to minimize the type of problems that 

o f ten arise when res idential c ommun i t i e s  enc roach upon indu s t rial fac i l i t i e s . Thi s  

buf fe r  zone w i l l  al so provide a n  extra margin o f  pub l ic s afety i n  the event o f  an 

acc ident a t  Rocky Flats . 

About 450 acres o f  the present buffer zone i s  being deve loped into a wind energy 

t e s t  fac i l i ty as desc ribed in Sec tion 2 . 4 .  P l an t ing o f  tree s and shrubs in the 

buffer zone c ould enhanc e  the e s thetic  value of the area . Such e fforts have and wi ll 

c on tinue t o  be chal l enged by unfavorable soil  and c l imat ic cond i t i ons p revalent in 

this area . A l and management plan has been drafted for the buffer z one area . Imple

menta tion of the plan will encourage p ro t e c t ion of the exi s t ing ecology , archeology , 

and fac i l i tate research , and operational use whe re thi s i s  appropriate , and revege ta

t ion where it i s  needed . 
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Air and s o i l  mon i toring done at the boundary o f  the Plant show that l and ad

j acen t  to it i s  wi thin the EPA propo sed Guidanc e for Transuran i c s  in the Envi ronment 

( 19 7 7 ) .  Al though a DEI S  commenter has suggested that the air moni toring data are not 

reliab l e , thi s has not been substantiated ( see App endix I ) .  

As s tated in this sec t i on , plutonium concentrat ion l evels above the Co lorado 

S tate guideline of 2 d/m/g exi s t  in certain areas beyond the new s i t e  boundary . 

Recent measurements , using the Colorado Health Department ' s  soil - s amp l ing technique , 

indicate that the ac tual amount o f  l and with s o i l  above the State guidel ine o f  2 

d/m/g may be l imi ted to 1 . 5  square miles  ( 1 , 000 acres ) on the east boundary o f  the 

fac i l i ty . The cost  for that 1 , 000 acres would approximate $5 mi l l ion ; however , DOE 

plans no addi t ional l and acqu i s i t ions . 

The e ffec t  o f  acqui ring the addi tional l and having plutonium conc ent ra t ion 

l evel s  above the S tate guidel ines of 0 . 01 � C i/m2 is to p revent pe rsons from l iving on 

that land . The acqui s i tion , there fore , e l iminates the po ss ibi l i ty that persons could 

receive the organ do ses pres ented in Tab l e  3 . 2 . 4- 9 for contours greater than 0 . 01 � Ci/m2 . 

5 . 5 . 4  Surfac e Water Control 

Al ternatives have been p ropo sed to reduce the impac t o f  p lutonium - contaminated 

s o i l  surrounding the P lant . For examp l e , a s tudy o f  the P lant ' s  ove rall water require

ments and exi s t ing water sys t ems was conduc ted in 1974 ( ES 1 , 1974)  as part o f  the 

total water recyc le p ro j e c t . Thi s  s tudy recommended that a perimeter canal and large 

reservo i r  be cons t ruc ted to c o l l e c t  the surfac e runoff water o riginat ing in or flowing 

through the control area ( ins ide the security fence )  where a l l  P l ant buildings are 

located . Upon comp l e tion o f  the total water recyc le p roj e c t , storm runo ff would b e  

the only remaining water d i s charge from the P lant s i te that could carry contaminants 

to down s t ream water users . 

Exi s t ing retention ponds on North Walnut Creek , South Walnut Creek , and Woman 

Creek are no t suffi c iently l arge to ho ld s torm runo ff water originating ins ide the 

P lan t s ecuri ty fence during heavy rainfal l .  B e fore these ponds fi l l  to capac i ty , 

they are bypassed to prevent the release o f  resuspended pond s ediment wi th the runo ff 

water .  The p ropo sed surface water sys tem would contain and con trol s torm runo f f .  

After analytical sampl ing t o  ensure that the water qua l i ty i s  within acceptab l e  

l imi t s , the water can b e  released . 

The presently p lanned sys tem , begun in 1 97 8 ,  i s  desc ribed in S e c t ion 2 . 10 . 2 .  I t  
w i l l  con s i s t  o f  open drainage di tches and three , e ar then impoundment dams . The dams 

wi l l  be cons t ructed on No rth Walnut Creek ( Dam A- 4 ) , South Walnut Creek ( Dam B - 5 ) ,  

and Woman Creek (Dam C- 2 ) . McKay Di tch , located to the we s t  and north o f  the securi ty 

fence , w i l l  b e  enl arged to contain runo ff from the 100 -year storm .  To the wes t o f  
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the contro l led area , a flume wi ll be cons tructed across North Walnut C reek . This 

flume wi l l  divert water to McKay Ditch and thus prevent water flow from the we s t  from 

entering the contro l led area o f  the P l ant S i t e . 

The dam core wi l l  be cons truc ted from c l ay obtained from c l ay format ions in the 

buffer zone . Other dam- construc tion s o i l  wi l l  be ob tained from sui t ab l e  s i te s  in the 

buffer zone . All newly exposed s o i l  w i l l  be p rotec ted from ero s i on by reseed ing or 

by riprapp ing . 

Almo s t  in l ine w i th the midpoint o f  the contro l l ed area , Woman Creek wi l l  be 

diverted by a bypass d i tc h  around the exi s t ing C - l dam and the new C - 2 dam . Drainage 

from the c ontro l led area w i l l  go into a drainage di tch wh ich w i l l  be cons truc ted 

be tween the securi ty fence and Woman Creek . Thi s  di tch w i l l  pass through the C - l and 

C - 2 dams b e fore j o ining Woman C reek . The se dams can contain a l l  runo f f  water from 

the 100 -year s torm ;  thus , the diversion d i tch w i l l  prevent storm runo f f  that passes 

through the area ins ide the securi ty fence from entering Woman Creek . Th i s  sys tem i s  

to be comp l e ted b y  the end o f  F Y  1 9 7 9 .  The e s t imated c o s t  i s  $ 2 . 8  m i l l i on .  

Thi s  surface water control system w i l l  minimize the red i s tr ibution o f  radioac tive 

and nonradioac tive contaminants that might otherwi se oc cur as a resul t o f  a heavy 

storm ,  and i t  a l so would reduce the threat o f  exc e s s ive ero s ion of down s tream c hannel s  

and o f  flooding Great Wes tern Res e rvoi r  and S t andley Lake i f  the 100 - year storm 

should occur . Thi s  p roj e c t  i s  expec ted to resul t in no change in the organ doses to 

persons from routine release s .  E l imination o f  acc idental waterborne - releases wi l l  

have the s ame e ffec t as the was te treatment fac i l i ty o n  the r i s k  dose from acc idents 

( S ec tion 5 . 2 . 2 ) . 

Other a l t erations o f  the envi ronment because o f  thi s control system wi l l  be 

removal of top so i l  in the dam con s t ruc tion s i te s  and Woman Creek bypass ditch p lus 

redis tribution of the soil e l s ewhe re in the buffer zone . The redi s tributed s o i l  

would be reseeded with local gras s e s . 
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6 .  RELATIONSHIP BETWEEN SHORT- TERM USES 
AND LONG-TERM PRODUCTIVITY 

Thi s  sec t i on brie fly summari z e s  the cumulative envi ronmental effects  resul t ing 

from Rocky Flats ' short - term ( 1 951 to presen t ) use of area re sources . In addi tion , 

pos s ib l e  e ffec t s  from decommi s s ioning and relocation o f  the Plant are di scussed . A 

more detai led discus s ion o f  thes e  i s sues i s  found in Chapters 5 and 9 o f  thi s Envi ron

mental Impac t S tatement . 

6 . 1  CUMULATIVE ENVIRONMENTAL EFFECTS 

The cons t ruction of the P l an t  and i t s  operation s ince 1 9 5 1  have a ffec ted the 

envi ronment , as would the construc t ion and operat ion o f  any maj o r  industrial plan t . 

The primary cumulative env ironmental e ffec t s  to date because o f  Rocky Flats opera

t ions have included the fo l l owing : 

( 1 )  Some chemical and radioac t ive contaminat ion o f  soil , wat er , and air . 

( 2 )  Interfe rence wi th the natural habi tat o f  flora and fauna . 

( 3 )  P revent ion o f  agricul tural , indus trial , and res iden t i al development on 

l and wi thin the P l an t  boundary . 

( 4 ) Consump tion o f  natural and energy resources . 

O f f - s i t e  soil  containing p lu tonium from Rocky Flats presents no known danger to 

human heal th ( CDH , 1971 ) .  S o i l  contamination i s  di scussed in detail in S e c t ions 

2 . 3 . 9 . 1  through 2 . 3 . 9 . 3 .  The radioac t ivi ty and chemic a l s  in water and air leaving 

the P l an t  are below Federal and S tate s t andards e s tab l i shed to pro te c t  human hea l th . 

Minor exc ep t ions have occurred wi th chemical s in wate r .  Thes e  exc ep tions are d i scussed 

in S e c ti on 2 . 9 . 1 . 2 .  Future d i s s emination in the environs o f  radioac t ive and non

radioac t ive e f fluents from Rocky Flats  w i l l  be reduced even further when a new was t e 

pro c e s s ing fac i l i ty and a tot al water- +ecy c l e  program become operat ional . Add i tion

ally , the need for raw water wi l l  be reduced by about 40% when the water recy c l e  

program i s  opera tional . 

I f  P l an t  operations continue as a t  presen t , acc e s s  t o  the Rocky Flats  s i te wi l l  

be l imi ted , and u s e  o f  land wi thin the s i te boundary wi l l  remain restric ted t o  ac tiv

ities having minimal env ironmental impac t . Add i t i onal l and surrounding the P lant was 

purchased in 1 9 7 5  to enl arge the buffe r  zone ( s ee S e c t ion 5 . 5 . 3 ) and is cons idered in 

the Rocky Flats Land Management P l an . The P l an is directed toward maintaining the . 

area surrounding the P lant in as natural a s tate as pos s ible and toward minimiz ing 

any adverse impact of Rocky Flats on the envi ronment . Recent envi ronmental improvement 

programs have invo lved top s o i l  rehab i l i tat ion , reseeding o f  natura l gras s e s , t ree 

plant ing , as di scus sed in S e c t ion 2 . 3 . 1 0 . 4 . The s e  programs make bene f i c i al con

tribu t ions to the area ecology . 
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The presence o f  the P lan t may have prevented some indus trial and res ident ial 

deve lopmen t ,  and has resul ted in a small  loss o f  grazing land for l ivestock and grain 

produc tion . Tha t  loss , howeve r ,  will  be o ffset by the probab le recove ry o f  overgrazed 

land , with a concurrent increase in wildl i fe . Re s tric ted land use , plant ing o f  trees 

and na tural gra s s e s , and con t ro l l ing o f  surface wa ters will  minimiz e  ero s ion and wi ll 

promo te the growth o f  natura l vege tat ion and wild l i fe . The uses to wh ich the s i te 

can be put wi l l  cont inue be ing l imi ted as long as the P lant operates wi th i t s  present 

m i s s ion . I f  a l terna te uses are cho sen for the Plant , the long- term e ffec t on the 

envi ronment wi l l  depend on the use . 

6 . 2  DECOMMISS IONING 

The Roc ky Flats  P l an t w i l l  cont inue producing componen t s  for nuc lear weapons as 

long as requi red fo r nat ional defense or unt i l  the operat ion is moved to ano ther 

location ( an alternat ive di scus sed in S e c t ion 5 ) . When no longer needed , the P l ant 

could be decomm i s s ioned and pos s ibly used for some o ther purpose such as research . 

The land also could be made avai lable for an alternate use such as comme rcial deve lop 

ment , res idential developmen t ,  o r  agricul ture . Future uses d i f fering from current 

P l an t  ac t ivi t i e s  might require soil decontaminat ion , depending on the level of radio

ac t iv i ty in s o i l  as allowed by recognized s tandards exi s t ing at the t ime . S o i l  

decon taminat ion , i f  ne eded , w i l l  require considerab le t ime , money , and a sui t able 

technology . 

Cons ideration o f  moving Rocky F l a t s  operat ions to another locat ion would raise 

fundamental issues of prac t i c a l i ty and economy . The s e  i s sue s inc lude the accep t ab i l 

i ty o f  another location t o  perform the unique Rocky F l a t s  mi s sion , the t ime needed to 

bui ld or mod i fy ano ther fac i l i ty , and the substantial c o s t s  assoc iated wi th reloca

tion . The accep t ab i l i ty o f  ano ther location would depend on a number o f  fac tors , 

such as the avai labi l i ty o f  a ski l led work force and o ther re sourc es comparable to 

tho se in the Denver area . A conservat ive e s t imate o f  c o s t s  assoc iated wi th relocat ing 

the current Roc ky Flats  operat i on e l s ewhere and leaving the s i te in a cond i t ion 

sui table for o ther types o f  work i s  app roximately $2 b i l l ion . Th i s  c o s t  e s t imat e  was 

derived on the ba s i s  that conversion of the s i t e  would be i n i t ia ted in the near 

fu ture ; it doe s no t inc lude c o s t s  that would be incurred in convert ing the ex i s t ing , 

highly spe c i a l ized s t ruc ture s to non -nucl ear work . The e s t imated t ime requ i red for 

relocat ion is about 10 years . Decontaminat ion and decomm i s s ioning are di scussed in 

greater de t a i l  in S e c t ions 5 . 3 ,  5 . 4 ,  and 5 . 5 .  

6 . 3  REFERENCES 

CDH . USAEC Roc k  
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7 .  RELATIONSHIP TO LAND- USE PLANS 

The Rocky Flats  Plant , l i ke mo s t  indus trial fac i l i ti e s , has some impac t on the 

surrounding areas . To assess  thi s impac t ,  l and - use p lans in the vic inity o f  the 

Plant s i te were iden t i fied , and pos s i b le P lant in fluenc e s  on the s e  p l ans were evalu

ated . Thi s  sec t ion brie fly covers l and - use plans for areas wi thin 10 miles  o f  the 

P l ant and men tions possible  confl i c t s  w i th the se p lans . The exi s t ing land- use o f  

this area i s  described i n  S e c t ion 2 . 3 . 2 .  

7 . 1  LAND - USE PLANS 

Land -use plans and zoning maps were acquired for Adams , Boulder , and J e f ferson 

Coun t i e s , and for the c i t i e s  o f  Arvada , Boulde r ,  Broomfi eld , La faye t te , Louisvi l l e , 

Superior , We s tmins ter and Wheat Ridge . The general area o f  intere s t  was revi ewed , 

and a compo s i te l and - us e  p l anning map was deve loped from the above sourc e s . Thi s  map 

is shown in Figure 7 . 1 - 1 .  

7 . 1 . 1  S tate Land -Use P l ans 

The mo s t  recent edi tion availab l e  of the S tate l and -use map was pub l i shed in 

1 9 7 3 . For the v i c i n i ty of the Roc ky Flats  P l ant , the mo s t  detai led i n forma tion was 

acqui red from count ies and munic ipal i t ies ; thi s  informa t ion i s , however ,  general ly 

cons i s tent wi th the obj e c t ives of the S tate planning . 

7 . 1 . 2  County Land -Use P l ans 

The area w i t�in 10 m i l e s  of the Roc ky Flats  P lant i s  loca ted in three count ies : 

Adams , Boulder , and J e f ferson . 

Adams Coun ty , east o f  the P l ant , inc ludes port ions o f  Arvada , Broomfield , and 

We stmins ter . Mos t  o f  this area i s  under the j ur i sd i c t ion o f  the c i t i e s  and i s  d i s 

cussed i n  S e c t ion 7 . 1 . 3 .  

The Roc ky Flats  s i te and mos t  o f  the area wi thin 10 miles  to the eas t , south , 

and wes t  i s  located in Jefferson County . Future l and use in Jefferson County i s  

covered b y  two documen ts : ( 1 )  the Go l den/Rals ton P lan , adopted b y  the J e f ferson 

County P l ann ing Comm i s s ion in 1 9 7 3  and amended S eptember 1 974 ; and ( 2 )  the l and use 

zoning maps pub l i shed Dec ember 15 , 1 9 7 7 , in an in format ion booklet i s sued by J e f ferson 

County P l anning Department . As shown in Figure 7 . 1 - 1 ,  the l and we s t  of the P l ant i s  

p l anned primar i ly for agricul ture or open space , except for a narrow s t rip adj acent 

to the wes tern P l ant boundary . That s trip is p l anned for industrial use . 
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F i gure 7 . 1 - 1  Land -Use  Map 
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L and adj acent to the P l ant ' s  southern boundary i s  p l anned for indu s t ri al  expan s i on , 

with some low den s i ty res iden t i a l  deve lopment .  

E a s t  o f  the P l ant , an area adj acent to the Je ffco Airport i s  p l anned for indu s 

trial expansion , w i t h  mo s t  o f  the remai n ing land p l anned for low ( z e ro - to - three uni t s  

p e r  acre ) res iden t i a l  expans ion . The area immed i a te ly adj a c ent t o  S t andley Lake , 

southe a s t  o f  the P l ant , i s  p l anned for open spac e , which wi l l  l imi t re s i den t i al 

expans ion in that are a .  

The area north o f  the Plant  i s  i n  Boulder County ; i t  i s  covered p rimarily b y  the 

Boul der Val l ey Comprehens ive P l an . The Boulder County P l an genera l l y  proj e c t s  l im 

i ted res iden t i a l  expans ion into t h e  un incorpo rated a r e a s  during the n e x t  f e w  decade s . 

The P l an does no t , howeve r ,  proj e c t  res idential  expan s i on wi thin three to four m i l e s  

o f  Roc ky F l a t s ' northern boundary . 

7 . 1 . 3  C i ty Land - Us e  P l ans 

Evaluation of comprehens ive l and - u s e  p l an s  and z oning map s for populat ion centers 

surrounding the Roc ky Flats P l ant inc luded the c i t i e s  o f  Arvada , Boulder , Broom f i e ld , 

Golden , L afaye t t e , Loui sv i l l e , Superior , We s tminster , and Wheat Ridge . P l ans were 

acquired from the s e  c i t i e s  except for Go lden , Arvada ,  We s tminster , and Wheat Ridge 

whi c h  currently do not h ave adopted l and - u s e  p l ans . Informa t i on from the s e  p l an s  was 

incorporated into Figure 7 . 1 - 1  and was compared with the county land - u s e  p l ans fo r 

cons i s tency . 

General urb an i z a t i on o f  the areas e a s t  and southe a s t  o f  the Plant  i s  shown on 

various p l an s  and zoning map s particul arly tho s e  of Arvada and We s tmi n s ter . The 

c l o s e s t  res iden t i a l  area , 4 . 5  m i l e s  d i s tan t  from the P l ant , i s  approved for a PUD 

( P l anned Uni t  Devel opment )  and w i l l  have an average hou s ing den s i ty o f  l e s s  than 

3 . 5  uni t s/ac re . 

North o f  the P l ant , the c i t i e s  o f  Boulde r ,  La faye t te , Lou i sv i l l e ,  and Superior 

have comprehens ive l and - u s e  p l ans cove ring the  area wi thin the i r respec t ive c i ty 

l im i t s ; the s e  c i t i e s  are d i s tant enough from the P l ant boundari e s , howeve r ,  that  they 

do not a f fec t the area in the P l ant v i c in i ty . To the south is the c i ty o f  Go lden , 

whi c h  i s  a l so loc ated far enough from the P l an t  that g rowth wi l l  no t a f fec t the Rocky 

F l a t s  are a . 

7 . 2  P LANT INFLUENCE ON LAND USE 

After the various comprehens ive l and - u s e  plans  and zoning map s in the v i c i n i ty 

o f  the Rocky F l a t s  P l ant were rev i ewed , an evaluation was made o f  the i n fluence the 

7 - 3  



P l ant might have on the se p l ans . The · only area o f  poten t i al land - use confl i c t  i s  

near t h e  eas tern boundary o f  the Plant . Land - use in thi s  area , generally under the 

j urisdict ion o f  Jef fer son Coun ty , is affected by the res iden t i al expans ions o f  Arvada 

and We s tmins ter . 

In 1 9 7 2  the Col orado Department o f  Health de fined an "Area of Concern . "  In 1 9 7 5 , 

after add i t ional s o i l  samp l ing , the area was reduced in s iz e , to having a nor thern 

and we s tern boundary o f  Colo rado 1 2 8  and Colorado 93 , resp e c t ively , w i th a southern 

boundary o f  80th Avenue extended to Colorado 7 2  and an eas tern boundary o f  S imms 

S t re e t  ex tended through S tandl ey Lake . Special con struc tion techniques , such as 

p l owing , may be required by the S tate Health Dep artment on soil  con taining plutonium 

in exc e s s  o f  2 . 0  d/m/g or 0 . 01 � Ci/m2 ( s e e  S e c t ion 2 . 3 . 9 . 2 ) . 

In May 197 5 ,  zoning for a res iden t i al development immediately southea s t  o f  Rocky 

Flats was denied by Je f ferson County Comm i s s i oners because o f  concern over possible 

plutonium contaminat ion . Subsequently three lawsui t s  were f i l ed by the owners o f  the 

land adj acent to the Plan t  aga inst the Uni ted S t ates , The Dow Chemical Company , and 

Rockwe l l  Interna tional Corporat ion .  The se l andowners al lege that opera tion o f  the 

Plant has damaged the i r  prope rty . The de fendan t s  have den i ed the a l l egat ions and are 

de fending the suits . Re solution o f  this l i t i ga t ion may determine whe ther any changes 

in ex i s t ing land-use p l ans w i l l  be requi red . 
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8 .  IRREVERS IBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

8 . 1  NATURAL AND ENERGY RESOURCES 

Mo s t  energy resources consumed for u t i l i ties and transportation in daily opera

tions of the Rocky Flats  P l an t are i rretrievable . The quantity of resources consumed 

is based primarily on operat ional needs of P l ant fac i l i t ies . The se needs are influ

enced by the wo rk load , and , with few excep t ions , are unre l a ted to the number of 

peop l e  emp loyed at Rocky Flat s . 

The fo llowing figures for FY 1 9 7 7  indicate the l evels at which the se resources 

are being expended : 104 , 0 50 megawat t  hours o f  electri c i ty ; 637 m i l l ion cubic feet of 

natural gas ; 1 0 1 , 3 9 6  gal lons o f  gaso l ine ( exc luding emp loyees ' personal transporta

tion ) ; 3 3 5 , 0 00 gal lons o f  res idual fuel o i l ; 1 9 , 3 5 3  ga l l ons o f  d i e s e l  fue l ; 40 , 87 6  gal 

lons o f  propane , and 1 1 3 . 2  mi l l ion gal lons o f  wa ter . In FY 1 9 7 7 , the sewage treatment 

p l ant returned 5 6 . 8  m i l l ion gal lons of the wa ter used by Roc ky Flats  dire c t ly back to 

the environs . The rema ining wa ter was also returned to the environ s - -mo st ly by 

evapo ration . Chemical usage for the P l ant i s  summarized in Tab l e  2 . 8 - 1 .  Fue l  sys tems 

are d i s cus sed in S e c t ion 2 . 6 . 6 . 

P l ant requ i rements for resources o ther than wa ter are expec ted to inc rease 

modes t ly in the fu ture , but e f for ts are being direc ted toward u t i l i z ing the resources 

as e f fi c iently as po s s i b l e . Examp les of the se act ions are reduced l i ght ing in vari 

ous areas o f  the P lant , reduc ing u t i l i t i es dur ing o ff - duty hours , conservation o f  

gaso l ine by reducing bus and mail servi c e , and encouragement o f  emp loyee carpool s .  

Cons tru c t ion i s  also  underway on fac i l i ties  fo r a total wa ter - recycle  program , as 

des cribed in Sec tion 5 . 2 ,  and for recovering and recyc l ing ni tric acid in the new 

plutonium recovery fac i l i ty .  

The use o f  the l and i s  no t considered an i rreversible and i rre trievab l e  commi t 

ment o f  resources . Future options for an app ropriate renovation program are d i s 

cussed in S e c t ion 5 . 4 .  

8 . 2  MANPOWER RESOURCES 

One cons ideration in evaluating the irreve rs ible and i rretrievable commi tments 

of resourc es i s  that of the manpower necessary for P l ant operat ion . Al though u sual ly 

considered a ben e fi t , the employment requi red for P l ant operation i s  a commi tment o f  

area manpower and , there fore , i s  an i rretrievab l e  resourc e i n  that man -hours expended 

at Ro cky F l ats canno t be recovered or used e l s ewhere . 
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The Rocky Flats  P l ant di rec tly emp loyed approx imately 2 , 800 people , exc lud i ng 

cons truc t ion workers , during 1 9 7 7 . Th i s  direct emp loyment has dec l ined over recent 

years , from a maximum o f  3 , 7 50 peop le in 1 9 7 2 , because of budgetary l imitations and 

reduced produc tion s chedu l e s . Employment proj e c t ions through 1 9 85 range from 2 , 600 

to 3 , 400 peop l e . Proj e c t ion o f  future wo rkloads and funding that w i l l  be authorized 

by Congres s  have l imi ted the DOE ' s  employment e s t imates a t  Rocky F lats  to the year 

1 9 85 . 

There has been and w i l l  be the need fo r add i t ional fac i l i t i e s  that require con

s truc t ion l abor . H i s tori c a l ly , an average o f  300 con s truc tion worke rs has been 

employed each year , and thi s requi rement i s  expected to continue for several mo re 

years . 

Because o f  the proximity o f  the Rocky Flats P l ant to me tropoli tan Denve r ,  the se 

commi tment s  o f  manpower do no t p l ace a s ign i fi c ant burden on the avai l able labor 

pool . 

8 . 3  F INANC IAL RESOURCES 

Opera t ion of the Rocky F l a t s  P l ant causes the expend i ture of cons i derable sums 

of Federal money . In add i t ion , ini t ia l  cons truc t ion c o s t s  o f  the fac i l i t i e s  and the 

periodic mod i f i cations to them have also caused large financial  expendi ture s . 

The direct operat ing cost o f  the P lant was about $ 7 0  m i l l ion in FY 1 9 7 7 , which 

inc ludes the payro l l  p lus expendi ture s for equipment ,  goods , servi c e s , and u t i l i t i e s . 

Thi s  operat ing co s t  varies from year to year , depending on p roduc tion and budge tary 

l imitat ions . Total cons truc t ion co s t  fo r the Rocky F l ats P l an t  from 1 9 5 1  to date i s  

approximately $ 2 50 m i l l ion .  The c o s t  o f  add i t ional fac i l i t i e s  curren t ly be ing con

s truc ted wi l l  raise the total figure to more than $400 mi l l ion .  

The financial  resourc es that have been comm i t ted in the past for construc t ion 

and operation o f  the P l ant are from Federal funds that support the nat ional de fense 

program . If this funding had not been committed to the Ro cky Flats P l ant , it probab l y  

woul d  have been comm i t ted t o  an equival ent fac i l i ty located e l s ewhe re in the Uni ted 

S t ates . 
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9 .  ENVI RONMENTAL TRAD E - OFF ANALYS I S  

Th i s  s e c t ion analyz e s  the env i ronmental and econom i c  c o s ts ( inc lud ing potential 

risks ) and bene f i ts a s so c iated with ( 1 ) opera t ion o f  the Rocky Flats P l ant as it  

exi s ts today and ( 2 )  a l t e rnatives to current P l ant operations as pos tulated in 

Chap t e r  5 .  A comp l et e  a s s e s sment of the national d e fense program i s  b eyond the s cope 

of this Envi ronmental Impact S ta tement and was not per fo rmed . A summary of the 

bene f i t s  of current P lant operations and o f  the various al ternatives is shown in 

Tab l e  9 - 1 . A summary of the c o s t s  and frac t ion of organ do s e s  to an individual i s  

shown i n  Tab l e  5 - 1 . 

I n  rev i ewing P l ant a c t ivi t i e s  and various a l t e rnative s to current opera t i on s , 

c o s t s  are considered as expend i tures for cons tru c t i on and for P l an t  operations and a s  

negative s o c i a l  and envi ronmen tal impacts  o f  Roc ky F l a t s  on the area . Bene f i t s  refer 

to Rocky Flats c ontributions to local and national intere s ts and to local exp end i tures 

( in do l l ars ) .  Ri sks are exp r e s s ed here in terms of rad i a t ion exposure to indiv idua l s  

o r  t o  the Denver- area population a s  a re sul t  o f  normal Pl ant ope rati ons o r  potential 

P l an t  acc iden t s . In identi fy ing c o s t s  and bene f i t s  a s so c i ated w i th the P l ant , the 

fac i l i ty has been vi ewed both from the national vi ewpoint and from that of the Denve r  

area . 

From the national vi ewpo int , a l l  pub l i c  expend i ture s , such as tho s e  requ ired to 

operate the P l an t , resu l t  in a cos t ( taxe s ) .  The s e  c o s ts ac hieve the primary bene f i t  

o f  the P l ant ( national de fens e ) , a sec ondary b ene f i t  be ing the dev e lopment o f  tech

no logy re l a ted to the nuc lear and ene rgy indu s tries . F rom the local  v i ewpo int , these 

c o s t s  provide emp l oyment , provide a market for goods and servi c e s , and contribute to 

the S tate and local  tax revenue s .  

9 . 1  NO CHANGE IN CURRENT ACTIVITIES 

The " No Change "  a l t erna tive , as  desc ribed in S ec t ion 5 . 1 ,  cons ti tutes the exi s 

ting P l an t  operat ion that creates c o s ts and potential r i s ks whi l e  providing a s s o c i at ed 

b ene f i t s  on nat iona l , s tate , and l o c a l  l eve l s . Th i s  s e c t ion d i s cu s s e s  the impact on 

c o s t ,  b en e f i t s , and potential ri sks o f  cont inuing , wi thout change , ex i s t ing operat ions 

at the Rocky F l a t s  P l ant . 

9 . 1 . 1  C o s t s  

Op erat ion o f  t h e  Roc ky F l a t s  P l an t  invo lve s  t h e  d i r e c t  expend i ture o f  cons ider-

abl e  sums of Federal moni e s . In add i t ion , at the local l eve l , there are external or 

ind i rec t soc i al and e c onom ic costs borne by the commun i t i e s  and r e s i dents of the 

surrounding area . 
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A l t e rna t i ve 

1 .  No Change in C u r rent 
Act ivi t ies 

2 .  Comp l e t i o n  o f  Changes 
Cu r rently Under�ay 

a .  P l u t o n i um recovery 
fa c i l i ty 

b .  Waste t re a tment 
fa c i l i  ty 

c. W a t e r  recycle 
d.  P a rt i a l  remov a l  o f  

on- s i te p l utonium
contaminated so i l  

e .  W i nd energy test 
f a c i l ity 

3 .  Relocat i on 

a .  Comp l ete re l o c a t i o n  
b .  Pa r t i a l re l o c a t ion 

4 .  Termina t i o n  of Ope r a t ions 

a.  Standby 
b .  Comp l e t e  shutdown , 

tota l decommi s s i o n i ng , 
and p a r t i a l  decon
tamina t i o n  

c .  Comp l ete shutdown , 
t o t a l  decomm i s s io n i n g , 
comp l e t e  decontamina t i on , 
t o t a l  demol i t i o n ,  and 
s i te r e s t o r a t i o n  

5 .  Othe r Pote nt i a l  A l t e rn a t ives 

a.  Actions regard i n g  
p l ut o n i u m - contaminated 
so i l  
( I )  Remova l o f  a l l  

exposed so i l  above 
S t a t e  gu i de l i ne 

(2 ) S o i l  remov a l  o f  
a l l  s o i l  above 
5 0 0  d /m/g and 
p l owing rema i n i n g  
s o i l  above S t a t e  
guidel ines 

( 3 )  Remova l o f  a l l  
s o i l  above 
500 d/m/g and 
no p l owing 

( 4 ) Soil con t a i nmen t 
( p lowing)  of a l l  
l a nd above S t a t e  
g u i d e l ine 

(5 ) Remo v a l  of 
b u r i e d  w a s t e  

b .  S t ru c t u r a l i nt e g r i t y  
o f  bu i l d ings 

c. Add i t i ona l l a nd 
a cqus i t i o n  

d .  T e rm i n a t i o n  o f  
p l utonium a i r  
sh ipments 

e .  S u r face w a t e r  
c o n t r o l  

* Not app l i c a b l e  

Empl oyment 
D i re c t  I nduced 

2800 

3 1 0 0'·"·' 

3 1 00""·:' 

3 1 00'·"·' 

2800 

2 8 0 0  

o 
1 0 3 6  

1 4 0 0  

o 

o 

2 8 5 0  

2 8 5 0  

2 8 5 0  

2 8 0 0  

2 8 0 0  

2 8 0 0  

2 8 0 0  

2 8 0 0  

2 8 0 0  

6500 

7 200 

7 200 

7 200 

6500 

6500 

o 
2404 

3220 

o 

o 

6555 

6555 

6555 

6 5 0 0  

6500 

6500 

6500 

6 5 0 0  

6500 

** I n c l udes 300 c o n s t r u c t i o n  wo rkers 

TABLE 9-1  
BENEFITS FROM ALTERNATIVES 

Tota l D i sp o s a b l e  
I nc ome t o  Denve r 

Area 
($ m i l l i o n )  

1 0 0  

1 1 0  

1 1 0  

1 1 0  

1 0 0  

1 0 0  

o 
40 

5 0  

o 

o 

1 2 1  

1 2 1  

1 2 1  

1 0 0  

1 0 0  

1 0 0  

1 0 0  

1 0 0  

1 00 

t Excludes expend i t ures r e l a ted to implement a t i o n  o f  the a l te rn a t ive a c t i o n s . 
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Other Loca l 
Expenditures 

f rom Ope ra t ions t 
($ m i l l i o n )  

1 4 . 8  

1 4 . 8  

1 4 . 8  

1 4 . 8  

1 4 . 8  

1 4 . 8  

o 
6 . 8  

3 . 4  

o 

o 

1 4 . 8  

l4 . 8  

1 4 . 8  

1 4 . 8  

1 4 . 8  

1 4 . 8  

1 4 . 8  

1 4 . 8  

1 4 . 8  

S h o r t -T e rm 
Income t o  

Reg i o n  f r om 
Acti on 

( $  mi l l i o n )  

95  
( i n c l uded i n  p l ut o n i um 

recovery fa c i l i ty )  
3 . 1  

0 . 1 5 

405 

2 7 5  

1 7 . 8 

3 1 2  

5 2 6  

1 8 0 0  

1 2  . 2 7  

1 2  

0 . 2 7 5  

26 

o 

42 

ne gl i g i b l e  
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The co s t  o f  operat ing the Rocky F l a t s  P l ant i s  nearly $ 7 0  m i l l ion yearly , in

c luding the payro l l  and d i re c t  expenditures for goods , serv i c e s ,  and u t i l i t i e s . 

Addi t ional expendi tures are made periodical ly for new and replacement fac i l i t i es 

required to provide safe and e f fic ient operations . Several o f  the add i t ions cur

ren t ly construc ted or p l anned are discussed in Chap ter 5 .  

P l ant operat ion does affect nearby commun i t i e s . Mo s t  o f  these e ffec t s  are 

associated w i th such requi rements as housing , school s ,  and munic ipal services  for 

emp loyees and the ir fami l ies . The population contribution of Rocky Flats emp loyees 

and the i r  fam i l i e s  to the Denver area i s  approximately 7 , 9 0 0 . Thi s  populat ion i s  

widely di s tributed , however ,  throughout various populat ion centers in the area , and 

no s igni fi cant impac t s  are p laced on any one populat ion c enter . In add i t ion , the 

populat ion in the metropo l i tan area has been growing rapidly in recent years . Con 

t inued operation o f  the P l ant w i l l  not impo se any s igni ficant , new requi remen t s  for 

area school s ,  hous ing , or munic ipal services s ince adj us tments have already occurred 

to accommodate fam i l i e s  of Rocky F l a t s  emp loyees . Over the l i fe o f  the P lant , the 

number of emp lo) ces  has varied . The P l ant emp loyed approximate ly 2 , 80 0  ful l - t ime 

emp loyee s  during 1 9 7 7  and 3 0 0  cons truc tion workers . Peak employment occurred in 1 9 7 2  

at 3 , 7 5 0  emp loyees , and the dec l ine in recent years has furthe r m i t igated communi ty 

demands at tributab l e  to P l ant employee s and the ir fami l i e s . 

9 . 1 . 2  Bene f i t s  

The primary bene f i t s  a s sociated w i t h  exi s t ing P l ant operat ion are o f  a nat ional 

de fens e ,  techno logical , soc ial , and economic nature . On a national level , the princ i 

pal bene f i t  i s  Roc ky Flats ' contribution to national defense . Port ions o f  the P l ant , 

particularly tho se involved in fabricating plutonium parts for nuc l ear weapons , contain 

very spec i l ized capab i l i t i e s . The sc i ent i f i c  c apab i l i t i e s  and the knowledge gained 

through pursuit o f  the P l an t ' s  miss ion are shared w i th others , thus enhanc ing the 
. 

techno l ogy o f  thi s  nation and much o f  the world . The only res t r i c t ion on shar ing 

informat ion is that d i s semination no t be detrimental to thi s  country ' s  national 

intere s t .  S c i en t i fic in format ion , technical knowl edge , and adv i c e  are provided to 

individual s ,  busine s s e s , and governmental organizat ions throughout the Uni t ed S tates 

and the world on a varie ty o f  subj ects . Among these subj ects  are chemi s try , metal 

lurgy , machining , nonde s truc tive t e s t ing , safety , fire prevention , and heal th phys i c s . 

Thi s  informat ion and knowledge relate to such programs as plutonium recyc l ing , radio

ac t ive was t e  management , nucl ear materials sa feguards , laser fus ion , and wind energy . 

The wind energy test fac i l i ty or Sma l l  Wind Energy Conversion Sys tems ( SWECS ) 

proj ec t , i s  aimed at evaluat ing the operat ional charac teri s t i c s  o f  low power ( one to 

one hundred ki lowat ts ) ,  commerc ially avai l ab l e , wind turb ine generato rs . The goal i s  

t o  promo t e  wind power for agri cul tural and rural use . The informat ion c o l l e c ted and 

the p rogram conc lus ions wi l l  be d i s s eminated among potential rural residen t i al and 
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agri c u l t u r a l  u s e r s  and to manu fac ture rs o f  sma l l  wind - ge n e r a t i ng sys tems . I t  i s  

d i f f i c u l t  t o  p l a c e  a mone t ary v a l ue o n  the s c i en t i fi c  a ch i evement s and knowl edge 

a t t r ib u t ab l e  to the Rocky F l a t s  P l ant . 

L o c a l  b en e f i t s  inc lude d i r e c t emp l oyment o f  ope r a t ing p e rsonn e l  and c on s t ruc t ion 

wo rke r s , induc ed emp loyment to s e rve the needs of  emp l oy e e s  and the i r  fami l i e s , 

e c onom i c  e f f e c t s  o f  i n c reased d i spo s a b l e  income in the region , and d i r e c t  expendi 

t u r e s  for goods and s e rvi c e s  n e c e s s a ry fo r Pl ant ope r a t i on s . Add i t ional b ene f i t s  are 

d e r ived f rom employee par t i c i p a t ion i n  c ommuni ty a c t ivi t i e s  such a s  gove rnmen t ,  

edu c a t ion , chari t ab l e  p rograms , youth p rograms , chur c h , and c ommuni ty - imp rovement 

o rgan i z a t i on s . 

Ano ther bene f i t  on the l o c a l  l eve l i s  the $ 8 0 , 0 00 p rovided t o  the Colo rado 

Depa rtment o f  Heal th for the purcha s e  of l aboratory anal y t i c a l  and env i ronme n t a l  

mon i t o r i ng equ i pme n t . An add i t iona l $ 5 0 , 0 0 0  a year for t h r e e  y e a r s  w i l l  a l so g o  to 

the C o l orado Departmen t of  He a l th a s  support  for the i r  mon i to ring program . 

As d i s cu s s e d  in Chap t e r  3 ,  Roc ky F l a t s  d i r e c t l y  emp loyed approxima t e l y  2 , 8 00 

p eop l e  during 1 9 7 7 , whi c h  i n  turn indu c e d  an e s t imated 6 , 5 0 0  mor e  j ob s  in s urrounding 

c ommun i t i e s . Thi s  indu c e d  emp l oymen t  deve lop s mainly in s e rv i c e - o ri en ted oc cup a t ions 

such a s  r e t a i l  goods and s e rv i c e s , p ro f e s s ional s e rvi c e s , t ranspo r t a t ion , and r e c r e a 

t ional ac t iv i t i e s . S i n c e  the Ro c ky F l a t s  P l a n t  i s  o n e  o f  t h e  l a rge s t  indu s t r i a l  

emp l oy e r s  in the Denver area , i t  h a s  b e e n  and wi l l  c o n t inue to b e  important to the 

c o n t inued e c onomi c ,  s o c i a l , and c u l tural growth o f  the area . 

The P l ant generat e s  an annua l  payro l l  i n  exc e s s  o f  $40  m i l l ion , wh i c h , a ft e r  

taxe s and deduc t ions , i s  s p e n t  throughou t the region by emp loye e s  and the i r  fami l i e s . 

Th i s  d i s p o s ab l e  income , a s  d e s c r ib e d  in S e c tion 3 . 4 . 3 ,  amount s  t o  over $ 3 0  mi l l ion 

annu a l l y  for tho s e  d i re c t ly emp loyed at the Ro c ky F l a t s  P l ant p l us an add i t ional 

$ 7 0  mi l l ion for indu c e d  emp l oymen t  in the a re a .  When c ompared w i th the d i s p o s ab l e  

i n c ome o f  $ 5 . 8  b i l l ion for the Denver me t ropo l i t an area , the $ 1 0 0  mi l l ion d i s p o s ab l e  

i ncome a s so c i a t e d  w i t h  the ope ra t ion o f  Rocky F l a t s  i s  abou t  2% o f  the t o t a l . 

P l ant emp loye e s  a l so p ay approxima t e l y  $ 2  m i l l ion annual ly in p rope r t y  t ax e s  and 

$ 6 0 0 , 0 0 0  in s ta t e  and l o c a l  s a l e s  taxe s . I n  addi t ion , the Federal  gove rnmen t  pays 

the l o c a l  s c ho o l  d i s t r i c t s  an e s t imat ed $ 8 0 0 , 0 0 0  ann ua l ly as Fede r a l  impac t fund s . 

Other input into the area e c o nomy i nvo lves  P l an t  ope r a t i o n s  that requ i r e  spend i ng 

$ 2 8  mi l l ion e a c h  y e a r  for the purcha s e  o f  ma t e ri a l s  and s e rv i c e s  p l u s  $ 5  mi l l ion for 

ut i l i t i e s  and o ther c o s t s . App rox ima t e l y  2 9% o f  the purchas e s  fo r m a te r i a l s  and 

s e rv i c e s  are wi thin C o l orado , prima r i l y  in the Denv e r  a re a . Al l u t i l i t i e s , inc l ud i ng 

e l ec tr i c i ty , wat e r , and fue l s  are purchased l oc a l ly . The r e fo re a t o t a l  o f  $ 1 3 . 7  mi l 

l i on are c o n t r ibuted l o c a l l y  for m a t e ri al s , s e rv i c e s , u t i l i t i e s  and Federal  impac t 

fund s . 
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9 . 1 . 3  Risks 

The total imp ac t on per sons l iving within 5 0  mi l e s  o f  the Ro c ky F l a t s  P l ant is  

the sum of imp a c t s  f rom emi s s ions from routine , normal operat ions ( Tabl e  3 . 1 . 2 - 3 )  

and from r i s k  o f  emi s s ions from on - s i te ac c id en t s  ( Tabl e  3 . 2 . 4 - 1 ) . The re i s  a l so an 

impact on persons who l ive on s o i l  con taminated by past re l eases  ( Tab l e  3 . 2 . 4 - 9 ) . 

Th i s  impact i s  l imi ted to the area immed i a t e ly e a s t  o f  the P l an t  ( s e e  Figure 2 . 3 . 9 - 1 ) . 

I f  the P l an t  were to cont inue ex i s t ing operat ions , wi th no changes , over a 7 0 - year 

period , the sum of the 7 0 -year dose and the 7 0 -year risk do s e  would b e  1/5 7 0 0  o r  l e s s  

o f  bac kground d o s e  f o r  the t o t a l  body , 1/78 o r  l e s s  f o r  the l iver , 1/39 o r  l e s s  fo r 

the bone and 1/1 7 0  o r  l e s s  fo r the lungs ( Tab l e  3 . 1 . 2 - 6 ) . 

For persons downwind from the P l ant during the o c currence o f  an ac c idental 

releas e ,  the impact may be somewhat greater than for routine , c hron i c  releas e s . The 

impac t s  of pos tulated max imum credible acc idents are summarized in Tab l e  3 . 2 . 4 - 2  in 

terms of the 7 0 - year do s e  comm i tment as a func t ion o f  downwind d i s tance and in Tab l e  

3 . 2 . 4 - 7  in terms o f  the r i s k  o f  c an c e r  mor ta l i ty and gen e t i c  defec t s  ove r  7 0  years to 

the max imum individua l . For a r e l e a s e  from an a i rcraft  impac t ,  the maximum o f  the 

pos tu lated maximum c red i b l e  acc idents , the 7 0 -year bone do s e  comm i tment is 58 t imes 

the 7 0 -year b a c kg round bone do s e  fo r the maximum individua l , a value wh ich decreases 

to one - ha l f  the background do s e  for a pe rson 40 miles  downwind . The corresponding 

values for other organs are l e s s  than the s e  values for the bone . I f  no p rotec t iv e  

a c t ions a r e  taken fo l lowing t h e  acc iden t , t h e  r i s k  o f  c an c e r  mo rtal i ty plus gen e t i c  

defec t s  o v e r  7 0  years fo r t h e  maximum individual i s  about 1/3 o f  t h e  r i s k  o f  death 

from common a c c idents ove r  70 years ( Table 3 . 2 . 4 - 8 )  and about 1/3 0 0  o f  common acc ident 

r i s k  for a person 40 m i l e s  downwind . The impact of the o ther types of p o s tu la t ed 

maximum c redib l e  acc iden t s  i s  even l e s s  than that summar i z ed here for the ai rcraft 

impac t ,  an acc ident wh ich might occur about once in 7 . 7  mi l l ion years . 

9 . 2  COMPLETION OF CHANGES CURRENTLY UNDERWAY 

S everal changes to ex i s t ing P l an t  sys tems and operat ions are currently b e ing 

imp l emen ted . The s e  inc lude ( 1 )  the c ons truc t ion o f  a new fac i l i ty for plutonium 

recovery , ( 2 )  cons t ruc t ion o f  a new fac i l i ty for treat ing l iquid p ro c e s s  waste , 

( 3 )  total recyc l e  o f  the P l an t ' s  wa ter , and ( 4 )  partial  remova l  o f  on- s i te , p lutonium 

contaminated s o i l . Frequently t h e  plutonium rec ove ry and w a s t e  treatment fac i l i t i e s  

a r e  considered as a s i ng l e  proj ec t .  I n  the fo l low ' ng s e c t ions , each o f  the four 

p l ans is d i s cu s s ed in t e rms o f  i t s  impact  on c o s t s , benefi ts , and po ten t i a l  r i sks . 

9 . 2 . 1  Impac t on Cos t s  

Cons idering t h e  n e w  p lutonium rec ove ry fac i l i ty and t h e  n ew was t e  treatment 

fac i l i ty a s  one undertaking , c o s t s  of the proj e c t s  are a s  fo l l ows : 
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( 1 )  and ( 2 )  - New p lutonium re covery and was te treatment fac i l i t ie s  -

$ 19 0  m i l l ion . 

( 3 )  Wa ter recyc l ing - $ 3 . 1  mi l l ion .  

( 4 )  Removal o f  about 43 , 0 0 0  s q  f t  o f  on - s i te , p lutonium- contaminated 

s o i l  - $ 4 7 0 , 0 0 0 . 

The s e  funds wi l l  be expended over a period o f  s everal years . The proj e c t s  are 

no t expec ted to c ause any s igni f i c ant c hange in the c o s t s  to local commun i t i e s  becau s e  

o f  P l ant emp loyees and the i r  fami l i e s , or t o  t h e  Federal fund ing requirement o f  about 

$ 7 0  mi l l ion annual ly fo r P lant operation . 

9 . 2 . 2  Impac t  o n  Bene f i t s  

The primary , nat ional bene f i t , which i s  Roc ky F lats ' contribut ion to nat ional 

de fens e , will not b e  al tered by any of the proj e c t s . Local bene f i ts o f  increased 

expend i tures and of increas e s  in d i rec t and induced emp loyment wi l l  b e  a f fec ted , 

however .  New con s t ru c t ion resu l t ing from the s e  improvement s  requ i re s  more l abo r , 

increased payro l l , and add i t ional induced empl oyment and revenues above that for 

normal P l ant operation s . S ince 1 97 1 , contrac tors have emp loyed an average o f  3 0 0  con

s truc t ion wo rkers on site for various proj e c t s , and these wo rke rs are considered ful l 

t ime r e s i dents o f  the area . D i r e c t  after- tax revenues t o  the area from t h i s  con s t ruc 

tion - re l ated emp loyment i s  approximately $ 3 . 2  mi l l i on . Induced emp loyment p rovides 

about 690  j obs and $ 7 . 5  mi l l ion in revenue s to the area . For the new p l u tonium 

recovery and was te treatment proj e c t , mi l l ions o f  addi tional do l l ars are spen t , muc h  

o f  this  l o c a l ly , fo r spe c i a l  p lu tonium pro c e s s ing equipmen t .  

In genera l , the s e  P l ant p roj e c t s  wi l l  have l i t t l e  impact on local expend i tures 

for u ti l i t i e s  and supp l i es . The new fac i l i t i e s  should be somewhat more e f fi c i ent ; 

thu s , some savings may b e  re al ized . The total water - recyc le sys tem , for examp l e , 

a l though u s ing mo re ene rgy than current wat er - t reatment operat ions , wi l l  reduce water 

consump t ion by an average of over 6 mi l l ion gal lons per month . Whi l e  thi s  savings in 

consump t ion means a b ene f i t  of more water be ing availab l e  to the region , it a l so 

means a reduc t ion i n  local revenue s o f  approximately $ 3 0 , 0 0 0  annua l l y , based on the 

present c o s t  of purchas ing wat e r  for P l ant use . Thi s  amount wi l l  be partial ly o ffse t 

by the c o s t  o f  energy requ i red to recyc l e  the water . 

9 . 2 . 3  Impact on Risks 

O f  the p roj e c t s  curren t ly underway , three wi l l  resu l t  e i ther in a redu c t ion in 

the dose resu l t ing from norma l P l ant operat ion , or in a reduc t ion in the acc ident 

risk to the popu l a t ion . 
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The new p lutonium recovery fac i l i ty i s  not expec ted to change e i ther the amount 

. o f emi s s ions from routine operations or acc ident probab i l i t i e s . As a resul t , there 

is no change in organ do s e s  or risk of ac c i den t s . 

The p roc e s s  was t e  treatment fac i l i ty ,  being bui l t  in c onj unc t i on wi th the p luto-

nium recove ry fac i l i ty ,  reduc e s  the r i s k  

ment fai lure o f  solar evapo rat ion ponds . 

to drop to near zero . Only that portion 

of acc i dental waterborne re lease by impound 

The p robab i l i ty of the s e  releases  i s  expected 

o f  the popul ation drinking water supp l i ed by 

Great We s tern Reservo i r  wi l l  be a f fec ted . Lung r i s k  dose w i l l  show l i t t l e  change . 

Risk do s e s  fo r total body , l iver , and bone w i l l  decreas e to 7 4% ,  46% , and 47% o f  the 

curren t r i s k  do s e s , respec t ively ( Tab l e  3 . 2 . 4- 1 ) . 

Total recyc le o f  the P l an t ' s  water wi l l  be accomp l i shed primarily by con s t ruc t i on 

of the proc e s s  was te treatment fac i l i ty , d i s cu s s ed above , and the s ani tary -water 

recy c l e  p roj ec t .  The latter will provide fac i l i t i e s  for the total recy c l e  of all 

s anitary e f fluent and cooling tower blowdown water . The impac t of this  change to 

Great Wes tern Re s e rvo i r  c annot be exac tly predic ted because of the addi t io�al impact 

on surface runo ff . The organ do s e s  from normal operation fo l lowing imp l ementation 

could vary from no decreas e to a value of 1 6% of that received by the populat ion a t  

the present ( see Tab le 5 - 1 ) . 

Removal o f  the on - s i t e  contaminated s o i l  that i s  presently underway wi l l  result 

in a redu c t ion in organ do s e  of 7% or l e s s . 

9 . 3  RELOCATION 

The comp l e te relocat ion al ternative , as pos tulated in S e c t ion 5 . 3 . 1 ,  inc ludes 

t rans ferring all operat ions from the exi s t ing Rocky F l a t s  P l ant locat ion to a new 

s i te or s i te s , total demoli t ion and decontaminat ion of a l l  on - s i te fac i l i t i e s  and 

contaminated land areas , and res toration of the s i te to near natural condi t ions by 

deep - p l owing and revege tat ion . 

The partial relocat ion a l ternative propo s ed in S e c t ion 5 . 3 . 2  inc ludes tran s fer

ring to ano ther s i te all operations that invo lve p roc e s s ing and hand l ing radioac t ive 

ma teri a l s  and the decontaminat ion of the Rocky Flats  P l ant and s i te . Only thos e  

func t ions for proc e s s ing nonradioac t ive materials  wou ld remain a t  the P l ant . 

9 . 3 . 1  Impact on Co s t s  

To tal e s c a l ated c o s t  of the comp l e te relocat ion a l ternative would b e  approx i 

mately $ 2 . 2  b i l l ion b y  1 988 , the as sumed date for comp l e t ing the p roj ec t .  Thi s  c o s t  

would have t o  come from Federal moni e s , w i t h  about $405 mi l l ion incurred at the 
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exi s t ing s i te and the rema ining $ 1 . 8  b i l l ion incurred for new fac il i t i e s  at a new 

s i te or s i te s . When re locat ion a c t i ons are comp l e t e , local communi ty c o s t s  for Roc ky 

Flats  emp loyees and thei r  fami l i e s  would be e l iminated . Payro l l  and o ther opera ting 

c o s t s  amount ing to $ 7 0 mi l l ion per year for Roc ky F l a t s  wou ld be tran s fe rred to the 

new s i te or s i te s . Co s t s  for the partial relocat ion al ternat ive inc lude the expend i 

ture o f  approximately $ 2 7 5  m i l l ion for exi s t ing s i te decontaminat i on and $ 1 . 7  b i l l ion 

for new fac i l i t i e s  at the new s i te for a total e s c al ated c o s t  of abou t $2 b i l l ion 

do l l ars . Add i t ional c o s t s  would be incurred because of both fac i l i t i e s  operating 

s imul taneously during trans i t i on o f  the operat ion . 

9 . 3 . 2  Impact on Bene f i t s 

Nat ional bene f i t s  would not b e  a l t e red by comp l e te reloc ation o f  P l ant opera

tions , as nat ional de fense func t ions curren tly per formed at Roc ky Flats would con

t inue at the new s i t e . At the local leve l , however , comp l e te re locat ion of all  Plant 

opera t i ons would e l iminate all  social  and economic bene f i t s  currently at tributab l e  to 

the P l ant . Thi s  inc ludes the direct  emp l oyment o f  approximat e ly 2 , 800 peopl e ,  in

duced emp l oyment of approximately 6 , 5 00 peopl e , and d i re c t  and i nduced annual d i s po s 

ab l e  income o f  app roximat e ly $ 1 00 mi ll i on . A large portion o f  the direct  and induced 

annual tax revenue of $33 mi l l i on woul d be lost at the local l evel as would the 

spending l o c a l ly of app rox imately $ 5  mi l l i on per year for u t i l i t i e s  and s e rv i c e s . In 

add i t ion , the purchase o f  supp l i e s  and mater i a l s  at a c o s t  of about $ 2 8 m i l l ion 

( $ 9  mi l l ion local ly ) woul d  c e a s e . The increased local ava i l ab i l i ty o f  these u t i l i 

t i e s , s e rv i c e s ,  and material s because o f  decreased consump t ion would p rovide some 

bene f i t  to the l o c al area . 

Relocat ion o f  only tho s e  P l ant act ivi t i e s  i nvolving radioac t iv i ty would reduce 

the di rec t P l ant empl oymen t to approximately 1 , 000 and the induced emp loyment to 

2 , 400 . The direc t and induced annual di sposab l e  income due to the P l ant woul d  be 

reduc ed to $40 m i l l ion and local expendi tures for supp l i e s  and ut i l i ti e s  wou ld b e  

reduc ed to $ 6 . 8  mi l l ion . 

Sho r t - term bene f i t s  o f  re location fo r the local area would result from the 

expendi ture of app rox imately $405 mi l l i on for comp l e t e  relocat ion , P l ant demo l i t ion , 

and s i te res torat ion or $ 2 7 5  mi l l i on fo r partial  relocation . The expendi ture for 

e i ther a l t e rnative would occur over a period of approx imately 10 to 12 years ; thus , 

the impact  on l o c al bene f i t s  wou l d  a l so b e  spread over this  period . The expendi ture 

, would increase l oc al socioeconomic b ene f i t s ; howeve r ,  th e total e s c al ated c o s t s  o f  

comp l e te or partial relocat ion would no t c au s e  a p ropo r t i onal increase i n  bene f i t s  

because o f  the e f fec t s  o f  i n f l a t i on and o ther non -b ene f i c ial fac tors . Bene f i t s  to 

the nat ional de fense woul d not be al tered by partial relocat ion , nor wou ld there be a 

change in knowl edge gained from P l an t ope rat ions ; howeve r ,  some trans fer o f  manpowe r 

re sourc e s  to ano ther area would occur . Annual ope ra ting expenses would b e  redu c ed 
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for the remaining P l ant ; consequently , soc i al and economic bene f i t s  would decrease in 

proport ion to a total d i re c t  and induc ed regional revenue reduc t ion o f  approximately 

$70 m i l l ion . A reduct ion in the consumpt i on o f  natural resourc e s  would prov ide some 

bene f i t  to the are a .  Overall net bene fits  would be reduced , however , because o f  

inc reased transportat ion requi rements and the l o s s  o f  e conom i e s  that woul d  occur w i th 

decentral ized opera t i ons . Some economi c  bene f i t s  might be experi enced a t  the new 

s i t e , but these c annot be eva luated wi thout an a s s e s sment of the particular s i t e  

selec ted . Short - term bene f i t s  for the Denver area would occur from the expend i ture 

of approximately $ 2 7  m i l l ion required to decontaminate the ex i s t ing P l ant s i te . 

9 . 3 . 3  Impac t  o n  Ri sks 

Complete  relocat ion of the fac i l i t i e s  would h ave l i t t l e  net r i s k  reduc t ion for 

the envi ronment on a nat ion -wide b a s i s  s ince the new s i te also wou ld be subj e c t  to 

poten t i al r i sks from the operat ion . The acc ident r i sk po tent i a l  would b e  e l iminated 

for the Denver area , and a reduct ion in dose from normal emi ss ions and soil contamina

tion would oc cur . The organ dose to the persons in the v i c in i ty o f  the Rocky F l a t s  

P lant wou ld be reduced to 5 %  or less  o f  the d o s e  t o  any o f  the organs from pre sent 

normal operations . Thi s  c an be put in persp e c t ive by not ing that normal operat ional 

releases  give a dose to an individual in the populat ion o f  about 2% or l e s s  of 

natural organ background for the worst case organ ( see Tab les 3 . 1 . 2 - 5 and 3 . 1 . 2 - 6 ) . 

The a c c i dent r i sk dose wou ld be e l iminated . 

Partial reloca t ion wou ld e l iminate a l l  P l ant radioac t ive emi s s i ons , postulated 

P l ant acc iden t s , and poten t i a l  expo sure of people in the P l ant area to radioac t iv i ty 

above background level s .  Dose r i sk reduc tion to the popul ation surrounding the Roc ky 

F l a t s  P l ant , wou ld be equivalent to the comp l ete relocation alternative described 

above . The net  bene f i t  would be smal l ,  however ,  as some dose wou ld resu l t  from 

operat ions at the new s i te , a l though at a reduc ed leve l . The impact o f  r i s k  des cribed 

above a s sume s no risk to the pub l i c  due to resuspension or acc idental releases during 

decommi s s ion , decontaminat ion , or recons truction a t  the P lant s i te . The overall dose 

s av ings would probab l y  be s l ightly l e s s . The risk involved is l e ft to the analys i s  of 

a spec i fic detai led propos a l  to imp lement any o f  the al ternat ives descr ibed and 

c anno t be qua l i f i ed wi thout detailed in forma t ion on part icular s i tes . 

9 . 4  TERMINATION OF OPERATIONS 

Terminat i on of P lant operations is not con s i stent w i th current national de fens e  

po l i c i e s  s ince the Rocky F l a t s  P lant contains very spe c i l i z ed c ap ab i l i t i e s . An 

analys i s  o f  various , postulated modes o f  terminat ion h ave been conduc ted , however ,  

to provide a comp l ete a s s e s sment o f  the P l ant and al ternatives . As presented in 

S e c t ion 5 . 4 , the terminat ion a l ternatives con s i s t  of ( 1 )  S t andby ; ( 2 )  Comp l ete 
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Shutdown , To tal Decommi s s ioning , and Partial Decon tamination ; and ( 3 )  Comp lete 

Shutdown , To tal Decommi s s ioning , Complete  Decontaminat ion , To tal Demo l i tion ,  and 

S i te Re s toration . 

9 . 4 . 1  Impac t  on Cos t s  

Short - term cos t s  for the various termination modes vary from $ 1 7 . 8  m i l l ion for 

the standby mode to $ 5 2 6  m i l l ion for the comp l e te shutdown and s i te res torat ion mode . 

Annual operating costs o f  $ 2 8  mil l ion would s t i l l  be incurred for the s tandby mode , 

whi l e  for comp l e te shutdown , all  operating costs would be el iminated . In addi t ion , 

al l future costs  for P l ant modi fications would be e l iminated by al l three termination 

al ternat ive s .  Costs to local communities  for emp loyees and the i r  fami l i e s  would be 

reduced by approximately 5 0% for the standby mode , whi l e  all such costs would be 

el iminated by comp l e t e  shutdown . Unemp loyment costs could be incurred , however ,  to 

cope wi th the reduc t i on in direct and indirect emp loyment . I f  the standby mode were 

imp l emented a t  Rocky Flats , the number of people potentially wi thout work could b e  as 

many as 4 , 60 0  ( 1 , 60 0  P l an t  emp loyees and 3 , 200 in secondary j ob s ) . Should a total 

shutdown occur , 9 , 3 0 0  peop l e  could be wi thout work ( 2 , 80 0  P lant j ob s  and 6 , 5 0 0  induced 

j obs ) . 

9 . 4 . 2  Impac t on B ene f i t s  

In all  termina t i on mode s , bene f i t s  assoc i ated w i th P l ant operat ions would b e  

partially or c omp l e tely los t . I n  the standby mode approximately hal f o f  the permanent 

work force would be released , wi th a resul tant a f t er - tax revenue loss of $ 1 5 m i l l ion 

to the region . Bene f i t s  from induced employment and income would also be reduced by 

approximately 3 , 2 2 0  j obs and $ 3 5  m i l l ion , respec t ively . Local expendi ture s for goods 

and s ervi c e s  would be reduced to $ 9 0 0 , 00 0  from the current $ 8 . 7  m i l l ion , and u t i l i ty 

expenses would drop to approx imately $ 2 . 5  m i l l ion . Thi s  expendi ture over a per iod o f  

s everal years , p lus the local l abor and materi a l s  tha t  would be requi red , would 

produce some short - term bene f i t s  in increased direct and induced revenue s  for the 

region . 

Comp lete shutdown , decomm i s s ioning , and partial decontaminat ion , as described in 

S e c t ion 5 . 4 . 2 ,  would result in total loss o f  all bene fi t s . Direct and induced emp loy

ment , total l ing approximately 9 , 3 0 0  j ob s  and a d i sposab l e  income of $ 1 0 0  mill ion 

annual ly , would cease . Regional expendi tures o f  $ 1 3 . 7  m i l l ion annually for goods , 

services , u t i l i t i e s , and F ederal impact payments would also cease . Total decomm i s 

s i oning o f  the P l ant , and decontaminat i on o f  certain s i te areas fo l lowed b y  deep 

p lowing and revege tation , would require the expendi ture o f  approximately $ 3 3 2  m i l l ion 

over a period of several years . Thi s  would provide some sho r t - term economic bene fi t , 

as would the c e s sation o f  the consump tion o f  all  natural resource s  by the P l an t . 
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Comp l e t e  shutdown and decommi s s ioning , fo l lowed by comp l e te decon tamination , 

total demo l i t ion o f  al l P lant s t ruc ture s , and re s toration o f  the s i te to near natural 

cond i t ions also would e l iminate a l l  long - te rm bene f i t s  to the same ex tent as the 

comp l e te shutdown , partial decontamina tion al terna t ive j u s t  desc ribed . Short - term 

bene f i t s  would resu l t  from the expendi ture o f  $ 5 2 6  mi l l ion requ i red to accomp l i sh the 

shutdown and s i te res torat ion work . Bene f i t s  from the e l iminat ion of P l ant consump 

tion o f  natural re source s  would al so apply . 

9 . 4 . 3  Impac t on Ri sks 

Each o f  the t erminat ion al ternatives wou l d  reduce po tent i al expo sure r i s k  for 

the popu lat ion surrounding the P l ant . The s t andby mode woul d  reduce emi ss ions from 

bui ldings and reduce risks of ac c ident s .  I t  would not , however , a f fect ex i s t ing 

p lutonium conc entrations in s o i l  and plu tonium and a lpha a c t iv i ty emi t ted annually to 

the air from th i s  source . In terms o f  chron i c  do se , the s tandby mode would resu l t  in 

organ do ses o f  94% to 99% o f  the p resen t  l eve l . Some ac c ident r i s k  do se would be 

expec ted . 

Comp l e t e  shu tdown , decommiss ioning , and partial decontamina t i on would resu l t  in 

a c e s s a t ion o f  a l l  P lant emi ss ions and the e l iminat ion o f  postulated acc iden t s  and 

mo s t  on- s i te soi l contamination . These ac t ions would a l so resu l t  in a reduc t i on o f  

the organ do se fo r a l l  por t ions o f  the population surrounding the P l ant to 5% or l e s s  

o f  the do se rec e ived from normal operat ions . Reduc ed risks from decomm i s s ioning , 

comp l e t e  decon taminat ion , demol i t ion , and s i te re s toration wou ld be equivalent to 

that achieved by comp l e t e  shutdown , decommi s s i oning , and partial decontamina t ion . 

9 . 5  OTHER AL TERNAT IVES 

Other possible  a l ternatives ex i s t  that would influence P l an t  operations and 

Plan t  impac t on the envi ronment . Among the se al terna t ives are s everal that a l ready 

have been considered to vary ing ex tent s .  The s e  are ( 1 )  ac t ions regarding plu tonium

contaminated so i l , ( 2 )  improvements to the s t ruc tural integr i ty of P lant bui l dings , 

( 3 )  enl argement o f  the bu ffer zone surround ing the P l ant , and ( 4 )  cons truct ion o f  

reservo irs t o  co l l e c t  and hold any surface runo ff that may b e  cons idered haz ardous t o  

the envi ronment . 

9 . 5 . 1  Impac t on Co s t s  

W i th respe c t  t o  possible  ac t ions concerning plutonium in so i l , several a l terna

t ives ex i s t .  The s e  inc lude ( Se c t ion 5 . 5 . 1 ) : 

( 1 )  Removal o f  a l l  so i l  containing plutonium in exc e s s  o f  2 d/m/g , inc luding 

on- s i te and o f f - s i te lands , the asphal t pad and the s o i l  under i t , and the 

sedimen t s  in the ponds - $ 1 , 5 00 m i l l ion . 
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( 2 )  Removal o f  a l l  s o i l  con t a i n ing p l u tonium i n  exc e s s  o f  5 0 0  d/m/g , inc luding 

the aspha l t pad and the s o i l  under i t , and the s ediment s  i n  the ponds , and 

deep - p l owing and re s to ring a l l  l ands , on s i te and o f f  s i t e , con t a i n ing 

plu tonium in exc e s s  o f  2 d/m/g - $ 7 2 . 4  mi l l ion . 

( 3 )  Removal o f  a l l  s o i l  contain ing plutonium i n  exc e s s  o f  5 0 0  d/m/g , i n c l uding 

the aspha l t  pad and the s o i l  und e r  i t , and the sedime n t s  i n  the ponds , but 

no a c t ion fo r l and s containing p l u ton ium in concen t rat ions l e s s  than 5 0 0  

d/m/g - $ 7 2 . 3  m i l l ion . 

( 4 )  Deep p l owi ng and res torat ion o f  a l l  exposed l and containing p l utonium i n  

exc e s s  o f  2 d/m/g - $ 0 . 1 2 mi l l i on . 

An anal y s i s  o f  the s t ruc tural adequacy o f  P l an t  bui ldings i s  i n  p rogre s s  but has 

no t ye t been c omp l e ted ; there fore , a cost analy s i s  cannot be made at this t ime . 

By January 1 9 7 5 , the o ri ginal P l an t  boundary was extended to increase  the bu ffer 

zone around the Plant  by about 4 , 0 0 0  ac re s . Fur the r i n c rease  to the s iz e  o f  the  

bu ffer  zone by purcha s i ng add i t i onal l and contain ing p l u tonium l eve l s  above the S tate  

gu idel ine of  2 d/m/g would involve abou t 1 , 00 0  acres based upon recent measuremen t s . 

The co s t  for that acreage would be about $ 5  m i l l ion . 

The s u r face -wa t e r  control proj e c t  was begun i n  

i s  to be comp l e ted i n  the t h i rd quar t e r  o f  FY 1 9 7 9 . 

$ 2 . 8  m i l l ion . The sys tem wou ld con s i s t  o f  earthen 

c o l l e c t  a l l  surfac e runo f f  wa ter o r i g inat ing in or 

P l an t  b u i l d i ngs are l o c a t ed . 

9 . 5 . 2  Impac t on Bene f i t s  

the f i r s t  quarter  o f  FY 1 9 7 8  and 

I t  has  an e s t imated c o s t  o f  

impoundmen t dams and c anal s  to 

f l owing th rough the a rea where all  

Removal o f  all  soil  con t a i n i ng p luton ium i n  exc e s s  of  2 d/m/g requ i re s  expend i 

tures comparab l e  t o  tho s e  o f  re l o c a t i ng the P l ant . The l a t t e r  c o s t  i n c l uded deep

p l owing l arge areas , rather than soil  remova l , a more costly techn ique . Remova l  of  

5 0 0  d/m/g s o i l , c omb ined with deep - p lowing above 2 d/m/g c an be accomp l i shed a t  4% of  

the c o s t  of  total  s o i l  remova l , w i th a reduc t ion o f  1/2 o f  the c ompa rab l e  lung do s e . 

The i n c remental c o s t  ( l e s s  than 1% o f  the c o s t  o f  remova l  o f  5 0 0  d/m/g s o i l )  provides 

approxima t e l y  equal redu c t i ons i n  lung d o s e . Some economic bene f i t s  w i l l  re s u l t  from 

local  expend i tures fo r l abor and material  a s s o c i ated w i t h  s o i l  removal and deep

p l owing . Deep - p l owi ng all  soil  above 2 d/m/g is  the mo re cost  e f fe c t ive app roac h . 

Th i s  a l t e rnat ive , as p re s ented , doe s not include res toration o f  the pad area and the 

pond s ed imen t s , for wh i ch no do s e  reduc t ions  are ach i eved . 

The proposed r e s e rv o i r s  for sur face wa t e r  woul d  invo lve spending approxima t e l y  

$ 2 . 8  mi l l i on o v e r  a two -year pe riod . Mo s t  o f  th i s  would be f o r  l abor and mate r i a l s  

from l o c a l  sourc e s . Bene f i t s  from the emp l oymen t  and expend i tures would b e  a t t ribu

t ab l e to t h i s  a l terna t ive . 
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9 . 5 . 3  Impac t on Ri sks 

Reduc ed r i s ks from decontaminat ing soil  in the Roc ky Flats area to e i ther 

5 00 d/m/g or 2 d/m/g , as d i s cus sed previously , would involve the removal or covering 

of s o i l  whi ch is contribut ing airborne p lutonium . Thi s  would mean a reduc t ion in the 

organ dose to between 1 3% and 87% of the organ do se received by various s egments o f  

the surrounding population under normal operat ing cond i t ions . Subsurface s o i l  con

taining radioac t ive material because of on- s i te burials do not re sul t in any expo sure 

to the publ ic . It i s  recogni zed that plutonium contamination is long - l ived , and 

decontamination could prevent di spersal of plutonium over a long p eriod . Al l evidence 

to date indicates no translocation has occurred and no hea l th or s afety hazard to the 

emp loyees o f  Rocky Flats  or to the pub l i c  exi s t s from these burial areas . 

Wi th regards to the s truc tural adequacy o f  P l ant buildings , an analy s i s  currently 

being conduc ted will es tabl i sh ac tual s truc tural capab i l i ty for the P lant bui ldings . 

Thi s  material w i l l  be p re s ented in the Safe ty Analysis  Reports . 

I f  a l l  l and suspected o f  having radioac t iv i ty above the S tate guide line were 

purchased , and if the development o f  that l and were prohi b i ted , a reduc tion in the 

dose to the hypothe tical peop l e  in the area above thi s concentration would be calcu

lated ( Tab le 3 . 2 . 4 - 9 ) .  In real i ty , no res i denc es exi s t  on land containing p lutonium 

concen trat ions above the S tate guidel ine , and cons truct ion and l ands c ap ing on the 

l and would be expec ted to reduce exi s t ing plutonium conc entrat ions to bac kground 

leve l s . 

The propo s ed surface -water contro l  proj ec t ,  to cos t approximately $ 2 . 8  m i l l ion , 

would collect  and s tore a l l  storm surface -water runo f f  or acc identally rel eased water 

wi thin the secur i ty - fenc ed area o f  the P lant . The water c o l l ec ted then could be 

analyzed before being rel eased downstream . The proj e c t  would reduce the r i s k  o f  

radioac t ive and nonradioac t ive contaminants be ing red i s tributed as the resu l t  o f  a 

heavy storm .  Thi s undertaking would also serve to reduc e the threat o f  exc e s s ive 

ero s ion o f  downs tream channels and o f  Great We s t ern Reservo i r  and S t andley Lake 

flooding should the 100 - year , maximum- po stulated s torm occur . The probab i l i ty o f  

acc idental wa terborne releases ( e . g . , impoundment fa i lure ) goes t o  near ly z ero in 

thi s c ase . The organ r i s k  dose fo r persons drinking water supp l ied from Great Wes tern 

Reservoir would b e  4 6% to 7 4% o f  the present level except for the lung r i s k  dose 

which would be 99% o f  the pre s ent level . Do ses from normal operat ional releas e , 

however ,  would no t change . 
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Alarms , 2 - 101 , 1 6 6 , 203 , 247 , 248 ; 

3 - 54� 5 6  
Albuquerque Operations Office 

( ALO ) , 2 - 2 60 
Algae , 2 - 9 6 ; 3 - 2 7  
Alpha 

Ac tivity , 2 - 89 , 1 7 0 , 1 9 3 , 204 , 2 0 7 , 
2 1 3 , 224 ; 5 - 4 ,  1 1  

P ar t i c l e  Spe c t rome t ry ,  2 - 2 0 3 , 2 2 6  
Rad i at ion , 2 - 105 ; 3 - 3 2  

Al ternative s , 5 - 1�2 ; 9 - 1� 2 ,  1 1  
Al luvial  Depos i t s , 2 - 2 1 , 25�31 , 45 , 

5 1� 5 2 , 5 5 , 1 9 9  
Ambient Air 

Moni toring , 2 - 203 , 205 
Moni toring by Other Agenc ies , 2 - 207 
S amplers , 2 - 2 0 6� 2 1 0  

Ambul ance Servi ce , 2 - 2 3 5  
Amer i c an Conferenc e o f  Governmental 

Indus trial Hygi eni s t s  ( ACGIH ) , 2 - 1 1 0  
American Society o f  Mechan i c al Engineers 

( ASME ) , 2 - 147 
Americ ium 

Ac tivity Ratio , 2 - 1 7 0 ; 3 - 3 0 , 6 6  
i n  Ai r ,  2 - 204 ; 3 - 29� 3 0 , 3 3  
i n  Cattle  S tudy , 2 - 229  
in S o i l , 2 - 54 , 7 6 , 9 2 ; 5 - 12 
in Water , 2 - 5 5 , 89 , 9 2 , 1 7 3 , 1 9 8 , 200 , 

2 23� 2 24 ; 3 - 3 1� 3 2 , 5 1 � 5 2  
Recovery , 2 - 1 1 3� 1 14 ; 5 - 4 
Shipment , 2 - 148 
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Animal s ,  burrowing , 2 - 2 2 8 ; 5 - 1 6  
Aquat i c  Systems , 2 - 9 6 ,  2 2 6 ; 3 - 2 5  
Aqueous Was te ( see Waste , Aqueous ) 
Aqui fer , 2 - 5 3  
Arapahoe C i ty , 2 - 10 
Archaeologi cal S i tes , 2 - 10 
Area o f  Concern , 2 - 7 7 ; 7 - 4 
Argon , 2 - 1 3 8  
ARMS (Aerial Rad io logical Measuring 

System ) , 2 - 2 3 1  
Arvada , 2 - 6 ,  13 , 2 2 3 ; 3 - 102�1 03 ; 7 - 1� 4 _ 
Asphal t  Pad , 2 - 7 3 ,  75 ; 3 - 3 1 ; 5 - 7 ,  11�17 
Atmo sphere , Inert , 2 - 1 0 1� 1 0 2 , 1 3 7 , 1 3 8 , 

1 60 , 1 6 2  
Atmospheric 

Re l ease Advi sory Capab i l i ty 
(ARAC ) , 2 - 2 3 6  
S t ab i l i ty ( s ee Pasqu i 1 1  S tab i l i ty 
C l asse s )  

ATMX ( Atomic Mun i t ions Explosive ) Rail 
Transport C ar , 2 - 1 5 1 , 1 84� 1 85 ; 3 - 94 

Atomic 
Ab sorpt ion Spec tromet ry , 2 - 203  
Ene rgy Comm i s s ion ( see AEC ) 

Aurora , 2 - 6 ,  1 3 ; 3 - 1 0 3  

B 

B - S eries Ponds ( see Ponds , B - Series ) 
Bac kground 

Radiat ion , 2 - 7 2 ; 3 - 2 8 , 3 9�40 ; 9 - 9 
Conc entrations , 2 - 9 2 , 1 9 8 ; 3 - 3 1  

Barriers ( see Phy s i cal Barri ers ) 
Bat t e l l e - P ac i fi c  Northwes t  Laboratories , 

3 - 2 6 ,  3 3 , 44 
BEIR Report , 3 - 43 
Bene fits 

Economic , 3 - 104� 1 0 5 ; 9 - 1 
Envi ronmental , 5 - 5� 6 ,  8� 1 2  
From Al ternatives , 9 - 2 
From comp l e t ing changes to exi s t ing 

P lant sys t ems , 9 - 6 
From exi s t ing P l ant operat ion , 9 - 3 
From relocat ion o f  P l ant , 9 - 8 
From termination o f  P l ant opera-

t ions , 9 - 1 0  
Socioeconomic , 3 - 1 0 2 ; 9 - 3 ,  8 
Techni cal , 3 - 10 , 6� 1 07 ; 9 - 3 

Bergen Park , 2 - 25 
Bery l l i o s i s , 2 - 107  
Bery l l ium 

Ai r ,  2 - 1 8 6 , 203 ; 3 - 2 3 , 95� 9 6 ; 4- 7 
E f fec t s , 2 - 107�109 
Fabr i c at i on , 2 - 1 0 6� 1 07 
F ac i l i ties , 5 - 9 
MCA for , 3 -47 
P ro t e c t ive Measures , 2 - 10 8 ; 3 - 9 6  
Shipment , 2 - 148� 149 , 184 ; 3 - 95 
TLV o f , 2 - 108 
Water in , 2 - 17 3 

B i l lets , 2 - 107  
Biochemical Oxygen Demand ( BOD ) , 2 - 1 9 2 ; 

5 - 5 
B i o logical Oxygen Demand ( BOD ) , 2 - 214 
Bioc ides , 2 - 1 8 6� 1 87 



B i rd s , 2 - 9 5  
B lowdown Wat e r  ( see Cool ing Towe r 

Blowdown ) 
B lume Repo r t , 2 - 44� 45 ; 3 - 7 3  
Body Coun t ing , 2 - 1 0 6  
B o i l e r  Feed Wat e r , 2 - 1 82 
B o i l e r s , 2 - 1 3 7 , l 4 6� 147 ; 3 - 7 , 2 3 ; 4 - 1 0  
Bomb Techn i c i an Team s , 2 - 2 5 1  
Bone Do s e  ( s ee Dos e , Bone ) 
Book I nvento ry , 2 - 2 3 6  
Boulder 

Area Popu l a t ion , 3 - l 0 2� 1 0 3  
C i ty and County Hea l th Department , 

2 - 2 0 1 ' 3 - 1 0 7  
County , 

'
2 - 2 3 8 ; 3 - 1 0 5 ; 7 - 1 , 3 

C ree k ,  3 - 3 2 
Geology , 2 - 3 6  
Memo rial  Hospi tal , 2 - 1 1  
Va l ley Comprehens ive Land Use  

P l an , 7 - 3  
Wat e r , 2 - 2 2 3  

B righton , 2 - 2 29 
Broom f i e l d  

Area Popul at ion , 3 - 1 0 3  
L and Use , 7 - l� 3  
Locat ion , 2 - 4  
Wate r , 2 - 47 , 1 9 0 , 2 1 1 , 224 ; 3 - 6 ,  9 ,  

3 1 , 5 1 , 5 2 ; 5 - 6  
Buffer Zone , 2 - 3 , 5 ,  3 3 , 94 , 9 7 ; 3 - 9 ; 

4 - 3 ; 5 - 18 ,  20 ; 6 - 1 ; 9 - 1 2 
Building Superin tenden t s , 2 - 2 3 3  

C 

C - S er i e s  Ponds ( s ee Ponds , C - Serie s )  
C a l c ium S i l i c a t e , 2 - 1 7 6  
Camp George We s t ,  2 - 241 
Canal , 4 - 8  
C anc e r , 3 - 44 ,  5 1 , 9 0� 9 l , 1 0 0� 1 0 1 ; 9 - 5  
Canyon s , 2 - 1 1 4 ; 3 - 5 8  
Carbon Monoxide , 3 - 9 5  
C arbon T e t rachloride , 2 - 1 0 4 , 1 0 6 , 1 8 6 ; 

3 - 2 3  
Cargo Carriers , 2 - 184 
Carnivore s , 2 - 9 5  
Car Pool s ,  4 - 5 ; 8 - 1  
C a t t l e  

Fenc e ,  2 - 5 ,  2 - 9 7  
S tudy , EPA Ro c ky F l at s , 2 - 2 2 8� 2 2 9  

Certi f i c a t ion Cour s e s , 2 - 1 2 3  
C e s ium ,  2 - 2 1 3 , 2 2 0  
Chemi c a l  Was t e  ( s e e  Was t e , Chemi c a l ) 
Chemi c al s , 2 - 1 8 5 ; 3 - 9 , 4 - 1 0  
Chemi s t ry 

R&D Group , 2 - 1 1 7  
S t andards Group , 2 - 1 2 0  

Che rry Creek , 3 - 3 2 
Church Di tch , 2 - 9 , 477 5 0  
C i t izens Moni toring Comm i t tee ( see 

Roc ky F l a t s  Mon i toring Comm i t tee ) 
Civil De fens e , 2 - 2 3 5 , 240 , 243 
C l a s s i fied 

Exc lu s ion and Limi ted Areas , 2 - 247 
In forma t ion , 2 - 2487 249 

C l ay P i t s , 2 - 3 1 , 4 5 ; 5 - 20 
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C l e an 
A i r  Ac t ,  3 - 3 ,  9 5  
Water Act , 3 - 3  

C l e a r  Creek , 2 - 25 , 5 0 ; 3 - 3 2 
C l imatology , 2 - 5 77 67 ,  2 0 9  
C l o th ing , Pro t e c t ive , 2 - 1 0 2 , 1 0 8 , 1 2 8  
Coal 

Creek , 2 - 34 ,  477 5 0  
F i red Powe r P l ant , 3 - 7 ; 5 - 3  
Mine s , 2 - 45 

Coating s , 2 - 1 1 6  
Colorado 

Air Po l lu t ion Contro l  Ac t ,  2 - 1 04 
Comm i t tee for Envi ronmental Infor

ma tion ( CC E I ) ,  2 - 7 27 7 3  
Department o f  Hea l th ( CDH ) , 2 - 7 8 , 8 1 , 

9 2 , 9 9 , 2 0 1 , 2 0 3 , 2 0 7 , 224 , 2 3 8 ; 
3 - 3 , 14 , 44 , 1 0 7 ; 5 - 14 ,  1 9 ; 7 - 4 ;  9 - 4  

Department o f  Natural Resourc e s , 2 - 1 0  
D i s a s t e r  Emergency Ac t o f  1 9 7 3 , 2 - 2 3 8  
Divis ion o f  Comme rce and Develop -

ment , 3 - 8  
Divis ion o f  D i s a s t e r  Emergency 

S e rvic e s , 2 - 2 3 8  
General  Ho spi tal , 2 - 1 24 
I n t e r s t a t e  Gas Co . ,  2 - 1 3 3  
Law Enforcement Emergency Radio 

Sys tem ( CLEER ) , 2 - 240 
Radiological  Eme rgency Re sponse 

P l an ,  2 - 2 3 8  
S choo l  o f  Mine s , 2 - 1 0 , 14 , 4 0  
S tate Archeolog i s t , 2 - 1 0  
S tate Department o f  Agr icul ture , 2 - 1 87 
S tate Unive r s i ty ( CSU ) , 2 - 1 0 , 14 , 82 , 

1 2 5 , 2 0 5 , 2 2 6 , 2 2 8 , 2 3 0 ; 3 - 2 6  
S tate Un iver s i ty S tudi e s , 2 - 2 2 6� 22 8  
Univers i t y  ( CU ) , 2 - 2 2 9 ; 3 - 2 6  
Wa ter Con s e rvation Bo ard , 2 - 2 0 1  

Combu s t i b l e  Ma terial , 3 - 5 7 
Combus t ion Produc t s , 2 - l 3 5� 1 3 6 , 1 8 6  
Communi ty Ac tivi t i e s , 3 - 1 0 7  
Computer Code , 3 - 3 3 , 6 6  
Con s e rvat ion 

Energy ( s ee Energy Conservation ) 
Water ( s ee Wa ter Con s e rva t ion ) 

Con s t ru c t ion 
Co s t ,  8 - 2  
Wo rkers , '  2 - 3 ; 3 - 1 0 2 ; 8 - 2 ; 9 - 3 , 6 

Containe r , S hipping ( s ee a l so Packaging ) 
Type A ,  2 - 1 5 27 1 5 3  
Typ e B ,  2 - 1 5 27 1 5 3 , 1 5 67 1 5 7  

Con taminant , 3 - 27 3 , 2 3 , 2 7  
Contamina t ion , 2 - 1 5 6 , 2 3 57 2 3 6  
Contro l Sys tems Development Group , 2 - 1 1 7  
Conveyor ,  2 - 1 14 ; 3 - 5 5 
Coo l ing 

Towe r ,  2 - 1417144 , 1 7 4 , 1 8 6 ; 3 - 4 , 1 3 ; 
4 - 4 , 8 ;  5 - 5  

Tower B lowdown , 2 - 82 , 9 6 ,  1 3 9 , 144 , 
1 7 4 , 1 8 2 , 187 , 2 1 2 ; 3 - 4 ;  4 - 6 ;  5 - 5  

Tower Wat e r  Sys tem , 2 - 144 , 1 8 2  
Towe r Wat e r  Treatmen t ,  2 - 1 8 6 ; 5 - 5  

Corro s ion , 2 - 1 6671 67 
Co s t , Ope rat ing , 8 - 2 , 9 - 1 , 3 ,  8 ,  1 0  
Co s t - B ene fi t Analy s i s , 9 - 1  



Couri e r , 2 - 1 5 1  
C r i t ic a l i ty 

Ac c iden t , 2 - 1 5 5 ; 3 - 46 , 63 , 657 69 ; 
7 57 7 6  

S a f e ty , 2 - 1 0 6 , 124 ; 3 - 60 , 6 37 64 ;  4 - 9 ; 
5 - 5  

Curium , 2 - 9 9 , 149 , 1 7 0 ; 3 - 30 
Cus todial  Department ,  2 - 1 2 9  
Cyc lone Separator , 3 - 23 

D 

D - Pond ( see Ponds , D )  
D&RGW Ra i l road ( s ee Rai l road s ) 
Dams , 2 - 49 , 2 1 2 ; 3 - 1 0 , 1 2 ; 4 - 7 ;  5 - 1 9 7 2 0  
D a t a  Logger , 2 - 2 0 3  
Decay Heat , 2 - 1 5 2  
Decomm i s s i oning , total , 5 - 1 17 1 2 ; 6 - 2  
Decontamination , 2 - 1 647 1 6 6 ; 3 - 61 , 1 0 1 ; 

5 - 7 , 1 07 12 ; 9 - 87 9 
Deer , 2 - 228 
Defen s e  C iv i l  Preparedne s s  Agency 

( DCPA ) , 2 - 2 3 7 , 243 
Demography , 2 - 1 27 15 ; 3 - 42743 
Demo l i t ion , Tota l , 5 - 7 , 1 2 ; 9 - 8  
Denver 

Ai r ,  2 - 2 0 7 ; 3 - 1 3 , 3 2  
Area Populat ion. & Charac ter i s t i c s ,  

3 - 1027103 ; 5 - 1 6 ; 6 - 2 ; 8 - 2 ; 9 - 1 , 374 
B a s i n , 2 - 22 , 3 2 , 35 
Emergency Respon s e , 2 - 23 6 , 2 3 8 ; 3 - 88 
Federal Center , 2 - 243 
Museum o f  Natural H i s tory , 2 - 1 0  
Regional Coun c i l  o f  Governments  

( DRCOG ) , 2 - 1 2 , 14 ; 3 - 1 0 2 , 1 0 5  
Unive r s i ty , 2 - 14 
Water , 2 - 140 , 2 2 3 ; 3 - 1 1 , 5 - 5  

D e s i gn C r i t e r i a  ( s ee S truc tual Des ign 
C r i t er i a )  

Detect ion Limi t s , 2 - 2 0 4 , 2 0 7 , 2 2 1  
D i e s e l  Fuel , 2 - 1 3 7 ; 3 - 8 ; 4 - 5 ; 8 - 1  
D i f fu s ion Meteoro logy ( se e  Metero logy ) 
D i l lon Reserv io r , 3 - 32 
Dimen s ion a l  Metrology , 2 - 1 2 0  
Dio c ty l phtha l at e  ( DOP ) , 2 - 12 9 , 1 60 
D i spers ion , 2 - 7 1 , 1 68 , 2 0 9 , 2 2 77 2 2 8 , 

2 3 0 , 2 3 6 ; 3 - 2 , 1 3 , 3 3 , 8 2 , 8 6 , 9 9 ; 
5 - 7  

D i s s o lved Oxygen Con tro l l ers , 2 - 1 9 1  
D i t ch , 2 - 47748 ; 5 - 20 
Div i s ion o f  

B io logical  and Envi ronment a l  Re s earch , 
ERDA , 2 - 82 

D i s a s ter Emergency S e rv i c e s , 
Colorado , 2 - 240 

Rad i a t ion & Haz ardous Was t e s  Contro l , 
Co l orado , 2 - 240 

DOE ( se e  U . S . Department of Energy ) 
Do s e  

Acc ident R i s k , 5 - 1  
Background , 3 - 3 9740 , 7 7 , 9 17 9 2 , 9 7 , 

9 9 ; 5 - 1  
Bone ( s e e  a l s o  Do s e , Organ ) , 3 - 82 , 

8 77 89 , 9 1 , 9 9 ; 5 - 5 , 1 5 ; 9 - 1 3 
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Do s e  ( con t inue d )  
Comm i tment , 3 - 35745 , 7 4 , 78781 , 

8 67 88 ; 9 - 1  
Convers ion fac tors , 3 - 3 3 
E f fec t  r e l a t ionship , 3 - 43 
Liver ( s ee a l so Do s e , Organ ) , 3 - 5 , 

3 5742 , 7 87 8 1 , 9 9  
Lung ( s ee a l s o  Do s e , Organ ) , 3 - 3 5742 , 

7 87 81 , 89 , 9 9 ; 5 - 5  
Organ , 3 - 28 , 3 3 , 3 9 , 837 89 , 9 1 , 9 3 , 

1 0 07 1 0 1 ; 5 - 17 7 , 147 1 6 , 19720 ; 9 - 7 , 
9 ,  1 3  

Organ , 7 0 - Year , 3 - 40 , 7 1 ; 5 - 1 5 
Popu l a t ion , 3 - 41742 , 44 , 69 , 8 6 , 88 , 

9 7  
Popul a t ion Bone , 3 - 42 
Popul ation R i s k , 3 - 9 9 
Radiat ion , 9 - 1 3  
R i s k , 3 - 74 ,  7 87 8 1 , 9 6 , 9 9 ; 5 - 5 ,  87 9 ,  

1 17 1 2 , 1 6 , 2 0 ; 9 - 9 , 1 3  
Thyro id ( see a l s o  Do s e , Organ ) , 3 - 74 , 

7 7 7 8 2 , 8 6 , 89 
Tota l , 3 - 39 , 44 , 9 7  
To t a l  Body ( s e e  a l s o  Do s e , Organ ) , 

3 - 28 , 347 42 , 9 9 ; 5 - 5  
Who l e  Body ( s ee Dos e , To t a l  Body ) 
7 0 - Year , 3 - 3 27 33 , 3 5 , 3 9 , 41 , 82 , 9 3 , 

1 0 0 ; 5 - 1 , 3 ;  9 - 5  
Do s imeters , 2 - 1 0 6 , 241 
Doub le Drum Drye r ,  2 - 1 7 6  
Dow Chem i c a l  Company , 2 - 2 ; 7 - 4  
Downdra ft , 2 - 1 0 7 , 183  
Drainage , ( see also  Groundwat e r )  Sur fac e 

Wate r ,  S t re am F low ) , 2 - 4 6 , 48749 , 5 6 , 
68 , 83 , 1 9 37 1 9 4 , 1 9 9 , 2 1 1 ; 3 - 3 1 ; 4 - 6 ;  
5 - 2 0  

Drinking Water 
Radioac t iv i ty �n , 2 - 2 2 3 ; 3 - 3 1 ; 5 - 4 ,  6 ;  

9 - 1 3 
Source Term for , 3 - 3 1 ; 5 - 6 ,  1 1  
S t andard , EPA , 2 - 9 0 , 2 1 3 ; 5 - 6  
S t andard s , US PHS o f  1 9 6 2 , 3 - 14 

Drum , 2 - 1837 1 84 
Drum Le akage ( s ee Le akage , Drum ) 
Du s t  Co l l ec t ion Sys tems , 2 - 1 1 1  

E 

Earthquake , 2 - 1 67 18 , 3 87 45 ; 3 - 7 27 7 3  
Ecological  

Mon i toring , 2 - 2 2 0  
S tudi e s , 2 - 22 5 ; 4 - 2  

E c o logy , 2 - 2 2 5  
E conomy , 3 - 1 0 4  
E f f luen t 

Ai r ,  2 - 1 1 3 , 158 , 1 6 5 , 1 68 , 1 7 3 , 1 9 1 , 
2 0 2 , 2 1 2 ; 3 - 5 0 ; 4 - 2 , 6 ,  9 

Chemi c a l , 3 - 9 5 ; 6 - 1  
D i s charge Rate s , 2 - 1 8 6  
Particulate , 3 - 9 5  
S an i t ary , 2 - 9 6 ;  3 - 3 1 
S ewage P l an t , 2 - 1 9 0 7 19 1 , 2 0 1 ; 5 - 5  
Thermal ,  3 - 9 5 
Wat e r , 2 - 82 , 1 8 8 , 1 9 1 , 2 0 1 , 2 1 17 2 1 3 , 

2 2 3 ; 3 - 1 67 2 2 , 3 1 , 5 0 ; 4 - 2 , 6 ,  9 ;  5 - 5  



EG&G , Inc . , 2 - 3 7 , 2 3 1  
Eggl es ton Fau l t  ( s ee Faul t ,  Eggles ton ) 
E l e c t ri c i ty ,  2 - 1 3 1 ; 3 - 8 ;  4- 5 ;  8 - 1 
E l e c trical Dis tribution Sys tem , 2 - 1 3 2  
Emergen c i e s  

O ff - s i te , 2 - 2 3 6� 2 3 8  
On - s i te , 2 - 234 

Emergency 
Ai r S amples , 2 - 2 0 7  
C i rcu i t s , 2 - 1 3 3  
Commun i c a t ions , 2 - 2 3 5  
Condi t ions , 2 - 147 , 243 , 2 5 1  
Control Center ( ECC ) , 2 - 2 3 5  
Equipment ,  2 - 242 , 2 5 1  
Exerc i ses , 2 - 242 
Generator ,  2 - 1 0 1 , 1 3 3 , 1 3 7 , 143 , 147 , 

1 60 
Medi c al Techn i c i an ( EMT ) , 2 - 235 , 2 5 3  
Operating Center ( EOC ) , 2 - 235 , 2 3 9 , 

243 
P l an ,  Rocky Flats , 2 - 2 32�243 
Radio Systems ( ERS ) , Rocky F l ats , 

2 - 235 , 243 
Response Teams , 2 - 2 3 3  

Emi s s ion Sources , 5 - 1 
Emi s s ion Te s t , Veh i c l e , 2 - 130 
EML ( Envi ronmental Measurements 

Laboratory ) ,  ( see a l so HAS L )  , 2 - 7 2� 7 3 , 
2 0 1 , 203 , 2 0 7 , 2 2 5 , 281 ; 3 - 2 6  

Emp loyees , Res i dential D i s t ribution 
o f ,  3 - 1 0 2� 1 0 3  

Emp loyment 
Di rec r ,  2 - 3 ;  3 - 102� 1 0 3 ; 8 - 2 ;  9 - 8 ,  10 
Indirec t ( s ee Emp loyment ,  S econdary ) 
Mul t i p l i e r , 3 - 104 
Secondary , 3 - 103�104 ; 9 - 4 ,  6 ,  8�10 

Endangered Spec i e s , 2 - 9 5  
Energy 

• 

Conservat ion , 2 - 134 ; 3 - 7 ;  4- 4� 5 ;  8 - 1 
Conservation Counc i l , 4 -4 
Consump t ion , 2 - 134 ; 4- 4� 5 ; 8 - 1 
Reorganizat ion Ac t o f  1 9 74 , 2 - 3 
Resource s ,  8 - 1 
Usage , 2 - 1 3 7  

Engineering - S c i enc e , Inc . , 2 -4 6 ; 4- 8 
Envi ronmental 

E ffec t s , Cumu l a t ive , 6 - 1 
E f fec t s , Nonradiolog i c a l , 4- 1 
E f fec ts , Radiologi cal , 4- 2 
E f fec t s , S o c ioeconomi c , 4- 3 
Improvement P rograms , 6 - 1 
Moni toring P rogram , 2 - 200� 2 0 2  
Moni toring Report , Rocky F l a t s  

Annual , 2 - 1 9 6 , 199 , 2 0 1 , 2 0 4  
S c i enc es Departmen t ,  2 - 1 2 5  
S tudies , 3 - 2 6  
Trade - O f f  Analys i s , 9 - 1 

EPA ( see U . S .  Envi ronmental P ro t e c t ion 
Agency )  

Ep idemiological S tud ies , 3 - 9 6  
ERDA ( se e  U . S .  Energy Res earch and 

Development Admini s trat ion ) 
Erosion , 2 - 19 , 2 1 , 5 6 ;  3 - 1 1 ; 6 - 2 ;  9 - 1 3  
Evacuat i on Proc edures , 2 - 2 3 6 , 240 , 241 ; 

3 - 100 
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Evaporat ion Pond ( see Pond , Solar 
Evaporation ) 

Evaporator , 2 - 1 7 5� 1 7 6 , 180 , 1 8 2  
Exchange o f  Informat ion Mee t ing , 2 - 201  
Exclusive Use Veh i c l e , 2 - 155� 1 5 6  
Excurs ion ( see Acc i den t , C r i t i c a l i ty )  
Exhau s t  

Air ,  2 - 1 2 8 , 1 6 3 ; 3 - 6 1  
Gas , 2 - 1 1 3 ; 3 - 6 1  
S tack , 2 - 1 0 6 , 1 7 3 , 2 0 2  
Sys tems , 2 - 160 , 1 8 2 , 2 0 3 ; 3 - 2 3 , 49� 5 0  

Expendi ture , 3 - 105 ; 9 - 8 ,  1 0  
Explos ion , 3 - 62 
Expo sure ( see Dose )  

F 

Fac i l i t i e s , 2 - 7 ,  1 2 5 ; 5 - 9 
Fai lure 

Admi n i s trative , 3 - 49 
Impoundment , 3 - 5 0 , 5 2 ; 5 - 5 ;  9 - 1 3  
Mechanic al , 3 - 49 

Fallout , 2 - 7 2� 7 3 , 7 8 , 224� 2 2 5  
Fas t  Recovery , 2 - 111 
Fau l t  

Eggl e s ton , 2 - 3 3 , 3 6 , 5 3  
Gol den , 2 - 1 7 , 2 2 , 2 5 , 34� 35 , 3 8  
Kennedy Gul ch , 2 - 2 5  
Livings ton , 2 - 34� 3 5  
Tree Analys i s , 3 - 69 
Va1mont ,  2 - 3 6� 3 7  

Faulting , 2 - 24 , 3 3 , 35 , 3 7 , 45 , 5 3  
Federal 

Aviation Admin i s trat ion ( FAA ) , 3 - 7 0  
Bureau o f  Inves tiga tion , 2 - 234 , 249 
Highway Admini s trat ion , 3 - 94 
Impact Fund s , 4- 3 ;  5 - 9 ;  9 -4 ,  10  
P reparedness Agency ( FPA ) , 2 - 243 

Feed Material , 2 - 102 
Fenc e , Securi ty ( see Securi ty Fenc e )  
F i l te r  

Cert i fi cat ion Laboratory , 2 - 1 2 9 , 1 60 , 
1 64 , 1 6 6  

E ff i c i ency , 2 - 129 , 1 5 8 , 1 64� 1 6 6  
Frame s , 2 - 1 6 6� 1 67 
Glass Fibe r ,  2 - 2 0 3  
HEPA , 2 - 106 , 1 24 , 1 2 8 , 1 60 , 164� 1 67 , 

1 8 6 ; 3 - 2 3 , 48 , 5 7 � 6 1 , 67  
Improvements , 2 - 1 7 1 ; 3 - 30 
P l enum , 3 - 54 , 64 
Surv e i l l ance & Maintenance , 2 - 1 6 6� 1 67 
Sys tem , Air ( see Ven t i l a tion ) 

F inal Qual i ty Acceptance & Cert i fi c ation 
( FQAC ) , 2 - 1 2 2  

Financ ial Resourc e s  ( s ee Re sourc e s , 
Financ ial ) 

F i re 
Acc i dents ( se e  Acc ident , F i re ) 
Bery l l ium , 3 - 47 , 9 5  
Department ,  2 - 2 3 5 , 2 5 2� 2 5 3 ; 3 - 5 8 , 6 1  
Detec t ion , 2 - 248 , 253  
Glove Box , 2 - 165 
Loading , 3 - 54 , 57�58 
Pas t , 2 - 1 6 6 , 1 6 8 ; 3 - 53 
P lutonium , 2 - 93 ; 3 - 53 , 5 9  



F i re ( cont inued ) 
Prevent ion ( s ee S a fe ty , F i re ) 
Pro t e c t ion & Engineering Depart-

ment , 2 - 12 7  
Pro tec t ion Improvement s , 3 - 53�54 
P ro tec t ion S tandards , 3 - 5 7  
Protec t i on Surveys , 3 - 5 6  
R i s k  o f ,  3 - 54 
S a fety Program , 3 - 54 
Supp r e s s ion Sys t ems , 2 - 10 1 ; 3 - 54 , 5 8  
Tes t ing P rogram , 3 - 57 

F i sh , 2 - 9 6 ;  3 - 27 ; 5 - 6  
F i s s i l e  Materia l , 3 - 60 , 63  
F i s s i on Produc t s , 2 - 1 7 ; 3 - 63 , 6 6 , 7 4 , 7 6  
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Treatment Proc e s s  F l ow , 2 - 1 7 8� 180 
Transuran i c , 2 - 183� 1 84 

Was t ewater 
Laundry , 2 - 89 , 1 9 1 ; 4 - 4 , 8 
Proc e s s , 2 - 89 , 1 7 3 , 1 9 1 ; 3 - 6 ,  5 2 ; 4 - 4  
S ani tary , 2 - 89 , 1 9 1 ; 3 - 7 , 5 6 ; 4 - 6 ;  5 - 6  

Water 
Backwash , 2 - 14 6  
Balanc e ,  2 - 5 0 ; 3 - 5  



Wa ter ( cont inue d )  
Borne Re lease , 3 - 7 4  
Conserva t ion , 2 - 1 3 9  
Consump t ion , 4 - 5 ; 9 - 6  
Cont ro l and Recyc l e  Proj ec t ,  5 - 5  
De t e c t ion L imi t s , 2 - 2 2 1  
F i re P ro tec tion , 2 - l44� 145 
F lood , 2 - 2 1 2  
F l ow , 2 - 49 , 2 1 1  
Ground ( see Groundwat e r )  
Ing e s t ion Pa thway , 3 - 3 9  
I rrigat ion , 3 - 6  
Gel led , 2 - 1 0 2  
Laundry , 2 - 9 3 , 1 2 8 , 2 1 2  
Mon i to ring , 2 - 1 9 3 , 2 1 1 , 2 l 4� 2 2 0 , 

2 2 3� 2 24 ; 3 - l 6� 2 2  
Po l lutant , 3 - 3  
Po l lu t ion Control Ac t o f  1 9 7 2 ,  3 - 7  
Pol lut ion Control Commi s s ion , 3 - 14 
Potab l e , ( s ee Wat e r , Treated ) 
Pump s , 2 - l 40� 1 4 l , 145 
Qual i  ty , 2 - 145 
Radi onuc l ides  in , 2 - 20 0 ; 3 - 3 2  
Raw , 2 - l 3 9� 1 44 ; 3 - 4  
Recyc l e  ( s ee a l s o  Total Water 

Recyc l e ) , 4 - 4 ; 5 - 5� 6 ; 6 - 1 ; 8 - 1  
Requi rements , Proj ec ted , 3 - 3 2 
Resourc e s  D iv i sion ( USGS ) ,  2 - 2 3 0  
S amp l e s , 2 - 82 , 2 2 3  
S ens ing Devi c e s , 2 - 1 7 3  
S tudi e s  Commi ttee , 3 - 3 2 
Sub surface ( see Groundwate r )  
Supp l ie s , Pub l i c , 2 - 19 3  
Surface ( see Surfac e Water ) 
Sys tem , 2 - l3 9  
Sys tem , Raw , Ons i t e , 2 - 141 
Tab l e , 2 - 5 1  
Tap , 2 - 2 1 6 , 223 ; 3 - 3 l� 3 2  
To t a l  Long- Lived Alpha Ac t iv i ty , 2 - 9 0 , 

1 7 4 , 2 0 0 , 2 0 4  
Trea t ed , 2 - 1 3 8 , l 44� 145 
Treatment Chem i c al s , 2 - 1 8 7  
Treatment F i l ters , 3 - 51 
Treatment P l an t , 2 - l 44� 145 
Use , 3 - 4� 7 ; 4 - 1  

Weed Contro l , 2 - 1 3 0 , l 87�188  
We s t e rn S lope Gas  Company , 2 - 1 3 3 ; 3 - 7  
We s tmins t e r , 2 - 4 , 47 , 2 1 1 ; 3 - 3 1 , 42 , 

1 0 3 ; 7 - 1 ,  3� 4 
We t Mountains , 2 - 32 
Wheat ridge , 3 - 1 0 3 ; 7 - 1 , 3 
Wi l dl i fe ,  2 - 9 5 ; 6 - 2  
Wind 

Chinook ,  2 - 5 7 ; 3 - 72 
Direct ions , 2 - 63 , 6 9 , 2 0 9  
D i spers ion , 3 - 82 , 8 6  
Ene rgy Tes t Faci l i ty , 2 - 9 8� 9 9 ; 5 - 1 8 ; 

9 - 3  
Eros ion , 2 - 7 1  
High , 2 - 1 6 ,  1 9 3 ; 3 - 7 2  
Ros e , 2 - 64 
Transport , 2 - 7 1  
Tunne l  S tudi e s , 2 - 20 5 , 2 3 0  
Veloc i t i e s , 2 - 63�64 , 6 9 , 2 0 9 ; 3 - 1 2  
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Woman Creek , 2 - 21 , 47�49 , 9 6 , 1 9 3 , 2 1 1 , 
2 2 7 ; 3 - 4 , 1 1 , 14 , 2 5 , 2 7 , 3 1 ; 4 - 18 ; 
5 - l 9� 2 0  

Woodward- C l evenger and As s o c i a te s , 
Inc . , 2 - 1 9 9  

X 

X-Rays , 2 - 9 9 ; 3 - 3 2  

y 

Z 

Zang Ditch , 3 - 12 
Z e f f , Cogorno , and S e a l ey , Inc . , 2 - 1 9 9  
Zero Water D i s charge Program , 4 - 9 ; 5 - 6  
Zone ( se e  Module ) 
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