
DOE/EIS-0014 

-----,- -------- ---- -,,---

FILE' 

-- 1 

Final Environmental ImPact Statement 

Mound Facility 

Miamisburg, Ohio 

u.s. DEPARTMENT OF ENERGY 

June 1979 



- --- -------

Ava i1 ab 1 e from: 

Price: 

National Technical Information Service ( NTIS ) 
u.s. Department of Commerce 
5285 Port Royal Road 
Springfield, Virginia 22161 

Printed Copy: $9.00 
Microfiche: $9.00 



DOE/EIS-0014 DOE/EIS-0014 
UC-2, 1 1  

Final Environmental Impact Statement 

R esponsible Official 

bt£� 
(, � Ruth C. Clusen 

Assistant. Secretary for Environment 

Mound Facility 
Miamisburg, Ohio 

u.s. DEPARTMENT OF ENERGY 
Washington, D.C. 20545 

June 1979 





FOREWORD 

This Environmental Impact Statement ( E I S ) was prepared in compl iance with the National 
Environmental Po licy Act of 1 9 6 9  (NEPA 42 U . S . C .  4 2 3 1 )  by the U .  S .  Department o f  
Energy ( DOE ) to as s e s s  the environmental implications o f  i t s  continuing and future 
programs at the Mound Fac i l i ty ( fo rmer ly de s ignated Mound Laboratory ) ,  located in 
Miamisburg , Oh io . Mound Faci l i ty is operated by Mons anto Research Corporation under 
contract to the DOE . 

The Council on Environmental Qual i ty ( CEQ) i s sued revised Guide l ines for the Prepara­
tion o f  Envi ronmental Impact S tatements ( 4 0  CFR 1 5 0 0 , FR Vo l .  3 8 ,  No . 1 4 7 )  on Augus t 
1 ,  1 9 7 3 , which required all Fede ral agencies to assess the environmental impacts of 
ongoing programs that were initiated prior to the promulgation o f  NEPA . I n  compliance 
with CEQ guide lines , the Energy Research and Development Admini s tration ( ERDA , who se 
functions were absorbed by the DOE on October 1 ,  1 9 7 7 )  i s s ued an Omnibus Environmental 
Asses sment in July 1 9 7 5  for activi ties conducted at Mound Fac i l i ty . On July 8 ,  1 9 7 6 , 
ERDA announced its intent to pub l ish an EIS for the Mound Faci l ity operations and in­
vited predraft comments and sugges tions for consideration in preparation of a draft 
o f  the environmental impact s tatement ( DE I S ) . The Omnibus Envi ronmental As ses sment 
and other related documents to be used in the preparation of the DEIS were made avail­
ab le to the publ ic for review. Comments were rece ived from five enti ties and were 
included in the preparation of the DE IS . 

The DEIS was prepared in accordance with speci fic guide lines for preparation o f  envi­
ronmental statements , as amended in " Guide lines for Environmental Review , "  10  CFR 7 1 1  
( 4 2  F R  4 8 2 6 ) , and i s sued on Apr i l  2 7 , 1 9 7 8 , for public review and comment ( 4 3  F R  1 7 9 9 5 ) .  
N:i,.ne comment let�r's were recei.ve.d dur:i,.ng the pub l i c  review pe"riod and the substan.tive 
i s s ue s  raised in those letters have been cons idered in the preparation of thi s E I S . 

The maj or i s s ues raised in the letters o f  comment concerned the e ffects o f  tri tium 

release ; p lutonium- 2 3 8  release and toxici ty ; additional data for releases in air and 

water e f f luents ; occupational exposure of P lant workers ; cr iteria for the evaluation 

o f  the ef fects o f  f ire and s torms ; s tab i l i z ation o f  contaminated soi l ;  impacts o f  

transportati on of radi oactive waste ; was te di sposal ; and Mound ' s  me teoroloqical program. 

The se letters wi th DOE response s  are presented in Section 1 0, and speci fic re ferences 
are made in that section to the text where the i s s ue s  contained in the se letters are 
addre s sed . 

This document describes the activities per formed at Mound Faci l i ty and di scusses the ir 
actual and potential primary and secondary impacts on the surrounding environment . Im­
pacts of routine and accidental re leases are addressed . The exi sting environmental 
setting i s  de scribed and the cumulative impact of Mound's mi s s ion is evaluated . Data 
pr.esented are the late s t  available at the time o f  publ ication and include CY-1 9 7 7  en­
vi ronmental information . Environmental s tudies are continuing as part of Mound ' s  moni­
toring surve i l l ance and environmental protection program . These are published annually . 



Anticipated improvements to F acil ity operations and practices are des i gned to reduce 
even the existing minor releases to as low as practicable based on the bes t  technology 
currently availab le . The alternative s  considered include continued operations , 
re location o f  operations , decrease and di scontinuation o f  operations . 

A concerted e f fort has been made to pre sent the information in a straightforward manner ,  
comprehens ible to the nontechnical reader . To aid in understanding the text , a 
glossary o f  technical terms i s  included and a Table o f  Contents has been included to 
aid the reader in identi fying topics o f  special intere s t .  
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1 . 1  PURPOSE 

1-1 

SECTION 1 
SUMMARY 

This environmental impact statement describes the ongoing work o f  all  operations at 
the Mound Faci lity ( formerly known as Mound Laboratory ) and analyzes and evaluates 
the primary and secondary impacts on the environment o f  its continued operation . 
The ma j ority o f  the activities at this plant were in operation be fore Congress 
enacte d  the National Environmental Policy Act of 1 9 6 9  (NEPA ) ; there fore , no environ-

I 
mental impact statement within the context o f  the NEPA was required or made on 
these facilities prior to their construction and operation . However , the continuing 
environmental moni toring program has been in place s ince operations started at the 
Mound Faci l i ty .  The impacts of routine and accidental releases are addre ssed; however , 
the statement does not addre ss any postulated e f fects o f  terrorists' actions . Dis­
cuss ion of tpe need for a nuc lear weapon capabi lity is beyond the scope of thi s 
document . 

1 . 2  BACKGROUND 

Mound Facility was es tab l ished in 1 9 4 6  on a 7 2 8 , O O O -m2 ( 18 0 -acre ) unti llab le portion 
of a farm which was adj acent to the city of Miamisburg , Ohio . The fac i li ty is operated 
for the Department.",,,Q,f. �ne"g:� !.DQ�,L.Yitb t.be.._princ.Jp'�l"�EH�e�" bE!�r:g_ th,�._�"Cln��a�<?ture 
of chemical explosive detonators , explos iye timers ,  e?<.E.l,Q§l,y�c_t�ate..d trsmsduc�r� , 
___ '," _-- " " � L>., ___ ...... ",' _ ........ ___ ••• ,...-__ ..,..-.., ... A • ..,.,.,,_ ....... __ r- _ .. -.,..m_' •• •• • 

explosive switches, and heat s o��_�s fue led with plutonium- 2 3 8 ; surve i l lance o f  
-__________ �, ..... �""_"_...,.."'""'�._..-...--.- _ .-___ .l...,:, ... :-. . • •  _ 

detonators and cab les and o f  components containing r�dig�<::j:,i,v�_materi.a.l si_SE!pa:rati,9D' '-... -.. ....... " ,- '-.-" ' .. -�.- . ........ 

puri fic_�ion , and s�le....£! ... �.!:.Cl_!?_��- iI1 .. QJtr.,<�,§J.o�cJ;.,u.eJ . j,�g!:p-'pe s  of._ D:"2!?���.�.f;.,,,_��;::b(:m ' ,. a�9) 
several other e lements o f  interes t  to the scientific cOmmu�i 'l:Y ; :recovery o( .. �.r_�_�i.um", 
,from waste s  gene:rated at Mound .FacilitY{ip� �th�_:r _!?"QJL-Sj,.,t�.§L . .and.j:J1.�",l?�>Cis:�!�l.�Cll?.Ell­
cations o f  atomi� energy • .  In addition , the coal conversion program to produce low­
Btu gas and the evaluation of Devonian shale as a hydrocarbon source are the respons i ­
bility o f  Mound Fac i l ity . 

Mound Fac il ity does not manufacture or assemble nuclear weapons . As part o f  the manu­
facturing program for explosive components , some o f  the components containing explo­
sive s in gram and sub-gram quantities are detonated for quality assurance . The high­
explos ive materials are not produced at Mound Faci lity but are purchased from the 
Army or other producers and are processed ( i . e . , purified and pres sed) in small quan­
tities only in manufacturing operations at Mound . All components are manufactured at 
Mound Faci lity under care fully control led conditions . The manufactured products are 

---

-

--
-

_._.

_-_

.
-

-
_.,--'-. -

shipped in sealed containers in safe configurations tg_ . ..Qjjle,J;_.DQJ;:,::��ed pJ "nts for 
.... ...... �_ ...... __ ;oU'_', -...,..--�-..- .-�"'''''�'�'.'� ' ............. '"'�,...-,.- ,', • " "" . " ,  ,....-�"........,--.. ,..-"' •• ,-.-.. ' "  .� .... ,,...,..- • 

further assembly operations . ......... v,_�. '.¥' � 

...,-
, ... -"" ......... '. -- --,' .�. ,"-' -,. \ ." ... '-. . . 
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1 . 2 . 1  DETAILED DESCRIPT ION 

Mos t  of the buildings house the administrative , manufacturing , deve lopment , surve i l ­
lance , and support activitie s .  An area for the burning o f  small amounts o f  high 

explos ives is on the southern edge o f  the p lant s i te . The sewage treatment p).ant i s  
located in the we st central part o f  the s ite . As a re sult of operations at Mound 
Facil ity some o f  the bui ldings have been contaminated with radioact ive materials to an 
extent that they would require decontamination be fore they would be sui table for other 
type s of operations .  

Mound Facil ity i s  operated to produce weapon components for the nuclear weapons pro­
gram , perform surve i l lance on weapon components , manufacture radioi sotope- fue led heat 
source s for the nuclear weapon program and the national space program , market non­
radioactive isotope s to the scient i f ic communi ty ,  and conduct several programs perti­
nent to the Nat ional Energy Program .  In per forming the foregoing functions Mound 
Facil ity f i l l s  a nece ssary ro le in the nation ' s  nuc lear we apons program , the peace ful 
appl ications of nuclear energy , and the overall energy program o f  the DOE . The 
P lant ' s  operation also results in substantial economic ,  socio logical , and technologi­
cal contr ibutions to the Dayton area . 

Mound Fac i l i ty i s  located in the Dayton suburban area o f  Montgomery County , Ohio . The 
plant is bordered by undeve loped agricultural lands on the south which are not culti­
vated but are in nat ive grass and scrub tree growth.  Land to the north , east , and 
we st of the plant s i te is re s idential hous ing with relative ly low population density . 

1 . 3 ENVI RONMENTAL IMPACT 

Normal plant ope rations produce no s igni f icant o f f site air or water po l lution , and 
have only a minor impact on the local area ' s  land use by reason of the removal o f  the 
plant s i te f rom marginal agr icultural or res idential use . The plant s i te after decon­
tamination could be used without re str ictions . The impact o f  nuclear operations to 
date is that the tritium concentration in wel l  water in the p lant vicinity was in­
creased above the natural background leve l but was kept we l l  within the preva i l ing 
Radioactivity Concentration Guide ( RCG) for dr inking water . ( From guidance o f  the 
former Federal Radiation Council and the National Committee on Radiation Protection , 
the RCG i s  that concentration o f  radioactive material present in the environment as 
a result o f  Fac i l ity operations that i s  determined to re sult in whole body or organ 
radiation do ses that should not be exceeded wi thout care ful cons ideration of the 
additional bene fits to be gained versus the risks involved . )  In 19 7 7 , a new drinking 
wate r standard for public water suppl ies was promulgated by the U .  S .  EPA . The new 
standard resulted in noncompliance o f  Mound wel l  water and that of a few pr ivate we l l s  
adjacent t o  the Mound s ite since the tritium concentration exceeded that permitted by 
the new regulatlOn"� . M-;'��ha� 'und�'�t�k�;��'���;;;di;l

'-
program o f  ind�<�-�d infiltration/ 
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forced turnover o f  water in the adj acent area of the Bur ied Val ley Aqui fer , which is ;( 
the source o f  local wel l  water , in order to meet the str ingent requirements of the new 
regulations as applied to tritium. Mound ' s  program of high volume pumping of water 
from the aquifer has achieved compliance for Mound wells and most of the private wel ls . 
Those we lls not yet in compliance are approaching it . Mound anticipates compliance 
throughout the area during CY- 1 9 7 9 . Plutonium-2 3 8  concentrations in natural sur face 
waters are less than 1% of the p lutonium RCG . Nuclear operations are currently con­
tributing to the atmosphere less than 0 . 0 2 %  of the RCG for tritium and a maximum of 
1 . 4 % o f  the RCG for plutonium-2 3 8 . In the areas immediate to Mound Facility , the 
maximum quantity of p lutonium- 2 3 8  found in the soil at any location was about 1 0 0  
mi l licuries per square kilometer.  The maximum concentration , is we l l  within the pro­
posed EPA standard for transuranium e lements in soil . 

In one local ized area in the abandoned Miami-Erie Canal adj a cent to the we st boundary 
of the p lant site a maximum concentration of 4 . 6  x 1 0-3 microcuries of p lutonium- 2 3 8  
per gram o f  silt was found . This deposition resulted from an onsite underground 
radioactive waste l ine break in ' 1 9 6 9 . 

The worst potential accident which conceivably could result from the p lant ' s  opera­
tions would be a release of plutonium-2 3 8  on the surrounding area as a result of a 
fire or o f  a tornado possibly making a direct hit on the plutonium processing faci lity . 
This accident is considered to be o f  extremely low probability . Such an accident could 
expose onsite and of fsite persons to radiation from dispersed plutonium- 2 3 8 . Some 
area of land surface ons ite and offsite could be contaminated and require decontamina­
tion to prevent re suspension of the plutonium into the air . The resultant decontami­
nation by soil removal could have a local environmental impact . 

The type s o f  potential occurrences which have been analy zed for po ssible impact in 
Section 3 . 10 are : 

1 .  Fire in a plutonium- 2 3 8  facil ity 
2 .  Accidental release of tritium 
3 .  Nuclear criticality accident 
4 .  Nuclear explo sion 
5 .  Explos ion of high exp los ives 
6 .  Ons ite transportation accident 
7 .  Power outage 
8 .  Natural disasters 
9 .  Tornado 

1 0 . Earthquake 

The Mound Facility S afeguards P rogram includes phys ical security measures ;  activities 
involving control and accounting measures to detect and deter diversion of S pecial 
Nuclear Material s ; and activities necessary to prevent theft , divers ion , or sabotage of 
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materials o r  equipment . Physical protection includes the " two-man rule " f o r  acce ss 
to Speci al Nuclear Materials ; the use o f  trained , equipped , and quali fied armed guards ; 
the use of special-safe secure transportation equipment; and the use of vaults for the 
s torage of Special Nuc lear Materials . In support o f  the Special Nuclear Materials Safe­
guards Program , Mound Fac i l ity has deve loped on-line nonde structive assay me thods , 
on- line inventory , and highly automated and protected proce s s  operations to prevent 
unautho r i z ed acces s  to the se material s . Safeguards and secur ity requirements and 
operations are under continuing review . 

H a z ardous materials which are shipped to and from Mound Faci l i ty cons i st of explo­
s ive s and radioact ive mater ials and of commodities typical ly used by an industrial 
complex such as fuel o i l , gasol ine , commercial compressed gase s , and common laboratory 
chemicals . The commodities are transported by commercial vendors .  The shipments of 
all haz ardous materials are control led by federal , state , and local regulations . All 
manufactured products containing explos ive s  or radioactive materials are s hipped in 
accordance with the approval s  received from the U .  S .  Department of Transportation 
( DOT ) . The explos ive products are shipped in nonpropagating packaging con f iguration s .  
Package s used for the shipment o f  radioactive materials are tested as required by the 
DOT to ensure that , under accident conditions , the integr ity of the container wi l l  be 
maintained and radioactive mater ial w i l l  not be re leased to the environment . 

1 . 4  UNAVOI DABLE ADVERSE ENVI RONMENTAL EFFECTS 

The unavoidab le envi ronmental e f fects of Mound Facil ity ' s  normal operdtions ( i . e . , 
nonaccidenta l )  which might be cons idered adverse are the inde f inite use of land for 
bui ldings and roads and the irretr ievable consumption of natural re source s in the form 
of supp l i e s , building materials , electr ical energy , and fue l . All land ultimate ly 
could probab ly be returned to i t s  original condition for long-term unrestr icted use 
without any res idual environmental e f fects . However , the permanent construction o f  
the ma j or bu i ldings does not make such an act ion feasible from an economic point o f  
view . L ikewi se , the co sts estimated for decontamination i n  order t o  release the 
faci l i ties for unrestr icted use may prove to be quite substantial . The potential for 
contamination from an occurrence either natural or man-caused doe s  exi st and cannot 
be ignored .  

1 . 5  ALTERNATIVES 

The proce s s  of evaluating the environmental e f fects of Faci l i ty operations include s 
an analy s i s  of the operations as they currently exist as we l l  as other alternatives 
that could be employed to modi fy the impact . 
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The major alternative considered is continuing operations as they are , using CY- 1 9 7 7  
a s  the point o f  reference o r  "now" time . For this si tuation , the environmental 
impact covering costs , risks , and bene fits is discussed throughout Section 3 and sum­
marized in Section 1 . 3 .  The rema ining a lternatives inc lude : discontinuat ion of oper­
ations at Mound Faci l ity ; re location of operations to another existing DOE faci lity 
or a comp letely new site ; decrease work levels; and , lastly , continue operations at 
Mound and implement planned improvement . The environmental trade-o ff impacts of these 
alternatives are summarized in Section 1 . 9 .  

1 . 6  RELATIONSHIP BETWEEN SHORT-TERM USE AND LONG-TERM PRODUCTIVITY 
, 

Mound Facility is committed for the immediate future to the development and production 
of components for nuclear weapons , production of radio isotope- fue led heat sources , 
and production and sale of stable isotopes . I f  these activities should cease , all  
facilities could be transferred to another user for long-term use after decontamina­
tion . 

1 . 7  RELATIONSHI P  OF PROPOSED ACTION TO LAND USE PLANS , POLICIES , AND CONTROLS 

The continued federal use of Mound Facil ity for the development and production of 
components for weapons does not confl ict with any planned land use programs in effect 
for the are a .  

1 . 8  IRREVERSIBLE AND IRRETRIEVABLE COMMI TMENT OF RESOURCES 

At Mound Facility the consumption of natural resources for supplies , bui lding mate­
rials, e lectrical power , and fuel is irretrievable . 

1 . 9  ENVI RONMENTAL TRADE-OFF ANALYSIS 

The benefits derived from operation of Mound Faci lity are the deve lopment , production 
and surve i llance of components to maintain an up-to-date nuc lear weapon stockpile for 
national de fense , the deve lopment of peacetime uses of nuclear energy , and contribu­
t ions to the National Energy Program . The Dayton community rece ives economic ,  social , 
and technological bene fits from the operation of the plant . The cost to the environ­
ment is the use of energy resources , emission of very small amounts of chemical and 
radioactive substances ,  the unavailabi lity of the land for other uses , and the poten­
tial risk to the environment of an acc ident or natural disaster causing the possibl.e 
re lease and dispersal of signi ficant amounts of radioactive materials . 
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After evaluating the environmental impacts and the avai lable alternative s ,  the 
continued operation o f  Mound Faci l i ty at its pre s ent location and leve l  of operation 
is not expected to have greater impacts than those evaluated in th i s  statement . 
However , the impacts o f  the operations will be continually evaluated to assure that 
the expected impacts are not exceeded . 

1.10 D I SCUSSION OF COM}1ENTS RECEIVED CONCERNING THE DRAFT ENVI RONMENTAL IMPACT 
STATEMENT 

The draft Environmental Impact Sta tement for the Mound Faci lity was i ssued by the 
DOE in Apr i l  1 9 7 8 . Comments and sugge stions for cons ideration in the preparation o f  
the final statement were rece ived from nine organi zations . The substantive issue s 

rai sed in these comment letters have been cons idered in the preparation of thi s  final 
Environmental Impact Statement ( FEI S )  and , whe re appropriate , th is FEIS has been 
revi sed to re f lect the comments and sugge stions rece ived . Section 1 0  presents the 
i ssues raised by the comments ; it identi f ies the parti es who raised the i s s ue s , and 
it addresses each i s sue . 
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SECTION 2 
BACKGROUND 

2 . 1  DETAILED DESCRIPT ION OF PLANT AND OPERAT ION 

2 . 1 . 1  PLANT MISS ION 

The main function of the Mound Fac i lity plant i s  to manufacture nonnuc lear explo­
sive components for nuc lear weapons assembled at another site o f  the Department o f  
Energy . The total obj ectives are a s  fol lows : 

1 .  Manufacture detonator s ,  explos ive timers , explos ive-actuated tran sducer s and 
switche s , and explosive pe lle ts for the nuc lear weapons program . 
2 .  Deve lop and manufacture small chemical heat sources for the national 
de fense program . 
3 .  Per form surve i l lance on explos ive detonators and r adioactive components 
rece ived Trom other DOE site s . 
4 .  Develop mater ials and proce ss e s  for potential future manufacturing o f  
components and exp losive -actuated mechanisms containing chemical explos ive s . 
5 .  Recover and pur ify tritium from var ious waste s generated by tr itium 
operations at var ious DOE s i te s . 
6 .  Deve lop and fabr icate a var iety o f  radioi sotopic heat source s fue led 
with p lutonium-2 3 8  having thermal outputs ranging from 0 . 2  watt to several 
thousand watts for the National Space Program and the Department o f  De fense . 
7 .  Separate , pur ify , and marke t s table ( nonrad ioactive ) i sotopes of the 
noble gas e s  and carbon-1 2 , carbon- 1 3 , nitrogen- 1 4 , n i trogen- 1 S , oxygen-16 , 
oxygen- 17 , oxygen-1 8 , and s u l fur- 3 4 . 
8 .  Conduct ,re search and deve lopment inve s tigations on chemical explosive s and 
pyrotechnic s ;  plasti cs , e lastomers and adhe s ives of interest to the nuc lear 
weapons program ; fue l  systems for thermonuc lear energy research programs ; 
j o ining o f  exotic metals ; instrumentation for the Nuc lear Sa feguards program ; 
separation techniques and gas dynamics relating to s table i sotope s ; energy 
convers ion systems ; and management of radioactive waste s . 
9 .  Manage the program to convert coal to low-Btu gas for industrial proc e s s  
fue l s . 
10 . Determine the fue l gas content of Devonian shale in the eastern United 
State s . 

2 . 1 . 2  PLANT LOCAT ION 

Mound Faci lity is located on a 7 2 8 , 0 0 0 -m 2 ( 1 8 0 -acr e )  s i te in southern Montgomery 
County in southwe s tern Ohio , within the southern boundary of the Miamisburg c ity 
l imi ts and 0 . 9 3  km ( 0 . 5 8 mi l due east of the Great Mi ami River . The s i te is 16 km 
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( 10 mi l south-southwes t  o f  Dayton , Ohio and 5 0  km ( 3 1  mi l north-northeast o f  
Cincinnati , Ohio ( s e e  Figures 2-1 and 2 - 2 ) . The exact location is 3 9 0  3 7 ' 4 2 "  N 
and 8 4 0  17' 1 5 " W .  

The Plant is s ituated topographically upon a high area overlooking Miami sburg , the 
Great Mi ami River , and the river plain area to the we s t .  The property is character­
i zed by two high areas divided by a minor northeast-southwes t  trending valley which 
drains to the river . Most of the bui ldings are located atop the northwe st high area . 
A smaller group o f  bui ldings lies atop the southeast high area , and several bui ldings 
are located in the valley and on the valley s lope s .  F igure 2 - 3  is an aerial view 
o f  the Fac i l i ty complex . 

2 . 1 . 3  PLANT H ISTORY 

Monsanto Research Corporation operates Mound Fac i lity , a government-owned fac i l i ty 
o f  the U .  S .  Department o f  Energy at Mi ami sburg , Ohio . Mound Fac i l i ty i s  an inte­
grated research , development ,  and production fac i l i ty per forming work in support o f  
DOE weapon and nonweapon programs with emphas i s  o n  chemical explos ives and nuclear 
technology . 

Mound Fac il i ty originated as a technical orga�i z ation in 1 9 4 3  when Monsanto Chemical 
Company was reque s ted to accept responsibil i ty for determining the chemical and metal­
lurgical properties o f  polonium as a project of the Manhattan Engineering District . 
Work 'was carried on at Monsanto ' s  Central Research Department and several sate l l i te 
units in the Dayton , Ohio area . Late in 1 9 4 5 , the Manhattan Engineering District 
determined that the research , development and production organ i z ation established by 
Monsanto at Dayton should become a permanent fac i l i ty . A search for a suitable loca­
tion in early 1 9 4 6  led to the selection of a 7 2 8 , 0 0 0 -m2 ( 1 8 0 -acre ) tract adj acent to 
Miamisbur g ,  about 16 km ( 1 0  mi l south-southwe st of Dayton . Factors contributing to 
the choice o f  thi s  location included proximity to Monsanto' s Central Research Depart­
ment in Dayton ; exi sting roadways , rai lroads , power and water supplies ; good drainage ; 
and the avai labil ity o f  skil led labor . The des ire to continue operations es sentially 
uninterrupted without phys ical relocation o f  trained personnel also greatly influenced 
the se lection o f  a s i te c lose to initial operations in Dayton . 

Construction o f  Mound Facil ity , which was named after the Miamisburg Indian Mound 
adj acent to the s i te , began in February 1 9 4 7  and was completed in 1 9 4 9 . The new lab­
oratory was the first permanent facil i ty of the Atomic En�rgy Commiss ion which had 
succeeded the Manhattan Engineering District . There are ,7 bui ldings with a total 
f loor area exceeding 8 0 , 2 5 0  m2 ( 8 6 3 , 8 0 0  ft2 ) .  The present plant represents an invest­
ment o f  about $110 , 0 0 0 , 0 0 0 . 

All early programs were concerned with polonium-2 l 0  and its applications , part icularly 
the fabrication of neutron and alpha sources for weapon and nonweapon use . During the 
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period from 19 5 0  t o  1 9 6 3 ,  laboratory investigations i nvo lving uranium ,  protactinium-
2 3 1 ,  and plutonium- 2 3 9  were conducted as part o f  the national civi lian power reactor 
program. Separation o f  the s table i sotopes o f  noble gases began in 1 9 54 .  

In 1 9 54 the thermoelectric generator fue led wi th polonium- 2 10 was invented at Mound 
Faci l i ty . This invention uti li zed heat from the radioactive decay of polonium- 2 1 0 . 
The first Space Nuc lear Aux i l iary Power ( SNAP ) generator , SNAP-3A fue l ed with polon­
ium� 2 1 0 , was demons trated i n  1 9 5 9 . The deve lopment o f  p lutonium- 2 3 8  heat sources was 
s tarted at Mound Fac i l i ty in 1 9 6 1 .  Since that time , a large number o f  heat sources 
fueled with p lutonium- 2 3 8  have been deve loped and fabricated for use in thermoe lectric 
generators and heat sources for lunar experiments , weather sate l l i te s , navigational 
sate l l i te s , and spacecraft . The SNAP- 2 7  units left on the moon during the Apol lo 
program and the satel lite for the Jupiter Fly-by mi s s ion were powered by thermoelec­
tric generators fue led with plutonium- 2 3 8  heat sources bui l t  at the Fac i l i ty . Power 
sources for the Mar iner-Jupiter-Saturn mi s s ion were subsequently bui l t .  Other heat 
sources have been developed for use in l i fe-support systems , swim suit heaters , arti­
f icial hearts , and cardiac pacemakers . 

ln 1 9 5 7  Mound Faci lity began the deve lopment ,  production , and surve i l lance o f  det­
onators for mi l i tary applications . Development o f  exp los ive timers in 1 9 5 9  led to 
their manufacture s tarting in 1 9 6 3 .  In 1 9 6 2  the development and manufacture o f  
ferroe lectric transducers and firing sets ( components which control initiation o f  
detonators )  were started . A l l  the se programs are continuing . 

The first o f  several programs requiring tritium-hand ling technology was ini tiated in 
19 5 8 .  Today Mound Fac i l i ty has an extensive capab i lity directly applicable to the 
Control led Thermonuc lear Reactor program for hand ling and s tudying tri tium and tritium 
compounds .  A fac i l i ty also exi s ts for the recovery and puri fication o f  tritium from 
a l l  types of was tes generated at DOE s i te s  which hand le tritium .  

I n  the early 1 9 7 0 ' s , a s  national concerns about the environment and the conservation 
of resource s mounted , Mound Faci l i ty expande� i ts comprehens ive programs in environ­
mental control , was te management , and energy conservation . Current research and de­
ve lopment activities inc lude several pro j ects re lated to energy conversion systems . 
In January , 19 7 5 , Mound Fac i l i ty formally came under the j ur i sdiction o f  the Energy 
Re search and Development Adminis tration upon d i s s olution of the Atomic Energy Commis­
s ion . In October of 19 7 7  Mound Fac i l i ty was incorporated into the Department of 
Energy complex . 
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2 . 1 . 4 . 1  DEVELOPMENT, FABRICATION, AND SURVEILLANCE O F  TRITIUM-CONTAINING COMPONENTS 

Twenty years of experience with tritium and its compounds have been accumulated at 
Mound Facility. This experience includes the "::>Yrlt:l:�:;is .of tri tiate,d compounds; funda­
mental studies of the behavior of these compounds; .the characterization, proc�ssing, 

�n_d s)l.e.�eque!1_:t. ellcap.IDJ.lation of tritiated materials; sto:rage, surveillance, <:ir:�_��:�­
:!:!:.9' of trl.!-i 1:l::n. or tri tiated mater_�als .�n J:1ermetically sealed contain�rs; and the 
recovery of tritium from varJQJ!�._ �aste.s. Technology developed over the years for the 
___ ... -----,-,�-""-._H __ .� ........... -.".-� .. , . " ,- . -.> 

containment and handling of tritium to support these operations ensures the protec-
tion of the health and safety of employes and the surrounding community. 

The surveillance operations involve destructive and nondestructive testing of encapsu­
lated tritium to determine container reliability and overall safety. All such tests 
are conducted in hermetically sealed chambers. 

�r�tium rec9y�!�d from various wastes generated at Mound Facility and other DOE ) 
I sites is purified and concentrated by cryogenic adsorption and thermal diffusion

.
t�ch­

nologies. Tritium is recovered from waste solids containing over 1 . 0  gram of tr1t1um 
per 1 0 0  grams of waste. \ 

At the present time, tritium is not recovered from waste liquids. Facility technology 
continues to minimize the quantities of liquids generated to maintain these liquids 
at the lowest volume practicable. These liquids are packaged as described in Section 
3 . 7 . 1  for burial at DOE or approved commercial burial sites. 

Waste gaseous effluents containing recoverable tritium are purified in the same fashion 
as the gas evolved from the reaction vessels used in the recovery of tritium from waste 
solids. 

The stripped effluent (i.e., raffinate) containing an extremely small amount of tritium 
is exhausted to a recovery system which removes the tritium prior to release to the 
atmosphere. 

Tritium Toxicity - The radiation hazard of tritium, a radioactive isotbpe of hy­
drogen, .is relatively low. ( 2 - 1 )  It emits only "@.2f.!:'�.�j:)e"ta parti£.les with a maximum 
energy of approximately 1 8  keV and an average energy of 5 . 7  keV. Although the physical 
half-life of tritium is 12 . 3  years, ( 2 -2 ) the biological half-life in the human body --- _ . .  __ .---. 

is short; depending on water consumption and elimination, it ranges from 6 to 12 days, 
with an average of 8 . 5  days. ( 2 -3 ) Since no penetrating radiation is emitted by tri­
tium, it presents no radiological hazard so long as it is prevented from entering the 
body. The primary consideration in controlling personnel exposures is thus the pre­
vention of internal uptake. 



2 - 8  

The hazards associated with the radioactivity of tritium depend upon its form. In the 
undiluted elemental form, tritium is a gas and has an activity of about 2.60 curies 
per cubic centimeter at normal temperature and pressure. One gram of tritium in the 
elemental form has an activity of about 10 , 0 0 0  curies. Pure tritiated water, T20, has 
an activity of about 3 0 0 0  curies per gram. 

'�he hazard of internal uptake of elemental tritium is minimized by the fact that human 
absorption is less than 0 . 1% by the lung tissue and negligible through the skin. ( 2 -4 ,  
2 -5 )  However, the oxides of tritium, HTO or T20, which are forms of water, are readily 
absorbed into the human body and become relatively uniformly distributed, with no 
preferential concentration throughout body fluids, within 90 minutes (References 2 -4 
through 2 - 8 ) . Almost 1 0 0 %  of tritium water vapor entering the lungs at time of expo­
sure is absorbed. ( 2 -9 ) 

Tritium in the oxide form is absorbed directly through intact skin, presumably by an 
exchange. process with moistur�in the skin. (2-10) The amount of tritium which 
appears in body fluids following chronic exposure to tritiated water vapor results 
almost equally from absorption through the total skin surface and through the lung 
tissue. (2-11) Therefore, protective measures for personnel working with tritium in 
any form emphasize the importance of controlling ingestion, inhalation, and absorption. 

Tritium Environmental Control Systems - Air in laboratories, storage areas, and 
the ventilation exhaust stacks serving these areas is continuously monitored for tri­
tium by ionization chambers which incorporate alarm systems. A "zone" concept for 
room monitoring systems is used so that a specific area in which a release has occurred 
can be immediately identified and isolated. Ionization-type monitors measure total 
airborne tritium, oxide and elemental form. Monitor�ng instruments are equipped with 
a loud Klaxon-type horn. These alarms, located in all areas in which radioactive 
materials are handled in quantities above a laboratory-bench level, have emergency 
power supplies that are automatically activated in case of a power failure so that the 
monitors are always in service. If the level of tritium in the area exceeds the moni­
toring level limit, the horn sounds and the area is immediately evacuated. An employe 
wearing appropriate protective clothing including respiratory protection and using 
monitoring instruments, and carrying a portable monitor re-enters the area, locates 
the cause of the increased concentration of tritium in the area, and immediately 
initiates corrective action. Laboratory personnel do not re-enter the area until 
corrective action has been taken and the airborne concentration has returned to per­
missible levels. To effect maximum environmental control, all tritium detected with 
ionization monitors is considered to be in the oxide form, the form most readily 
assimilated in biological systems. 

To maintain control of tritium effluents, the zone concept is also utilized for moni­
toring stack effluents. The facility for tritium operations is served by four venti-
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lation zones and exhaust stacks. Each of the four stacks i s  continuously monitored 
for total tritium and the composite va�ue is used for reporting tritium effluents. 

All work involving tritium is done under controlled conditions that assure containment 
and environmental control. The primary method of containment requires that tritium 
and its compounds be handled within a glovebox (an enclosure equipped with gloveports 
and fitted with low-permeability gloves so that operating personnel may perform their 
work without direct exposure of hands and arms to the tritium-contaminated atmosphere 
inside) . Atmospheres within gloveboxes are automatically maintained at slightly less 
pressure than pressures in the laboratory rooms, and are equipped with alarms to indi­
cate a control or pressure malfunction. Progressively negative pressures are main­
tained - building corridors, laboratories (work areas) , and gloveboxes in that sequence 
with the gloveboxes maintained at the most negative pressure. All ventilation from 
corridors and laboratories is exhausted through stacks. Since the gloveboxes are on 
recirculatory drying systems, any venting is piped directly to the effluent removal 
system which removes all tritium from its inlet stream. 

The most common type of glovebox unit in use has a recirculating inert atmosphere in 
which concentrations of air and water in the inert gas are kept at less than 100 ppm 
levels by means of a purifying system. A high-purity glovebox atmosphere is necessary 
to prevent the decomposition of exposed chemically reactive compounds and attendant 
release of tritium; the potential for tritium permeation through the gloves is conse­
quently reduced and personnel exposures are also minimized. Viewing windows are pro­
vided in each glovebox so that operating personnel can see their work. 

Fume hoods are also used in some areas to enclose supporting process equipment such as 
pumps and instrumentation in order to protect the work environment and personnel from 
potential leaks of tritium from the equipment. Fume hoods are also used to enclose 
passbox entry or exit ports to glovebox lines in order to reduce the potential for re­
lease of tritium to the work environment when materials are placed in or removed from 
gloveboxes. 

An Effluent Removal System (ERS) removes tritium from the exhaust gases from glove-
box systems before they are released to the atmosphere. These gases are passed first 
through desiccants and molecular sieves to remove water vapors and volatile organics 
from pump oils, then through an oxidizing medium to convert free tritium to tritium 
oxide, which is retained in another desiccant. Periodically the absorbers are regener­
ated, and the contaminated water and organic liquids are solidified in concrete and 
vermiculite, packaged in impermeable containers approved by the Department of Trans­
portation (DOT) , and shipped to burial grounds for radioactive waste. 

Future Plans for Improvement of Tritium Monitoring - The present tritium monitor­
ing system provides detection and alarm functions to control personnel radiation ex­
posures well within radiation protection standards; however, present-day technology 
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opens several avenues of improvement which can enhance safety factors with respect to 
personnel exposure. A new, integrated automatic tritium monitoring system now in de­
velopment will provide a more sensitive means of detecting warning levels and will be 
capable of measuring lower concentrations. Better control of radiation exposures will 
be realized in order to maintain radiation exposures at the lowest practical levels. 

Tritium Control - Modifications of existing facilities resulted in a reduction of 
the total tritium (HTO and HT) effluent at Mound to 9000 curies (Ci) in 1975. Addi­
tional modifications in the process reduced the total gaseous tritium effluents from 
Mound to less than 6200 Ci for 1976 and less than 4900 Ci for 1977. In 1971, the AEC 
suggested to all its contractors an ultimate goal of limiting the effluent to 10% of 
the RCG as measured in the stack for both elemental tritium and tritium oxide. However, 
this degree of control poses problems that are beyond ready solution using current tri­
tium processing technology. The objectives of monitoring and tritium control work now 
in progress are to develop technology and equipment to the point where control of tri­
tium effluent concentrations to less than 10% of the present ReG can be assured and, 
further, to reduce total emissions to an "as-low-as-practicable" level. Work on systems 
for improved tritium control methods is currently proceeding. A new laboratory incorpor­
ating several experimental systems on a pilot scale is being used to develop and demon­
strate technology and equipment. 

2.1.4.2 DEVELOPMENT AND FABRICATION OF RADIOISOTOPIC HEAT SOURCES FUELED WITH 
PLUTONIUM-238 

Plutonium-238 had been used in up to kilogram quantities in various research, develop­
ment, and production operations. (A limited amount of research and development work 
with plutonium-239 has been conducted but only with gram quantities.) 

The total quantity of plutonium-238 used in operations at Mound Facility was sharply 
reduced at the end of June 1977. The encapsulation of plutonium-238 for the components 
making up large heat sources containing in some cases over four kilograms of this mate­
rial was terminated. At this time, plutonium-238 is handled in small quantities at 
Mound Facility to fabricate heat sources containing less than 20 grams each. As of the 
end of FY-79 (September 30, 1979) , Mound Facility will no longer prepare the plutonium 
oxide feedstock for heat sources but will receive the material already in primary en­
capsulation. 

Plutonium-238, a fissionable isotope (an isotope capable of sustaining a nuclear chain 
reaction) , is essentially a pure alpha emitter with a half-life of 87.4 yri however, 
low-energy gamma rays and x-rays are also emitted in about 1% of the disintegrations. 
The alpha particles are mainly in two energy groups, 5.49 MeV and 5.45 MeV. Plutonium-
239, also fissionable, emits alpha particles with an average energy of 5.15 MeV and has 
a half-life of 24, 390 yr. 
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Current work with plutonium-23 8  is directed toward its use as the fuel in self-con­
tained heat sources for aerospace and other applications. Current designs use pluton­
ium-23 8 dioxide in a variety of forms, including microspheres and cermets of pluton­
ium oxide compacted with molybdenum metal. By the end of June, 1977, Mound Facility 
had fabricated over 500 heat sources, ranging in thermal output from 0.13 to 24 40 watts. 
The largest heat source produced approximately 2440 thermal watts for electric power 
generation aboard unmanned spacecraft. Other programs include heat sources for weapon 
systems, for the Cardiac Pacemaker Program, and for other applications in electric 
power generators. 

No plutonium-23 8  scrap from the heat source fabrication operations is processed for 
recovery at Mound Facility. All recoverable waste is packaged in approved containers 
and shipped to another DOE site for recovery. Radioactive waste containing plutohium-
23 8 in concentrations too low to be economically recoverable is packaged in approved 
containers and shipped to burial sites acceptable for transuranic wastes. 

Because plutonium-23 8 is a toxic radioactive substance , processing facilities are quite 
sophisticated in terms of process control, compartmentalization, radiation shielding , 
material transfer techniques, and ventilation control. (2-l2) Plutonium oxide is the 
principal form of both feed and product. The primary emphasis in the protection of 
laboratory workers from plutonium is to prevent inhalation of plutonium oxide particles. 

Since metallic plutonium oxidizes rapidly, special fire protection measures are used in 
any operation involving plutonium metal. Dry nitrogen and inert gas atmospheres are 
used in the gloveboxes in which it is processed or studied. Extinguishing agents such 
as eutectic salts are kept ready for immediate use and constant vigilance is main­
tained to prevent any rapid oxidation and dispersal of plutonium into the working 
environment. ( 2-l3 , 2-14) 

Plutonium Toxicity - Although plutonium, as a heavy metal element, is chemically 
toxic, its radioactivity is a greater health hazard. Once in the body, it is excreted 
extremely slowly and tends to concentrate in the liver and in bone structures. Evidence 
to date indicates that the chemistry of human assimilation of plutonium-23 8  is' the same 
as for plutonium-2 3 9 ;  however the dissolution and translocation of inhaled PU0 2 par­
ticles from the lung to other sensitive body organs is greater for plutonium-23 8  par­
ticles than for plutonium-23 9  particles. (2-l5 - 2-17) The specific activity (the dis­
integration rate per unit weight ) of plutonium-23 8  is about 275 times that of pluton­
ium-239, and therefore more stringent requirements must be imposed in the design of 
process and containment systems to maintain the exposure of plutonium-23 8  workers to 
the lowest levels practical. Administrative controls to prevent internal uptake are 
necessarily very stringent. 

The toxicology of plutonium has been given considerable attention through many animal 
studies conducted over the past several years (References 2-18 through 2-3 3 ) .  Actual 
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human experience through accidental internal depos ition incidents during 3 0  years of 
plutonium production in AEC fac i lities has also been cons idered . To date no serious 
biological e f fects have been observed in a number of people who , as long as 2 5  years 
ago , acc identa lly inha led quanti ties of plutonium several times the l imi t recommended 
by the National Commi ttee on Radiation Protection (which wa s later adopted by the AEC 
as the radiation protection standard ) . ( 2 -3 0  - 2 - 3 2 )  

T o  appreciate the need for the highly complex fac i l ities , equipment , and proce sses 
uti l i zed at Mound Fac i l i ty and to unders tand the high degree o f  admi n i s trativ� con­
trol maintained over plutonium-2 3 8  operations , the reader should review the di scuss ion 
on plutonium toxicity and impact analys is in Section 3 . 7 . 2  and Appendix D .  

P lutonium-2 3 8  Environmental Contro l Systems - Operations in the locations where 
plutonium- 2 3 8  oxide fue l  forms are fabricated are conducted in gloveboxes and in re­
mote-control ,  manipulator-operated boxes . Air pres sure s in work areas are control led 
to promote containment of plutonium dioxide in the gloveboxes and to prevent the es­
cape o f  any airborne particulates to the outside atmosphere . Progres s ively negative 
pressures are maintained in four zones - operating corr idor s , laboratories , access 
corridors , and gloveboxes in that sequence . The zones with the greatest contamination 
potential , the gloveboxes , are maintained at the mos t  negative pres s ure . All venti la­
tion air i s  passed through a minimum of two high e f ficiency particulate air (HEPA)  
fi l ter s prior to di scharge through the s tack to the atmosphere . These measures pro­
vide e f fective containment of plutonium dioxide par ticles which could potenti a l ly be­
come airborne and respirab le . Fixed air s amplers and continuous air monitors are 
used throughout the work areas to detect airborne plutonium . The overall monitoring 
sys tems are des i gned to ensure that air e f fluents to the environment are moni tored and 
measured as accurate ly as pos s ible with current s tate-o f-the-art techno logy . Emergency 
power is available for a l l  venti lation , monitor ing , and alarm sys tems . 

Critica l i ty could occur i f  a sufficient mas s  o f  f i s s ionable material was brought to­
gether so that a sel f-initi ating , uncontrol led chain of f i s s ion reactions results . 
However , such a criticality incident , i f  it should occur , would not be equivalent to 
an atomic explosion because the chain reaction does not continue , although cons iderable 
heat and nuclear radiation would be emitted . All areas where fis sionable material , 
such as plutonium-2 3 8  oxide , i s  handled are moni tored with cri tical i ty alarm systems . 
Stringent administrative control by the material accountab i l ity and contro l functions 
provides add i tional as surance that a nuc lear criticality incident cannot occur . 

Low-leve l liquid e f fluents from plutonium proces s ing areas , inc luding water generated 
from decontamination and laundry operations at levels of 2 0 0 - 2 0 0 0  dis/min/ml , are 
trans ferred to the Was te Disposal faci l i ty ( see Section 2 . 1 . 4 . 4 ) for treatment . Higher 
leve l liquid wastes from the processes themselves are col lected and trans ferred onto 
an absorbent material contained within an approved 5 5 -ga llo� drum package . These 
drums are then shipped to the DOE 2 0 - year retrievable s torage pad at Idaho National 
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Engineering Laboratory ( INEL ) in Idaho . The quantities o f  higher leve l  waste are rel­
ative ly sma l l ,  averaging about 6 0 0 0  liters/yr ( 1 5 8 5  gal/yr ) . 

F ixed automatic fire protection inc lude s complete water sprinkler coverage and a Halon 
13 0 1  (bromotri fluoromethane ) fire extingui shing sys tem in each g lovebox having an air 
atmos phere and in the trans fer boxes . A 5 %  concentration of Halon 1 3 0 1  in a glovebox 
w i l l  extinguish a fire within 10 seconds after the fire has been sensed by a thermal 
detec tor or a fter manual discharge by an operator . In add ition , fire hose cabinets are 
located s trategic a l ly throughout the work areas and fire hydrants are immediate ly out­
s ide . S i gnals from water flow a larms , pull-box alarms , and glovebox heat detector 
a larms are transmitted by the ADT system ( an independent detection circuit installed 

by American District Telegraph Co . )  to the continuously manned f ire s tation and guard 
headquarters .  

A l l  fi lter banks for the exhaust air from p lutonium-handl ing areas are protected by 
sprinklers and mist e liminators .  Fi lter bank design criteria conform to DOE require­
ments and include the following components : ( 1 )  manual fire dampers for inlet and 
outlet sections ; ( 2 )  heat detectors ; ( 3 )  fog noz z les ; ( 4 )  f loor drain s ; ( 5 )  pre fi lters 
with moi sture e liminators ; ( 6 )  two banks o f  HEPA fi lter s in serie s ;  and ( 7 )  acces s  
doors with wire glass viewing windows . 

The integrity o f  all fi lter banks i s  routine ly tes ted every s i x  months . The testing 
technique is to generate a mist of dioctyl phthalate on the upstream s ide of the filteI 
bank and to compare optical ly the concentration of the mi s t  on the upstream s ide with 
that on the downs tream s ide . Dioctyl phthalate i s  used in the mist generator s ince 
under the operating condition s , mos t  of the part i c les generated are about 0 . 3  �m in 
diameter . I f  the testing reveals that the fi ltration e f f iciency i s  not 9 9 . 9 5 %  or 
better for particles in the s i ze range , the f ilter banks are c losely inspected and 
frame leaks are corrected or f i lter s are changed depending on the cause o f  the leak . 
The e fficiency for a fi lter in an air stream i s  based on the entrapment o f  0 . 3  �m 
particles s ince thi s  s i ze is the most d i fficult to separate from an airstream . 

The following e ssential support operation s are a s sociated with the proce s s ing o f  plu­
tonium- 2 3 8  fue l s  and the production o f  heat sources at Mound Fac i lity : 

Analytical Operations 
Calorimetry 
Health Phy s i c s  
Material Control 
Metal lography 
Nondes tructive Evaluation 
Nuc lear Mater i a l  Accountabi lity 

Nuclear Physics (Gamma Scanning and 
Neutron Spectrometry) 

Product Engineer ing 
Product Testing 
Qual i ty Contr o l  
Waste Management 
Weld Deve lopment 

One s upport operation , Product Testing , is e specially pertinent to thi s  asse s sment 
s ince it is concerned with environmental testing of the integrity of capsules fue led 
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with p lutonium-2 3 8 .  These tes t s  are conducted in a separate bui lding in sealed tes t  
c e l l s  equipped for shock , vibration , bur i a l , pre s s ure , and vacuum tes t s . The e f fects 
of severe dynamic environments on fue led heat sources are determined regular ly . 

2 . 1 . 4 . 3  SEPARATION AND PURIFICATION OF STABLE I SOTOPES AND SPECIAL RADIOISOTOPES 

Nonradioactive i sotopes o f  he lium ,  neon , argon , krypton , and xenon are separ ated and 
puri f ied in a separate building . The nonradioactive i sotopes of carbon , n i trogen , and 
oxygen are separated by low-temperature distil lation at Los Alamos Scienti f i c  Labora­
tory and shipped to Mound Faci lity for fur ther proce s s ing . Enr ichment o f  sul fur-3 4 
( a  nonradioactive i sotope ) in sulfur compounds i s  also performed . All these i sotopes 

are d i s tributed in the S table Isotope Inventory Program to DOE fac i l i ties , other fed­
eral agenc ies , universitie s , commerc i a l  companie s ,  and foreign user s . Future products 
which wi l l  be added to the inventory inc lude i s otopes of chlor ine and bromine . Some 
o f  these separation programs could be trans ferred to industry when there i s  economi c 
j us t i f ication . 

Separation and puri f ication proce s ses include thermal d i ffus ion , chemical exchange , 
cryogenic d i s t i llation , and gas and l iquid chromatography . The separation and pur i f i ­
cation o f  the noble gases other than he lium-3 present no health o r  environmenta l prob­
lems because these gases are nonradioactive and are chemi cally and b iological ly iner t .  
In the case o f  helium-3 , the feed gas i s  contaminated with traces ( - 1 0- 4 mole % )  o f  
tr itium and is there fore initially proces sed through a series of cryogenic adsorption 
systems where the tr itium concentration i s  reduced to les s  than 1 0 - 6 mole % .  D i s t i l ­
lation i s  used to enrich the carbon- 1 3  i sotope i n  carbon monoxide . The process con­
tains no radioactivity and its s o le was te s tream is a 9 0 - l i ter/hr ( 2 4 -gal/hr ) d i s ­
charge o f  depleted carbon monoxide through a f l are pipe which extends 4 . 6  m ( 15 ft)  
above the roof o f  the proces s ing bui lding . 

The enr ichment o f  sul fur-3 4 i s  by chemical exchange between sul fur dioxide and aqueous 
sodium b i su l fate in a series of five packed column s . The proces s  produces a was te 
s tream o f  sulfur dioxide which i s  discharged via the bui lding exhaust system . The 
maximum quantity o f  sulfur dioxide discharged in any year i s  approximate ly 1 3 5 0  kg 
( 2 9 8 0  lb)  at a maximum concentration o f  approximately 3 5  ppm .  Thi s concentration i s  

within EPA s tandards .  The l iquid was te s tream containing s odium bisul fate i s  collected 
in a s torage tank and disposed o f  by a commercial was te treatment firm. 

Four radioisotopes - protactinium- 2 3 1 ,  thorium-2 3 0 , thorium-2 2 9 , and uranium- 2 3 4  - are 
separated and puri f ied in subgram quantities in another building and are then shipped 
to the Heavy E lements Pool at Oak Ridge National Laboratory . 

Protactinium-2 3 1  and thorium- 2 3 0  are separated from concentrated res idues recovered 
from the proce ss ing o f  pitchblende ore . Thi s  work involves only gram quanti tie s o f  
the two isotope s . 
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Thorium-2 2 9 , present as a daughter element in aged uranium-2 3 3 ,  i s  separated from the 
uranium in mil l igram quantitie s . S ince uranium-2 3 3  is f i s s i le , that which is not i n  
proces s  i s  contained in special vessels which are s tored i n  " b ird cage " dr ums desi gned 
to maintain adequate separation from other f i s s i le materials and locked in approved 
vaults . The proces s  is l imited to 1 0 0  g of uranium-2 3 3  at any time . Critical i ty 
l imi ts cannot be approached . 

Uranium-2 3 4 ,  which i s  a decay product o f  aged p lutonium-2 3 8 , is separated from the 
p lutonium in another chemical separation process . The preparation and pur i f i cation 
i nvo lves only gram quantities of uranium- 2 3 4  per year . 

All venti lation e ffluents from the processes involving radioactive metallic elements 
are fi ltered through two high-e f f i c iency f i l ter sys tems be fore they are exhaus ted to 
the atmosphere . All l iquid wastes are as sayed to ensure that they are " low- leve l "  with 
respect to radioactive content ( typically less than 10 4 alpha d i s /min/ml ) be fore trans­
fer to the waste treatment fac i l i ty . Solid wastes are packaged in container s approved 
by the Depar tment of Transportation for bur ial o f f s ite at DOE or commercial bur i a l  
s i tes . 

2 . 1 . 4 . 4  TREATMENT OF RADIOACTIVE LIQUID AND SOLID WASTES 

Treatment of radioactive l iquid wa stes primar ily invo lves the proce s s ing of liquids 
containing p luton i um-2 3 8 . " Low- leve l "  wastes are treated or packaged in the waste 
treatment bu ilding . " High spe c i f i c  activity" wastes are immob i l i zed and packaged i n  
the process ing areas where they or iginate . The packaged was tes are shipped t o  o ffs i te 
bur ial at the INEL 2 0 -year retr ievable s torage pad in Idaho . 

Liquid e f f luents containing low leve l s  o f  plutonium-2 3 8  are received in the wa ste 
treatment building from the plutonium proces sing areas . The concentration o f  p luton­
ium in low-leve l l iquid wastes is typically less than 10 4 alpha d i s /min/ml ( i . e . , less 
than 3 . 0  � 10 - 1 0 g/ml ) . This was te con s i sts o f  cleaning solutions and wash water gen­
erated in areas where radioactive mater ials are handled and all water from the laundry 
where contaminated clothing is wa shed . Radioactive consti tuents in low- leve l wastes 
are removed by a flocculation/precipitation proce s s , as indicated in Figure 2 - 4 . This 
treatment wi l l  also separate other types of radioactive particulates . 

High speci fic-activity liquid wa ste s containing plutonium in concentrations greater 
than 10 6 alpha d i s /min/ml ( i . e . , greater than 3 . 0  x 10 - 6 g/ml ) are usually proce s s ­
re lated and generated in glovebox lines . These was tes are solidi fied and packaged 
without further treatment in the area where they originate , according to the s imple 
scheme shown in Figure 2 -5 . 

Low-leve l  tritium l iquid wa stes con s i s ting o f  c leaning so luti ons , mop water , and other 
wastes generated outs ide the gloveboxes are trans ferred to the wa ste treatment building 
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LIQUID WASTE FROM 
FACI LITY BUI LDI NGS 

FOR RADI OACTIVITY � 
I N F LUENT STORAGE 

CONCENTRATION ASSAY FOR LIQUID WASTE 

CLARIF LOCCULATOR 
COPRECIPITATION 

C, CaCI2 H2S04. F82(S04)3 

I N  VAR YING AMOUNTS AS EACH 
TAN K  DEMANDS 

NaOH TO MAINTAIN p H  of  1 1 .0-1 1 .5 

_---I AND F LOCCULATION 1-__ _ 
pH 8-9 I 

SLUDGE 

SLUDGE STORAGE 
25-35% SOLIDS 

DEWATERL SLUDGE 
(65% SOLIDS) 

r-----��----� SAMPLES TO 

SLUDGE D R UMMI NG 
CEMENT...... (55 GAL. D RUMS) 

LABORATORY 
FOR ASSAY TO � 
ASSURE COMPLI­

L----....."r------.....J ANCE WITH 

, AECM-0524 

SUPERNATrT LIQUID 

MIXING VESSEL 
CARBON ADSORPTION 

pH 1 1 .0-12.0 

FI LTRATION 
1 2-INCH SAND BED 

ACID I F I E D  
CARBON 
SLUR RY 

MAINTAIN 
pH 7.0 

E F F LU ENT STORAGE 
R_ECYCLE _OF 

WATER NOT 
L.... ____ ---,_------' MEETING l TOLERANCES 

SOLI D I F I ED SLUDGE TO 
I N E L  BURIAL GROUNDS 

TO GR EAT MIAMI RIVER 

-25 D RUMS/MONTH 

F I GURE  2 - 4  - P ro c e s s  F l ow D i a g r am f o r  L ow L e v e l P l u t o n i u m- 2 38 L i q u i d W a s te D i s p o s a l  
a t  M o u n d  F a c i l i ty .  

• 
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for s o l id i f icat ion . The se wastes contain trit ium in microcur ies per m i l l i l iter 
( �C i/ml )  concentrat ion s . Liquid wa ste s are drummed at the trit ium fac i l ity and then 
trucked to the waste treatment bu ild ing . There the l iquids are so l id i f ied in a p laster 
absorbent mixture , packaged in DOT-approved , aspha lt-coated container s ,  and shipped 
o f fs ite for bur ial at anothe r DOE s i te ( F igure 2 - 6 ) . 

H igh spe c i f ic-act ivity trit ium l iquid waste s , typica l ly containing about one curie o f  
tritium per mi l l i l iter , originate i n  trit ium-handl ing g loveboxe s or anc i l lary systems 
and include mainly aqueous condensates and pump o i l s . The se wastes are solidi f ied and 
packaged in a spe c ial fac i l ity in the tritium process ing area . Aqueous was te s  are 
s o l idi f ied in a cement-plaster mixture , and o i l s  are absorbed on vermicu l i te . As with 
low- leve l waste s , the high spe c i f ic activity waste s  are packaged in DOT-approved 
asphalt-coated conta iner s and transported to another s ite for burial . 

There is at present no permane�t storage o f  radioactive waste materials at Mound 
Fac i l i ty ,  and none is planned for the future . 

There is a program to reduce the generation and vo lume o f  TRU ( transuran i c )  contami ­
nated solid was te . S ince December 1 9 7 4 , Mound Fac i l i ty has been operating a compactor 
to r�duce the packaged volume of its LSA ( low spec ific act ivity ) TRU waste . More than 
3 0 0  5 5 -gal lon drums have been compacted , resulting in an output of appro�imate ly 7 5  
5 5 -gallon drums o f  wa ste , a 4 : 1  vo lume reduct ion . 

A formal program wa s imp lemented on July 1 ,  1 9 7 4 , to reduce the quantity o f  support 
materials introduced into gloveboxe s where TRU contamination is po s s ible . Spec ific 
actions imp lemented under this program include ( 1 ) unpack ing o f  supplies and equip­
ment in nonradiation areas ; ( 2 )  time ly radiation surveys of such materials introduced 
into contaminated areas to permit d i scarding as non-TRU ; ( 3 )  storage of required 
supp l i e s  in contro l led areas having very low potential for contamination ; ( 4 )  thorough 
c leaning of gloveboxe s prior to per forming maintenance work ; and ( 5 )  minimiz ing mate­
rials introduced into gloveboxe s .  

During CY-1 97 5 ,  Mound Fac i l ity deve loped a cyc lone inc inerator p i lot p lant and began 
cold testing this unit . In addition to its be ing used to deve lop parameters for the 
e f ficient volume reduction o f  Mound-generated LSA alpha was te s , the uni t  i s  also 
available to o ther DOE s ite s for use in deve lop ing a system to meet the ir individual 
needs . The de s i gn al lows for incineration directly in a 5 5 -ga l lon drum . The cyclonic 
e f fect achieved during burning al lows for very e f f ic ient inc ineration of the waste , 
and the o f f-gas handl ing is des igned to al low no radioactive contamination e s cape to 
the environment . The o f fgas from the p i lot plant inc inerator i s  proce s sed through a 
spray tank , a high energy venturi scrubbe r ,  and a s ingle stage HEPA f i lter be fore d i s ­
charge to the building exhaus t  system which di scharge s to the environment through a 
f i lter bank u s ing double HEPA fi ltration . Thus , be s ide s the l iquid scrubbing wh ich 
removes about 9 5 %  of the par ticulate s and virtua l ly all the acid gase s , the o f fgas 
goes through three s tage s o f  HEPA f i l tration . 
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Although the inc inerator is primari ly a developmental unit and mo st o f  the developmental 
ope rat ions have been with nonradioactive s imulated trash , all the LSA combustible TRU 
solid waste generated s ince December 1 9 7 6  has been burned in the inc inerator on an 
incidental bas i s . The stack e f f luent has been we l l  under RCG ( le s s  than 8 %  o f  RCG) . 
The volume reduction o f  waste to ash is approximately 2 0 : 1 . 

2 . 1 . 4 . 5  EXPLOSIVE MANUFACTURING , DEVELOPMENT AND S URVEILLANCE 

Mound Fac i l i ty is respons ible for the development , manufacture , and surve i l lance o f  
exploding bridgewire detonators . These detonators are instal led i n  explos ive timers , 
firing sets , and switche s deve loped and manufactured at the Fac i l ity and shipped to 
other DOE production or de s i gn agenc ies for use in as sembly o f  other nuc lear weapon 
components and for use in testing programs . Detonators manufactured at Mound Fac i l i ty 
have also been used in other systems - such as mi s s i le systems - which require rapid 
separation of as semb l ie s .  \ 

No primary explosives , tho se which detonate when ignited , are used . Various high , or 
secondary explos ive s , such as PETN ( pentaerythrito l  tetranitrate ) , PBX ( p lastic 
bonded explo s ive s ) , and tetryl , are used in development and manufacturing programs . 
PETN i s  pur i f ied and recrystal l i zed to deve lop desired physical propertie s . This 
proce s s ing i s  conducted in a bui lding equipped with contro l fac i l ities to ensure that 
all operation s , inc luding disposal o f  solvent , are not hazardous , and do not degrade 
the environment . 

A plastic molding compound , dial lyl phthalate , i s  formulated ons ite for certain inert 
portions of explosive components . The formulation contains asbestos f ibers as a f i l ler 
material . The process fac i l i ty is equipped to prevent dispersal of asbestos f ibers 
and organic solvents to the environment . 

One current program requires the use o f  small quantities o f  MOCA (methy lene b i s-2-
chloroan i l ine) as  an adhe s ive . S ince MOCA is ' a  suspected carc inogen ( although not 
currently l i s ted as such by the Federal Department of Labor) , as sembly operations are 
performed in hoods de s igned to prevent exposure . Workers are protected with special 
c lothing and are mon i tored continual ly to ensure that they do not directly contact or 
inhale MOCA during its uti l i z ation . Air e f f luents from handl ing facilities are period­
i cally sampled when work is in progres s  to determine if MOCA i s  be ing di spersed to the 
outside environment . To datE , no concentration above the detect ion limit of 1 . 4  � g/m 3 

in air has been found . At present there are no EPA standards for the airborne concen­
tration of MOCA . There are no liquid e f f luents from the se operations . 

Components containing gram quantities o f  explos ive s  are routine ly te s ted onsite . Ex­
plosive materials are detonated in stee l tanks des igned to withstand ten times the 
maximum quantities tested . Exhaus t  gases from the test explos ions are vented directly 
to the atmosphere and are quickly dispersed ( see Section 3 . 6 . 4 ) . 
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The development ,  manufacturing and surve i llance functions involving explos ive com­
ponents are supported by the following technical functions : 

Analytical Chemi stry 
Explosive s  Safety 
Industr ial Engineering 
Industrial Hygiene 
Metallography 

Nondestructive Testing 
Product Engineering 
Quality Contro l 
Standards and Calibration 

2 . 1 . 4 . 6  ACCIDENT PREVENT ION AND EMERGENCY RESPONSE 

Mound Fac i l i ty has its own pro fess ional fire- fighting force on duty around-the-clock 
in a central fire station . In addi tion , emergency brigades located throughout the 
work areas provide immediate response to fires or other emergencies unti l the pro­
fes s i onal force arrives . The Mi ami sburg Fire Department , which is periodically 
trained at Mound Fac i l i ty in spec ial disciplines dealing with fires invo lving radio­
active materials , i s  avai lable to provide additional a s s i s tance if needed . 

The industrial s a fety organ i zation c losely monitors the day-to-day s a fety e f forts at 
the Faci lity and conducts formali zed programs to identi fy and correct causes o f  
accidents and near-acc idents . 

The industr ial hygiene program provides spec ial emphasis on the safe usage o f  toxic 
mater ials . 

In the r adiological s a fety program , the nuclear safety o f  a l l  operations uti l i z ing 
radioactive materials is monitored . Analytical support for this program is provided 
by in-house dos imetry and bioassay service s .  The Fac i li ty ' s  capab i l i ty inc ludes a 
whole body counter which i s  used routinely to monitor for pos s ible internal depo s i ­
tions o f  plutonium- 2 3 8  in operating personne l .  

A formal nuclear criticality safety program exists to ensure that s afeguards and con­
tro l s  are incorporated into operations involving f i s sionab le materials . 

A comprehensive environmental monitoring program is conducted to detect and assess the 
impact that Fac i l i ty operations with radioactive materials may have on the surround­
ing environment . This program also ensures e f fective per formance of pollution control 
sys tems . Air , water , food stu f f , and soil samples are routinely collected out to a 
distance o f  4 5  km ( 2 8  mi l around the Fac i l i ty site and are analyz ed for the speci fic 
radioi sotopes hand led at the Faci lity as we l l  as nonradioactive pollutants . A de­
tai led discus sion of the environmental monitoring program is provided in S ection 
2 . 1 . 4 . 7 . 

The emergency preparedne ss · program i s  described in more detai l in Section 3 . 11 .  
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A special decontamination fac i l ity is  a part o f  the medical treatment faci li tie s so 
that any inj ured person who is contaminated with radioact ive mater ial can be decon­
taminate d .  Arrangements have been made to place a contaminated patient requiring 
hospitali zat ion in the Air Force Hospital at nearby Wright-Patterson Air Force Base 
which has the expert ise and fac i l ities to contro l the spread o f  contaminat ion . This 
arrangement relieve s other regional ho spitals o f  any respon s i b i l i ty for this spec ial­
ized service . To date this service has not been required . 

2 . 1 . 4 . 7  ENVI RONMENTAL MONITORING 

A comprehensive Environmental Contro l Program has been in cont inuous operation s ince 
work began at the Fac i l i ty in 1 9 4 9 .  Obj ect ives of this program are the maximum 
pract ical containment of radioact ive and other toxic mater ial s , e f fective management 
of all solid waste s , and control of radioactive and nonradioact ive e f f luents d i s ­
harged t o  the environment to the lowe st practical leve l s  within exi sting o r  propos ed 
discharge and environmental standards . ( 2 - 3 4 , 2 - 3 5 )  

Monitor ing act ivities include the collect ion of air , water , foodstu f f ,  soil , and s i lt 
samples out to a dis tance of 45 km ( 2 8  mil around the Fac i l i ty .  Samples are analyzed 
for potentially toxic pol lutants inc luding spe c i f ic radioisotopes handled at this 
faci lity.  Data obtained by the environmental monitoring program are used to ensure 
that operations at Mound Fac i li ty are conducted so that emi s sions comp ly with a l l  
app licable emi ss ion and environmental standards and t o  provide a local background o r  
bas e l ine for comparison in the event o f  a n  acc idental release . The environmental 
monitoring program provide s an alert sys tem to take appropri ate corrective actions . 
Re sults o f  this progr�m are discussed in Section 3 .  

A comprehensive , unc l a s s i fied environmental monitoring report is  i s sued annually . ( 2 -
3 6 )  Also , a summary report i s  d i s tributed to individuals in poli tical and admi n i s tra­
tive positions within the general area . An annual pol lution inventory is conducted o f  
the amounts o f  radioactive and nonradioact ive substance s which are di scharged to the 
environment . A report of thi s  survey is submi tted to DOE ( see Table 3 - 2 ) . 

Air Monitoring - Continuous mon itoring i s  provided for all stacks from fac i l i ties 
in which radioactive materials are proces sed . Moni tors are f i tted with alarm systems 
which are actuated if any di scharge concentration exceeds the pre set monitor leve l .  
Operations ,  he alth phys ics , and environmental control per sonne l respond to such al arms 
to apply corrective act ion and to maintain the e f fluent within contro l standards . 
F ixed-po s i tion , cons tant-flow , continuous samplers are also used to monitor air d i s­
charge s ; data obtained from the se samplers provide a his torical record o f  stack dis­
charge s .  

Ons i te open burning o f  smal l  quantities o f  solid wastes contaminated with high exp lo­
s ive s is carried out in a special isolated burning ground according to U .  S .  Army 
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Materiel Command Regulations 3 8 5 - 1 0 0 (Army Ordnance Manua l ) . Thi s  small-scale burning 
i s  neces s ary for safe di sposal of explos ive wastes and is conducted with the knowledge 
and concurrence of the Ohio EPA and Montgomery County Combined Genera l  Health D i s trict . 

S ince a comprehens ive recyc l ing program was instituted early in 19 7 4 ,  there has been no 
onsite inc ineration o f  solid waste s such as paper and wood . 

An o f f s i te network of continuous air sampling s tations measure s the e ffectivene ss o f  
Facility systems controlling airborne emi s s ion s . This network was es tablished by 
Mound Fac i l i ty in con j unction with Montgomery County Combined General Health D i s trict . 
Data obtained from the air samplers �re shared by the two organ i z ations . The sampling 
s ites were located on the bas i s  of an atmospheric d i f fusion mode l deve loped from his­
torical wind patterns by the MRC Dayton Laboratory for the geographical area . ( 2 - 3 7 ) 

The o f f s i te air sampling network consists o f  1 4  continuously operating air samp ling 
s tations for tritium and p lu tonium-2 3 8  with 1 air sampler for plutonium- 2 3 8  only . Nine 
sampling s tations are located within a 3 . 2 -km ( 2 -mi ) radius of the Faci lity . The 
s amplers currently in operation sample at critical distance s  and directions based on 
the d i f fus ion model deve loped for Mound Fac i l i ty .  The samp ling s ite s are shown in 
Figure 2 - 7 . 

Water Monitoring - Water sampling locations along the bank of the Great Miami 
River were se lected according to guide lines proposed by the Federal Environmental Pro­
tection Agency . ( 2 -3 8 )  Water samples are col lected daily at the f ive river s ampling 
locations shown in Figure 2 - 8  and are s ub j ec ted to speci fic analyses for radioactive 
pol lutants pertinent to Mound Fac i l i ty . 

The incremental leve ls o f  nonradioactive pol lutants in the Great Miami River result­
ing from Mound Fac i l i ty ' s l iquid was te e f fluent cannot be measured in the River i t­
s e l f  because o f  the relative ly high concentration o f  these pollutants already in the 
River as a consequence o f  the highly urbani zed and industr i a l i z ed areas which are up­
s tream from the Faci li ty to the north . However ,  the two e f f luent s treams leaving the 
Facility are analyzed for various water qua li ty parameters .  Mound ' s  low pollutant leve l 
discharges have l i ttle in fluence on the Great Miami River . Compos ite proportional 
samples are collected dai ly from each o f  the two e f f luent streams and are examined 
directly for some o f  the par ameters and compos i ted further for the ana lysi s  for plu­
tonium .  

Eight sur face water locations , such a s  ponds and s treams , are s ampled quarterly . 
These locations are shown in Figure 2 - 8 . Various public and private water supplies 
are monitored on a regular bas i s . Twe lve munic ipal water supplies in the area are 
sampled and analyzed at least annually for tritium .  All three Mound Fac i l i ty we l l s  
are E.ss ayed monthly for tritium and for nonradioactive parameters such a s  dis solved 
solids and chloride s , quarterly for plutonium , and semiannually for heavy metals . 
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Food and Vegetation Monitoring - Various locally grown foodstu f f s  and vegetation 
samples are collected from the surround ing area to determine whether the re i s  uptake 
and concentrat ion of tritium and plutonium- 2 3 8  in foodstu f f s  and vegetation . Where 
pos s ib le , s ampling s ite s are chosen at maximum depos ition locations predicted on the 
bas i s  of the atmo spheric d i f fus ion mode l deve loped for Mound Fac i l i ty . Milk i s  
col lected from individual farms closest t o  the Fac il ity . Aquatic l i fe f o r  analysis i s  
trapped from the Miami River both upstream and downstream from the Fac i l i ty . 

Soil Monitoring - The s o i l  monitoring program includes two type s of so i l  sampl ing . 
One i s  the sampling o f  undis turbed surface so i l  to evaluate concentrations o f  resus­
pendable pluton ium- 2 3 8  oxide , which potentially could be inhal ed . Surface scrapings 
from a depth of approximate ly 0 . 3  cm ( 1/8  in . )  are collected and analy zed from both 
onsite and o f f s i te locations . 

A second type o f  s ampling is the core samples which are co l lected to document total 
accumulation and distribution of plutonium-2 3 8  oxide o f f site and to verify the atmos ­
pheric d i f fus ion model .  Core s amples approximately 8 . 9  cm ( 3 . 5  in . )  in diameter and 
3 0 . 5  cm ( 12 in . )  deep are collected in each quadrant within a 3 2  km ( 2 0  mi l radius 
around the Fac i l i ty . Add itional core samples for background contro l data are taken 
out to a di stance of 51 km ( 3 2  mi l . 

2 . 2  CONTINUING AND ANTICIPATED BENEF ITS 

2 . 2 . 1  NATIONAL DEFENSE 

Mound Fac i l i ty produce s  and conducts surve il lance on components for nuc lear weapons 
invo lving explo s ives and nuc lear materials ( but never containing both in the same com­
ponent ) . The f ini shed components are subsequently shipped to other DOE fac ilities .  A 
need for the work performed at Mound Fac i l i ty will remain as long as the Uni ted States 
has need for an up-to-date nuclear stockpi le . 

2 . 2 . 2 .  OTHER BENEFITS 

Technological - Mound Fac i l i ty develops and fabricates heat sources fue led with 
radioactive mater ial s .  Pluton ium- 2 3 8  heat sources have been used in power generators 
for the space program for scientific instrumentation on the lunar surface and on space 
probe s ,  for terrestrial and marine applications , and for life sciences devices such as 
cardi ac pacemakers . The basic deve lopment for the maj ority of the ultrasens itive cal­
orimeters manufactured today was done at Mound Facil ity . Mound provide s stable ( non­
radioactive ) i sotopes of the noble gase s ,  carbon , oxygen , nitrogen , and sul fur for use 
in scienti fic re search throughout the free world . A program initiated during CY- 1 9 7 4  
i s  directed toward the development o f  fuel systems for contro lled thermonuc lear 
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reactor pro j ects . Mound Faci l i ty is  a recogn i z ed source o f  technology in the safe 
hand l ing o f  tritium .  

Economic - Mound Fac i l i ty as the large s t  employer i n  the City o f  Miamisburg during 
FY-19 7 8  had an average employment of 1 7 3 0  individuals ,  1 7 0 6  employed by Monsanto 
Research Corporation and 2 4  by the Dayton Area Office of DOE . The payro l l , inc luding 
cost of fr inge bene fits , such as FICA , he alth and accident insurance and pens ion plans , 
amounted to $ 4 0 , 7 6 4 , 0 0 0 ; materials , s upp l ies and service s , inc luding uti l ities , a l l  
large ly purchased locally c o s t  $ 17 , 0 6 6 , 0 00 ; and cons truction operations c o s t  $ 1 , 6 9 7 , 0 0 0  
dur ing thi s  per iod . Near ly 1 7 %  o f  the employes live in the Miamisburg postal zone and 
5 2 %  in the immed iately ad j acent z ones . Under the Impacted School s  program o f  the HEW , 
area school sys tems receive federal financ ial a s s i s tance in excess o f  $ 1 , 0 0 0 , 0 0 0  a year , 
based on the " federal ly connected pupi ls " in relation to Mound Fac i l i ty .  

Social - Mound Fac i lity as an equa l opportunity emp loyer has continued to make 
subs tantial progres s  in the employment and profe s s i onal development of minorities and 
females .  Many Mound emp loyes participate in local government and civic a ffairs and 
a s s i st in community activi ties such as Uni ted Appeal , Junior Achievement , Scouting and 
s imi lar organ i z ations , service clubs , pub l i c  schoo l s , and churches . 

2 . 3 CHARACTERI ZATION OF EXI ST ING ENVIRONMENT 

2 . 3 . 1  GENERAL DESCRIPTION AND DEMOGRAPHY 

Mound Fac i l i ty is located within the southern c ity l imits o f  Miamisburg in Montgomery 
County ,  Ohio , an extens ive ly urbani z ed county dominated by the Dayton metropo li tan 
are a .  The Faci lity is s ituated about 16 km ( 1 0 mi l south-southwe st of the Dayton c i ty 
l imits . 

The northern boundary o f  the s i te i s  approximately 0 . 2  km ( 0 . 1 3 mi l south o f  Mound 
Avenue in Miamisburg . Mound Avenue curve s south , becomes Mound Road and runs south­
ward along the eastern boundary of the s ite . The southern boundary of the s i te l ies 
ad j acent to an undeve loped 5 1 4 , 0 0 0-m2 ( 12 7 -acre) open space area . Tracks o f  the Penn 
Centr al Rai l road roughly parallel the we stern boundary at d i s tance s  ranging from 
approximately 15 to 6 0  m ( 5 0  to 2 0 0  ft) . The Great Miami River flows 4 6 0  to 6 0 0  m 
( 15 0 0  to 2 0 0 0  ft) west o f  the s ite . Figure 2 - 9  il lustrates the general plan o f  the 
Fac i lity , i . e . , boundarie s ,  topography , and land uti l i z ation . 

Population D i stribution - The 19 7 0  population of Miami sburg was 14 , 7 9 7 . The d i s ­
tribution within city limits i s  shown in Figure 2 - 1 0 . The Miamisburg P lanning Board 
e s t imated Miamisburg population totals of 17 , 0 0 0  and 19 , 00 0  for 1 9 7 5  and 1 9 8 0 , respec­
tive l y . The res ident population in the vicinity of Mound ' s  p lutonium and trit ium 
operations bui ldings is pre sented in Table 2 - 1 . 
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Tab le 2 - 1  
PROJECTIONS OF POPULATION WITHIN TEN MILES OF MOUND FACILITY 

Range Actual Proj ection to : 

(mi le s )  1 9 7 0  19 8 0  1 9 9 0  2 0 0 0  2 0 10 2 0 2 0  

0 - 2  11 , 8 0 0  14 , 0 0 0  1 6 , 9 0 0  2 0 , 5 0 0  2 3 , 1 0 0  2 4 , 6 0 0  

0 -3 2 7 , 4 0 0 3 2 , 9 0 0  39 , 5 0 0  4 6 , 6 0 0  5 2 , 3 0 0  5 5 , 2 0 0 

0 - 4  4 0 , 0 0 0  4 8 , 4 0 0  5 8 , 2 0 0  6 8 , 1 0 0  7 6 , 6 0 0  8 1 , 2 0 0  

0 - 5  6 2 , 6 0 0  7 6 , 7 0 0  9 3 , 3 0 0  1 0 7 , 3 0 0  1 2 0 , 0 0 0  12 8 , 3 0 0  

0 -10 3 2 1 , 0 0 0  39 8 , 3 0 0  4 7 7 , 1 0 0  5 5 0 , 8 0 0  6 15 , 1 0 0  6 6 2 , 2 0 0  

0 - 2 0  8 9 5 , 9 0 0  1 , 1 2 5 , 8 0 0  1 , 3 7 7 , 2 0 0  1 , 5 6 4 , 3 0 0  1 , 7 5 2 , 9 0 0  1 , 8 7 7 , 10 0  

0 - 5 0  2 , 7 7 8 , 4 0 0  3 , 3 5 8 , 90 0  3 , 9 16 , 0 0 0  4 , 3 4 8 , 4 0 0  4 , 7 10 , 4 0 0  5 , 0 7 8 , 80 0  

In 1 9 7 0 , the total population within a 3 . 2 -km ( 2 -mi ) radius o f  the Fac i l i ty was 
approximate ly 12 , 0 0 0  and a 1 6 -km ( l O -mi l radius encompas sed a total of 3 2 1 , 0 0 0  persons . 
Based on census data and e s tim�ted growth rates in 1 9 7 0 , pro j ections of population 
changes for succeeding decades indicate that the regional population wi ll approximate­
ly double in the next 50 yr . Es timated d i s tributions are shown in Tab le 2 - 1 .  Mos t  o f  
the population increase wi l l  b e  along the corridor between Dayton and Cincinnati . The 
e s timated population d i s tr ibution within an 0 . 8  km ( 0 . 5  mi l and 1 . 6  km ( 1 . 0  mi l radius 
of Mound Faci lity , using the tritium and plutonium e f fluent s tack s as points of refer­
ence , i s  presented in Tab le 2 - 2 . S tack locations are shown on Figure 2 - 9 . From 
s tudies made in 1 9 7 2 , it was proj ected that the total population in s i x  counties sur ­
rounding the Fac i l i ty wi l l  regi s ter a n  increase of approximately 3 0 0 , 0 0 0  from 1 9 7 0  
t o  1 9 8 0 : 

1 9 7 0  - 1 , 1 10 , 6 0 0 

1 9 7 5  - 1 , 2 4 6 , 8 0 0  
1 9 8 0  - 1 , 4 0 4 , 6 0 0  

Individual county pro j ections are shown in Figure 2 -11 . 

Tran s i ent Populations - There is no large seasonal variation in population for 
the local area surrounding Mound Faci lity .  There are no ma j or parks , ma j or landmarks ,  
or tour i s t  attractions that draw a s i gni ficant seasonal transient population to the 
area . Dai ly variations in the population do occur on the s i te and in the immediate 
Miamisburg area . There are approximately 1 6 7 0  employes at the Fac i l i ty from 7 : 0 0  AM 
to 5 : 0 0  PM during the 5 -day work week . Mos t  o f  these employes are concentrated i n  the 
northwe s t  area . Approximate ly 1 0 0  employes work on Saturdays and 2 5  on Sundays and 
at night . 

Local Traffic - Periods of the heaviest vehicular tra f f i c  on and immediate l y  ad j a­
cent to the s i te occur between 7 : 0 0 and 8 : 0 0  AM and between 4 : 0 0  and 5 : 0 0  PM . The 
heavi e s t  volumes of local Miami sburg traffic are concentrated on three thoroughfare s : 
( l l  The Dayton-Cincinnati Pike , 0 . 6  km ( 0 . 4  mi l wes t  of Mound Faci lity ;  ( 2 )  S tate 

Route 7 2 5 , 1 . 4  km ( 0 . 9  mi l to the north ; and ( 3 ) Inters tate 7 5 , 5 km ( 3  mi l to the 
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F I G U R E  2 - 1 1 - T h e  N u m b e r s  S h o w  t h e  Re s pe c t i v e C o u n ty P o p u l a t i o n s  ( 1 9 7 0 )  a n d  A s  
P r o j e c t e d . 
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Table 2 - 2  
RESIDENT POPULATION I N  VICINITY OF PLUTONIUM AND TR ITIUM OPERATIONS BUILDINGS* 

Resident POEulation 
Plutonium Buildins Stack Area Tritium Buildins Stack Area 

< 0.8 km (0. 5 mi) < 1. 6  km (1 mi) <0. 8  km (0.5 mi) < 1. 6 km (1 mi) 
Sector Radius Radius Radius Radius 

North 12 642 130 391 
NNE 91 432 106 845 
NE 42 2 97 12 403 
ENE 97 512 0 509 
East 61 358 0 261 
ESE 30 281 0 215 
SE 55 58 0 55 
SSE 27 33 0 6 
South 3 6 0 73 
SSw 0 27 167 397 
SW 0 230 155 328 
WSW 0 409 39 378 
West 0 445 76 334 
WNW 0 203 58 197 
NW 0 145 67 100 
NNW 9 349 130 385 
Total 
Population 427 44 27 940 4877 

* The resident population within 1.6 km (1 mi) of Mound Facility is 
estimated on the basis of the number of residences in each sector. 
The most recent aerial photograph (Ju ly 1976) of Mound Facility 
and its adj acent areas was used to prepare these estimates. 

east. Comparative traffic volumes measured on these roads and the other local Miamis­
burg roads indicate that primary traffic flows enter or leave Miamisburg and the 
Dayton metropolitan area and are associated with the employment of local residents. 
In a normal working day, it is likely that the highest concentrations of population 
surrounding Mound Facility wil l occur during nonworking hours. 

Use of Adjacent Lands and Waters - The present land use configuration for a two­
county (warren and Montgomery) 8-km (5-mi) radial area surrounding Mound Facility is 
based upon field surveys, topographical map examinations, and land use data supplied 
by the Miami Valley Regional Planning Authority. The land use in Warren and Montgomery 
Counties is summarized in Table 2-3. 
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PRESENT LAND USE WITHIN MONTGOMERY AND WARREN COUNTIES 

Montgomery Warren 
Land U se County County 

Res idential 
Acreage 4 7 , 2 00  2 3 , 6 2 8  
% o f  Total Land 16 9 

Conunercial 
Acreage 4 , 100  5 , 4 8 1  
% o f  Total Land 1 2 

Industrial 
Acreage 5 , 9 0 0  2 7 4  
% o f  Total Land 2 1 

Other Deve loped Land 
Acreage 2 1 , 9 0 4  10 , 7 3 5  
% of  Total Land 7 4 

Agricu ltural and vacant 
Acreage 2 1 6 , 9 4 6  2 2 1 , 3 7 0  
% of  Total Land 7 4  8 4  

Total Acreage 2 9 6 , 0 5 0  2 6 1 , 4 8 8  

Miami sburg i s  mos tly a res idential conununity , with some supportive conunercial fac i l i ties 
and limited indus trial deve lopment . Most o f  the res identi a l , conunercial , and indus trial 
deve lopment within an 8-km ( 5 -mi ) radius o f  the s i te i s  concentrated on the Great Miami 
River flood p lai n . The adj acent upland areas are primarily used for res idences and 
agriculture or are unused open space s . Mos t  o f  the res idential deve lopment on the up­
land areas is re latively new in compar ison to deve lopment on the f lood plain . It  i s  
l ikely that mos t  future deve lopment in the area w i l l  occur on the upland areas . Use 
o f  land in Miamisburg is shown in F igure 2 - 12 and the pro j ec ted use o f  land i s  shown 
in F igure 2 - 1 3 . 

Miamisburg has 1 3  parks and four playgrounds . Mound Go l f  Course and Miamisburg Mound 
State Memorial Park , directly east o f  the Faci l ity acros s Mound Road , are heavi ly 
used during favorable weather . The park is the s i te of a 2 1 -m ( 6 8 - f t )  high anc ient 
Indian mound which i s  located 120 m ( 3 8 0  ft)  east-southea s t  of the Fac i l i ty boundary . 
Within 1 . 6  km ( 1  mil  of the Fac i l i ty , other recreational areas extens ive ly used in 
sununer include the municipal swinuning poo l ,  Harmon Athletic F i e ld , and Library Park . 

There are no large lakes within an 8 -km ( 5-mi )  radius o f  the s ite . S everal f i shing 
ponds are located 5 . 6  km ( 3 . 5  mi l north-northeast o f  the Fac i l i ty in inactive gravel 
pits . Some vestiges o f  the old Miami-Erie Canal l ie between the Penn Central Rai lroad 
and the Dayton-Cincinnati Pike to the wes t  of the Faci lity s i te . The City of Miami sburg 
has maintained two very sma l l  recreation ponds in a small park in thi s  area also . 
During 1 9 7 8 ,  Miamisburg converted one o f  the small ponds into a solar pond to heat 
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water for the muni cipal swimming pool . The City plans to expand this park area a long 
the west boundary of the s i te .  

The maj or water body in the vic inity of the p lant s i te i s  the Great Miami River . It 
i s  approximate ly 4 6  to 6 0  m ( 15 0  to 200  ft) wide in thi s  area . There i s  no commercial 
barge tra ffic or commercial f i sh ing , but some pleasure boating and sport f i shing do 
occur , primarily during the s ummer . 

Agricultural land within an 8 -km ( 5 -mi ) radial area around the Faci lity i s  primari ly 
used for corn and soybean production and for lives tock graz ing . In 1 9 7 0 , 7 4 %  o f  
Montgomery County was listed a s  agricultura l  o r  vacant land and 8 4 %  o f  Warren County 
was s imi larly classi fied . Table 2 - 4  ind icates the principal food crops grown , the 
acreage devoted to their production , and the relative yield per acre . The nearest lan. 
to Mound Faci lity capable of supporting dairy cows is the Mar j orie S .  Penrod property 
s ituated" ad j acent to the s outhern boundary of Mound Facility.  A small number of 
feeder cows currently graze on the Penrod property . 

2 . 3 . 2  HISTORIC AND NATIONAL LANDMARKS 

The only h istoric landmark in the vicinity of Mound Faci l ity is the Miamisburg Mound , 
an ancient Indian mound located 1 2 0  m ( 3 8 0  ft) east-southeas t  o f  the Fac ility s ite 
in Miamisburg Mound S tate Memorial Park . The mound , a s ymmetrical conical earthwork 
2 1  m ( 6 8  ft)  high and 2 4 0  m ( 8 0 0  ft)  in perimeter , is one of the largest o f  its type . 
It i s  believed to be the sepulcher o f  a chief of the Adena culture of Mound Bui lders 
which inhabi ted the Ohio region as early as 8 0 0  B . C .  

County 

Montgomery 

Warren 

Table 2 - 4  

ACREAGE AND YIELD OF PRINCIPAL FOOD CROPS 
FOR MONTGOMERY AND WARREN COUNTIES 

Yield 
Food Cro2 Acreage (bushe ls/acr e )  

Soybeans 2 2 , 9 0 0  3 5  
Corn 4 0 , 5 0 0  8 3  
Wheat 10 , 5 0 0  4 5  
Oats 2 , 2 0 0  4 9  
All hay 1 1 , 4 0 0  1 . 6  

( tons/acre ) 

Soybeans 2 5 , 0 0 0  3 1  
Corn 3 1 , 8 0 0  8 0  
Wheat 6 , 5 0 0  4 1  
Oats 1 , 7 0 0  4 7  
All hay 15 , 8 0 0  1 . 6  

( tons /acre ) 
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2 . 3 . 3  GEOLOGY 

Regional Geo logy - Many d i f ferent environments have exi sted in southwes t  Ohio 
throughout geologic hi story . Today the land i s  characteri zed by gently ro l ling till 
plains , where once there exi s ted great thicknes se s  of ice or shallow transgres s ing 
seas . During the Quaternary time of the most recent era , the Ceno zoic , numerous 
glaciers progres sed and retreated through the area , caus ing mass ive sur face change s . 
The Miamisburg region was last altered by the final glacial system , the Wisconsin ice 
sheet .  

Miamisburg i s  located on the eastern portion o f  the Indiana-Ohio platform which i s  
inc luded in the Centra l  Stable Province . Thi s  platform ( also known a s  the " Cinc innati 
Arch " )  is a nearly f lat s tructural e lement occupying eastern Indiana and Wes tern Ohio 
for a width of 1 6 0  to 3 2 0  km ( 10 0  to 2 0 0  ' mi ) . It is a stab le p latform bounded by the 
I ll inoi s  Basin on the we s t ,  the Michigan Basin on the north , the Appalachian Basin on 
the e as t ,  and the Kentucky River Fault Z one on the south . The three surround ing 
basins are separated from one another by poorly defined structural arches - the 
Kankakee Arch between the I ll inoi s  Basin and the Michigan Basin , and the F ind lay Arch 
between the Michigan Basin and the Appalachian Basin . These arche s are occupied by 
several fault zone s , monoc l ine s ( a  type of fold ) , and structural sags . 

The closest structural province ad j acent to the pos ition o f  Mound Fac i l i ty on the 
Indiana-Ohio platform is the Appalachian Basin . The j unction o f  the se two s tructural 
e lements is marked by a " hinge line " which trends north- south approximate ly 80 km ( 5 0  
mi l east of the site . Deep-seated faulting in certain areas o f  the hinge line has been 
pos tulated , but there is no reason to assume that faults exi st beyond the immed iate 
vicinity of thi s  j unction . Hinge l ine faults have been discovered at the j unction o f  
the I l l inois bas in but not a t  the boundaries of the Michigan Bas in . 

The southern boundary of the Indiana-Ohio platform i s  the " 3 8 parallel fault zone " 
whj ch inc ludes the Rough Creek Fault Zone in southern I ll inoi s  and the Kentucky River 
Fault Z one in Kentucky and West Virginia . The Maysvil le Fault ,  which extends from the 
Kentucky River Fault Z one north to the Ohio River near Adams County , Ohio , about 1 1 0  
km ( 7 0  mi l from the Fac i lity , is the closest defined fault system . 

Regional Gravity Anomalies - Gravi ty anomaly maps published for the s tate 
(Heiskanen and Uotila , 1 9 5 6 ) indicate that the entire state and the Faci lity s i te 

are in nearly per fect isostatic equil ibrium .  Five maj or anomal ie s  have been detected 
throughout the s tate , but it is be lieved the se are due to dens ity contrasts in base­
ment rocks and are not primari ly related to structural factors or to composition of 
overlying s trata . 

Contrasts in composition o f  basement rocks can also be detected by aeromagnetic meas­
urements .  Whi le most sedimentary rock i s  practica l ly nonmagnetic , most igneous rock 
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and some metamorphic rocks contain appreciable quantities o f  ferromagnetic minerals 
which i n fluence the earth ' s  magnetic field . An aeromagnetic map of the Dayton-Columbus 
area which includes the s ite in the lower por tion is presented in Figure 2 - 1 4 . I t  
was deve loped from a survey conducted in 1 9 6 0  a t  a nominal he ight o f  1 5 0  m ( 5 0 0  f t )  
above the ground sur face . Two dis tinct features are evident . The wes tern half o f  the 
map , inc luding the Fac i l i ty s ite , shows an area o f  re lative ly mild magnetic gradients ; 
this z one i s  be lieved to represent the o lder granitic rocks o f  the Central Province . 
A zone o f  high aeromagne tic gradients on the east s ide o f  the map i s  bel ieved to 
repre sent igneous and metamorphic formations associated with the southern extension 
o f  the Grenvi l le Province o f  eastern Canada . It fol lows from the se interpretations 
that Mound Fac i l i ty i s  located over granitic basement rocks of the Central Province 
and is about 3 0  km ( 1 8  mi l we s t  of the closest outlier of the Grenvi l le Province . 
The map also shows that there i s  a s trong posi tive magne tic anomaly about 2 4  km ( 1 5  mi l 
south- southeast of Anna , Ohio , which i s  the closest active s e i smic area to the Fac i l­
i ty . Earthquake epicenter s near the Anna area are in c lose coinc idence with thi s  
magnetic high , which sugge sts a pos s ible relationship t o  the anomaly . 

Geothermal Gradients - A short d i stance below the sur face of the ground [ perhaps 
3 to 6 m ( 1 0  or 20 ft ) ) temperatures in the subsur face are usua l ly equa l to the mean 
annual temperature at the ground sur face . In the vicinity o f  Mound Fac i lity , rock 
and soil below the ground sur face are at a cons tant temperature of about 1 2 ° C  ( 5 4 ° F ) . 

Within the earth ' s  crus t , temperature increase s at a fair ly cons tant rate with in­
creasing depth . The geothermal gradient for a speci fic area is the rate at which the 
temperature increases with depth . A low geothermal gradient is usually indicative o f  
an area i n  which n o  de formation o r  igneous activity has occurred for a geologically 
long time . Are as having a high geothermal gradient are usually associated with geo­
logically recent tectonic or igneous activity . These re lationships are general because 
of the many independent factors which contribute to heat generation and heat flow in 
rocks . 

An e stimation o f  the geothermal gradient near Mound Fac i l i ty was obtained from the 
temperature log o f  the Armco Deep We l l  No . 1 in Middletown , Ohio . The geothermal 
gradient across the paleozoic sedimentary section was computed to be approximate ly 
0 . 2 4 C o ( 0 . 4 3 F O )  for 3 0 . 5  m ( 1 0 0  f t )  of depth , which is very low in compari s on to the 
typical value for o i l  fields in North America of 0 . 5 6 C o ( 1  F O ) per 3 0 . 5  m ( 1 0 0  ft)  o f  
depth . This low gradient i s  additional evidence o f  regional s tabi l ity . 

Regional Oil and Gas Production - The maj or oil -producing area c lose s t  to Mound 
Fac i l ity is the Lima-Indiana F ield which trends northeast-southwe s t  from northwe s t  
Ohio into central Indiana . This field produced both o i l  and g a s  from the Trenton 
Lime stone , mostly between the years 1 8 8 5  through 1 9 1 0 , but production is now large ly 
abandoned . The close s t  area o f  petroleum activity is the Arcanum Field located in 
Darke County , Ohio , 4 0  km ( 2 5  mi l northwe s t  o f  the s ite . This field was discovered in 
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1 8 8 7  and is now depleted . Gas production was from the Trenton Formation which i s  at 
an average depth of 350 m ( 11 5 0  ft)  be low ground surface . Other wel ls penetrating 
the Trenton Formation have been dri l led as close to Mound Facility as Dayton , but 
no s igns of oil or gas have been reported . 

Site Geology - The geo logy and seismicity of the Faci lity s i te have been ex­
tensive ly studied by experienced geologi sts in consultation wi th recogni zed author­
i ties from the Ohio State Geological Survey and Mi ami Univer sity .  Six wide ly-spaced 
geologic borings were made in 19 7 3  to determine the lithology , structure , and phys ical 
propertie s  of the sub surface s trata . Soi l and rock to a depth of 2 2 8 . 1  m ( 7 4 8 . 5  ft) 
were dril led and sampled . The deepest subsur face penetration was completed at an 
e levation o f  approximate ly 1 8 8  m ( 6 1 8  ft) above sea leve l ,  and the deepest continuous 
penetrations were 6 1  m ( 20 0  ft) . At five of the borings geophysical pro file s  of the 
s trata were obtained by e lectronic measurements . Data from these six borings have 
been supplemented and correlated with information from over 2 0 0  previous borings and 
from nearby deep wel l s  to characterize local geo logy . 

Stratigraphy - Figures 2 -15 and 2 - 1 6  i l lustrate geo logic cross sections o f  the 
Upper Ordovician hor i zon upon which Mound Faci lity is s ituated . The two topographic 
high areas are genera l ly covered by a re latively thin layer [ 0 . 3  to 1 . 5  m ( 1  to 5 ft) ] 
o f  glac ial till composed of s i l t ,  clay , and some fine grave l .  The lower valley i s  
fi l led wi th a wedge of glacial outwash between the upper tills and the bedrock . All  
the core rock retrieved from the six borings are from the Richmond Group of the Upper 
Ordovician period . The nature of the geologic column be low the formations defined in 
the figure s  i s  extrapolated from logs of the Armco Deep Wel l  at Middletown , the c losest 
deep we l l  in the region . Strata be low the Upper Ordovic ian formations are mainly 
limestone formations and i t  i s  concluded that the basement rocks beneath the Fac ility 
are Precambrian granite which begin 7 9 0  m ( 2 , 6 0 0  ft)  be low sea leve l .  

Structure - The geo logic record preserved in the rocks underlying Mound Facility 
indicates the area has been relatively s tab le s ince the beginning of the Paleozoic 
era , more than 5 0 0 , 0 0 0 , 0 0 0  years ago . There i s  no evidence to indicate subsur face 
s tructural folding , significant s tratigraphic - thinning , or subsurface faulting in the 
Richmond beds , whi ch are nearly hori zontal . Further , there is no evidence of sub­
Richmond s tructural di splacement in the immediate surrounding area . Limes tone s trata 
which are interbedded with protective shale layers at the site show no evidence of 
s olution activi ty , and no evidence of solution cavi ties or cavern development has been 
observed in any borings or outcrops in the Miami sburg area . 

Groundwater - Groundwater conditions at Mound Faci lity are variab le due to the 
s tratigraphic pos itions of d i f ferent materials and their corresponding hydraulic 
propertie s .  Bedrock , which underlies a l l  but the first few feet of the hilltop and 
h i l l s ide areas , is virtual ly impermeable . Very small quantities of groundwater seep 
through j oints and weathered crack s , although the rock i tse lf i s  impervious . The 
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upper 6 m ( 2 0  ft)  o f  bedrock i s  the most permeable where chemical weather ing a l lows en­
largement o f  cracks . Permeab i l i ty o f  the upper 6 m ( 20 ft)  of bedrock i s  e s timated to 
range from 4 0  to 4 0 0  liter s/day/m 2 ( 1  to 10 gpd/ft 2 ) .  Below thi s depth , bedrock 
permeab i l ity gener a l ly ranges from 8 to 0 liters/day/m2 ( 0 . 2  to 0 . 0  gpd/ft2 ) .  

Hydraulic properties o f  the glac i a l  t i l l  soi ls which form a veneer over the entire 
site are variable and are dependent upon the relative proportions of fine-grained mate­
rial to coarse-grained material at any given location . Values of permeabi l i ty nor ­
mal ly range from 0 . 0 0 4 1  to 0 . 0 4 1  liters/day/m2 ( 0 . 0 0 0 1  to 0 . 0 0 1  gpd/ ft2 ) ,  although 
value s  up to 2 . 8  liters/day/m2 ( 0 . 0 7 gpd/ft 2 ) were measurea in the upper weathered 
zone s . 

Below the glacial t i l l  in the lower val ley area is a zone o f  glac i a l  outwash composed 
of s and and grave l .  The permeab i l i ty of thi s  zone is es timated to range from 4 0 , 7 0 0  
to 8 1 , 4 0 0 1iters/d ay/m 2 ( 1 , 0 0 0  to 2 , 0 0 0  gpd/ft2 ) .  Thi s  hor i z on forms the eas tern edge 
of the Buried Valley Aquifer and extends under the Great Miami River to the wes t .  The 
three onsite we l l s  draw water from this aqui fer . Water leve l s  under the Faci lity 
are ultimate ly control led by the leve l o f  the Great Miami River which has a non f lood 
leve l at El . 2 0 8  m ( 6 8 2  ft) . However , groundwater is normally perched and is forced 
to trave l laterally within z one s of outwash or fractures in the bedrock . For thi s 
reason , water leve ls mea sured in bor ings do not reflect the true static leve l s , but 
rather the dynamic equi libr ium leve l  between recharge and dis char ge at a given permea­
b i l ity inter face for a particular date . 

Foundation Cons iderations - There are 9 7  structure s located at Mound Facility . 
Most o f  these structures , inc luding a l l  Category 1 s tructure s (those in which s i gni fi­
c ant quantities of radioactive materials are processed or handled outs ide o f  shipping 
containers or encapsu lation systems or in which there is a potentia l  for release o f  
radioactive material from a containment system) , are located o n  the flat h i l l top areas 
and are founded directly on bedrock . Other structures are founded on s ti f f  glacial 
till which overlies bedrock . 

Analys i s  o f  actual de s i gn bearing pre s sure s and recommended foundation loadings in­
dicate s that exi sting structure s were conservative ly des i gned . Recommended s afe bear ­
ing pre s sure s were never exceeded and in many cases were reduced by the de s i gner . A 
s afety factor of at le ast ten i s  e stimated for structure s  founded on bedrock . 

An examination o f  soil s amples obtained from the f i e ld boring program indicates that 
a l l  s o i l s  which overlie bedrock at Mound Faci l i ty are either cohe sive or extremely 
dense . It i s  there fore concluded that the pos s ibi l i ty o f  lique faction ( a  phenomenon 
in which loose s aturated granular soils lose shear resi stance and behave as a high­
dens i ty l iquid ) is  e xtreme ly remote and not an important f actor to be considered in 
the design or evaluation of Faci lity structures . 
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The Miamisburg area has never i n  p lstoric times been seriously troubled by earthquakes .  
Although e arth tremors have occu�red in the area which is now Faci l ity property , 
detailed geologic studies suggest that they were not strong enough to a f fect local sur­
face or subsur face materials . 

The Fac i l i ty s ite i s  located about 8 5  km ( 5 3  mi l south of an active se ismic area 
near Anna , Ohio , and about 2 4 0  km ( 15 0  mi l northeast of another active area in southern 
I l l inois . A seismic r isk map for the united States developed by Dr . S .  T .  Algermiss ion 
of NOAA ' S  Environmental Research Laboratories ( Figure 2-17 ) indicates that Miamisburg 
is near the fringe o f  a Zone 2 region , a region in which moderate earthquake damage 
may be expected . However , no s igni ficant earthquakes - those with an intensity of 
V or above on the Modi fied Mercalli Intens i ty Scale (Table 2 - 5 )  - have originated in 
the area , as shown in Figure 2 -1 8 .  I t  i s  e stimated that the mos t  severe vibration 
experienced in the area was an Intens ity V shock assoc iated with an Intens i ty VI I I  
earthquake at Anna , Ohio , on March 9 ,  1 9 3 7 . The largest earthquake s ever recorded 
in the central and e astern United States - the Intensity XI I shocks centered near 
New Madr id , Missour i ,  in 1 8 1 1  and 1 8 1 2  - probably resulted in Intensity IV or V 
vibrations at Miamisburg . Disturbance s in the Anna area also resulted in Intensity 
IV vibration in 1 9 3 1  and 1 9 3 7 . The closest earthquake may have occurred in 19 5 0  when 
Intensity I II vibrations were felt 16 km ( 1 0  mi l from the s i te ;  however , it could not 
be determined whether the disturbance resulted from seismic activity or a sonic boom . 

The low seismic ity o f  the region is related to the structural stabil ity described in 
the previous section . The c loses t  known fault is the Maysville fault which lies about 
1 1 0  km ( 7 0  mi l to the southeast at its c losest approach , but i t ,  l ike most faults in 
the region , is believed to have been dormant s ince late Paleozoic time , at least 
2 0 0 , 0 0 0 , 0 0 0  years ago . There are no known active faults ( those in which there is evi­
dence o f  displacement o f  Quaternary material)  within 3 2 0  km ( 2 0 0  mi l of the s i te , 
though se ismic activity has been associated with some o f  the s tructures within thi s  
are a .  Two Intensity V I  events have tentatively been correlated with the Tekonsha 
oil field s tructure which trends northwe st-southeast for an inferred length o f  96 km 
( 6 0  mi l and is 2 8 1  km ( 17 5  mi l from the s ite in its nearest approach . Faulting has 

been postulated in this structure , but only minor indications have been observed . The 
Mis s iss ippi Valley Fault Z one is tectonically active , but is farther than 3 2 0  km ( 2 0 0  
mi l from the s i te a t  its c losest approach . The Rough Creek Fault Zone i n  wes tern 
Kentucky and southern I l linois extends to about 2 5 7  km ( 1 6 0  mi l from the s i te , but has 
not d isplaced Tertiary or Quaternary rocks . Shocks in the Anna , Ohio area , the closest 
seismica l ly active zone , are associated with a zone o f  s tructura l  weaknes s  and are not 
related d irectly to movement along faults . 

At the s ite itsel f ,  there are no geophysical factors which would either c ause or com­
pound seismic disturbances .  The subsur face is very stable . The two hilltop areas 
which provide foundation support to most of the buildings are composed o f  shale and 
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Table 2 - 5  

MODIF IED MERCALLI INTENS ITY ( DN1AGE ) SCALE O F  19 3 1  
(Abridged ) 

I .  Not felt except by a very few under e specially favorable circumstances . 
( I  Ros s i-Fore l Scale . )  

II . Felt only by a few persons at res t ,  e specially on upper floors of buildings . 
Delicately suspended ob j ects may swing . ( I  to I I  Ros s i-Forel Scale . )  

I I I .  Felt quite noticeably indoors , especially on upper floors o f  buildings , but 
many people do not recognize it as an earthquake . 3tanding motorcars may rock 
s l ight ly . Vibration like pass ing of truck . DurQ�� ,n estimated . ( I I I Ros s i­
Forel Scale . )  

IV . During the day felt indoors by many , outdoors by few . At night some awakened . 
Dishe s , windows , doors disturbed ; walls make creaking sound . Sensation l ike 
heavy truck striking bui lding . ,  Standing motor�ars rocked noticeably . ( IV to V 
Ross i-Forel Scale . )  

V .  Felt by nearly everyone , many awakened . Some d i she s , windows , etc . , broken ; a 
few instance s o f  cracked plaster ; unstable ob j ects overturned . Di s turbances o f  
tree s , pole s , and other tall ob j ects sometimes noticed . Pendulum c locks may 
stop . (V to VI Ross i-Fore l Scale . )  

VI . Fe l t  by all , many frightened and run outdoors . Some heavy furniture moved ; a 
few instance s of fal len plaster or damaged chimneys . Damage s light . (VI to VII 
Ros s i -Fore l Scale . )  

V I I .  Everybody runs outdoors .  Damage negligible in buildings o f  good design and con­
struction ; s light to moderate in we l l-built ordinary structures ;  considerable 
in poorly built or bad ly designed s tructures ;  some chimneys broken . Noticed 
by persons dr iving motorcars . (VI I I  Ros s i -Forel Scale . )  

V I I I . Damage s light in specially de s igned structures ;  cons iderable in ordinary sub­
stantial build ings with partial collaps e ; great in poorly built s tructures . 
Panel wa l l s  thrown out of frame s tructures .  Fall o f  chimneys , factory stacks , 
columns , monuments , walls . Heavy furniture overturned . Sand and mud e j ected 
in small amounts . Changes in we l l  water . Persons driving motorcars disturbed . 
(VI I I+ to IX Ros si-Forel Scale . )  

IX.  Damage considerable in specially designed s tructures ;  we l l-des igned frame 
s tructures thrown out of plumb ; great in substantia l  build ings , with partial 
collapse . Buildings shi fted off  foundations . Ground cracked conspicuous ly . 
Underground pipes broken . ( IX+ Ros s i-Forel Scale . )  

X .  Some wel l-built wooden s tructures destroyed ; mos t  masonry and frame s tructures 
destroyed with foundations ; ground badly cracked . Rail s  bent . Lands lides con­
s iderable from river banks and s teep s lope s . Shifted sand and mud . Water 
splashed ( slopped ) over bank s . (X Rossi-Fore l  Scale . )  

XI . Few ,  i f  any , (masonry)  s tructures remain s tand ing . Bridges destroyed . 
fis sures in ground . Underground pipelines completely out of s ervice . 
s lumps and land s lips in soft ground . Rai ls bent greatly . 

Broad 
Earth 

XI I .  Damage tota l . Waves seen on ground sur face . L ines of s ight and leve l dis­
torted . Ob j ects thrown upward into the air . 
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limestone bedrock supported b y  a thick sedimentary sequence of shale , do lomite , lime­
stone , and s andstone which rest on precambrian basement rocks . The bui ldings located 
below E l . 2 3 0  m ( 7 6 0  ft) are under lain by dense glacial soils supported by the s ame 
s edimentary sequence . No evidence has been found of faulting or folding within the 
Ordovician rocks which form the s ur face strata . Instabil ity of the rocks because o f  
mineralogy , lack of conso lidation , atti tude , structure , o r  undes irable response to 
s e i smic events is not cons idered a prob lem . As discussed previously , the relative ly 
thick layer of glac ial s o i l s  be low E l . 2 3 0  m ( 7 6 0  ft) is not s ub j ect to liqui faction 
e ffects which would lower structura l  stability .  There i s  no evidence o f  natural 
underground cavi ties which could result in a sudden collapse or s low s ub s idence of 
rock foundations ,  and subs idence due to mining activity or petroleum production is 
not a potential problem s ince no such activity exists in the vicinity . 

S lope failure ons ite dur ing vibratory ground motion i s  not cons idered like ly .  Natural 
s lopes range from zero to approximate ly 2 0 °  from the hori zonta l . Mos t  are compos ed o f  
sur ficial soil ( glac ial ti l l ) , 0 . 4 5 to 6 . 7  m ( 1 . 5 to 2 2  ft)  thick , over lying bedrock . 
From analys i s  of compres s ive s trength value s for soil sample s ,  the se natural s lope s 
are j udged to be s tab le . Engineered backfi lls , which are compacted to at least 9 0 %  
o f  maximum density and are limi ted to a maximum s lope o f  2 6 ° , are assumed to be sub­
stantially stronger than natural soil s lope s . 

The e ffect at the s i te of a pos s ible future earthquake s imi lar to a large historical 
shock has been inves tigated . Should a shock s imi lar to the March 9 ,  19 3 7  Intensity 
V I I I  earthquake near Anna , Ohio , recur in the vicinity o f  the southern portion o f  the 
confluence o f  the Findlay and Kankakee Arche s ,  the attenuated ground acce leration o f  
the site would b e  le s s  than 1 5 %  of gravity ( 0 . 15 g) , cons iderab ly l e s s  than the 0 . 2 0 g 
level associated with the Des ign Bas i s  Earthquake di scus sed in Section 3 . 10 . 8 .  Re­
currence o f  small earthquakes s imilar to the 19 5 0  I ntensity I I I  event 16 km ( 1 0  mi l 
north o f  the site would result in a maximum hori zontal ground acceleration at the rock 
sur face of les s  than 1% of gravity ( 0 . 0 1 g) . 

2 . 3 . 5  HYDROLOGY 

Stream Flows and Flooding - Maj or hydrologic feature s of the area and their rela­
tion to the Facility are shown in Figure 2 - 19 . The site topography i s  indicated in 
Figure 2 -9 . E levations at the site vary from 2 16 to 268 m ( 7 1 0 to 880 ft)  above sea 
leve l ;  most o f  the site i s  above 2 4 0  m ( 8 0 0  ft) . No radioactive material proces s ing 
bui lding i s  be low El . 2 4 1  m ( 7 9 0  f t ) . The typical nonflood stage of the Great Miami 
River i s  at El . 2 0 8  m ( 6 8 2  f t ) . The normal pool elevation i s  controlled by the 
Hutching s  Stat ion dam about 2 . 4  km ( 1 . 5  mi l downstre am from t he site with a dam crest 
at El . 2 0 7  m ( 6 8 0  ft ) . The river bottom in the s i te vi cinitv i s  at E l . 2 0 4 m ( 6 7 0  ftl . 

F low in the Great Miami River nearby originates from three maj or and two minor sub­
drainage systems . The three maj or stream systems are : ( 1 )  Stil lwater River , 1 7 5 0  km2 
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( 6 7 6  mi 2 ) ; ( 2 ) Great Miami River above Stil lwater River , 3 0 4 2  km2 ( 1 17 5 mi 2 ) ; and ( 3 )  
Mad River , 17 0 0  km2 ( 6 57 mi 2 ) .  The minor sub-drainage sys tems are : ( 1 )  Bear Creek 
drainage are a ,  1 3 7  km2 ( 5 3  mi 2 ) and ( 2 )  Wol f  Creek , 1 8 1  km2 ( 7 0  mi 2 ) . Other sma l l  
stream sys tems such as H o l e s  Creek contributes 2 0 7  km2 ( 8 0  mi 2 )  o f  drainage are a .  
Total drainage area of the Great Miami River a t  Miami sburg is 7 0 1 8  km2 ( 2 7 1 1  mi 2 ) . 
Stream gage data have been obtained above Miami sburg at Dayton s ince 1 8 6 6 . A gaging 
s tation was estab l i s hed at Miami sburg in 1 9 16 1 . 6  km (1 mi l ups tream from where the 
Fac i l ity was later establ i shed . Prior to 19 2 1 , cons iderable flooding occurred 
throughout the Great Miami River basin . The greatest flood of record in the Miami 
Val ley occurred after a record rains torm in March 19 1 3 ; the dis charge was estimated 
to be 7 2 8 0  m 3 /sec ( 2 5 7 , 0 0 0  c f s ) at Mi ami sburg . The Miami Conservancy D i s trict was 
later formed to deve lop a flood contro l system to protect population centers in the 
upper Miami River va l ley . 

After extensive investigation o f  s torms in the eastern United States the Miami Con­
s ervancy D i s tr i c t  conc luded that the 1 9 1 3  storm produced one of the greatest histori­
cal floods in the Miami Val ley . The Di strict subsequently based i ts f lood protection 
on a des i gn flood runo f f  approximate ly 4 0 %  greater than that of the 1 9 1 3  f lood . This 
design flood was e s timated to be 15  to 2 0 %  above the greate s t  pos s ible f lood that 
w i l l  occur in the northern part o f  the Miami River bas in over a 3 0 0  to 4 0 0 -yr per iod . 

S ince construction o f  retarding basins in 19 2 1 , flooding on the Great Miami River ha s 
been greatly reduced and damage has been conf ined to tributar ies and deve loped areas 
lying in the f lood plain . Data for the s ix highe s t  f loods recorded s ince 1 9 1 3  are 
pre sented in Table 2 - 6 . The maximum flow recorded at Miamisburg s ince that time was 
1 7 5 0  m3 /sec ( 6 1 , 8 0 0  c f s )  in January , 1 9 5 9 . 

The highest water leve l s  that can reasonably be pos tulated for the Great Mi ami River 
basin would be caused by e i ther a flood wave resul ting from a dam 'fai lure ups tream 
from the s i te or by a Probable Maximum F lood e s timated for the area . A Probable Maxi ­
mum F lood i s  one which would result i f  a l l  reasonab ly pos s ible contributing factors 
reached their mos t  critical value s  at the same time . 

The Miami Conservancy Di strict has deve loped and ver i fied a f lood routing mode l  for 
the 9 4 2 1  km2 ( 3 , 6 3 9  mi 2 ) drainage basin of the Great Miami River above Hami lton , Ohio , 
which is located about 4 5  km ( 2 8  mi l downstream from Miami sburg . Wi th incorporation 
of values for probable maximum precipitation patterns in the area , this mode l  'was used 
to estimate that the Probab le Maximum F lood discharge ratp at the Faci lity s i te 
would be 6 7 4 0  m 3 /sec ( 2 3 8 , 0 0 0  c f s ) . Thi s  f low would result in flooding to El . 2 1 6 m 
( 7 10 ft)  which i s  approximately the lowe s t  elevation at the s i te . A flow o f  
7 2 8 0  m 3 /sec ( 2 5 7 , 0 0 0  c f s ) - a dupl icat ion of the 1 9 1 3  flood - would correspond to 
El . 2 1 6 . 5  m ( 7 1 0 . 3  ft ) at the s i te . Thus no bui ldings at the Mound Fac i l i ty are 
located on a floodplain or in areas considered as wetlands in 10 CFR Part 1 0 2 2 . 
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Table 2-6 

PEAK STAGES AND DI SCHARGES 
GREAT MIAMI RIVER AT MIAMI S BURG , OHIO 

Height Above 
Mean River Discharge 

Date Stage ( feet)  ( c f s )  

Mar . 2 8 , 1 9 1 3  N o  Record 2 5 7 , 0 0 0 *  

Mar . 14 , 1 9 1 7  11 . 6  3 0 , 5 0 0  

Apr .  2 1 ,  1 9 2 0  16 . 8  5 1 , 8 0 0  

Feb . 2 7 , 19 2 9  16 . 5  55 , 0 0 0  

Jan . 10 , 19 3 0  16 . 1 6 5 0 , 8 0 0  

May 15 , 19 3 3  16 . 1 3 5 1 , 8 0 0  

J an . 2 1 ,  1 9 5 9  2 0 . 6 5 6 1 , 8 0 0  

* Computed b y  Miami Conservancy Di strict . 

Remarks - Flow regulated by four retarding bas ins ( combined 
c apacity 7 3 5 , 0 0 0  acre-ft)  s ince 19 2 1 .  Bank full s tage is 2 2  
fee t .  Data supplied b y  Miami Conservancy D i s tr ict . 

The highes t  water leve l wi th associated wave runup is estimated to be El . 2 2 2  m ( 7 2 7  
f t )  by assuming the extremely remote pos s ibility of complete failure of Huffman Dam 
ups tream. Such a failure is considered extremely un like ly because a l l  the dams in the 
watershed are continuous ly being monitored for the ir s a fety as wel l  as being cons tantly 
upgraded and maintained by the Miami Conservancy District . It it did occur , the re­
sulting water level would not reach Fac i l i ty s tructures .  

Formation o f  ice j ams with consequent flooding i s  not a prob lem on the Great Miami 
River . Icing of the r iver is not common , and due to the wide channe l and levee con­
figurations at Miami sburg , it is unlike ly , even wi th maj or ice accumulations , that 
damming of the main channe l at bridges would cause an appreciable rise in water e leva­
tion . 

There are no perennial s treams on the s ite . There i s  a drainage basin associated with 
the deep valley which separate s the two high areas , but it i s  generally limi ted to the 
s i te are a .  S ince the drainage basin is relative ly small and the s lopes are re latively 
s teep , runoff through s i te drainage features is rapid and does not pose a threat to 
Fac i l i ty s tructures .  

Low River Flows - A flow duration curve has been constructed for the years 19 3 1  
to 19 6 0  from data collected at the Miamisburg gaging s tation . Thi s  curve (Figure 2 - 2 0 )  
depicts the discharge that can normal ly b e  expec ted to b e  equalled o r  exceeded a t  the 
s i te and serve s as an index of drought flow cond i ti ons . For example , a flow o f  at 
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least 8 . 8 m 3 /sec ( 3 10 c f s )  can be expected 9 5 %  o f  the time . The mean flow a t  Miamis ­
burg , located a t  the 5 0 %  time coordinate on the curve , i s  2 9 . 7  m 3 /sec ( 1 0 5 0  c fs ) . The 
minimum instantaneous low- flow on record i s  4 . 19 m 3 /sec ( 1 4 8  c f s )  for September 7 ,  19 2 5 . 
During periods of severe drought , to be expected once in 2 0  year s according to past 
experience , an average flow of about 5 . 1  m 3 /sec ( 1 8 0  c f s )  for s even consecutive days is 
pro j ected . The low de sign flow at Miami sburg designated by the Miami Conservancy 
D is trict is 6 . 0 0  m3 /sec ( 2 1 2  c f s )  . 

River water Usage - Principal surface and ground water users within the Great 
Miami River basin are depicted in Figure 2 - 2 1 . No municipal sys tem in thi s  basin uses 
surface water for a public water supply be low the Mound Faci lity eff luent discharge 
point . Both surface and sub-surface waters are used by manufactur ing and power com­
panies within the basin for processing and heat exchange . The nearest downs tream 
surface water user is the O .  H .  Hutchings Power Station which circulates 17 . 0  m3 /sec 
( 6 0 0  c f s ) . 

Regional Aqui fers - Municipal and industr ial water suppl ies in the vicinity of 
the s i te depend upon high-capacity we lls dr i l led into unconsolidated sand and gravel 
aqui fer s . Buried val leys which trend in the general pos i tion of the present Great 
Miami River and its tr ibutaries contain 30 to 61 m ( 1 0 0  to 2 0 0  ft) of Plei s tocene s and , 
grave l , and fine-grained till  and form the pr incipal aqui fer in the area . Good domes­
tic groundwater suppl ies are avai l able in upland areas which are blanketed by granular 
glacial depos its or deposits o f  granular soils interbedded within relatively imperme­
able ti l l .  A map showing hydrogeologic environments for a radius of 4 . 0  km ( 2 . 5  mi ) 
from the s i te is presented in Figure 2 - 2 2 . Indus tri al wel ls adj acent to the s i te have 
specifi c  c apac itie s ranging from 15 to 45 liters/sec/m ( 7 3  to 2 1 8  gpm/ ft) of drawdown . 
Specific capac ities as high as 2 8 1 . 5  liters/sec/m ( 1 3 6 0  gpm/ft)  of drawdown have been 
reported for a we ll at Chautauqua , about 2 . 4  km ( 1 . 5  mi ) south of the s ite . 

Recharge to aquifers i s  avai lable from three ma j or source s : 

• D irect infiltration from the Great Miami River . 
• Leakage along val ley wal ls at the bedrock-outwash contact . 
• Induced infiltration caused by hydraulic s inks due to pumping . 

Recharge to the portion of the aqui fer underlying the Mound Fac i l i ty i s  pr imar i ly 
derived from dire ct infi ltration from the Gre at Miami River and by precipitation and 
leakage from valley walls . This source of recharge is sufficient in quantity to bal­
ance wi thdrawals . 

The Bur i ed Valley Aqui fer , located immedi ately we s t  of Mound Fac i l i ty and be low an 
e levation of approximate ly 2 1 3  m ( 7 0 0  f t ) , is the ma j or aqui fer ad j acent to the s ite . 
Within l imits of the property , the maximum known thickness of the aqui fer is about 2 1  
m ( 7 0  ft)  a t  the extreme s outhwest corner o f  the s ite . The aqui fer reaches a maximum 
thicknes s  o f  about 4 6  m ( 15 0  ft)  near the river channe l and i s  or iented in a north-
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south direction , in coincidence with the course o f  the Great Miami Ri ver . Recharge 
by induced stream in fi ltration occurs , although the sand and gravel aqui fer at thi s  
location contains extensive interstratified layers of c layish ti ll which impede in­
fi ltration . The Buried Val ley Aqui fer we st of the site i s  estimated to be capable of 
producing 3 5  to 4 7  mi l lion liters per day per ki lometer (15  to 20  million gallons of 
groundwater per day per line ar mi le)  of valley . 

The d irection of groundwater flow in the area i s  generally toward the south , following 
the downstream course of the Great Miami River . A map showing groundwater level grad ­
ients measured in 1 9 6 8  i s  pre sented in Figure 2 - 2 3 . Groundwater leve l s  experience 
local revers al s  in areas of heavy pumpage , as indicated by c losed contours on the map . 
Such reversals are expected to increase in both number and area as regional groundwater 
deve lopment increases in the future . Although the Buried Valley Aqui fer i s  generally 
overdeveloped be tween west Carrol lton and Dayton , relocation of we ll fields and arti � 
ficial recharge through the use o f  infi ltration lagoons wi l l  probably reduce the mag­
nitude of groundwater gradient reversals within a few years . Currently , there i s  no 
evidence to indicate that the regional gradient i s  reversed south o f  the City of Wes t  
Carrol lton . At Miami sburg , the natural groundwater gradient i s  not influenced by 
p�mping except local ly near individual we l l  fields . 

There are s ix maj or public water supplies and numerous industrial users within an 8 km 
( 5  mi ) radius of Mound Fac il ity . A map showing the locations of public water supply 

we l l s  and d i s tribution areas for municipal water service is shown in Figure 2 - 2 4 . A 
tabulation o f  current and pro j ected water demands i s  presented in Table 2 - 7 . 

The only industrial user within 8 km ( 5  mi ) downstream i s  the o .  H .  Hutchings Power 
Generating Station . Industrial groundwater users located north ( upstream) of the s i te 
are isolated from the Faci lity area by hydraulic barrier s . 

Miamisburg owns ten water we lls into the aqu i fer , but only three are in use . All oper­
ational city wel l s  are separated from the site by a minimum straight-l ine distance o f  
over 0 . 8  km ( 0 . 5  mi ) . 

Figure 2 - 2 5  shows the are as in c lose proximi ty to Mound Fac i l i ty in which some user s 
obtain their water from pr ivate wells . Water i s  supplied to area C from the granular 
deposits of the Gre at Miami River flood plain . Thus , some of the water available for 
charging private we l l s  in thi s  area originates in the runo ff from the Mound Facility 
s i te . Low leve l s  of tritium in thi s  runo f f  have caused a slight but measurable in­
crease above background in the tritium content . I t  i s  expected that the private we l l s  
wi ll continue t o  b e  the maj or source of water for some residents o f  area C .  Private 
we l l s  in the other areas de fined on Figure 2 - 2 5  have not shown any increases in 
tritium content above normal background . (See Section 3 . 7 . 1  on Liquid Was te E f fluent 
Impact and new EPA Drinking Water Regulations . )  



� I 
� "'-,tI-

I i ., , \> 
... " J E ', '- 'F 

_ _  -r,� - -•.•. �- . �.,"--.. - _ _  �� ___ i· 

, .. 

�Qi;;;;;iiiiiiiiiiiiiiiiii�!!!!!!!!!!!!!!!2 Miles 

Approx. Water Level Elevation 
( Feet Above Sea Level) --660 -----
Boundary of Buried Valley Aquifer 

Circles on 1 Mile Radii from Center of Site 

F I G U R E  2 - 2 3  

2-57 

o 
I 
o 
I 

2 3 
I I 

Kilometers 

Mile. 

G r o u n d  W a t e r  G r a d i e n t s . 

4 5 
I 

2 3 
I I 



2 - 5 8  

0 2 3 4 5 
I 1 I 

Kilometers 

0 2 3 
I I I 

Miles 

Circles on 1 Mile Radii from Center of Site 

F I G U R E  2 - 24 - A re a s  o f  M u n i c i p a l  Wa t e r  D i s t r i b u t i o n from  P u b l i c  S u p p l y  
We l l s  i n  J a n u a ry . 1 9 7 3 .  



2 - 5 9  

N 

a 
I 

a 
I 

1 
L _ 

Kilometers 

Mil .. 

eJ 
/ 

2 
I 

F I G U R E  2 - 2 5  - Z o n e s  H i g h l y  D e p e n d e n t  o n  P r i v a t e W e l l W a t e r  W i t h i n  O n e  M i l e  o f  
M o u n d  F a c i l i ty .  



2 - 6 0  

Table 2 -7 

MUNICI PAL GROUNDWATER USE WITHIN THE GREAT MIAMI RIVER WATERSHED 

Municipal Supplies 

Within 5 mi les of s i te 

Miami sburg 
Germantown 
Franklin 
West Carro llton 
Springboro 

Wi thin 10 mi les of s i te 

Farmersvi l le 
New Lebanon 
Oakwood 
Midd letown 
Greater Moraine 

Sanitary District 

Within 15 mi le s of s i te 

Dayton 
Dayton State Hospital 
Monroe 
Trenton 
Grati s 
We st Alexandria 

Upstream or 
Downs tream of 

S i te 

U 
U 
D 
U 
D 

U 
U 
U 
D 

U 

U 
U 
D 
D 
U 
U 

*Mi l l ion gallons per day . 

Average 
Groundwater Use 

MGD , *  19 6 9  

1 .  5 7 0  
0 . 4 4 4  
2 . 0 1 3  
0 . 9 2 8  
0 . 2 11 

0 . 0 6 9  
0 . 35 0  
1 .  0 8 1  
7 . 8 1 5  

1 4 . 2 9 5  

6 7 . 1 4 2  
0 . 0 16 
0 . 2 5 4  
0 . 3 6 3  
0 . 0 17 
0 . 1 2 4  

Pro j ected 
Average Demand 

MGD , *  2 0 2 0  

1 1 .  7 6 1  
2 . 15 7  

2 1 . 1 2 0  
5 . 6 3 4 
4 . 8 5 2  

0 . 6 6 3  
1 .  9 19 
2 . 0 1 1  

2 0 . 1 6 8  

6 1 . 4 4 6  

1 9 2 . 8 3 6  
0 . 0 2 3  
1 .  8 4 0  
2 . 4 0 4  
0 . 1 3 1  
0 . 2 8 0  

Proj ected 
Peak Demand 

MGD , *  2 0 2 0  

17 . 6 4 2  
3 . 7 7 5  

3 1 .  6 8 0 
9 . 86 0  
8 . 4 9 2  

1 . 16 0  
3 . 3 5 8  
3 . 0 1 7  

3 0 . 2 5 2  

9 2 . 16 9  

2 8 9 . 2 5 4  
0 . 0 4 0  
3 . 2 2 0  
4 . 2 0 7  
0 . 2 2 9  
0 . 4 9 0  

Wel l s  located on the DOE property at Mound Fac i l i ty supply the plant site . Present 
water usage at the faci lity ranges from 19 to 32 l iters /sec ( 30 0  to 5 0 0  gpm) . The 
es timated maximum capacity of the water system exceeds the maximum water usage . A 
reserve water supply having a capacity of 6 3  liters /sec ( 1 , 0 0 0  gpm) i s  available from 
the City of Miami sburg in case of emergency . The water withdrawn from the we l l s  i s  
partially repleni shed b y  induced stream infiltrat:.on from the Great Miami River 
and by precipitation . 

2 . 3 . 6  METEOROLOGY 

The c limate of the area is continental in nature , with moderate extremes in tempera­
ture . Summers are rather warm and humid , but temperatures rarely exceed 3 8 ° C  ( 1 0 0 ° F ) . 
Winters are moderate ly cold with an average of about two days of sub zero weather and 
frequent periods of extensive c loudine s s . Autumns are predominantly cool , dry , and 
invigorating . Spring i s  the we ttest season . Severe weather is mostly associated with 
heavy thunderstorms resulting in damaging wind s and local flash flooding . Tornadoes 
occur in the region , but not frequentl y ,  and most have paths that are short and 
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narrow . The interplay be tween general atmospheric processes and topography i s  minimal ; 
however , the li fting of moi s t  air masses over the h i l l s  of the southern half of Ohio 
tends to increase the yield of rainfa l l , e spec ially in winter and spr ing . 

At present , meteorological data for the site itsel f  are very limited , and only precipi­
tation data exist for the Miamisburg are a . Data from nearby locations have been used 
in the fo llowing discuss ions to e stimate or indicate normals and extreme s that may be 
expec ted local ly . Official Dayton s tati stics are generated at the U .  S .  Weather Bureau 
s tation at Vandalia , Ohio , approximate ly 19 km ( 12 mi l north of Dayton , and 3 9  km ( 2 4  
mi l north o f  Miamisburg . 

Temperatures - Temperatures in the Dayton area range from an average dai ly mini ­
mum o f  -4 . 9 °C ( 2 3 . 1 ° F )  in January to an average daily maximum of 17 . 8 °C ( 8 6 . 9 ° F )  in 
July . A monthly tabulation i s  given in Table 2 - 8 . 

Prec ipitation - Pre c ipita�ion is common in a l l  seasons . The average annual rain­
fall equivalent i s  about 1 0 0  cm ( 4 0  in . ) , incl ud ing about 69 cm ( 2 7  in . /yr ) of snow . 
The maximum 2 4  hr rainfall recorded in Dayton i s  1 1 . 6  cm ( 4 . 5 6 in . ) .  Normal monthly 
prec ipitation data for Miamisburg are presented in Tab le 2 - 9 . Maximum monthly totals 
recorded at regional s tations are listed in Tab le 2-10 . Data for snowfalls are given 
in Tab le 2 -11 . 

Humidi ty - The re lative humidity in southwe s tern Ohio i s  moderate ly high , in cor­
re lation with precipitation patterns . Estimated average values for different times of 
the day at the Mound s i te range from 50 to 8 5 %  (Tab le 2 - 1 2 ) . 

Winds - The sur face wind f low at Dayton i s  predominantly from the southwes t  quad­
rant . Average annual wind speeds range from about 1 1 . 2  to 16 km/hr (7 to 10 mi/hr ) . 
A study conducted to evaluate air pol lution potentials in urban areas showed that the 
lowe s t  wind speeds and the lowes t  mixing heights ( the he ight above the sur face through 
which relative ly vigorous vertical mixing occur s )  - and hence the greate s t  potential 
for air pol lution - occur on summer mornings in Dayton (Tab le 2 - 1 3 ) . The " faste s t  
miles "  o n  record at Dayton and Cincinnati for each month are l i s ted in Tab le 2-14 . 
(The " faste st mile"  i s  the highe s t  wind speed lasting for any time interval during 

which a length o f  air 1 mi le long passe s  a wind instrument . )  The highe s t  value for 
Dayton i s  1 2 5  km/hr ( 7 8  mi/hr ) . 

Severe Weather - The maximum frequency of thunder s torms occurs in the summer 
season , general ly in July . The minimum is reached in December . Annual d i s tr ibutions 
of thunder storms in the Dayton area are indicated in Tab le 2-15 . 

A map showing the approximate paths of tornadoes which occurred in Ohio in the per iod 
19 5 3  to 1 9 7 2  i s  pre sented in Figure 2 -2 6 . Thirty-one of these tornadoes occurred in a 
1 °  square centered near Mound Faci l i ty .  The annual frequency i n  this region is thus 
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Tab le 2 - 8  

AVERAGE DAILY TEMPERATURES I N  THE DAYTON , OHIO AREA* 

TemEerature ( O F )  
Average Average 

Daily Extreme D a i ly Extreme 
Month Max . Max . Min . Min . 

Jan 3 9 . 4  7 4  2 3 . 1  - 14  
Feb 4 1 . 8  7 3  2 4 . 0  - 1 3  
Mar 5 0 . 5  8 2  3 0 . 7  - 3  
Apr 6 3 . 7  8 9  4 1 . 1  1 9  
May 7 3 . 9  9 5  5 1 . 2 2 7  
Jun 8 3 . 2  1 0 3  6 0 . 9  4 0  
Jul 8 6 . 9  1 0 7  6 4 . 2  4 8  
Aug 8 5 . 5  1 0 4  6 2 . 6  4 2  
Sep 7 9 . 1  1 0 2  5 5 . 1  2 9  
Oct 6 7 . 8  9 1  4 4 . 4  1 9  
Nov 5 2 . 0  8 1  3 3 . 2  - 1  
Dec 4 0 . 9  7 1  2 4 . 6  - 1 3  

Annual 6 3 . 7  1 0 7  4 2 . 9  - 1 4  

* Compi led through 1 9 7 5  

T ab le 2 - 9  

MONTHLY PREC IPITAT ION I N  MIAMI SBURG , OHIO* 

Month 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
N ov 
Dec 

Annual 

Norma l * *  
( in .  ) 

3 . 6 6 
2 . 6 2 
3 . 6 1 
3 . 7 4  
4 . 14 
4 . 7 1 
3 . 4 0 
3 . 0 3 
3 . 2 8  
2 . 5 3 
3 . 12 
2 . 7 5  

4 0 . 5 9 

* compi led through 1 9 7 5  

Number o f  Days 
Greater Than 

0 . 5  in . * * *  

* * 3 0 -yr record 

2 
2 
2 
2 
3 
4 
2 
1 
2 
1 
2 
2 

2 5  

* * * 10 -yr 



Month 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Ju1 
Aug 
Sep 
Oct 
Nov 
Dec 

2-6 3 

Table 2 - 1 0  

MAXIMUM MONTHLY PREC IPITAT ION AT MIAMIS BURG , 
DAYTON , AND CINCINNATI , OHIO* 
(Totals expres sed in inche s )  

Abbe 
Observatory 

Miarnisbur9:* * Dayton * * *  Cinc innati* * * *  

7 . 17 1 2 . 4 1 1 3 . 6 8  
4 . 4 9  4 . 5 7 6 . 2 4  
5 . 3 5  8 . 8 9 10 . 9 4 
5 . 5 3 6 . 6 9  8 . 6 2 
6 . 2 3  9 . 0 1  8 . 8 1 

10 . 2 2 7 . 5 9 9 . 0 7  
7 . 9 9  7 . 2 1  1 0 . 0 2  
4 . 8 3  6 . 6 4  6 . 5 4 
7 . 9 3 6 . 4 7 5 . •  8 6  
5 . 15 7 . 0 8 9 . 5 1 
4 . 4 8  6 . 5 0 6 . 4 6 
5 . 2 3  6 . 8 4 6 . 9 4  

*Cornpi1ed through 19 7 5  

* * 10 -yr record * * * 4 3 -yr record * * * * 4 2 -yr record 

Period 

2 4  hr 
Calendar Mo . 
Season 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Ju1 
Aug 
Sep 
Oct 
Nov 
Dec 

Table 2 - 1 1  

MAXIMUM PRECI PITAT ION RECORDED A S  SNOW IN 
DAYTON AND CINCINNAT I , OHIO* 

(Totals expre ssed in inche s )  

Dayton C incinnati 
Aiq�ort * *  Airl2ort* * *  

1 1 . 3 9 . 8  
2 4 . 4  1 5 . 3  
5 4 . 7  4 6 . 0  

2 4 . 4  1 5 . 3  
15 . 2  1 3 . 3  
l 3 . 8  1 3 . 0  

4 . 3  3 . 3  
0 . 5  Trace 
0 0 
0 0 
0 0 
0 0 
2 . 8  1. 7 

1 2 . 7  1 2 . 1  
15 . 6  1 2 . 5  

*Cornpi 1ed through 1 9 7 5  

Abbe 
Ob servatory 
C incinnati* * * *  

1 1 . 0 
2 0 . 2  

2 0 . 2  
1 1 .  6 
l 3 . 0  

5 . 2  
Trace 

0 
0 
0 
0 
4 . 7  
8 . 9  

1 6 . 3  

* * 5 7 -yr record * * * 2 1-yr record * * * * 4 2 -yr record 
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Table 2 - 12 

ESTIMATED AVERAGE RELATIVE HUMIDITY AT MOUND FACILITY* 
( Figures expressed in per cent) 

Hour (EST)  
Month 1 am 7 am � � 

Jan 8 0  8 1  7 1  7 5  
Feb 7 9  8 0  6 7  7 1  
Mar 7 6  7 9  5 8  6 4  
Apr 7 5  7 7  5 5  6 0  
May 7 9  7 8  5 4  6 1  
Jun 8 2  8 0  5 5  6 1  
Jul 8 1  8 1  5 2  5 8  
Aug 8 1  8 4  5 2  6 1  
Sep 80 8 5  5 0  6 2  
Oct 7 8  8 4  5 2  6 5  
Nov 7 7  8 1  6 1  6 8  
Dec 8 0  8 2  6 9  7 4  

Annual 7 9  8 1  5 8  6 6  

Based on 18 yr o f  record at Abbe Observatory , Cincinnati , Ohio 
and 17 to 4 3  yr o f  record at the Dayton , Ohio municipal airport . 

*Compi led through 1 9 7 5  

Table 2 - 1 3  

MEAN MIXING HEIGHTS AND WIND SPEEDS CALCULATED FOR DAYTON , OHIO* 

Mornins Afternoon 
Mixing Wind Mixing Wind 
Height S peed Hei ght S peed 

Season ( feet)  ( mph ) ( feet)  � 
Winter 1 8 3 0  1 6  2 7 4 0  1 8  

Spring 1 8 2 0  15 5 4 8 0  1 8  

Summer 1 2 3 0  9 5 5 2 8  12  

Autumn 1 3 7 0  11 4 4 16  15 

Annual 1 5 6 0  1 3  4 5 4 0  1 6  

*Compi led through 1 9 7 5  
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Table 2 - 1 4  

" FASTEST MILE " WIND SPEEDS ON RECORD* 
AT DAYTON AND CINCINNATI , OHIO 

( S peeds expre s sed in mi les per hour ) 

Abbe 

Month 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

Dalton** 

NW 6 0  
SW 7 2  

W 7 5  
SW 7 2  
SW 6 0  
NW 7 8  
NW 7 4  

W ' 7 0  
W 6 5  

SW 5 6  
S W  6 8  

W 7 0  

*Doe s not include tornado winds 

* * 4 3 -yr record * * * 3 6 -yr record 

NOTE : Compi led through 19 7 5  

Table 2 - 1 5  

Observatory 
Cincinnati * * *  

SW 4 2  
SW 4 9  
S W  4 9  
S W  4 7  

W 3 6  
W 40  

SW 4 3  
W 3 8  

SW 3 8  
SW 3 5  
SW 4 7  
SW 4 1  

MEAN NUMBER OF THUNDERSTORMS PER MONTH 
IN DAYTON AND CINCINNATI , OHIO 

Month Dalton* Cincinnati * *  

Abbe 
Observatory 
Cincinnati * * *  

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

* 2 6 -yr record 

1 
1 
3 
5 
7 
7 
7 
6 
3 
2 
1 

< 1  

* * 2 1 -yr record 

NOTE : Compi led through 19 7 5  

1 
1 
2 
4 
6 
7 
9 
8 
3 
1 
1 

< 1  

* * * 4 2 -yr record 

1 
1 
4 
4 
7 
9 

10 
8 
6 
2 
1 

< 1  



Prepared from the Annual National 
Summaries of Climatological Data 
for the years 1 953-1 958, 1 963-1 971 
and from monthly issues of Storm 
Data for years 1 959-1 962 and 1 972. 
Base map adapted from American 
Automobile Association highway 
map, Fall 1 972. 
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indi cated t o  b e  1 . 5 5 .  The probab i l i ty o f  a tornado hitting the site in any given year 
is calculated to be about 10 - 4 , frequency of once every 8 4 0  yr . S ince Figure 2 - 2 6  
i s  based o n  1 9 7 2  tabulations , i t  does not inc lude the Apr i l  3 ,  1 9 7 4 , tornado at 
Xen i a , which was one of the most severe recorded in the Uni ted S tates . Thi s tornado 
is di scus sed further in Section 3 . 10 . 8 .  

Although hurricane s originating in the Caribbean area may gre atly inf luence the 
weather in Ohio , there is no direct threat from the se tropical storms , which lose 
strength as they move inland . 

Essentially a l l  Ohio is sub j ect to damaging hai ls tones . The normal expectancy for the 
region i s  about two or three damaging ' hai ls torms per year . Thus , due to the ir in fre­

. . 

quent nature , there i s  no hai l stone season as such , but the peak frequency ( s t i l l  less 
than one a month ) for the region occurs during Apri l .  The most commonly repor ted 
hails tones are 1 . 3  to 1 . 9  cm ( l/2 to 3/4 in . )  in diameter and cause litt le or no 
property damage . However , much larger stones are associated with the more severe 
thunders torms . Hard hail 2 . 5  cm (l i n . ) in di ameter and larger w i l l  cause heavy dam­
age to roo fs , w i l l  pit thin steel sur face s such as automobi les , and may break windows . 

I ce S torms - I ce storms in the form of free z ing rain and/or s leet occur occas ion­
a l ly in the re gion . One or two will be exper ienced each season ; however , they usually 
result in such a s light accumulation o f  glaze ice that l i tt le or no damage i s  done 
other than sl ight inconveniences to traffi c . Moderate to heavy ice storms occur about 
once every 4 or 5 yr and can be quite damaging to uti lity lines and trees , as we ll 
as being a ser ious traffic haz ard . 

Potential Inf luence of Mound Faci li ty on Local Meteoro logy - Modi fi cations to 
the local me teorology at the site , resulting from the exi s tence and oper ation o f  the 
Fac i l i ty ,  are minimal . The bui ldings and anci l lary structures are expected to have 
some sma l l  influence on the local flow of air ; speci fically , some mechanical turbulence 
is e xpected downwind of the Fac i lity in the lower layer s .  Also expected to be of minor 
i n f luence is mod i f i c ation of the thermal radiative properties of the s i te are a .  S ince 
there are no large cooling systems associated with the Faci lity , any changes to local 
temperature and humidity regime s are unmeasurable . 

Ons i te Meteorology - A program has been started to accumulate ons i te meteorolog­
ical data . A weather station was put into operation in 1 9 7 3  to automatically accumu­
late data whi ch wi l l  be used to update a d i f fus ion mode l for atmospheric di sper s i on o f  
airborne e f f luents . 

Beginning in late 1 9 7 8 ,  Mound Faci li ty w i l l  have Atmospher i c  Release Advisory Capa­
b i l i ty (ARAC ) . This c apab i l i ty is a computer i zed system for rapidly calculating the 
potential exposure of individuals in the event of an accidental airborne release o f  
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toxic material . The central computer for ARAC i s  located at the Lawrence Livermore 
Laboratory at Livermore , Cali fornia . In the event of an acc idental airborne release 
of . toxic mater ial , Mound data will be used along with data from the U .  S .  Air Force 
Global Weather Control and the National Oceanic and Atmospheric Admin istration ' s  
Weather Service s to plot the aerial movement o f  the release to the atmosphere . 

2 . 3 . 7  FLORA AND FAUNA 

Zoology - The mo st vi sible animal spec ies in the Miami valley are farm animals 
rai sed for food supply and breeding purpose s ,  as we ll as for recreat ion purpo se s .  How­
eve r ,  the abundant woatis of the area support many wild species of birds and mammals . 
S pecies commonly found in the Miami Valley and other nearby parts of Ohio are identi­
f ied in Appendix A.  There are no known record s o f  rare and endangered species in the 
are a .  

Small wild animals are occasionally found o n  the Plant s ite because the re are some 
wooded areas enclosed within the fence ; the se include rabbi ts , skunks , mice , rats and 
.squirre l s . Li zards , land turt les and several var ieties o f  snakes have also been seen . 
B irds usually found on or near the Fac i l ity include sparrows , wrens , swallows , rob-
ins , pigeons , and an abundance of crows . Occasionally owl s and hawks are also observed . 

Botany - Much of the land near Mound Fac i l i ty is under CUlt ivation . The pr inc i­
pal crop s are soybeans and corn . Several areas on and near the site are heavily wooded , 
and in them an abundance of native f lora can be found . Small trees and shrubs are 
common on the hilly areas ; the flatter areas contain much scrub growth and grasse s .  
A list o f  the tree s and vegetation o f  the Miami Val ley i s  found i n  Appendix A .  

Endangered and Thre atened Specie s - Fede ral and S tate o f  Ohio lists o f  endangered 
and threatened species have been reviewed , and personnel of the regional o f f ice of the 
U .  S .  F ish and Wi ldlife Service have been consulted . In cons ideration of the nature 
and habitats of tho se few specie s  listed for the southwest Ohio area , the environmental 
requirements that would be supported by the land area occupied by the Fac i l ity , and 
the fact that the area has already been greatly altered through construction and use , 
it has been concluded that the probab i l i ty of endangered or threatened species occur­
ring ons ite is  extreme ly remote . There are no known records of endangered and 
threatened species for the s i te . 
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2 . 3 . 8  ARCHEOLOGY 

Archeological S ites - The Fac i l i ty s ite is  immediately to the wes t  of the Miami s­
burg Mound , a prehistoric Indian earthwork . To determine whether any s ites o f  archeo­
logical importance might be s i tuated on the property , the Curator of Anthropology for 
the Dayton Museum of Natural History was invited to inspect the plant ground s . No 
locations of speci fic archeological interest were identi fied . In the event o f  new 
construction in previously undisturbed areas , the ground wil l  be examined for archeolog­
ical signi ficance . 
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SECTION 3 
ENVIRONMENTAL IMPACT 

Mound Faci lity is located at the s outhern edge o f  Miamisburg , Ohio , j us t  within the 
c i ty boundary and i s  immediate ly ad j acent to a wel l-populated area on the north ; a 
gol f  course and moderately populated area on the eas t ;  undeveloped agri cultural land 
on the south ; and an abandoned canal bed , a railroad r ight-of-way , a h i ghway , and the 
Great Miami River on the wes t . The topography o f  the s i te causes all sur face water 
from the i ndustr ial areas to f low into a central drainage ditch toward the west plant 
boundary , thence through o f fs i te ditches and s torm sewers into the Great Miami River . 
Thus , any s ite contamination c arried by surface water cannot reach the residential 
areas , the gol f  course , or ad j acent agricultural land . E f fluents from the sanitary 
sewage p lant and the radioactive waste treatment plant are carried by an underground 
pipe directly to the Great Miami River . Both e f f luent s treams are continuously moni ­
tored a t  the p lant boundary t o  determine that they satis fy all applicable federal , 
s tate , and local disCharge standard s .  

Regional surface wind i s  predominantly from the southwest quadrant ;  consequently , any 
airborne e f f luents are d i s persed over a moderately populated area and the adj a-
cent gol f  cour se . All e f f luents from p lant stacks are continuous ly monitored to help 
ensure that radioactive materials and other potenti a l ly toxic airborne s ubs tances 
emitted to the atmosphere are maintained " as low as practicab le " (ALAP ) and do not 

' approach the l imits of applicab le health protection standard s . 

A l l  testing o f  chemical explos ive components is per formed in confined s te e l  tanks under 
control led , mu f f led condi tions so that no ob j ectionab le noise is produced . 

The normal operations at Mound Faci lity produce minor air and water pollution , both 
chemical and r adiological , and have a very s light impact on land use . This section 
describes the environmental impact of ongoing activities at Mound Faci lity . The 
impact evaluations include land use , consumption of resources and energy , operational 
radioactive and chemical e ff luents , waste disposal , radiological impact , socio­
economic impact , and accident analyses . 

3 . 2  LAND USE 

The land acquired for the construction of Mound Fac i lity was undeve loped agr icultur­
a l  land . The extremely rough terrain had prevented land use for crops . Only one por­
tion , about 6 0 , 7 0 0  m 2 ( 15 acre s )  at the southeast corner , had been regular ly used for 
pasturing a small number of farm animals . According to the U .  S .  Department of 
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Agriculture S o i l  Conservation Service , a s  o f  November 1 9 7 6 , n o  Prime and Unique Farm­
land Inventory for the S tate o f  Ohio has been prepared . Plans are under way for the 
preparation o f  such an inventory but completion wi l l  be sometime in the future . ( Not 
yet avai lab le in October 1 9 7 8 . )  

The Mound Fac i l ity plant s i te comprises approximate ly 7 2 8 , 0 0 0  m2 ( 1 8 0  acres ) .  In 
this are a ,  97 bui ldings have been erected which vary in f loor area from over 9 , 30 0  m2 

( 10 0 , 0 0 0  ft 2 ) to small service bui ldings o f  less than 9 . 3  m2 ( 10 0  ft 2 ) .  The total 
f loor area of all bui ldings combined approximates 8 0 , 2 5 0  m 2 ( 8 6 3 , 8 0 0  ft 2 ) .  There are 
8 . 3 km ( 5 . 2  mi l of paved roads ons i te , 0 . 5  km ( 0 . 3  mi l of rai lroad track (a spur from 
the Penn-Central l ine between Dayton and Cincinnati ) ,  and 4 3 , 7 0 0  m2 ( 10 . 8  acre s )  o f  
paved parking . An outline map o f  the Faci lity and vic inity i s  shown i n  Fi gure 3 - 1 . 

Tnere i s  no known r�quirement for the l�nd for any other purpose . The character o f  
the land , except for approximate ly 6 0 , 7 0 0  m2 ( 15 acres ) , i s  not suitab le for any pur­
pose other than the present industrial use . Return o f  the s i te property to i ts orig­
inal condi tion , be fore cons truction o f  the Faci lity would not be practicab le . I f  
no longer required for DOE use , land and buildings could b e  trans ferred , a fter decon­
tamination , to another federal agency or a state- supported institution or sold to a 
private organ i z ation for industr i a l  use . ( See Section 5 . 2 )  

3 . 3  RESOURCES AND ENERGY 

Mound Faci lity as a research , deve lopment , and production operation uses water ava i l ­
' ab le from ons i te we lls and consumes e lectricity , natural gas , fue l  oi l ,  and production 

chemicals in normal day- to-day operations . The operation o f  a small fleet o f  motor 
veh i c le s  also consumes gasoline . 

3 . 3 . 1  PLANT WATER USAGE 

The deep we l l s  have a capacity that is cons idered adequate for all foreseeable water 
needs . The source o f  the water supply is the Buried Val ley Aqui fer beneath the plant 
s i te . The aqui fer has a maximum known thickne ss o f  about 2 1  m ( 7 0  ft ) . Abundant direct 
recharge of the aqui fer occurs chie fly as a result o f  precipitation and ensures that 
Facility operations are not depleting this resource . 

The hydrology o f  the plant s i te i s  discussed in deta i l  in Section 2 . 3 . 5 .  

During CY- 1 9 7 7  the Faci lity used 6 2 9  mi l l ion l i ters ( 16 6  mi l l ion gal lons)  o f  water 
from the three deep we lls on the plant site . During CY-19 7 8 , it i s  estimated that 
approximately the s ame quantity wi l l  be used . Future usage is expected to remain 
at about the same leve l  as the CY- 1 9 7 7  usage . The signi ficant reduction in usage 
during the last four years ( 12 0 0  mi l l ion liters in CY- 19 7 4 )  is the result o f  the 
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instal lation of a recycle cooling water system and the e l iminati on o f  the need f o r  sub­
stantial amounts of di luent water in the radioactive waste water treatment faci lity . 
Past and proj ected use o f  water i s  plotted in F igure 3 - 2 . 

3 . 3 . 2  ENERGY AND FUEL USAGE 

The plant used 4 0 . 1  million kWh of electricity during CY-- 1 9 7 7 . This usage represented 
a decrease of 8 . 0 % f rom CY- 1 9 7 4 . An active Energy Conse rvation Program was started 
in November 1 9 7 3  and is  continuing to reduce energy consumption year by year . The 
past and proj ected use of electrical energy is plotted in F igure 3 - 3 . 

Natural gas and/or fuel oil are used to generate steam for general plant heating and 
some proces s  needs . The plant used 2 . 8 6 ' mi llion m 3 ( 2 3 3  mi ll ion ft 3 ) o f  natural gas 
plus 4 , 1 6 5 , 0 0 0  liters ( 1 , 1 0 0 , 0 0 0  gallon s )  of fuel oil during CY- 19 7 7  (F igures 3 - 4  and 
3 - 5 ) . The contract for natural gas contains an interruptib le demand clause and fue l  
o i l  i s  used as needed f o r  the alternate energy source during the winter months . The 
Energy Conservition program which was begun in 1 9 7 3  has e f fected a s i gn i ficant reduc­
tion in ene rgy consumption . Proj ections of gas and o i l  us age are di f fi cult to make 
because of the uncertainty of the future supp ly of natural gas . Alternative energy 
sources ( coal , so lar , etc . ) may be considered in the future to meet Mound Fac i l i ty 
re quirements . 

Fuel oil for the operation of boilers and diesel-powered emergency generators i s  
stored in a 1 , 14 0 , 0 0 0 -liter ( 3 0 0 , 0 0 0-gal lon) storage tank and four sma l ler storage 
tanks with a combined capacity of 3 7 9 , 0 0 0  liters ( 1 0 0 , 0 0 0  gallons ) .  The large above­
ground tank is located within an earthen dike area which has a holding capacity of 
1 5 0 % of  the storage tank volume . The four smal l tanks are located above grade -leve l 
adj acent to the Powerhouse . The se tanks are contained within an earth mound whi ch com­
pletely cove rs and contains them . The earthwork structure serves as storage tank re­
inforcement and secondary containment of the fue l oil in the unl ikely event of a tank 
rupture . There fore adequate precaution exists for the prevention of any s igni ficant 
amount of o i l  reaching the Great Miami River as a result of a break in any of the stor­
age tanks . 

The plant operate s a fleet o f  3 5  motor vehicles which used 1 4 7 , 0 0 0  l iters ( 3 8 , 7 6 6  gal­
lon s )  o f  " no-lead" gasol ine during CY- 19 7 7 .  An increased commitment in the use of motor 
vehicles in CY- 1 9 7 7  resulted in a gasol ine consumption increase of approximately 6 %  
over CY- 19 7 6 .  

During 1 9 7 7 , the total numbe r o f  vehicular trips trans iting the faci lity was an aver­
age of 1 3 9 0  during a 2 4 -hour workday , which included an average of 1 9 0  trips by vehicles 
in the Mound Faci lity fleet . The breakdown o f  the trips by type o f  vehicle i s  as 
fol lows : 
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Trucks - diesel engine , gross vehicle weight over 1 7 , 0 0 0  lb , 4 0  trips ( 3 % )  

Trucks - gasol ine engine , gross vehicle we ight 1 2 , 5 0 0 - 1 7 , 0 0 0  lb , 8 0  trips ( 5 % )  

Car s and small trucks - gasoline engine , gross vehicle weight under 12 , 0 0 0  lb , 
1 2 7 0  trips ( 9 2 % )  

I t  i s  anticipated that there wi ll be n o  s i gni ficant change i n  the number o f  tr ips or 
fleet mi leage during the next s everal year s . During 1 9 7 7 , the fleet vehicles were 
driven 1 5 9 , 6 8 6 mi les , the ma j or i ty on the plant s i te . 

3 . 4  CONSTRUCTION ACTIVITY 

3 . 4 . 1  IMPACT 

Construction activity at Mound wi ll involve only excavation and grading for new bui ld­
ings or addition s  to exi sting fac i l i ties . Only temporary minor environmental pol lu­
tion is a s s ociated wi th or is the result of construction activi ty . 

3 . 4 . 2  FUTURE CONSTRUCTION ACTIVITY 

Ma j or construction proj ects to be completed through FY- 19 7 9 , itemi z ed in Table 3 -1 , 
are e i ther in evaluation , design , or cons truction s tage s . Their environmenta l impact 
will be s imilar to current operation s ; in several instances the proj ects are intended 
to further reduce the possibi l i ty o f  environmental pol lution . 

3 . 5  OPERATIONAL CHEMICAL EFFLUENT (NONRADIOACTIVE EFFLUENTS )  

Manufacturing operations involving explosives produce a very limi ted amount o f  indus­
tr ial liquid and airborne e f fluents , the princ ipal proces s  liquid being acetone . (Sani­
tary wastes are discussed in Section 3 . 6 . 1 . )  Was te liquors containing very small 
( grams per year ) amounts o f  d i s so lved explosives are piped to open retaining/settling 

basins in which s low biodegradation o f  the explos ives takes place and the acetone 
( approximately 4 m 3 /year ) evaporates .  These materials are there fore not introduced 
into the Great Miami River . Because o f  the s l ow rate o f  b iodegradation thi s  method o f  
di sposal i s  not practical for large quantities o f  explos ive was te . 

Small quantities o f  was te s  from operations where pyrotechnic materials are handled are 
d i s so lved in water to make the material inactive . These s o l utions a fter f i l tr ation 
are discarded by pouring onto the ground in a remote restricted area within the 
p lant b oundary s ince the inorganic s alts in s o lution would not be removed by the 
plant ' s  b i ological s ewage �reatment system . Natural weathering proce s ses (hydrolysis )  
in the immediate soil render the chemicals harmle s s  t o  the environment .  Thus , none o f  
the pyrotechnic materials reach the Great Miami River or the local aqui fer . 
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T ab le 3 - 1  

MAJOR PROJECTS TO BE COMPLETED DURING F I SCAL YEARS 1 9 7 9  THROUGH 1 9 8 5  

PROJECT T ITLE 

PLANNED FY 
OF 

COMPLETION 

Improved Treatment of S anitary and Other Liquid Waste 

This proj ect involves minor mod i fications to the Mound 
4 9 2 , 0 0 0  liters/day ( 13 0 , 0 0 0  gallons/day ) sanitary 
sewage plant to improve operations thereby reduc ing 
suspended solids in the e f f luent . The present solids 
discharge is  an average of 12  mg/liter with a maximum 
o f  3 3  mg/liter whereas the permit state s it should be 
10 mg/l iter and 15 mg/liter respective ly .  This proj e c t  
will reduce the emis sion t o  meet this leve l .  

Ove r f l ow Pond 

A 20 mi l l ion liter ( 5  mi l lion gal lon ) retention pond 
is being created by thi s proj ect into which excess 
rain runof f  wi l l  flow from the low f low retention 
bas ins . This e arthen dam pond wil l  also have the capac ity 
to retain all Mound normal water e f fluents for 5 days 
should a contamination spi l l  result which would neces s i ­
tate entrapment .  The retention time in this pond for 
rainwater outflows and any spi l l s  wi l l  e f fectively settle 
over 9 5 %  o f  all s i lt that would enter the pond . Although 
the present e f f luents do not exceed p lutonium-2 3 8  or any 
other standards , thi s  pond will c o l lect most s olids that 
might otherwise be carried by sur face runof f  during 
rainfal l .  

Automatic Re set , Bui lding Thermo stats 

This proj ect involves mod i f ications to c l imati zed venti­
l ation systems in existing buildings . Exhaust air f l ows 
wi l l  be reduced , where it i s  safely feasible to maximiz e  
a i r  recirculation ; hence , minimi z ing brine , cooling water , 
and steam usage . T imers w i l l  be installed on thermo s tats 
to reduce building temper atures to 10 ° C  ( 5 0 ° F )  during un­
inhabited times of the heating season . Creature comfort 
humidity control will be minimi zed . This proj ect will 
have no impact on air pollutants emitted as no potenti a l ly 
contaminated air discharges will be a f fected . No s igni­
ficant reduction wi l l  result in the quantities o f  cooling 
water d i scharged , and this water is  es sentially clean . 

Ceramic Fac i l i ty 

This fac i l ity w i l l  require the construction of a two-story 
bui lding approximate ly 4 8  feet by 40 feet and the procure­
ment and installation of mechanical and process equipment . 
This pro j ect w i l l  provide neces sary space for proces s  de­
ve lopment programs relating to the uti l i z ation o f  ceramic 
materials in manufacturing programs . The construction and 
uti l i z ation o f  this fac i l i ty wil l  have no environmental 
impact .  

1 9 7 9 

1 9 7 9  

19 7 9  

1 9 7 9  

STATUS 

Authori zed 1 

Authori zed 1 

Authori zed 1 

Authori z ed 1 
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Table 3 - 1  (Continued ) 

PROJECT TITLE 

PLANNED FY 
OF 

COMPLETION 

S ite Drainage Improvements 

Storm water drainage from an e i ght-acre area ad j acent 
to the p lutonium processing faci lities on the eastern 
part of the plant s ite wil l  be improved . The changes 
wi l l  minimi ze s i lt runof f  and direct the runof f  water 
to the low-flow-retention bas ins . Thi s  pro j ect will 
minimi ze any hazards associated with .the demo l ition 
o f  one o f  the buildings which had been used for the 
proc e s s ing of p lutonium and is no longer used . 

F ixation o f  Aqueous Tritiated Waste 

This pro j ect involves a sma l l  building expans ion to 
a tritium process ing fac i lity in which cement- fi l led 
drums wi l l  be prepared into which low-level tritiated 
l iquid wastes will be introduced for solidi fication . 
The wastes wi l l  then be disposed o f fs ite per accepted 
waste management methods ( s e e  Section 2 . 1 . 4 . 4 ) . The 
process presently exists ; however , it is to be expanded 
to mee t  needs and improve safe hand ling . The facility 
is des i gned to handle a l l  low-leve l liquids generated . 
This i s  anticipated to be as much as 1 , 5 1 0  liters/week 
( 4 0 0  gallons/week ) containing less than one curie o f  

tritium .  N o  po l lutants wi l l  be generated . 

S i te Nuc lear Materials Safe guards and Phys ical S ecur ity 
Improvements 

This pro j ect consists of the procurement and installa­
tion of s afeguards equipment and systems to prevent e ither 
unintentional or subversive removal of special nuc lear 
materials from speci fied areas of f ive buildings . Pro­
visions will inc lude the installation of detection and 
assessment systems , and upgrading o f  the communication 
center . 

Re locate Water S torage Towers 

This pro j ect consists of erecting a new 2 5 0 , 0 0 0  gallon 
water storage tower a s a fe distance south of the larger 
of two existing towers ,  tying the new tower into the ex­
i sting dis tribution sys tem , and dismantling the exis ting 
towe r s . The locations of the existing towers present 
potential hazards in event of a tornado which could 
possible topple a water tower onto a building housing 
operating personnel .  

19 8 0  

1 9 8 1  

1 9 8 1 

19 8 2  

STATUS 

Authori zed l 

Requested 2 

Requested 2 

Requested2 
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Tab le 3 - 1  (Continued ) 

PROJECT TITLE 

P l utonium Building - S i te Stab i l i zation 

This proj ect involves the demoli tion and removal of 
a no- longer-used plutonium-2 3 8  handling bui lding and 
associated storage tanks for contaminated liquids and 
the removal of some earth in the immedi ate area which 
i s  l ightly contaminated . This pro j ec t  w i l l  remove over 
9 5 %  of the radioactivity which remains as surface and 
buried contamination at thi s s i te .  Although the bui ld­
ing as it presently exi s ts is not contributing p luton­
ium to the envi ronment in any s igni ficant amount ,  i t  
does contribute over half o f  Mound ' s  p lutonium emi s­
s ions . Plans are being made to ensure the containment 
o f  the plutonium-2 3 8  during the removal o f  the build­
ing and restoration of the s i te to a s table nonpollut­
ing condi tion . 

Decontamination of Plutoni um Proce s s ing Fac i l i ties 

The pro j e ct wi ll decontaminate all fac i l i ties which have 
been involved in the processing - and recovery o f  plu­
toni um- 2 3 8  and in the first encapsulation of fuel forms 
for heat sources . These activities wi ll be terminated 
at Mound Faci lity at the end of FY-1 9 7 9 . All contami­
nated equipment wi ll be removed and shipped to an 
approved receiving s i te . Rooms wi ll be decontaminated . 
The pro j e c t  was initiated in unused parts o f  the fac i l ­
ities in FY- 1 9 7 8 . Thi s pro j e c t  wi ll reduce t o  insign i ­
ficance the potential f o r  the re lease of contamination 
from these fac i l i ties . 

PLANNED FY 
OF 

COMPLETION 

1 9 8 2  

1 9 8 5  

STATUS 

Requested 2 

Reque sted 2 

l Authori zed - Approved by the U .  S .  Congres s  as a portion of the DOE budget . 

2 Requested - Reques ted by Mound Fac i l i ty o f  ALO for consideration or inc lus ion 
in the DOE budget .  
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The Mound s team power supply ha s been converted from fue l  o i l  to natural gas on an 
interruptable bas i s . During unusual ly cold weather , natural gas supply to Mound i s  
interrupted and fue l o i l  wi th much l e s s  than 1 %  sulfur content i s  burned . Except for 
the se occas i ons , virtual ly all sulfur dioxide emi s s ions have been e l iminated . None 
of the present operations at Mound Fac i l i ty involves amounts of materials which 
would lead to s igni ficant particulate , carbon monoxide , photochemical oxidant , or 
hydrocarbon emis s i ons from s tationary s ources . There fore , no sampling for these 
nonrad ioactive pollutants i s  done at thi s  time . 

Less than 5 10 kg ( 11 2 5  lb ) o f  explos ives and burnab le waste s contaminated with 
explosive s  are burned annual ly in sma l l  batche s with the formal knowledge and 
concurrence o f  the Montgomery County Comb ined General Health District and the Regional 
Air Pol lution Control Agency of the Ohio EPA . 

Air e f f luents from nuc lear operations are fi ltered through multiple s tages o f  High 
E f ficiency Particulate Air F i l ters (HEPA) to remove e s sentia l ly all radioactive 
particulate s ( see Section 3 . 7 ) ; o ther types o f  partic ulates and dust are removed as 
we l l .  Total organi c s  discharged from nuc lear fac i lities ranged from 0 . 0 5 to 3 . 3 % o f  
the Ohio EPA s tandard in CY-19 7 7 . From fac i l i ties other than explosive s  and nuc lear , 
total organ i c s  d ischarged ranged from 0 . 5 6  to 1 3 . 0 % o f  the Ohio EPA standard . 

L iquid discharges from nuclear operations are d i scus sed in Sections 3 . 7 . 1  and 3 . 7 . 2 .  
The d isposal o f  the indus tr i a l  waste solvents and other waste chemicals from nuclear 
operations , as we l l  as from a l l  activities which support nuc lear and explosives 
operations , i s  d iscussed in Section 3 . 6 . 2 .  

Mound Fac i l i ty was i s s ued a d ischarge permit under the National Pollutant D ischarge 
E limination System (NPDES ) . The permit was i s s ued by Region V of the USEPA e f fec­
tive July 1 ,  1 9 7 5 .  Each o f  the two. e f f luent s treams from Mound which di scharge to 
the Great Miami River has l imi tations speci fied by the discharge permit .  The d i s ­
charge from outfall number 0 0 1  inc ludes the dis charge from the sanitary waste treatment 
p lant , radioactive was te treatment fac i l i ty , s ingle-pass cooling water , zeolite 
softener backwash , and some s torm water r uno f f .  The d ischarge from outfall number 0 0 2  
cons ists o f  s ingle-pass cooling water , coo l ing-tower b lowdown , boi ler-p lant b lowdown , 
zeolite s oftener backwash , and most o f  the s torm water r unof f . A 2 4 -hr compos i te 
s ample o f  each e ff luent stream i s  automatically collected dai l y . The volume o f  
samples collected i s  proportional to the f low i n  the s tream . The results o f  e ff luent 
stream analyses for 1 9 7 7  are summarized in Table 3 - 2 . Two exceptions to the permit 
l imitations occurred during CY-19 7 7 . The exceptions were s lightly e levated suspended 
solids discharged from out f a l l  0 0 1  during July . The se waterborne e f fluents had no s ig­
ni ficant e f fect on the River s ince the River f low , even under low- f low cond i tions , was 
approximate ly 3 5 0 times the maximum flow d i scharge from Mound during CY- 19 7 7 . These 
data show that the Mound re leases to the Great Miami River did not cause the Ohio 
S tream S tandards to be exceeded . (The D a i ly Maximum concentration o f  2 4 . 6  mg/l i ter 
for suspended so lids at out f a l l  0 0 2  occurred during the f i r s t  half of CY- 1 9 7 7  and was 
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Table 3-2 

CY- 1 9 7 7  NATIONAL POLLUTANT D I SCHARGE ELIMINATION SYSTEM PERMIT DATA 

Outfall 0 0 1  

Number Daily Daily 
Parameter Sam]21e s  Minimum Maximum Average 

Flow , MGDb , d  Reported Continuous 0 . 0 7  0 . 3 4 0 . 1 8 
Permit through 6 / 3 0  0 . 9 2 0 . 5 3 
Permit as of 7 /1 0 . 9 2  0 . 5 3 

BODS Reported 8 8  0 . 3  7 . 3  2 . 2  
Permit through 6 / 3 0  4 5  3 0  
Permit a s  of 7 /1 15 10 

Fecal Reported 12 NDa 
5 2  15 

Coli form
c Permit through 6 /3 0  4 0 0  2 0 0  

Permit a s  of 7 /1 

Suspended Reported 1 0 4  1 . 2  3 2 . 5  1 2  
Solids Permit through 6 / 3 0  4 5  3 0  

Permit a s  of 7 /1 1 5  1 0  

Dissolved Reported 2 4 0  5 . 2  1 0 . 9  8 . 4  
Oxygen Permit through 6 / 3 0  >5 

Permit as of 7 /1 >5 

Residual Reported 5 2  N D  0 . 6  0 . 1  
Chlorine Permit through 6 / 3 0  0 . 8  

Permit as o f  7 / 1  0 . 5  

o i l  and Reported 5 2  N D  8 . 1  1 . 3  
Grease Permit through 6 / 3 0  1 0  

Permit as of 7 / 1  10 

pH Reported 2 4 0  6 . 2 9 
Permit through 6 / 3 0  6 9 
Permit as of 7 / 1  6 9 

Outfall 0 0 2  

F l ow ,  MGDb , d  Reported Continuous 0 . 1 8 0 . 9 0  0 . 3 8 
Permit through 6 / 3 0  0 . 5 3 
Permit as of 7 / 1  0 . 5 3 

Suspended Reported 6 8  3 . 0  2 4 . 6  1 0 . 6  
Solids Permit through 6 / 3 0  2 5  2 0  

Permit as o f  7 / 1  2 0  1 5  

D i s solved Reported 2 2  5 . 1  1 2  9 . 2 
Oxygen Permit through 6 / 3 0  >5 

Permit as o f  7 /1 > 8  
(Oct-Apr) 

> 5  
(May-Sept) 

Residual Reported 3 8  < 0 . 0 5  < 0 . 0 5 < 0 . 0 5  
Chlorine Permit through 6 / 3 0  0 . 1 0 

Permit as of 7/1 0 . 0 5 

O i l  and Reported 4 0  ND 7 0 . 8  
Grease Permit through 6 / 3 0  1 0  

Permi t as o f  7 /1 1 0  

pH Reported 1 8 0  6 9 -
Permit through 6 / 3 0  6 9 
Permit as of 7/1 6 9 

D i s solved Reported 6 5  2 4 2  2 9 1 8  9 1 3 
Sol ids Permit through 6 / 3 0  3 0 0 0  2 0 0 0  

Permi t a s  o f  7 /1 2 0 0 0  1 5 0 0  

aND - none detectable 
bMGD - million gallons per day 
cValues for fecal coli form are number of coli form per 100 ml of water . 

All other values are in mi l l i grams per l i ter , except pH. 
d I t  i s  to be noted that the amount of water leaving the Faci l i ty s i te a s  e f fluent 

i s  greater than the water usage (Figure 3 -2 ) . Water " use " is that pumped from 
Mound ' s  we l l s . Effluent �ater includes storm runoff water . 
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within the limi tation . The high D a i l y  Maximum f o r  dissolved solids at outfall 0 0 2  also 
occurred during the first hal f o f  CY- 1 9 7 7  and was wi thin the limitation . )  

3 . 6  WASTE DI SPOSAL ( NONRADIOACTIVE ) 

Mound Fac i l i ty has es tab li shed an indus trial was te program for the proper disposal 
o f  all industrial was tes . Radioactive wastes are discussed separate ly in Section 3 . 7 .  

3 . 6 . 1  L I QU I D  WASTES 

Sanitary was te s  - A newly cons tructe d ,  activated s ludge sani tary sewage treatment 
plant which serves the s i te has a capaci ty of 4 9 0 , 0 0 0  li ters/day ( 1 3 0 , 0 0 0  gallons/day) . 
Thi s  fac i l i ty provi de s more than adequate capac i ty for the foreseeab le future . The 
treatment consists of primary settling , aeration , s ludge dige s tion , c lari fi cation , 
and chlorination . After proce s s ing , the s ani tary s ludge i s  air dried and packaged for 
o ff s i te disposal , and the sani tary e f f luent is discharged through a c losed pipe to the 
Great Miami Rive r .  The quality of the sanitary e f f luent is monitored continuous ly to 
document comp liance with the National Pollutant D i s charge E l imination System permi t 
is sued to Mound Fac il i ty . 

3 . 6 . 2  WASTE SOLVENTS 

Ope rations at Mound Fac i l i ty used approximately 13 , 6 0 0  l i ters ( 3 6 0 0  gallons )  of organic 
solvents in addition to those required for proces s ing explos ives during CY- 1 9 7 7 . The 
mos t  w�dely used organic solvents are acetone , e thyl alcoho l , trichloroethylene , toluene , 
and Freon TE and TF . Used solvents are accumu lated for discard in 5 - gal lon safety cans 
and in 5 5 -gallon drums . A commercial indus trial waste di sposal f i rm disposed of 8 3 0 0  
liters ( 2 2 0 0  gallon s )  of  these accumulated was tes . Forty-nine hundred l i ters ( 13 0 0  
gallons ) are e stimated t o  have evaporated during the year whi le being used i n  fumehood­
protected operations and were released as airborne materia l , and 3 7 0  liters ( 1 0 0  gal lons ) 
we re re leased as l iquid e f f luents . The es timated 1 0 0  gallons re leased over the year in 
liquid e f f luent result from discards into laboratory s inks and fumehoods from inter­
mittent use of small quanti ties not feasible for accumulation and collection . The sinks , 
fumehoods , and such disposal points are part o f  the Mound sani tary was te system and 
discharges receive treatment in the s anitary was te disposal p lant . The e f f luent f rom 
the treatment p lant is monitored . The non-volati le solvents would be de tec te d  by the 
o i l  and grease analys i s  and the biodegradable so lvents , that is acetone and alcoho l ,  
would b e  included in the BOD analyse s .  Neither o f  the se parameters exceeded NPDES 
limitations during CY-19 7 7 . 

The commercial service disposed o f  the accumulated liquid waste using a F luidized . Bed 
Incinerator . Emi s s ions from the incinerator were adequately scrubbed with a high­
energy venturi scrubber . 
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Other Liquid Wastes - Annual accumulations of was te cutting-oi l s , d i scarded exces s  
paints and thinners , and waste caustic solutions amount t o  about 1 0 0 0 , 1 0 0 0 , and 2 5 0  
gal lons , respective l y . These l iquid wastes are col lected and disposed o f  b y  a commer­
cial service along with the solvents . Spent plating-bath s o l utions of chromic acid , 
cadmium cyanide , nickel sulfate , nicke l chloride , bl ack oxide , and copper cyanide are 
also disposed of by a commercial indus tr ial was te d isposal firm . First rinse and c lean­
up waste from the preparation of fresh plating baths are used in new bath makeup ; there­
fore these chemical solutions are never introduced to the Fac i l i ty l iquid e ff luent 
s tream . 

3 . 6 . 3  SOL I D  WASTES 

Waste Explos ives - Waste and excess explos ives are destroyed by open burning accord­
ing to U .  S .  Army Materiel Command Regulation 3 8 5 -1 0 0  (Army Ordnance Manua l ) . Such 
burning is supervised to ensure all aspects of safety and proper security of the mate­
rial . The burning s ite is fenced in . All acc e s s  is  control l ed . Although only small 
quantities o f  materi a l  are burned , the burning s i te is  located in a remote area o f  the 
Facility grounds to ensure s a fe distances for p lant personnel and property as wel l  as 
persons and property outside the plant . Thi s  operation i s  being conducted with the 
knowledge and concurrence of the Ohio EPA and Montgomery County Combined General Health 
D istrict . 

Wastes con s i s t  o f  sma l l  amounts o f  mild detonating fuse (MDF ) , pyrotechnic materials , 
rej ec ted components containing small amounts o f  explos ives , and operational was te such 
as tis sue and cardboard that have been contaminated with explos ives or pyrotechnics . 
'Only one type o f  was te is burned at a t ime . The amounts o f  materials that may be 
burned at one time are shown in Table 3 - 3 . 

Table 3 - 3  

LIMITS FOR BURNING EXPLOS IVE WASTES 

Material 

Explosive -Contaminated Flammables 

Fabr icated Components 

Mild Detonating Fuse 

Pyrotechnic Material 

Bulk Explosive s *  

Pounds 
Per Pan 

2 0  

1 0  

1 0  

1 

Pans 
Per Burn 

4 

4 

4 

3 

* I n  train no more than 6 inches wide by 1-1/2 inches deep in any 
convenient length as long as ad j acent portions are at least 5 
feet apart . 
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The amounts o f  explosive wastes burned in CY-19 7 7  are shown in Table 3 - 4 . These 
con s i s ted of small amounts of waste materials , such as exp losive-contaminated paper and 
plastic trash . The exp losive s content is estimated at less than 3 7 %  of the 5 0 9 -kg 
( 112 l-pound ) total . 

The maj or products resulting from the burning o f  explosive wastes are carbon dioxide 
and water vapor . The amounts o f  products designated as pol lutants are shown in Table 
3 - 5 . 

Table 3 - 4  

EXPLOS IVES WASTES BURNED FOR CY- 1 9 7 7  

Amount 
Material (kS� ( 10) 

Bulk Explos ive s 0 . 0 5 0 . 1  
Pel lets and Detonators 1 9 7  4 3 4  
MDF (Mild Detonating Fuse ) 0 . 6 4 1 . 4  
Pyrotechnic Materials 16 . 2  3 5 . 8  
Paper and P lastic Contaminated 

with Ex'p lo sives 2 9 5  6 5 0  

Total 5 0 8 . 8 9 1 12 1 . 3 

T ab le 3 - 5  

POLLUTANTS RELEASED TO THE ENVIRONMENT FROM THE 
BURNING OF EXPLOS IVE WASTES FOR CY- 1 9 7 7  

Total Average 
Method Quantity Concentration 

Nature o f  o f  Released in Air 
Pollutant Release ( kS) *  (.Il�/m 3 ) * *  

P articulate s Airborne 0 . 9 1  0 . 0 0 3  

C arbon monoxide Airborne 3 . 8  0 . 0 1 4  

Nitric oxide Airborne 9 . 4  0 . 0 2 5  

N i trous oxide Airborne 1 . 8  0 . 0 0 5  

N itrogen dioxide Airborne 2 . 5  0 . 0 0 7  

Number 
o f  " Burn s "  

1 
12 

7 
2 0  

8 

4 8  

Ohio 
Ambient 
S tandard 
( IlS/m3 ) 

6 0  

10 0 0 0  

1 0 0  

1 0 0  

1 0 0  

* Total combustion products released b y  explosives wastes were determined 
experimental ly ;  the se data were used to calculate the total quantity o f  
each pollutant released during CY- 19 7 7 . 

* * The average concentration o f  each po llutant was calculated for typical 
( average ) burn operations and represents the maximum concentration in 

the ambient air immediately above the waste as it burns . 
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Waste Paper - Waste paper was transported during .CY- 1 9 7 7  t o  a nearby reclamat ion 
fac i l ity at Franklin , Ohio , for proces sing and recycling . 

Waste Wood and Metals - Waste wood and metals are segregated on the plant s i te and 
sold periodically to salvage dealers . 

Garbage - The collection and di spo sal of garbage is contracted to a commercial 
land f i l l  company whose operation is l icensed by Montgomery County and approved by the 
Ohio EPA . 

3 . 6 . 4  TES T-FIRING OPERATIONS 

The performance of explo s ive s and explos ive devices is determined in f iring tests . The 
devices or te st units are set up in a f i ring chamber , a large steel tank with a sealable 
door for acce ss of per sonnel , ports for instrumentation , and a restricted exhaust open­
ing containing ba f f les and/or f i lters for the release of the gaseous products of explo­
sion to the outdoors , wh i le the particulate matter i s  retained in the tank . The chemi­
cal products of exp los ion are gaseous : carbon dioxide , water vapor , and oxides of ni­
trogen , all o f  which are di spersed into the atmo sphere by the explosive force s .  Test­
ing operations relea sed 0 . 4 5 kg (1 lb) of nitrogen oxides to the atmosphere during 
CY-1 9 7 7 . 

3 . 6 . 5  PROCESS ING OF HIGH EXPLOS IVES 

The explo sive s proce s s ing buildings are located in a section of the s ite with a low 
population density . Both buildings house processe s  invo lving signi ficant amounts of 
explosives and flammable so lvents .  Should an explosion occur , maj or damage would be 
concentrated in the immediate vicinity and the explos ion would not be propagated to 
ad j acent rooms or areas ; the shock wave would dis sipate in the air and cause very 
limi ted damage outs ide the inc ident zone . An explos ion in thi s area would blow out 
windows and the door of the process ing room and could rupture the roof above the room . 

One of the explo sive s  process ing buildings house.  )ther operation where an explo s ion 
might occur . Thi s is a dry blending operat ion + r . 7 -kg ( 5 0  lb) batche s of explos ive . 
The bay in which the operation i s  conducted ha s �,lree exp los ion-re s i s tant wa l l s  and a 
ceiling o f  heavy concrete and i s  covered with thick layer s of earth ; the fourth wa ll i s  
steel and will blow out upon explo s ion . The area i n  which the blowout i s  directed i s  
fenced and , for sa fety , is kept c lear o f  personnel during operation o f  the blender . 
Ef fects of an explos ion would be local i z ed within the fenced area and the shock wave 
would d i s s ipate in the air and cause very little damage outs ide Lhe incident zone . 

3 . 7  RADIOLOGICAL EFFLUENTS AND IMPACT 

Mound Faci li ty mi ssions which have contributed to or have had the potential to make 
some impact on the environment are those which involved the proce ss ing of spec i f ic 
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radioisotopes . Environmental monito r ing has been conducted routinely for the as say o f  
radioactive substance s since Mound Facil ity commenced i t s  operations i n  1 9 4 9 . This 
section discusses the environmental impact , measured by the monitoring program , in 
terms of air , water , soil , vegetation , and foodstuf fs contamination , and estimates the 
re sultant radiation exposure ( do se commitment ) to individual s ,  population groups , and 
the total population surrounding the Faci lity in an 8 0 -km ( 5 0 -mi) radius . The mo st 
recent annual data avai lable , that for 1 9 7 7 , are used in this analys i s .  The di sposal of 
radioactive waste materials i s  also addres sed in this sect ion . 

3 . 7 . 1  TRITIUM 

The proce s ses involving tri tium and re sultant waste e f f luents are described in Section 
2 . 1 . 4 . 1 . The envi ronmental concern with tritium invo lves its physical characteristics 
with human and animal biological response . Re search and deve lopment programs at the 
Facil ity ut i li ze tri tium , the heavie st i sotope o f  hydrogen ,  in both elemental and 
combined forms . Elemental tritium re lea sed to the atmo sphere is s lowly converted to 
oxide s ince the tritium exchange s with normal light hydrogen in atmospheric moi sture . 
Tritium chemi cally combined in atmo spheric mo isture is rapidly assimi lated into human 
and animal bodies through respirat ion and skin contact , whereas elemental tritium is 
not appreciably incorporated e i ther by absorpt ion or respiration . ( 3 - 1 , 3 - 2 )  There fore , 
the Radioact ivity Concentrat ion Guide (RCG) used to determine the degree o f  environ­
mental impact of tritium operat ions is that for tritium in the oxide form . 

S ince tritium has a radio logical hal f-life o f  1 2 . 3  years , any contribution to the 
environmental load remains for an extended period o f  time . Of fsett ing this s ignif icant 
environmental parameter is the fact that trit ium emits only weak beta part icles and , 
when taken into the human body , its re s idence i s  brie f ( a biological half- l i fe of �9 days ) 
and it i s  e l iminated rapidly . I t  i s  cons idered to be a relatively low-hazard radio­
nuc l ide and the RCG has been set accordingly . The toxic ity o f  trit ium i s  discus sed 
in Sect ion 2 . 1 . 4 . 1  

Airborne E f fluent Impac t - In order to protect personnel working with tritium ,  
work i s  performed i n  gloveboxe s containing an inert atmosphere i n  rooms with high­
veloc ity airflows . The exhaust air from work areas is discharged to the amb ient 
environment at high veloc ity through tall stacks to obtain opt imum atmo spheric dis­
pers ion . The locat ion o f  the tritium and plutonium stacks is shown on Figure 2 - 9 . The 
exhaust ventilation from gloveboxes and proce ss equipment which contain small concen­
trations of tritium is routed to the atmosphere through a catalytic recovery system 
in which the tritium is removed from the e f f luent stream and recovered as tritiated 
water . Trit ium discharges to the environment are there fore maintained at a minimum 
leve l .  Total trit ium discharge to the atmosphere during CY- 1 9 7 7  was 4 8 9 6  curies ( �O . 5  
gram or �1 . 7  liters ) . Annual trit ium stack di scharges for the past e ight years were : 
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CY- 1 9 7 0  1 7 . 9 4 7  grams CY- 1 9 7 4  1 .  0 0 3  grams 
CY- 1 9 7 1  7 . 3 5 0  grams CY- 1 9 7 5  0 . 8 8 6  grams 
CY- 1 9 7 2  3 . 0 4 8  grams CY- 1 9 7 6  0 . 6 2 1  grams 
CY- 1 9 7 3  1 . 5 3 3  grams CY- 1 9 7 7  0 . 4 9 0  grams 

The mos t  important meteoro logical factors that would influence the environmental impact 
o f  airborne releases of tritium are the average wind speed , average wind di rection , and 
atmospheric stab i l ity . The se meteoro logical factors are di scus sed in Section 2 . 3 . 6 . 
The average wind speed is approximate ly 3 . 6  m/sec ( 8  mph) and the predominant wind 
direction is out of the southwest . Mound Fac i l i ty ' s  o f f s ite tritium air sampling 
stations are located at optimum si tes to measure the Facility ' s  contribution to the 
environment .  The routine air-moni toring program i s  supplemented by a mobi le monitoring 
laboratory which may be used to assist in determining the impact of an accidental 
re lease of tritium to the environment . 

A description o f  the o f f s i te air sampl ing program , including locations mon i tored , i s  
conta ined i n  Section 2 . 1 . 4 . 7 .  Table 3 - 6  presents a summary of air monitoring results 
for CY-1 9 7 7 . F i gure 3 - 6  shows the locations of the air sampl ing stations . As may be 
seen from Table 3 - 6 , the average values observed range from < 0 . 4 0  x 1 0- 1 1 �C i/ml 
to < 1 . 2 4  x 1 0- 1 1  �Ci/ml . The se values are approximately < 0 . 0 0 6 %  and < 0 . 0 1 8 % , respec­
tive ly ,  of the Radioactivity Concentration Guide of 7 0 0 0  x 1 0- 1 1 �C i/ml . The background 
concentration of tritium in air for the Miamisburg area in CY- 1 9 7 4  was approximately 
0 . 2  x 1 0 - 1 1 �C i/ml ( 3 - 3 )  and i s  expected to be the same for CY- 1 9 7 7 . 

Table 3 - 6  

CONCENTRATION OF TRITIUM OXIDE IN AIR AT 
OFFS ITE SAMPLING LOCATIONS FOR CY- 1 9 7 7  

Range b AverageC 
Location a SamEle s ( 1 0 - 1 1  �C i/ml ) ( 1 0 - 1  I �C i/ml ) 

1 0 1  5 2  < 0 . 2 9  - 2 . 1 6  < 0 . 6 4 ± 0 . 4 3 
1 0 2  5 2  < 0 . 2 9  - 9 . 7 3  < 1 .  2 4  ± 0 . 4 4 
1 0 3  5 2  < 0 . 2 9  - 2 . 7 7 < 0 . 7 2 ± 0 . 4 3 
1 0 4  5 2  < 0 . 2 9 - 1 . 2 7 < 0 . 4 4 ± 0 . 4 2 
1 0 5  5 2  < 0 . 2 9  - 1 . 4 5 < 0 . 4 0 ± 0 . 4 2 
1 0 8  5 2  < 0 . 2 9  - 0 . 9 4  < 0 . 3 7 ± 0 . 4 2 
110  5 2  < 0 . 2 9 - 1 . 2 2 < 0 . 4 0 ± 0 . 4 2 
1 1 1  5 2  < 0 . 2 9  - 7 . 5 3 < 0 . 6 2 ± 0 . 4 3 
112  5 2  < 0 . 2 9  - 2 . 1 0 < 0 . 5 9 ± 0 . 4 3 
1 1 5  5 2  < 0 . 2 9  - 2 . 6 6 < 0 . 5 6 ± 0 . 4 2 
1 1 8  5 2  < 0 . 2 9 - 2 . 3 7 < 0 . 5 7 ± 0 . 4 2 
1 2 3  5 2  < 0 . 2 9  - 4 . 3 6 < 0 . 8 8 ± 0 . 4 3 
1 2 4  5 2  < 0 . 2 9 - 5 . 9 8  < 0 . 9 4 ± 0 . 4 3 

aLocations are shown on F i gure 3 - 6 . 

Percentd of RCG 

< 0 . 0 0 9  
< 0 . 0 1 8  
< 0 . 0 10 
< 0 . 0 0 6  
< 0 . 0 0 6  
< 0 . 0 0 5  
< 0 . 0 0 6  
< 0 . 0 0 9  
< 0 . 0 0 8  
< 0 . 0 0 8  
< 0 . 0 0 8  
< 0 . 0 1 3  
< 0 . 0 1 3  

bLower Detection Limit (LDL ) for tr itium oxide in air is  0 . 29 x 10 - 1 1 
which is  0 . 0 0 4 %  o f  the RCG . 

�Ci /ml 

cError limits inc lude only coutning s tatistics at 9 5 %  confidence leve l . 
dRadioactivity Concentration Guide (RCG) = 7 0 0 0  x 10 - 1 1 �Ci /ml for the 

general population and for solub l e  form o f  triti um .  
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Foodstuf f s  and vege tation samples i n  the vicinity of Mound Faci lity are analyzed to 
determine the pos s ible uptake and concentration of tritium in plant l i fe and mi lk as 
a re sult of airborne re leases from the Fac i l i ty . 

A de scription of the foodstuff s  and vegetation sampling program is given in Section 
2 . 1 . 4 . 7 .  However ,  no data are avai lable for the tritium concentration in aquatic 
life for CY-1 9 7 6  or CY- 1 9 7 7 .  Value s in CY- 1 9 7 5  averaged < 4 . 4  ± 2 . 9  x 1 0 -6 �i/g . 
Also , no data are available for the tritium concentration in field crops for CY- 1 9 7 7 . 
Values in CY-1 9 7 6  averaged < 3 . 0  ± 3 . 0  x 1 0 -6 �i/g . I t  should be noted that there 
are no RCG ' s  for foodstuf f s . Wate r RCG ' s  are used for reference purpose s ( See 
Re ference 3 -4 ) . Tab le 3 - 7  presents the results o f  the mi lk sampling done for CY- 1 9 7 7 . 
Where pos s ible , s ampling s ites were chosen at maximum depo s i tion locations predicted 
on the basis of the atmospher i c  d i f fusion mode l developed for the Facility . As may 
be seen in the table , the va lues observed ranged from 0 . 2 7 x 1 0 -6 �Ci/g to 0 . 4 5 x 
1 0 - 6 �Ci/g . The values ranged _from 0 . 0 2 7 %  to 0 . 0 4 5 %  o f  the Radioactivity Concentra-

tion Guide . Since there is no RCG speci fied for foodstu ff s/vegetation , the normally 
accepted procedure o f  comparing the data to the RCG for wate r ( 1 0 0 0  x 1 0 - 6 �Ci/ml or g )  
was used . ( 3- 4 ) The U .  S .  Envi ronmental Prote ction Agency ' s  estab li shed background 
concentration in drinking water in 1 9 7 5  was approximately 0 . 0 2 x 10 - 3 �Ci /ml . ( 3- 5 ) ; 
th is value i s  used for drinking water and foodstuffs . 

Water samples are collected from local area ponds and streams by Mound Fac i l i ty per­
sonne l to determine whether there is any me asurable concentration o f  tritium in 
the se wate rs attributab le to Facili ty airborne e f f luents . A des cription of this 
sampl ing program is given in Section 2 . 1 . 4 . 7 .  Tables 3 - 8 , 3 - 1 0 , and 3 - 1 1  summari ze 
the results of the sampling program for CY-1 9 7 7 . ( Locations are shown in Figure 3- 7 ) . 

Table 3 - 7  

TRITIUM IN FOODSTUFFS AND VEGETAT ION FOR CY- 1 9 7 7  

Type 
Sample 

Milk 

Number o f  
_S amples 

4 

Rangea 
( 10 - 6 �Ci/g )  

0 . 2 7 - 0 . 4 5 

aLDL for tritium in mi lk = 0 . 16 x 10 - 6 �Ci/g . 

Averageb 
( 1 0 - 6 �Ci/g) 

0 . 3 8 ± 0 . 2 3  

bError limits include only counting stati stics at 9 5 %  confidence leve l . 
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Table 3 - 8  

SUMMARY O F  SURFACE WATER MONITORING FOR TRITIUM FOR CY- 1 9 7 7  

Number of Rangeb Average d Percen� 
Locationa Sam121es ( 10 - 6  flCi/ml)  ( 10 - 6 flCi/m l )  of  RCG 

10 3 < 0 . 4  - 1 . 4  < 0 . 8  ± 0 . 6  < 0 . 0 8 
11  4 < 0 . 4  - 0 . 9  < 0 . 6  ± 0 . 6 < 0 . 0 6 
12 4 < 0 . 4  - 0 . 7  < 0 . 5  ± 0 . 6 < 0 . 0 5 
13  4 1 . 0  - 1 . 3  1 . 1  ± 0 . 6  0 . 1 1  
1 4  4 < 0 . 4  - 1 . 4  < 1 . 1  ± 0 . 6  < 0 . 1 1 
15 4 0 . 8  - 1 . 5  1 . 3  ± 0 . 6 0 . 1 3  
1 6  4 0 . 6  - 1 . 0  0 . 8  ± 0 . 6  0 . 0 8 
17 3 1 . 5  - 2 . 3  1 . 9  ± 0 . 6 0 . 19 

aLocations are shown in Figure 3-7 . 
bLower Detection Limit (LDL) for tritium in water i s  0 . 4  x 10 - 6 flCi/ml 

which i s  0 . 0 4 %  of  the RCG .  
cDOE Radioactivity Concentration Guide ( RCG) which i s  compared to tritium 

concentration in water not used for drinking purposes = 1 0 0 0  x 10 - 6 flCi/ml 
for the genera l  population and so luble form o f  tritium . 

dError l imits are counting s tati stics only at 9 5 %  confidence leve l . 

As may be seen in the table , the average values observed ranged from < 0 . 5  x 10 - 6 to 
1 . 9  X 10 - 6  flCi/ml , compared to the RCG o f  10 0 0  x 10 - 6 flCi/ml . The values thus ranged 
from < 0 . 0 5 %  to 0 . 19 %  o f  the RCG .  The background concentration for tritium i n  surface 
water in CY- 1 9 7 7  is assumed to be approximate ly 0 . 5 x 10 - 6 ± 0 . 2  x 10 - 6 flCi/m1 . ( 3 - 5 )  

The mos t  s igni ficant pathway for exposure to man a s  a result o f  Mound Faci l ity ' s  air­
borne re leases of tritium oxide i s  the direct pathway via inhalation and skin absorp­
tion . Estimates o f  dose commitments based on measured concentrations in the environ­
ment during CY- 19 7 7  are given in Table 3 - 9 . Dose commi tment values are given for the 
who le body (which is the critical organ for tritium oxide) and represent the radi ation 
dose received during CY- 19 7 7 . 

The dose commitment e s timates within 3 2  km ( 2 0 mi l o f  Mound Faci lity were based on 
environmental mon i toring data for CY-19 7 7 . The es timate o f  dose which could be 
received by the Maximum Individual in the O f f s i te Population was based on the s ingle 
highes t  annual average of all onsite continuous air samp ling s tations since the samp lers 
are in c lose proximity to the s ite boundary . 

The maximum dose to Population Group - Offsi te was calculated from the s ingle highes t  
annual average o f  a l l  o f f s ite continuous a i r  sampl ing s tations . In line with th� 
current thinking on the r adio logical sa fety guides for power reactors in expres s � ng 
exposure in total " per son rem" to the population out to a dis tance of 8 0  km , Table 
3-9 also presents the e f fect of airborne releases of tri tium from Mound Faci l i ty 
operations . 
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Table 3 - 9  

ESTIMATED DOSE COMMITMENTS RESULTING FROM 
AIRBORNE TRITIUM RELEASES FOR CY- 19 7 7  

Type of Exposure 

Maximum Individual in the O f f s ite 
population 

population Group - O f f s i te (average 
exposure to individuals in thi s  
group ) 

population within 3 . 2  km ( 2  mi ) b Radius ( inc ludes Miami sburg)  

population within 3 . 2 bkm to 3 2  km 
Radius ( 2  to 2 0  mi l 

population within 3 2  km to 8 0  km 
Radius ( 2 0  to 50 mi l 

Total population within 8 0  km 
( 5 0  @i )  Radius of Fac i l i ty 

S i te 

Organ 

Total Body 

Total Body 

TotaL Body 

Total Body 

Total Body 

Total Body 

Annual 
corrunitmenta 

0 . 0 4 1  mrem 

0 . 0 1 5  mrem 

d 0 . 11 person rem 

d 3 . 5 3 person rem 

No Dose Corrunitment 
Above Background 

d 3 . 6 4 person rem 

aDose corrunitment based on Mound Faci lity tr itium contribution to the 
environment ;  thi s  excludes background tritium . 

bDose commi tment calculated from average o f  actual monitoring data obtained from 
s i te boundary out to a dis tance of 3 . 2  km ( 2  mi ) , and from 3 . 2  km to 3 2  km ( 2 0  mi l . 
Demons trates compliance with ERDA Manual Chapter 0 5 2 4  " Standards for Radiation 
Protection . "  

cAnnual Dose corrunitment to total population within 8 0  km ( 5 0  mi l radius due 
to natural b�.ru:2�nd tritium i!Lair J._� �.Ep'roximate ly 30 person rem ; there fore , Mound Fac i l i ty contribution to air is some re i of -the naturaT"' tri.,tTum back­ground . Annua l dose commitment to the individua l from natura l backqround tritium is 0 . 0 1 mrem . 

dThe term " person rem" i s  used when the ,r adi ation exposure invo lve s the 
whole body of the exposed person and equal s  the sum o f  the exposures 
(dose corrunitment) o f  all the people in the group spec i fied . For 

examp le , if there are 1 mil lion people in the 5 0 -mile radius and each 
person rece ives a dose corrunitment of 0 . 1  mrem , the annual dose corruni t-

\, men� would equal 1 0 0  person rem . The larger the population involved I 
the larger the person rem value becomes . 

rwo range::; o f  dose es timate s were cons idered to obtain the 8 0  km ( 5 0 mil  person-rem 
dose estimate . The first range was from 0 to 3 . 2  km ( 2  mi ) . The second range was from 
3 . 2  km to 8 0  km . The dis tance breakdown was used because o f  the placement of s amplers 
in the Mound d i f fusion mode l .  

The 0 to 3 . 2  km ( 2  mi l range dose es timate for airborne tri tium oxide was ob tained from 
the averaqe concentration ( le s s  background ) of nine o f f s i te tri tium samplers .  
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The 3 . 2  t o  8 0  k m  ( 2  to 5 0  mi ) range e stimate was obtained b y  finding the midpo int 
d i stance where the average tritium concentrat ion of the remaining o f f s ite samplers 
would be located . This value is estimated at 6 . 2  km . From thi s di stance and average 
concentrations of tritium at s ampl ing location s from 3 . 2  to 3 2  km ( 2  to 2 0  mi ) , it was 
de termined that the maximum d i s tance of influence from Mound Fac i l ity is  approximately 
32 km . Beyond 32 km the leve l s  are calculated to be background concentrations . The 
do se commitment for tritium from 3 . 2  to 3 2  km was based on the average o f  the rema ining 
trit ium o f f s ite mon itoring station s .  

The do se commitment value s given i n  Table 3 - 9  are cons idered to be upper limits and 
there fore very conservative . Actual doses rece ived from tritium from Mound Facil ity 
would be expected to be much lower s ince individua l s  in the o f fs ite population and even 
population group s are highly mob ile and would not be cont inuous ly present for a who le 
year in areas of maximum potent ial concentration . From the data presented in Table 3 - 9 , 
i t  i s  demonstrated that the concentration of tritium in the environment surrounding the 
Facility has had minimum impact cons idering the annual do se o f  1 2 0  mrem from natural 
source s .  The dose commitment ,  or in thi s  case , the dose potenti a l l y  received by 
individua l s  and population groups was we l l  within the guide lines set by recogni zed 
authoritative groups such as the former Federal Radiation Counci l and adopted by the 
AEC , ( 3 - 6 )  the National Committee on Radiation Protection and Measurement s , ( 3 - 4 )  and 
the I nternational Commi s s ion on Rad iological Protection . 

Table 3 - 7  pre sents data on the concentration of tritium i n  foodstu f f s  and vegetation for 
CY-1 9 7 5 , 1 9 7 6  and 1 9 7 7 .  The data indicate some uptake and presence in the se s ubstance s .  
S ince tritium i s  readily absorbed in biological systems , it i s  expected that concentra­
tions in the range of tho se monitored would be present in other l i fe forms . The average 
concentrations would be to the extent of 2 to 2 2 %  of the RCG for human drinking water . 
Thi s  very low concentration o f  tritium would be expected to have no observable radio­
logical impact on these food s tuffs or on humans if the substance s , milk , vegetation , 
etc . , were consumed routinelY and exclusive ly . As anti cipated , there has been no 
observable radiological impact on regional l i fe forms . 

The low- level concentration o f  tritium in area surface waters for CY- 1 9 7 7  i s  presented 
in Table 3 - 8 . The re i s  no restriction to onsite or o f f s ite l and use as a result of 
Mound Fac i l i ty tritium operations . 

The concentration of airborne tritium in the environment surrounding Mound Facil ity 
and the e s timated dose commitment to individual s  and population groups are we l l  within 
the guide l ines given in DOE Manual Chapter 0 5 2 4 .  Exposure s are being maintained at 
the lowe s t  practical leve l s . There has been no known or observable e f fect on people or 
other l i fe forms in the surrounding environment nor has there been any impact on land 
areas or re striction on current land use or future deve lopment .  



3 - 2 5  

Liquid Was te E ff luent Impact - Prior to CY- 19 7 0 , proces s  water contaminated with 
tritium was di scharged to an ons i te radioactive waste treatment fac i l i ty where i t  was 
col lected in l arge holding tanks and the concentration de termined . S i nce tr itium c annot 
be economically recovered from large volumes of water , the contaminated water was di luted 
with raw we l l  water to be low the ERDA RCG for tri tium and discharged to the Great Mi ami 
River via the s ite open drainage d i tch and old Miami-Erie Canal ( see F i gures 3 - 8  and 
3-9 ) . Annual tritium oxide d ischarges for the past eight ye ars were : 

CY-19 7 0  0 . 0 2 5  grams CY-19 7 4  0 . 0 1 1  grams 
CY- 1 9 7 1  0 . 0 4 0  grams CY- 1 9 7 5  0 . 0 0 6  grams 
CY- 1 9 7 2  0 . 0 2 4  grams CY-1 9 7 6  0 . 0 0 5  grams 
CY-19 7 3  0 . 0 1 5  grams CY- 1 9 7 7  0 . 0 0 6  grams 

S i nce CY- 1 9 7 0  and continuing at the present time , a l l  proces s  liquid wastes containing 
tri tium have been col lected and di sposed of by packaging , s o l idi fication , and o f f s i te 
approved burial at DOE and commercial bur ial s ites . Only very low-concentration 
tritiated water- from shower baths and lavatories in the process areas and from the 
Laundry i s  presently di scharged to the Great Miami River via the underground pipe 
e f f luent l ine after proces s ing through the sanitary was te d i s posal facil i ty ( see 
F i gure 3- 8 ) . Thi s  waste water has no measurable environmental impac t .  

Prior to CY- 1 9 6 9 , several thousand curies o f  tritium were d i scharged i n  liquid e f f luents . 
The exact quanti ties are unknown s ince l iquid was te disposal regulations required only 
that the concentration of tri t i um i n  the e f fluent be in compliance wi th the prevai l ing 
RCG which is  a concentration standard . A record of the total quanti ty in curies re leased 
was not an operating requirement . 

At the beginning o f  CY- 19 7 0 , a continuous mon i toring - sys Lem was insta l led in the s i te 
drainage d i tch and by 19 7 1  a continuous monitoring system was insta l led in the under­
ground pipe e f f luent s tream in order to accumulate data on the total quantity o f  
tritiated water leaving the s i te a s  part o f  a p lanned program to increase the scope o f  
the environmental moni toring and control program a t  the Fac i l i ty .  

There fore , s ince 19 7 0  and 1 9 7 1 , the e f f luent water i n  the onsite dr ainage di tch and 
the underground pipe di scharge , respective ly , have been continuous ly s ampled propor­
tionally to water vo lume f low and records have been maintained for the total curies of 
tritium d i scharged as we l l  as the concentration . 

Re f lecting actions taken in CY- 1 9 7 0  to collec t , s o l id i fy ,  package , and ship o f f s i te for 
buri a l  all proces s  liquid triti ated water , the annual quanti ty of tri tium d i s charged in 
Mound e f fluents was s tead i l y  reduced from a total o f  some 2 3 3 0  curies (Ci)  in CY- 1 9 6 9  
t o  a total o f  only 5 7  curies in CY- 1 9 7 7 . Subtracting the tri tium already present i n  
the aqui fer water used b y  Mound Faci l i ty Mound processes contr ibuted only 4 0  curies 
to the environment in liquid e f f luents during CY- 1 9 7 7 . 
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Fi gure 3 - 1 0  shows the progress ive ly reduced quantity o f  tritium in Mound liquid 
discharge s  over the years from CY- 1 9 6 9  through CY-19 7 7 . 

During CY-19 7 5 , the average tritium concentration in the e f fluent d i scharged from the 
Fac i l i ty via the drainage ditch was 0 . 0 4  x 10 - 3  �Ci/ml . Thi s  represented 1 . 3 % o f  the 
e f f luent d ischarge RCG .  Thi s  concentration was es senti a l ly the same as the average 
concentration o f  tri tium in Mound dome s ti c  water we l l  # 3  which was the primary we l l  
used during CY- 1 9 7 5 . The average concentration o f  tri tium oxide i n  the Faci l i ty 
underground pipe e f f luent during CY-1 9 7 6  was 0 . 0 8 0  x 10 - 3 �Ci/ml . Thi s  was 2 . 6 %  o f  
the e f f luent discharge RCG and re f lects Fac i l i ty tritium operations d i s charges as 
wel l  as the tri tium present in the wel l  water source . 

During CY-19 7 7 , the average tritium concentration in the e f f luent d i scharged from the 
Faci l i ty via the drainage ditch was reduced to 0 . 0 2 7  x 1 0 - 3 �Ci/ml . Thi s  represents 
0 . 9 %  of  the e f f luent discharge RCG . The average concentration of tritium oxide in 
the Fac i l i ty underground pipe e ffluent during CY- 1 9 7 7  was reduced also , to a level o f  
0 . 0 5 6  x 1 0 - 3 �Ci/ml . Thi s  was 1 . 9 % o f  the e f f luent d i s charge RCG and re flects Faci l ity 
tritium operati ons discharges as we l l  as the tri tium present in the we l l  water source . 

Tritiated water d i scharged from the Fac i lity behave s in the environment as ordinary 
water . It is biologi c a l ly a s s imi lated the same as ordinary water . Re leased as surface 
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water , i t  p a s s e s  through the s o i l  into underground s treams , water we l l s , o r  o ther water 
s ources s uch as an aqui fer in the same way as ordinary water . Once dispersed into the 
environment i t  i s  s l ow ly but u l timately d i s tributed throughout the total ecosystem . 
S ince tritium has a physic�l hal f - l i fe o f  12 . 3  year s , i ts d i sappearance from the 
envi ronment i s  relatively s l ow .  

One o f  the many reasons for locating Mound Fac i l i ty a t  the s i te at the southern edge 
o f  Miamisburg was the abundant s upply o f  potable water . As shown in F igure 3 -1 1 ,  the 
s i te lies ad j acent to a large aqui fer known as the Buried Valley Aqui fer . A smal l  
portion o f  the aqui fer j uts into the s ite along the wes tern boundary . The topography 
o f  the s ite is such that s torm water runo f f  and natural drainage flow into an open 
d i tch which carries the water wes tward to the Miami-Er ie Canal at the wes tern perimeter 
o f  the s i te . The Miami-Erie Canal d i scharges into the Great Miami River ( see Figures 
3 - 8  and 3 -9 ) . The wes tern reach o f  the s i te drainage ditch and the Miami-Erie Canal 
lie above the eastern boundary o f  the southward trending Buried Valley Aquifer . This 
large aqui fer provides potab le water to Mound Fac i l ity , the City o f  Miamisbur g , some 
commercial e s tabl i s hments ,  and private user s in the local area . 

From recent s tudies o f  the aqui fer recharge system , i t  has been determined that any 
'c;ntaminant which may be carried on or from the s i te by water can enter the Buried 
Val ley Aqui fer at the s i te either by direct i n f i l tration through the glacial outwash 
deposits be low an approximate e levation of 2 16 m ( 7 1 0  ft) , or through leakage from 
the bedrock valley wal l s  which enter the outwash deposits . The bedrock h i l l s  which 
support mos t  of the Fac i li ty bui ldings may be considered as being virtua l ly impermeable 
because o f  l i thology and hori z ontal bedding s tructure . 

The local area of the Buried Val ley Aqui fer i s  recharged directly by the s i te drainage 
d i tch and ad j acent bodie s  o f  water which rece ive the Fac i l i ty e f f luent d ischarge . 
The aqui fer i s  also rechar ged from rainfall onto the eas tern l and s lopes to the Great 
Miami River , incl�jing the Fac i l i ty s i te . Three we l l s  which supply water to the 
Fac i lity are d r i lled into the eastern perimeter o f  the Buried Valley Aqui fer . 

A continuing program o f  environmental monitoring showed the CY- 19 7 1  tritium concentra­
tion in water from Mound We l l  # 1  as  a result of past Fac i l i ty operations assayed an 
average concentration o f  0 . 2 2  x 1 0 - 3 �Ci/ml . Mound Wel l  # 2  water showed an average 
concentration of 0 . 12 x 10 - 3  �Ci/ml and Mound Wel l  # 3  water was 0 . 0 7 x 1 0 - 3  �Ci/ml . 
The highes t  concentration was 2 2 %  o f  the RCG in CY- 19 7 1 .  Although the concentration in 
prior years was l ikewise we l l  within the s tandard , , and no environmental impact had been 
detected , a management deci s ion was made in CY- 1 9 7 0  to reduce the tr i ti um in Mound 
e f fluents to the lowes t  leve l s  achievable in order to reduce the tritium in the aqui fer . 
As s tated previously in this section , beginning in CY- 19 7 0 , a l l  proces s  l iquids have 
been co l lected , solid i f ied , packaged in s trong , tight container s ,  and shipped o f f s ite 
for bur i a l  in approved DOE and commercial bur ia l  s ites . 
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Stack emi s s ions of tr i tium t o  the atmosphere play a role i n  the recharge of tritiated 
water to the aqui fer when rain falls through the s tack plume and washe s out some o f  
the tr i tium oxide . The se emi s s ions have also been reduced through proce ss change s and 
s trict management from 3 1 5 , 0 0 0  curies in 1 9 6 9  to 4 8 9 6  curies in 1 9 7 7 . During this 
per iod the inventory of tritium at the Faci lity remained e s senti ally constant . 

The s i gni ficant reduction of tr itium in air and l iquid discharges s ince CY- 1 9 7 1  has 
been re f lected i n  reduced tr itium concentration in the local aqui fer as indicated by 
Mound Fac i l i ty ' s  we l l  water (F igure 3 - 1 2 ) .  In  CY-19 7 7 , the average concentration of 
tr itium in Mound we l l  #1  was 0 . 0 2 7  x 10 - 3 �Ci/ml , we l l  #2  was 0 . 0 3 3  x 10 - 3 �Ci/ml , and 
the concentration in we l l  # 3 ,  which has been the primary source of Mound water since 
CY-19 7 3 ,  was 0 . 0 2 0  x 10 - 3 �Ci/ml . The highest of the se leve l s  represents 3 . 3 % of the 
CY- 1 9 7 7  DOE RCG .  The s light increase in leve l s , in CY- 1 9 7 6 ,  mainly noti ceable in we l l  
# 2  and shown in Figure 3 - 1 2 , resulted from Mound ' s  inve stigative activities in probing 
and analyz ing the aqui fer and pre liminary actions to te s t  the pos s i b i l i ty of removing 
the tritiated water . The notable reduction of tr itium in CY- 1 9 7 7  resulted from Mound ' s  
corrective actions with high volume pumping of water from the aqui fer . 
in section on " Impact of New Federal Dr inking Water Regulations . " ) 

(See d i s cussion 

The environmental monitoring program took cogni z ance o f  the fact that there were other 
users of water from the loc a l l y  a f fected aqu i fer and several other water supp lies have 
been moni tored for gro s s  radioactivity and speci fi c a l ly for tr i tium .  

The routine monitoring program also included regional water supplies which d o  not obtain 
the ir water from the local aqui fer and could not be af fected by Mound ' s  liquid d i s ­
charges but could , however , be impacted by Mound ' s  s tack e f fluents through the rainout 
mechani s m .  

The CY- 1 9 7 7  range and average concentration of tri tium in the drinking water from 12  
municipalities surrounding Mound Faci l i ty out to a di stance o f  2 4  km ( 1 5  mi l are pre­
sented in Tab le 3 - 1 0 . The highe s t  concentration detected was in Miami sburg drinking 
water which is drawn from the local aqui fer . The average leve l was 1 4 %  of the new 
EPA Drinking Water Standard for tritium .  Sampling data for the other locations which 
do not use water from the local aqui fer are within the f luctuations of background data 
pub l i s hed by the EPA . ( 3-7 ) . 

The hi ghes t  concentration of tr itium detected in pr ivate we l l s  dur ing CY-1 9 7 5  near the 
wes tern per ime ter o f  the Facility s i te ranged from 0 . 0 6 5  x 10 - 3 to 0 . 0 9 0  X 10 - 3 �Ci/ml . 
The average concentration was 0 . 0 7 5  x 10 - 3 �Ci/ml which i s  7 . 5 %  o f  the RCG .  Other 
ad j acent private we l l s  showed a CY- 1 9 7 5  average concentration of 0 . 0 5 2  x 1 0 - 3 �Ci/ml 
which is 5 . 2 % of the RCG .  During CY-19 7 6 , the highe st concentration o f  tritium in 
private we l l s  ad j acent to the Fac i l ity s i te ranged from 0 . 0 4 3  x 10 - 3 to 0 . 0 7 0  X 10 - 3 

�Ci/ml . During CY-19 7 7 , the range of highes t  concentration decreased to 0 . 0 3 6  x 10 - 3 
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WE L L  #3 

1 �  ______ � ________ � ________ � ________ � ________ � ______ � 
1971 1 972 1 973 1 974 YEAR 1 975 1 976 

F I G U R E  3 - 1 2  - Re d u c t i o n  o f  T r i t i u m  i n  M o u n d  We l l  W a t e r .  

1 977 

to 0 . 0 5 9  X 10- 3 �Ci /m1 . During CY-1 9 7 6 , the se we lls showed an average concentrati on 
o f  0 . 0 3 8  x 10 - 3 �Ci/m1 . The average concentration for CY- 1 9 7 7  was 0 . 0 3 6  �Ci/m1 which 
i s  3 . 6 %  of the DOE RCG .  Area drinking water containing tritium at a fraction of the 
DOE RCG wou ld not be expected to have any deleterious e f fects on the public or on 
wild l i fe or vegetation . 

During the period of tightening controls on the di scharge o f  tritium e f f luents f rom 
the Faci lity , Mound also turned its attention to nonradioactive operations which 
could have impacted the local aqui fer . An old ons ite landfi l l  (which is no longer used) 
containing cardboard , paper , wood , machine shop waste s , plating room was te s , and other 
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Tab le 3 - 1 0  

SUMMARY OF TRITIUM OXI DE LEVELS IN COMMUNI TY DRI.NKING WATER FOR CY- 1 9 7 7  

Number Percent 
of Range Averagea , C  of  

Location S am121es ( 1 0- 6 flCi/ml ) ( 1 0 - 6 flCi/ml ) EPA S tdb 

Bellbrook 1 0 . 5  ± 0 . 4  2 . 5  

Centervi lle 1 1 . 1  ± 0 . 4  5 . 5  

Dayton 1 0 . 5  ± 0 . 4  2 . 5  

Frankl i n  1 1 . 3  ± 0 . 4  6 . 5  

Germantown 1 0 . 8  ± 0 . 4  4 . 0  

Ketter ing 1 0 . 8  ± 0 . 4  4 . 0  

Miamisburg 3 1 . 9  - 4 . 6  2 . 8  ± 0 . 6  1 4 . 0  

Middletown 1 0 . 9  ± 0 . 4  4 . 5  

Moraine 1 0 . 7  ± 0 . 4  3 . 5  

Springboro 1 1 . 3  ± 0 . 4  6 . 5  

waynesvi lle 1 0 . 6  ± 0 . 4  3 . 0  

We s t  Carrol l ton 1 2 . 0  ± 0 . 4  10 . 0  

aLower Detection L imit ( LDL) for tri tium oxide i s  0 . 2 5 x 1 0 - 6 flC i/ml 
which is 1 . 2 % of the EPA S tandard for communi ty drinking water . 

bEPA Drinking Water S tandard for tri tium = 2 0  x 1 0 - 6 flCi/ml for 
community drinking water systems . 

cError limi ts are counting statistics only at 9 5 %  confidence level . 

misce l l aneous mater ials , inc l uding laboratory and cafeteria was tes , i s  located in the 
zone of glacial soi l ,  several hundred feet northeas t  of Mound wel l  # 1 .  In order to 
evaluate the poss ible ef fects of land f i l l  leachate on we l l  water qua l i ty , water samples 
were collected and analyzed between January and September 1 9 7 1 .  The employed consul­
tant detected only an anomalous var iation in the hardness and chloride content of the 
we l l  water . He concluded from his analys is that the contaminants ( nonradioactive )  
probably entered the aqui fer b y  induced infiltration from the s i te drainage ditch . 
The source o f  hardness and chlor ide contamination was postulated to have been the back­
wash from the Fac i l i ty ' s  zeo lite water so ftener s . 
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Tritium moni tor ing data for regional ponds and sur face waters were di scussed in the 
section on " Ai rborne E ff l uent Impact" s ince the presence o f  tri ti um in the se speci fic 
bodie s  of water would be due only to the depos ition from airborne e f f luents . During 
CY-19 7 7 , the average concentration of tritium oxide in the north leg of the Miami -Erie 
Canal was 0 . 0 0 5  x 10 - 3  �Ci/ml ( 0 . 5 % of the RCG) ; in the south leg of the canal the 
average concentration was 0 . 0 2 4  x 1 0 - 3  �Ci/ml ( 2 . 4 % o f  the RCG) . The average concen­
tration of tritium in the Miamisburg North Pond for the same time per i od was 0 . 0 0 9  x 
1 0 - 3 �Ci/ml ( 0 . 9 % o f  the RCG )  (Figure 3 -9 ) . The value for the south leg o f  the canal 
repre sents essenti ally the e levated background concentration of tritium in the aqui fer 
used as Faci l i ty supply water . 

The Great Miami River f lows south near the we s tern boundary o f  the Fac i li ty s i te and 
empties into the Ohio River west of Cincinnati , Ohio . Mound Faci l i ty i s  located at 
River Mile 65 ( see Fi gure 3 - 1 3 ) . Al l the s i te ' s  l iquid e f f l uent i s  discharged to the 
Great Miami River . F igure 3-7  shows the river locations which were moni tored for 
tritium oxide during CY- 19 7 7 . A brie f discuss ion o f  the river moni toring program i s  
presented i n  Section 2 . 1 . 4 . 7 .  Table 3 - 1 1  pre sents a summary o f  the r iver sampling 
data for CY-19 7 7 . As may be seen in the table , the average values ob served r anged 
from < 1 . 0  x 1 0 - 6 to < 1 . 9  X 10 - 6 �Ci/ml , or from < 0 . 10 to < 0 . 19 %  o f  the RCG . The back-
ground concentration of tri tium oxide in sur face water in CY- 1 9 7 5  was approximately 
0 . 5  ± 0 . 2  x 10 - 6 �Ci/ml . ( 3 - 5 ) 

As a result o f  improvements in tritium proces s  technology and the appli cation o f  
stringent admini s trative operating controls over the pas t several year s , the Fac i l i ty 
has s igni fi cantly reduced the tritium level i n  liquid d i s charges to the Great Miami 
River . 

F i sh from the Great Miami River have been routine ly analyzed in past year s . (Last eval­
uati on made in CY-19 7 5 . )  Thi s  i s  the only aquatic l i fe form s tudied periodi cally . The 
concentration o f  tritium in the water recovered from the edible portion of fish ranges 
from 50 to 1 0 0 %  of the r iver water concentration at the location where the fish i s  
caught . I t  would be expected that the water in the body ce l l s  o f  aquatic l ife would 
be in equi l ibrium with the tritium concentration o f  i t s  aqueous environment because o f  
the hydrogen exchange mechan i sm .  Like man , f i sh do not concentrate tritium i n  speci fic 
organs to any s i gn i f i cant degree . There has been no apparent deleterious e f fect in any 
o f  the fish �nalyzed from the presence o f  tritium at the low tritium concentrations 
found where the Mound e f f luent enters the river . The pronounced c lean water plume o f  
the F ac i l i ty e f fluent into the r iver can b e  routinely observed as a local habi tat for 
various species of f i sh , l i terally by the dozens , which apparently congregate for re­
l i e f  and re fuge from the surrounding pol luted river water . 

E s sentially all the impact from the discharge o f  tritium oxide i n  liquid e f f luents 
from operations results from the tritium which penetrates to local aqui fers and wel l s  
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Table 3 - 1 1  

CONCENTRATION OF TRITIUM IN THE GREAT MIAMI RIVER FOR CY-1 9 7 7  

Number b d o f  Range Average ' 
Location a SamEles ( 1 0 - 6 �Ci/ml ) ( 1 0 - 6 �Ci/ml ) 

1 2 1 0  < 0 . 2 0 - 4 . 3  < 1 . 0  ± 0 . 3 5 
2 2 1 0  < 0 . 2 0 - 16 . 8  < 1 . 5  ± 0 . 3 6 
3 2 1 0  < 0 . 2 0 - 8 . 3  < 1 . 9  ± 0 . 3 6 
4 2 1 0  < 0 . 2 0 - 2 3 . 4  < 1 . 6  ± 0 . 3 6  
5 2 1 0  < 0 . 2 0 - 4 . 5  < 1 . 0  ± 0 . 3 5  

aLocations are shown on Fi gure 3-7 . 
bLower Detection Limit (LDL) for tritium in water i s  

0 . 2 0  x 1 0 - 6 �Ci/ml whi ch i s  0 . 0 2 %  o f  the RCG . 

% o f  
RCGb , c  

< 0 . 10 
< 0 . 15 
< 0 . 19 
< 0 . 16 
< 0 . 1 0 

cDOE Radioactivi ty Concentration Guide (RCG)  which i s  compared to 
tr itium concentration in water not used for drinking purposes 
= 1 0 0 0  x 10 - 6 �Ci/ml for the general population and the soluble 
form o f  tritium 

dError limits are counting s tati stics only at 9 5 %  confidence leve l .  

used to provide drinking water to the local community . Estimates o f  annual dose com­
mitments are given in Table 3 -1 2 . Values are given for the whole body as the critical 
organ , s ince tri tium oxide i s  associated with water in all body t i s s ue s . The dose 
commitment values given represent the annual who le body dose that would be received 
by persons whose total and continuous l iquid intake was from local we l l  water or 
community drinking water supplies . 

The data indicate that the dose commitment to the total population within an 8 0  km 
( 5 0 mi ) radius of the Faci l ity i s  cons iderably greater from natural background tritium 
than from that contributed by Faci l i ty tri tium operations . 

S ince e f fluents are di scharged to the Great Miami River ei ther through a c lo sed pipe or 
through natural drainage systems which carry runo f f  water to the river , Mound Fac i l i ty 
has not appropri ated any land or altered the natura l  water course for the d i s charge o f  
liquid e f fluents . I t  i s  presently anticipated that pub l i c  land used for drainage and 
e ff luent d i scharge could be uti li zed for other purposes and the natural drainage route 
altered . The Faci lity doe s not currently anticipate any re strictions on land us age . 

The concentr ation o f - tr i tium oxide in the communi ty drinking water and the es timated 
dose commitment to i ndividuals and population groups is we l l  within the guide l i ne s  given 
in ERDA Manual Chapter 0 5 2 4  and the EPA Drinking Water Standard for tri tium . There has 
been no known or observab le e f fect on people or other l i fe forms in the surrounding 
environment . There has been no impact on land areas or any restriction on current land 
use or future deve lopment .  
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Table 3 - 1 2  

EST IMATED DOSE COMMITMENT RESULTING FROM LIQUID TRITIUM RELEASES FOR CY- 1 9 7 7  

Type of Exposure 

Maximum Individual in the O f f s i te Population 2 

Population Group - O f f s i te 2  ( average exposure 
to ind ividuals in thi s  group ) 

Population within 3 . 2  km ( 2  mi l Radius 2 
( inc luding Miamisburg )  

Population within 3 . 2  k m  to 3 2  k m  Radius 
(2 to 20 mi ) 2 

Population within 3 2  km to s b  km Radius 3 
( 2 0  to 5 0  mi l 

Total Population within s o  km ( 50 mi l Radius 
of Fac i l ity S i te 4 

Organ 

Total Body 

Total Body 

Total Body 

Total Body 

Total Body 

Total Body 

Annual Dose 
Commitment l 

3 . 4 3  mrem 

0 . 19 mrem 

3 . 7 7  persons rem 5 

4 . S 5  person rem5 

No Dose Commitment 
Above Background 

S . 6 2 per son rem 5 

1 Dose Commitment based on Mound Faci l i ty ' s tr itium contribution to area dr inking water ; 
thi s  exc ludes natura l  background tritium in drinking water . 

2 Dose commitment calculated from drinking water data . 

3 This area determined to be at background . I t  i s  not af fected by l iquid d i schar ges 
from the Faci l i ty . 

4 Dose commitment to total population within S O -km ( 5 0 -mi ) radius due to natura l  
background tritium in water is 2 4 0  person rem ; there fore , Mound Fac i l i ty contr ibution 
is le s s  than natura l  background . Annual dose commitment to the individual from 
natura l  background tritium i s  O . O S mrem. 

5 The term " person rem" i s  used when the radiation exposure involves the who le body of 
the exposed persons and equals the sum of the exposures (dose commitment)  o f  all the 
people in the group spec i fied . For example , i f  there are 1 mi l l ion people in the 
5 0 -mi le radius and each person receives a dose commi�ment of 0 . 1  mrem , the annual dose 
commitment would equal 1 0 0  person rem . The larger the population involved , the larger 
the person rem value becomes . 

Total Tritium Dose Commitment - Airborne and Liquid Releases - The radiation dose 
commitment to the public surrounding Mound F ac i l i ty from airborne tr itium oxide in 
the environment i s  presented in Table 3 - 9 . The radiation dose commitment from water­
borne tritium ( oxide ) i s  presented in Tab le 3 - 12 . Table 3 - 1 3  presents total dose 
commitment ,  both a irborne and waterborne , from tr i tium operations at Mound Faci l i ty . 

Radiation exposure - total dose commitment - to the pub l i c  surrounding Mound Fac i lity 
at current leve l s  o f  tri ti um operations , with CY- 1 9 7 5  used as current base line , i s  wel l  
within the guide lines o f  the National Committee o n  Radiation Protection and DOE radiation 
protection standards .  The per s on rem values ref lect the high population dens i ty in the 
Dayton , Ohio , metropo l i tan area . Person-rem values out to a d i s tance o f  S O  km ( 50 mi l 
were calculated by extrapolation o f  the monitoring data obtained within 3 2  km ( 2 0  mi l 
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Table 3 - 1 3  

EST IMATED TOTAL DOSE COMMITMENTS RESULTING FROM 
AIRBORNE AND LIQU I D  TRITIUM RELEASES FOR CY-19 7 7  

Type o f  Exposure 

Maximum Individual in the O f fs ite Population 

population Group - O f fs ite ( average exposure 
i nd ividuals in thi s group ) 

Population within 3 . 2  km ( 2  mi l Radius 
( inc luding Miami sburg )  

Population Within 3 . 2  k m  to 3 2  km Radius 
(2 to 2 0mi ) 

Population within 3 2  km to 8 0  km Radius 
( 2 0  to 50 mi l 

Or san 

Total Body 

to Total Body 

Total Body 

Tota l Body 

Total Body 

Annual Dose 
Commitment 

3 . 4 7 mrem 

0 . 2 0 5  mrem 

3 . 8 8 person rem 

8 . 3 8 person rem 

No Dose Commi tment 
Above Background 

Total Population Within 80 km ( 5 0  mi l Radius 
of Fac i li ty Site* 

Total Body 12 . 2 6  per son rem 

*Dose commitment to total population within 8 0 -km ( 50 -m i )  radius due to natural 
background tritium i s  approximate ly 2 7 0  person rem . The Mound Fac i li ty contr ibution 
i s  less than natural background . 

NOTE : Tritium i s  the only r adio i sotope released from Mound Fac i l i ty for which 
the critical organ is the total body . 

o f  the Fac i l i ty .  I n  terms o f  Mound Fac i li ty ' s  impact ,  people i n  the 3 2  to 8 0  km area 
are exposed to tritium oxide at near background leve l s . The 12 . 2 6 person- rem value 
compares with the total background dose for the 8 0 -km ( 5 0  mi l area from all natural 
radiation sources ,  cosmic and terrestrial , of approximate ly 3 6 0 , 0 0 0  person rem/yr . ( 3 -7 )  

Impact of New Federal Drinkins Water Resulations - On December 16 , 1 9 7 4 , new 
environmental leg i s l ation known as the " Safe Drinking Water Act "  was s i gned into law .  
During 1 9 7 5 , the Federal Environmental Protection Agency ( EPA) a s  the respon s ible 
implementing agency formulated a detai led set of regulations to further control certain 
chemical , microb io logical , and radioactive sub s tances i n  public drinking water . 
Proposed regulations for chemical and biological substances were pub l ished i n  the 
Federal Reg i s ter on March 1 4 , 19 7 5 . Final regulations were promulgated i n  the December 
2 4 ,  1 9 7 5 , i ssue of the Federal Regi s ter . Proposed regulations for radionuc l ides in 
pub l ic drinking water were pub l i shed in the Federal Reg i s ter on August 14 , 19 7 5 , and 
the final regulations were promulgated in the July 9 ,  1 9 7 6 ,  i s sue . The se regulations 
are known as the "National Interim Primary Drinking Water Regulations , "  T itle 4 0 -Code 
of Federal Regulation s , Part 14 1 .  

When the EPA-proposed regulations for radionuc l ides were pub l i shed in Augus t 1 9 7 5 , i t  
was noted that ,  i f  the regulations were adopted , the Federal radiation protection 
s tandard for man-made radionucl ides i n  public dri nking water would in e f fect be reduced 
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b y  a factor o f  approximate ly 5 0 . The standard for tritium would be reduced from 1 

�Ci/liter to 0 . 0 2 �Ci/liter . As noted in the previous section o f  this report under 
" L iquid E f fl uent Impact " , the 1 9 7 5  annual average concentration of tri tium in local 
drinking water supplies measured up to a maximum o f  0 . 0 7 5  x 10 - 3 �C i/ml ( 0 . 0 7 5  �C i/ 
lite r ) . Although this concentration was only 7 . 5 % o f  the prevai ling ERDA standard , it 
exceeded the EPA proposed standard . Mound there fore undertook an extensive drinking 
water monitoring program to de termine the extent and degree to which Facili ty e f fluents 
had infiltr ated local drinking water suppl ies . Also , employing the a s s i s tance of con­
s ultants with expertise in geohydro logy and other required earth sciences , Mound under­
took a comprehens ive investigation program to determine the mechani sms by which tri­
tium e f f luents impact local water supplies , the relative e f fect of past and present 
operations , and pos s ib le method s of reducing the tritiated water burden present in 
the aqui fer . 

As a result o f  Mound ' s  comprehens ive studies o f  tritium in the local environment the 
fol lowing conclus i ons were derived : 

1 .  Only the local area o f  the Buried Valley Aqui fer adj acent to the Faci l i ty 
s i te has been s i gni ficantly impacted by Mound ' s  tritium operations . 
2 .  The primary s ource o f  tritium reaching the aqui fer has been process was te 
water discharged through the s i te drainage di tch and Mi ami-Erie Canal to the 
Great Miami River . Direct infiltration o f  tritiated water to the aqui fer 
re s ulted . 
3 .  Rainout o f  s tack emi s s ions from the Faci lity has had a minor impact on 

tritium infi ltrating local drinking water supplies . 
4 .  Wel l s  which do not draw water from the local aqui fer have a tritium concen­
tration c lose to the natural background level . 
5 .  The concentration o f  tritium in the local aqui fer has been diminishing 
s tead i ly s ince CY- 1 9 7 0  in response to progre ss ively reduced l iquid emi s s ions 
f rom the Fac i l ity . 
6 .  Current concentrati ons of tritium in the aqui fer are primarily res iduals o f  
past d i s charges . 
7 .  Although past l iquid e ffluent control practices were guided by a Federa l  
standard for t r i t i um  in public water s upplies of 1 �Ci/liter , a reduction o f  the 
standard by a factor o f  5 0  resulted in eight private water supplies and Mound 
F ac i l ity water exceeding the new Federa l  standard . 
8 .  Current concentrations of tritium in the aqui fer are not a s i gni ficant health 
r i s k  to people us ing the water . 
9 .  The highe st concentrati on o f  tritium in the local aqui fer occurred at the 
j unction o f  the Faci lity s i te drainage ditch and the o ld Miami -Erie Cana l . (The 
measured concentration in Apr i l  1 9 7 6  was 0 . 11 5  x 10 - 3  �Ci/ml . This location is  
some 500  to 6 0 0  feet from the neares t drinking water we l l . )  

t 
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A s  shown in Figure 3 - 1 2 , the concentration of tritium in the local aqui fer has been 
consider ably reduced . Since 19 7 0 , the most s i gn i f icant force in e f fecting a continuing 
reduc tion has been the high leve l pumping of water from the aqui fer for Mound Faci lity 
operations . Mos t  o f  thi s  water when di scharged from the Fac i l i ty goes to the Great 
Miami River where it receive s  cons iderable di lution and f lows southward . Some of thi s 
water in fi ltrate s the aqui fer in a continuing recharge -recyc le pattern ; there fore , the 
rate o f  tritium reduction in the aqui fer becomes slower and s lower . The ass imi lative 
capacity o f  the aqui fer has been more than adequate in the past to maintain local 
potable well water wi thin the DOE ReG . The ass imi lative capac i ty i s  adequate to main­
tain the water within even the new EPA standard , but the present tri tium burden mus t 
be removed . The goal o f  Mound ' s  intense program to evaluate all aspects o f  tri tium in 
local drinking water has been to reduce the tritium to the lowe s t  leve l practical at 
the e ar l i e s t  pos s ible time . 

Although the suddenne s s  o f  the regulation put local aqui fer water into a noncompliance 
s i tuation , it doe s not mean that the water is  uns a fe for continued use . The EPA 
regulations do not condemn such noncompliant water sys tems . The new EPA standard for 
tri tium is es sentially a nonde gradation s tandard adopted to maintain tritium in nation­
al drinking water supplies which use s ur face water sources ( s treams and rivers ) at the 
lowe s t  leve ls practical . The s tandard is a strict control on the tritium emi s s ions 
from the increasing number of nuc lear power reactors in the united States . For Mound 
Faci lity , the new very conservative s tandard for tri tium is an a fter-the- fact regula­
tion . Mound s tudies have identi fied potential methods of reducing the tritium con­
centration in the aqui fer which supplies local wel l s . Since tri tium cannot be fi ltered 
out o f  the water as i t  is used , the application o f  remedial corrective measures has 
proved quite chal lenging . 

In 19 7 7 , a fter the completion o f  a thorough evaluation o f  the infi ltration o f  tritium 
into the aqui fer and a fter te s t  pumping to de termine the e ffectivene s s  o f  high-volume 
water removal and recharge o f  the aqui fer , Mound initi ated a high-volume long-term 
pumping program uti l i z ing Mound Fac i l i ty Wel l  # 1  and an old , unused Miami sburg wel l  
(We l l  # 2 ) . Both we lls operate a t  a discharge flow r ate of 4 5 0  gal lons /minute . Under 
natural environmental condi tions , the Buried Valley Aqui fer s upplies water southwest­
ward to the Great Miami River . In Mound ' s  pumping progr am , the water table i s  lowered 
s u f fi ciently to cause a reverse flow in the aqui fer between the River and the high 
capac ity pumps thus sweeping the tritiated water eastward from the area of the private 
we l ls to the pumps be fore d i s charging it to the River . The reduction o f  the tri tium 
concentration in the various water we l l s  is achieved by displacement and d i l ution 
through the forced infi ltration of river water . During the pumping program from 
Apri l  1 9 7 7  through January 1 9 7 8 , some 4 0 0 , 0 0 0 , 0 0 0  gallons of water were removed from 
the aqui fer and replaced by natural recharge water from the River and from rainfall . 
Natural recharge i s  totally adequate to support all water withdrawals , publi c , private , 
and indus tri a l . Between Apr i l  1 9 7 7  and June 1 9 7 8 , the area in which the tr i tium con­
tent exceeded the EPA standard had been reduced some 6 7 % , from 5 2  acres to 17 acres . 
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T h i s  reduction o f  the a f fected area brought Mound Fac i l i ty we lls and mos t  o f  the 
private we l l s  into compliance with the new EPA standard , and those we l ls not yet in 
compliance were approaching it . Mound currently anticipates reducing the tritium 
leve l to less than the EPA s tandard throughout the area during CY-1 9 7 9 .  

The tritium concentration in four private we l l s  monitored routinely during CY- 1 9 7 7  as 
an indication of the tritium level in the af fected area of the aqui fer is presented in 
Table 3 -1 4 . 

Local drinking water impacted by Mound operations has been analyzed for all o ther 
radioac tive , chemical , and microbiological parame ters speci fied in the new EPA stand­
ards and found to be in comp liance . 

So lid Was tes - There i s  no ons ite burial o f  solid waste contaminated with tritium 
at Mound Fac i l i ty . This pol icy has been in e f fect s ince the introduction of tritium 
at the Fac i l i ty . Environmental. monitoring also subs tantiates that there is no source 
of tritium originating as contaminated solid waste . Mound Faci lity d isposes of i ts 
tritium-contaminated solid waste by shipment o f  such was te in DOT-approved containers , 
to approved o ffsite burial grounds . Clas s i fied tritium-contaminated wastes are sent to 
the DOE Savannah River P lant for bur i a l . Unclas s i f ied tr itium-contaminated waste is  
packaged and transported to the Barnwel l , S . C . , radioactive was te buri a l  ground oper­
ated by C hern Nuclear Sys tems , Inc . , and to the DOE Nevada Test Site at Mercury , Nev . 

Table 3 - 1 4  

TRITIUM IN PRIVATE WELLS FOR CY- l' 7 7  

Number o f  Range Averageb , c , e Percent b Locationa Sam�les � l O - 6 � Ci/ml) ( 1 0 - 6 � Ci/ml ) Standard 

B-1 2 5  3 3 . 0  - 5 9 . 0  4 6 . 7  ± 1 . 4  2 3 3  

B-2 2 5  2 3 . 6  - 3 5 . 7  2 ' . 9  ± 1 . 1  1 4 9  

B- 3 2 5  2 2 . 4  - 3 7 . 3  3 1 . 1  ± 1 . 2  1 5 5  

J- l 2 4  1� . 4  - 4 9 . 3  3 3 . 3  ± 1 . 2  16 5 

aLocations are shown in Figure 3 - 7 . 
bThese concentrations are the average level s  for 1 9 7 7 . Data obtained 

through June 1 9 7 8  show that these leve l s  have been reduced con s iderab ly 
as follows : �- l = 1 3 ,  B-2 = 18 , B- 3 = 1 9 , and J-l = 26 (x 10 - 6 �Ci/ml ) . 
All· private wel ls are approaching compliance with the new EPA standard 
o f  2 0  x 10 - 6 �Ci/ml . 

cLower Detection Limit ( LDL)  for tritium in water is 0 . 4  x 10 - 6 �Ci/ml 
which i s  0 . 0 4 %  o f  the EPA Standard . 

dEPA Standard for tritium in community drinking water sys tems = 2 0  x 10 - 6 
�Ci/m�. Mound i s  using the EPA Standard as a guide for the pr ivate water 
s upplies . 

eError limits are counting stati s tics only at 9 5 %  conf idence leve l . 
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3 . 7 . 2  PLUTONIUM 

The physical and toxicological properties o f  plutonium are descr ibed in Section 2 . 1 . 4 . 2 .  
Mound Fac i l i ty has worked with multi gram quanti ti e s  of plutonium- 2 3 B  and gram quanti ­
ties o f  plutonium- 2 3 9 . Because o f  the predominant use o f  plutonium-2 3 B  and i ts 
higher s pe c i fic activi ty , e s sentially all the environmental impact of Mound ' s  pluton i um  
operations h a s  been from thi s  i sotope . For thi s  reason , the discus s ion o f  the impact 
o f  pluton i um  operations in the fol lowing section is limi ted to the impact o f  plutoni um-
2 3 B . 

Airborne E ff luent Impact - All plutonium proce s s  operations at Mound Fac i l ity are 
conducted ins ide gloveboxe s containing air or an ine rt atmosphere . Air-atmosphere 
gloveboxe s  are protected by an automatic fire detection and extingui shing system using 
Halon 1 3 0 1  extingui shing agent . Gloveboxes are maintained at negative pres sure with 
respect to the operating laboratory . 

The exhaust from every plutonium glovebox is passed through at least two s tage s o f  
high-e fficiency particulate air (HEPA) f i l ters immediate ly upon leaving the glovebox . 
The exhausts from a l l  gloveboxe s in a bui lding are then combined and passed through 
another two s tage s  o f  high-e f f i c iency f i l ters in series be fore the air is dis charged 
through a 6 1 -m ( 20 0 - ft )  high s tack . Exhaust air from the laborator ies containing 
gloveboxe s i s  also fi l tered be fore release to the envi ronment through the same s tack . 
The location of the pl utonium stack is shown on F i gure 2 - 9 . The annua"l plutonium 
stack di scharge s  for the past eight years were : 

CY- 1 9 7 0  0 . 2 7 1  x 10- 3 grams CY- 1 9 7 4  0 . 0 0 2  x 1 0- 3 grams 
CY- 1 9 7 1  0 . 0 2 5  x 10 - 3 grams CY- 1 9 7 5  0 . 0 0 1  x 1 0- 3 grams 
CY-1 9 7 2  0 . 0 0 5  x 1 0 - 3 grams CY- 1 9 7 6  0 . 0 0 1  x 1 0 - 3 grams 
CY- 1 9 7 3  0 . 0 0 5  x 10 - 3 grams CY- 1 9 7 7  0 . 0 0 1  x 1 0- 3 grams 

The most important meteorological factors that w�uld influence the environmental impact 
o f  airborne releases of p lutonium are the average wind direction , wind speed , and 
atmospheric s tabi l i ty . These factor s are discus sed in Section 2 . 3 . 6 .  

Because all air which may contain plutonium oxide i s  fi ltered be fore re lease , the par­
tic le s i z e  of the airborne oxide is in the submicrometer range . The small particle 
s i ze permits the use o f  d i f fus ion calculations as if the oxide were a gas . Agglomera­
tion of plutonium particles or attachment to " ho s t "  partic l e s  of dust in the ambient 
air may occur in the environment and may influence the rate o f  depos i tion by rain or 
fal lout . 

A de scription o f  the o ff s i te air sampling program , inc luding locations monitored , i s  
contained i n  Section 2 . 1 . 4 . 7 . Table 3 - 1 5  presents a summary of the plutonium air­
monitoring results for CY-19 7 7 .  The average value s observed ranged from < 0 . 0 9  x 10 - 1 7  
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Table 3 - 1 5  

CONCENTRAT IONS OF PLUTONIUM IN AIR AT OFFS ITE SAMPLING LOCATIONS FOR CY- 1 9 7 7  

Location 

1 0 1  
1 0 2  
1 0 3  
1 0 4  
1 0 5  
1 0 8  
1 1 0  
1 1 1  
1 1 2  
1 1 5  
1 1 8  
1 2 2  
1 2 3  
12 4 

Number 
o f  a S am121es 

5 1  
5 2  
5 1  
5 2  
5 2  
4 8  
5 1  
5 2  
4 8  
5 1  
5 1  
4 7  
5 2  
5 2  

Range 

2 3 8 Pu 

( 10 - 1 7 flCi/m1 ) 

0 . 1 5  - 3 . 2  
0 . 5 2 - 1 . 3 
0 . 4 2  - 0 . 8 8 
0 . 2 2 - 0 . 5 0 

< 0 . 0 7 6  - 0 . 2 3 
< 0 . 0 7 6  - 0 . 2 9 
< 0 . 0 7 6  - 0 . 15 
< 0 . 0 7 6  - 0 . 3 2 
< 0 . 0 7 6  - 0 . 2 1 
< 0 . 0 7 6  - 0 . 2 1 

0 . 2 5 - 1 . 2  
0 . 6 1  - 6 . 3  
0 . 5 4 - 9 . 6  
0 . 3 5 - 4 . 2  

b e Average ' 
_ 1 7 flC i/m1)  

1 . 0  ± 0 . 0 5 
0 . 8 1  ± 0 . 0 8 
0 . 6 2  ± 0 . 0 7  
0 . 3 7 ± 0 . 0 6 

< 0 . 15 ± 0 . 0 4 
< 0 . 15 ± 0 . 0 4  
< 0 . 0 9  ± 0 . 0 4 
< 0 . 2 1  ± 0 . 0 5 
< 0 . 1 6 ± 0 . 0 4 
< 0 . 1 3 ± 0 . 0 4 

0 . 7 5  ± 0 . 0 8 
2 . 1  ± 0 . 2 2 
2 . 9  ± 0 . 2 6 
1 . 7  ± 0 . 2 0 

aLocations are shown in Figure 3-6 . 

2 3 9 pU 
d e 2 3 8 PU/ Percent Aver age ' 

o f  RCGc ( 10 - 1 7 flC i/m1) 2 3 9 pU 
0 . 0 5 2 . 4  ± 0 . 1 3 0 . 4 2 
0 . 0 4 2 . 2  ± 0 . 1 3 0 . 3 9 
0 . 0 3 2 . 1  ± 0 . 1 3 0 . 3 0 
0 . 0 2 2 . 2  ± 0 . 1 3 0 . 17 

< 0 . 0 1  2 . 0  ± 0 . 12 <0 . 0 8 
< 0 . 0 1 2 . 7  ± 0 . 14 < 0 . 0 6 
< 0 . 0 1  2 . 3  ± 0 . 1 3 < 0 . 0 4 
< 0 . 0 1 2 . 5  ± 0 . 14 < 0 . 0 8 
< 0 . 0 1  2 . 1  ± 0 . 1 3 < 0 . 0 8 
< 0 . 0 1  2 . 5  ± 0 . 1 4 < 0 . 0 5 

0 . 0 4 2 . 5  ± 0 . 1 4 0 . 3 0 
0 . 11 1 . 6  ± 0 . 19 1 . 3  
0 . 15 2 . 1  ± 0 . 2 2 1 . 4  
0 . 0 9 2 . 4  ± 0 . 2 3 0 . 7 1 

bLower Detection Limit (LDL ) for 2 3 8 pU in air for s amplers 1 0 1  through 
1 1 8  is 0 . 0 7 6  x 10 - 1 7  flCi/m1 and the LDL for samplers 1 2 2  through 1 2 4  is  
0 . 2 5 8  x 10 - 1 7  flC i/m1 . This i s  0 . 0 0 4 %  and 0 . 0 1 3 % , respectively o f  the RCG .  

cRadioactivity Concentration Guide (RCG) = 2 0 0 0  x 10 - 1 7  flCi/m1 for the 
soluble form of 2 3 8 pU for the general population . 

dThe LDL for 2 3 9 pU in air for samplers 1 0 1  through 1 1 8  i s  0 . 0 3 3  x 10 - 1 7 
flCi/m1 and the LDL for samplers 1 2 2  through 1 2 4  i s  0 . 12 1  x 10 - 1 7 flCi/m1 . 

eError limits are counting stati stics only at 9 5 %  con fidence leve l . 

to 2 . 9  X 1 0 - 1 7 flCi/m1 . The se values are < 0 . 0 1  to 0 . 1 5 %  o f  the Rad ioactivity Concen­
tration Guide of 2 0 0 0  x 10 - 1 7  flCi/m1 . The background concentration of p 1utonium- 2 3 8  
i n  a i r  for the Miami sburg area i s  approximately 0 . 3  ± 0 . 1  x 10 - 1 7  flCi/m1 . ( 3 -8 , 3 - 9 ) 

Foodstu f f s  and vegetation samples in the vicinity o f  Mound Fac i l i ty are analyz ed to 
determine whether there i s  uptake and concentrat ion o f  p 1utonium- 2 3 8  in these sub­
stances as a result of airborne release s .  A descr iption of the foodstuf f s  and vegeta­
t ion sampl ing program is given in Section 2 . 1 . 4 . 7 .  Table 3 - 1 6  presents a summary 
of thi s  s ampling program for CY- 19 7 7 . The average values observed ranged from < 2 . 0  x 
10 - 1 0  to 1 3 . 1  X 1 0 - 1 0  flCi/g . There i s  no RCG speci fic for foodstuffs and vegetation ; 
however , in the table they are compared to the RCG for dri nking water , which i s  
2 0 , 0 0 0  x 10 - 1 0  flC i/g . The average value s  ranged from < 0 . 0 1 t o  < 0 . 0 7 %  of  the dr inking 

water RCG . There is no re ference data for background of p1utonium-2 3 8  in foodstuffs 
and vegetation ; however , the background for p1utonium- 2 3 8  i n  sur face water for the 
Mi ami sburg area , cons idered to be about 7 x 10 - 1 3 flC i/m1 , is used for sur face water 
and foods tuffs calculations . ( 3- 1 0 ) 



Type o f  
Sam!21e 

Mi lk 

Vegetables 

Grass 

Aquatic 
L i fe (pri-
mar i ly f i s h )  
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Tab le 3 - 16 

SUMMARY OF FOODSTUFFS AND VEGETATION ANALYSES 
FOR PLUTONIUM-2 3 8  FOR CY- 1 9 7 7  

Number P lutonium Content 
of ( 1 0 - 1 0 ).lCi/S) 

Location SamEles Ran9:e Averase* 

Local Dairy Farms 3 < 2 . 0  - 2 . 1  < 2 . 0  ± 0 . 8  

Local F i e lds 4 < 7 . 5  - 11 . 0 < 8 . 4  ± 2 . 8 

At Sur face water 2 5  < 6 . 6  - 4 4 . 6  < :3 . 1  ± 6 . 2 
S ites (Fig . 3 - 7 ) 

Gre at Miami River 4 < 5 . 3  - 9 . 6 < 6 . 7  ± 1 . 4  

% of  
RCG* *  

< 0 . 0 1 

< 0 . 0 4  

< 0 . 0 7 

< 0 . 0 3 

NOTE : There are no RCG ' s  for food s tu f f s . Water RCG ' s  are used for re ference 
purposes . ( S ee 

* Lower Detection Limi t 
Lower Detection Limi t 
Lower Detection Limit 
Lower Detection Limit 

Reference 

(LDL ) for 
(LDL ) for 
( LOL ) for 
( LDL)  for 

3 - 4 ) . 

2 3 8 pU 
2 3 8 pU 
2 3 8  Pu 2 3 8 pU 

in 
i n  
in 
i n  

mi lk i s  2 . 0  x 10 - 1 0 ).lCi/� 
vege tables is 7 . 5  x 10 - 1 ).lCi/g 
grass i s  6 . 6  x 10 - 1 0 ).lCi /? aquatic l i fe i s  5 . 3  x 10 - 0 ).lCi/g 

* * Radioactivity Concentration Guide for 2 3 8 p U  i n  water = 2 0 , 0 0 0  x 10 - 1 0 ).lCi/ml . 
Thi s  percent i s  calculated from the "Average " column . 

Error limits are counting s tati stics only a t  9 5 %  confidence leve l . 

Water s ample s are collected from ponds and s treams which do not receive and are not 
a f fected by l iquid d i scharges from Mound Fac i l ity to determine whether there is a 
measurab le concentr ation of p lutonium- 2 3 8  in these waters as a result o f  airborne e f f lu­
ents . A descr iption of thi s  sampl ing progr am i s  given i n  Section 2 . 1 . 4 . 7 .  Tab le 3-17 
presents a summary of this sampling program for CY-19 7 7 . As may be seen in the tab le , 
the average value s  obs erved ranged from < 0 . 1  x 10 - 1 0 (which is the lower limit o f  de­
tection) to < 0 . 12 x 10 - 1 0  ).lCi/ml , compared to the RCG of 2 0 , 0 0 0  x 10 - 1 0  ).lC i/ml . The 
average values ranged from < 0 . 0 0 0 5  to 0 . 0 0 0 6 %  o f  the RCG . The background concen­
tration for p l utonium- 2 3 8  in sur face water for the Miami sburg area is about 7 x 10 - 1 3 

).lCi/ml . S i lt samples obtained from the bottom o f  the ponds indicate i n  general a 
concentration less than the lower limit o f  detection or < 0 . 3  x 10 - 6 ).lCi/g . �See Tab le 
3 - 1 8 )  The highe s t  average concentration was 0 . 4  x 10- 6 ).lC i/g . 

The only s i gn i ficant pathway for exposure to man as a result o f  Mound Fac i l i ty ' s  air­
borne releases o f  p lutonium i s  a direct pathway by inhalation . Estimates of dose 
commitments ( r adiation exposur e )  based on measured values i n  the environment in CY- 1 9 7 7  
are given i n  Tab le 3 - 1 9 . Val ue s  are given for both lung and bone as critical organs 
u s ing conservative ( i . e . , wor s t  case ) as sumptions that a l l  plutonium to the lung was 
inso lub le and that all plutonium to the bone was so luble . The dose es timates obtained 
for the Maximum I ndividual in the O f f s i te population were based on the s ingle highest 
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Table 3 - 1 7  

SUMMARY OF SURFACE WATER MONI TORING FOR PLUTONIUM-2 3 8  FOR CY- 19 7 7  

Locationa Number o� RangeC Averaged percen� 
S am121es ( l0 _ 1  0 �Ci/ml ) ( 10 ..., 1 0 �Ci/ml ) o f  RCG 

1 0  4 < 0 . 1  - 0 . 1 3 < 0 . 12 ± 0 . 0 2  < 0 . 0 0 0 6  
1 1  4 < LDL < 0 . 1  ± 0 . 0 1 < 0 . 0 0 0 5  
12 4 <LDL < 0 . 1  ± 0 . 0 1 < 0 . 0 0 0 5  
1 3  4 < LDL < 0 . 1  ± 0 . 0 1 < 0 . 0 0 0 5  
1 4  4 < LDL < 0 . 1  ± 0 . 0 1 < 0 . 0 0 0 5  
1 5  4 <LDL < 0 . 1  ± 0 . 0 1 < 0 . 0 0 0 5  
1 6  4 < LDL < 0 . 1  ± 0 . 0 1 < 0 . 0 0 0 5  
1 7  4 < LDL < 0 . 1  ± 0 . 0 1 < 0 . 0 0 0 5  

aLocations are shown i n  Figure 3 - 7 . 
bone s ample i s  

'
collected each quarter at each location . The 4 samples 

obtained are then compos ited into 2 large volume samples for ana ly s i s  
for optimum sensitivity . 

CLower Detection L imit ( LDL) for 2 3 8 pU in water = 2 0 , 0 0 0  x 10 - 1 0 �Ci/ml 
which is 0 . 0 0 0 5 % of the RCG .  

dE�ror l imits are -counting statistics only at 9 5 %  confidence leve l .  
eRadioactivity Concentration Guide (RCG) for 2 3 8 pU in water = 2 0 , 0 0 0  x 

1 0 - 1 0  �Ci/ml for the general population and soluble form o f  p lutonium-2 3 8 . 

Table 3 - 1 8  

PLUTONIUM-2 3 8  IN S ILT FROM SURFACE WATER MONITORING LOCATI ONS FOR CY- 1 9 7 7  

2 3 8 pU 2 3 8 pU 
Number of Rangeb Averageb , C  

Locationa S am121es ( 1 0 - 6 �Ci/S) ( 10 - 6 �Ci/S) 

1 0  2 <LDL < 0 . 3  ± 0 . 0 2 
11  2 < LDL < 0 . 3  ± 0 . 0 1 
1 2  2 < LDL < 0 . 3  ± 0 . 0 1 
1 3  2 <LDL < 0 . 3  ± 0 . 0 3 
14 2 < LDL < 0 . 3  ± 0 . 0 2 
1 5  2 <LDL < 0 . 3  ± 0 . 0 0 1  
1 6  2 <LDL < 0 . 3  ± 0 . 0 5 
17 2 < 0 . 3  - 0 . 5 5 < 0 . 4  ± 0 . 0 5 

aLocations are shown in F igure 3 - 7 . 
bLower Detection Limit ( LDL) for 2 3 8 pU i s  0 . 3  X 10 - 6 �Ci/g . 
cError limits are counting statistics only at 9 5 %  confidence leve l . 
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Tab le 3 - 19 

EST IMATED DOSE COMMITMENTS RESULTING FROM PLUTONIUM STACK EFFLUENTS FOR CY- 1 9 7 7  

Type o f  Exposure 

Maximum Individual in the O f fs i te 
population 

Soluble 
Insolub le 

population Group - O f f s i te 

Soluble 
Insolub le 

Bone 
Lung 

Bone 
Lung 

Annual Dose 
C ommitment 

(mrem) 

0 . 0 4 4  
0 . 1 1 0  

0 . 0 1 6  
0 . 0 3 6  

yearly average o f  ons i te samplers s ince the samplers are i n  c lose proximity t o  the 
s i te boundar y .  The maximum d o s e  t o  the population groups was based o n  the data 
obtained from the maximum o f fs i te average concentration of plutonium- 2 3 8  in air . The 
dose commitment values given for these categories in Table 3 - 1 9  are considered to be 
high estimates , and actual organ dose s would be expected to be much lower because the 
area population is highly mobi le and would not be continuous ly present in any given 
area of plutonium concentration . 

The concentration o f  airborne p lutonium in the environs o f  Mound Fac i l i ty and the 
e s t imated dose commitments to individuals and population groups i s  we l l  within the 
guidelines given in DOE Manual Chapter 0 5 2 4 . 

As a result of airborne releases of p lutonium , there has been some minor deposition o f  
p luton ium o n  the land s urrounding the s i te . 

During CY-19 7 7 , emphas i s  was p laced on comp leting Mound ' s  Soil Inventory for plutonium-
2 3 8 . Essential ly a l l  the s o i l  samples taken and analyzed during CY- 1 9 7 7  were related 
to the S o i l  Inventory Program .  

The purpose o f  the s o i l  inventory was t o  estab l ish the quanti ty o f  plutonium which 
was deposited in the environment from the Mound Faci l i ty s tack e f fluents . A prelimi ­
nary soi l inventory was per formed in CY-19 7 5 ; however , s o i l  sampl ing was n o t  completed , 
and additional s amples were taken in CY- 1 9 7 7  to extend the s o i l  i s op leths to environ­
mental background concentrations . 

S o i l  core sample values around and within the Faci l i ty s i te boundary were used to 
arrive at an estimate o f  the ground deposition o f  airborne plutonium- 2 3 8  from all pas t  
Fac i l i ty operations . 
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A series o f  soi l sampling locations sampled i n  CY- 1 9 7 5  was reinforced b y  3 1  addition­
al locations in 16 di f ferent directions and d i s tances from the Fac i li ty .  A total o f  
7 9  soi l sampling locations was used in the inventory .  

Soi l  background levels were obtained by c o llecting four additional samp les at 0 ° , 9 0 ° ,  
1 8 0 ° , and 2 7 0 °  at d i s tance ranging from 3 4  to 5 1  km ( 2 1  to 3 2  mi ) . The ratio o f  p lu­
tonium- 2 3 9  to plutonium-2 3 8  found in these samples ranged from 2 2  to 2 7 . This is in 
good agreement with accepted values for fal lout or background plutonium ( 3 - 1 1 ) . The 
p lutonium- 2 3 8  value s in these samples averaged 0 . 1  mCi/km2 , and any value exceeding 
that leve l was assumed to be the result of pa s t  emi s s ions from Mound faci lities . 

The soi l samp l ing values along each o f  16 equa l ly spaced radials or iginating i n  the 
center of Mound Faci lity were fi t to power function curves by a least squares program . 
The dis tances between each radial were obtained by a data smoothing technique . The 
i s op le ths were then completed and the area between i sopleths was measured by p lanimetry . 
The concentration calculated at the midpoint d i stance between each i sopleth was used as 
the average concentration for the area between the i s opleths . The i s op leth p lo t  i s  
shown in Fi gure 3 - 1 4 . 

Xhe total quantity o f  p�utonium- 2 3 8  in the o f f s i te environment due to a l l  pas t air­
borne emi s s ions from Mound operations is estimated by this technique to be 3 6 0  mCi .  
The error associated with this value i s  estimated to be + 3 5 %  which inc l udes errors due 
to chemical analys i s , counting , area measurement , and samp ling . Radiation dose to the 
public due to resuspended p lutonium , even from the areas o f  maximum concentration , i s  
we l l  within the proposed EPA standard for transuranium e lements in soi l .  

L iquid E f fluent Impac t  - Liquid wastes from p lutonium operations are proces sed to 
recover the plutonium when economically feasible . Liquid wastes which do not contain 
suf ficient p lutonium to be recovered are sol id i f ied and shipped o f f s i te for s torage at 
a disposal s i te . I f  a l iquid was te contains over 10 6 dis/min/ml , i t  i s  c l a s s i fied as 
" high-spec i f i c  activity" waste and solidified , packaged in Department of Transportation 
( DOT ) -approved container s and shipped o f f s ite for burial . " Low-leve l "  liquid was tes , 
i . e . , those containing le s s  than 10 6 dis/min/ml , are trans ferred via underground lines 
to the waste disposal building where they are proces sed chemically for p lutonium 
removal and assayed be fore batch d ischarge to the Great Miami River . Hi s torical ly , 
routine batch discharges of low-leve l liquid p lutonium was te s  to the Great Miami River 
have alway s been at or be low the RCG for the so l�ble form of plutonium . Annual p l u­
tonium discharges in l iquid e f f luents during the pas t eight year s were : 

CY-19 7 0  0 . 4 6 4  x 10 - 3  gram CY-1 9 7 4  1 . 2 3 5  x 1 0 - 3 gram 
CY-19 7 1  0 . 9 5 2  x 10 - 3 gram CY-1 9 7 5  1 . 116  x 10 - 3 gram 
CY-19 7 2  3 . 7 8 7 x 1 0 - 3  gram CY-19 7 6  0 . 18 6  x 10 - 3 gram 
CY-19 7 3  1 . 0 0 3  x 1 0 - 3  gram CY- 1 9 7 7  0 . 2 2 4  x 10 - 3 gram 
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F I G U R E  3 - 1 4  - M i l l i c u r i e  p e r  s q u a re k i l o me t e r  i s o p l e t h s .  

There are two liquid e ffluent s treams leaving the Mound Fac i l i ty s i te . These s treams 
are : ( 1 )  a drainage ditch which provide s natural drainage for the s i te and carries 
storm sewer and some cooling water d i s charges ; and ( 2 )  an underground pipe line 
wh ich carries the sani tary and industrial was te e f f luents a fter process ing to the Gr eat 
Miami River . In terms o f  volume , the average flows are approximate ly 1 . 4  mi l lion 
l i ters/day ( 0 . 3 8 mi l lion gal lons /day) via the ditch and 0 . 6 8  mi ll ion liters /day ( 0 . 1 8 
mi l lion gallons/day ) via the pipe line . 

A fter water from the surface drainage di tch leaves the s i te , i t  f lows south through 
the remnants of the abandoned Miami-Erie Canal system , to a second open ditch which 
passes under a highway and continues to the river . At the point where the main drain­
age ditch meets the Miami-Erie Cana l , the City of Miami sburg bui lt a sma l l  diversion 
some years ago which caused some o f  the liquid e ff luent to f low north into another 
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section o f  the abandoned canal and then v i a  trans fer pipes into two small ponds in the 
immediate area . Over f low from the ponds and the canal was into a Miamisburg s torm 
drain and to the r iver . Figure 3 - 1 5  i s  a photograph o f  the ad j acent waterways as they 
were pr ior to July 1 9 7 6  and Figure 3 -16 is a sketch of the area . 

In July 19 7 6  a pro j ect was completed to correc t  the s ituation that existed . Currently 
water leaving Mound Faci lity through the drainage ditch can flow only into the South 
Canal and then to the River . 

The l imit for the concentration o f  p1utonium- 2 3 8  in liquid e f f l uents i s  based upon the 
soluble form o f  p lutonium s ince the RCG for soluble plutonium i s  the mos t  re s trictive . 
The was te treatment doe s not disso lve the suspended p lutonium , so mos t  o f  the p lutonium 
in the l iquid e f f luents i s  in an insoluble form susF�nded in the liquid . When released 
to the natural environment ,  any p lutonium contamination present in the l iquid discharges 
become s firmly bonded with host particles of c lay- forming s ilt . Migration o f  p lutonium 
with the groundwater s  i s  thus not s igni fican t .  

A descr iption o f  the o f f s i te water sampling program , inc luding locations s ampled , i s  
contained in Sec tion 2 . 1 . 4 . 7 .  Table 3 - 2 0  presents a s ummary o f  the r iver mon i toring 
results for CY-19 7 7 . The average value s  observed ranged from < 0 . 10 x 10 - 1 0 to < 0 . 8 0 X 

10 - 1 0 �Ci/m1 . These value s  are minimal , amounting to < 0 . 0 0 0 5  to 0 . 0 0 4 %  o f  the RCG of 
2 0 , 0 0 0  x 10 - 1 0 �Ci/m1 . Sma l l  amounts o f  p lutonium bound to bottom s i l t  in a loc a l i z ed 
s tretch o f  the Great Miami River i s  shown in the data presented in Table 3 -2 1 .  

The two e f fluent s treams leaving Mound Fac i l i ty are monitored continuous ly . The aver­
age va lue o f  p l utonium concentration measured in the drainage ditch during CY- 1 9 7 7  was 
4 8  x 10 - 1 0  �Ci/m1 . The average value measured in the underground pipe leaving the s ite 
was 6 2  x 10 - 1 0 �C i/m1 . These values are 0 . 10 and 0 . 12 %  of the RCG . 

The average value o f  p1utoni um- 2 3 8  obtained in CY- 19 7 7  mon i toring o f  three ons i te wel l s  
was 0 . 2 0 x 10 - 1 0  �C i/m1 . This value i s  0 . 0 0 1 %  of  the RCG o f  2 0 , 0 0 0  x 10 - 1 0 �Ci/m1 . 
Water samples were col lected from the Miami-Erie Canal ad j acent to the Mound Fac i l i ty 
s ite . The average value s  for p lutonium �bserved in the water r anged from 2 6  x 10 - 1 0 

to 4 5  X 1 0 - 1 0 �Ci/m1 . These value s  are 0 . 13 to 0 . 2 3 %  o f  the RCG .  

Four pr ivate we l l s  and Miamisburg c i ty water were s ampled and analyzed for p 1utonium-
2 3 8 . These samples were lar ge-volume water samples averaging 40 l i ter s . The average 
p1utonium- 2 3 8  concentration in the se samples was < 0 . 4 6 x 10 - 1 0 �Ci/m1 which is < 0 . 0 0 2 %  
o f  the RCG for the general population . These results are shown i n  Table 3 -2 2 . 

The rad i ation dose dur ing CY-19 7 7  to an ind ividual consuming Miamisburg drinking water 
has been calculated to be < 0 . 0 0 0 3 7  mrem . This radiation exposure is ins i gnificant when 
one cons iders that the average annual background r adiation to bone ( from the natural 
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F I G U R E  3 - 1 5 - V i e w o f  a d j a c e n t  p o n d s  a n d  c a n a l . (1974 ) 
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Table 3 - 2 0  

CONCENTRATION OF PLUTONIUM-2 3 8  IN THE GREAT MIAMI RIVER FOR CY-19 7 7  

Nwnber 0e RangeC 
Location a S amples ( 10 - 1 0 l:!Ci/ml ) 

1 2 10 <LDL 
2 2 10 < 0 . 1  - 0 . 2 1  
3 2 1 0  0 . 16 - 0 . 2 3 
4 2 1 0  < 0 . 1  1 . 5 
5 2 1 0 <LDL 

aLocations are given in F i gure 3 -7 . 

d Average 
( 10 - 1 0 llCi/ml ) 

< 0 . 1 0 ± 0 . 0 1  
< 0 . 1 6 ± 0 . 0 2  

0 . 2 0 ± 0 . 0 1  
< 0 . 8 0 ± 0 . 0 5 
< 0 . 10 ± 0 . 0 3  

P6!rcent 
of RCGe 

< 0 . 0 0 0 5  
< 0 . 0 0 0 8  

0 . 0 0 1 0  
< 0 . 0 0 4 0  
< 0 . 0 0 0 5  

bTWO compos i te large vo lume water s amples are ana lyzed for each l oc ation 
from water col lected during CY-19 7 7 . 

cLower Detection Limit (LDL ) for 2 3 9 pU in water i s  0 . 1  x 10 - 1 0 llCi /ml 
which is 0 . 0 0 0 5 %  of the RCG .  

dError l imits are counting s tatistics only at 9 5 %  con fidence leve l . 
eRadi"oactivi ty Concentration Guide ( RCG)  = 2 0 , 0 0 0  x 1 0 - 1 0 llCi/ml for 

the general popUlation and the soluble f�m of plutonium- 2 3 B .  

Table 3 - 2 1  

PLUTONIUM-2 3 S  I N  S ILT FROM THE GREAT MIAMI RIVER FO� CY- l i 7 7  

2 3 8 p� 2 3 8 pU 
a Ra.nge AverageC 

Location Sam,Eles ( 10 - 6 llCiis) ( 1 0 - 1i llCi/S) 

1 2 0 . 5 1 - 1 . 1  0 . 8  ± 0 . 0 5 
2 2 0 . 4 1!l - 14 . 4  7 . 4  ± 0 . 0 7  
3 2 2 . 6  2 . 8  2 . 7  ± 0 . 12 
4 2 4 . 4  5 . 1  4 . 7  ± 0 . 15 
5 2 < 0 . 3  1 . 6  < 0 . 9  ± 0 . 0 4 

aLocations are given in Figure 3-7 . 
bLower Detect ion L imi t (LDL ) for 2 3 8 pU in s i l t  i s  0 . 3  x 10 - 6 llCi/g . 
cError limits are counting s ta t i s ti c s  only at 9 5 %  con f idence leve l . 
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Table 3 - 2 2  

PLUTONIUM-2 3 8  I N  PRIVATE WELLS AND MIAMISBURG MUNICIPAL DRINKING WATER FOR CY- 19 7 7  

Locationa Number o! RangeC Averaged Percen� 
Samples ( 10 - 1 0  �C i/ml ) ( 10 - 1 0  �Ci/ml ) o f  RCG 

Miamisburg 2 <LDL < 0 . 1  ± 0 . 0 1 < 0 . 0 0 0 5  
B-1 
B-2 
B-3 
J-l 

2 <LDL < 0 . 1  ± 0 . 0 1 < 0 . 0 0 0 5  
2 <LDL < 0 . 1  ± 0 . 0 1 < 0 . 0 0 0 5  
2 0 . 2 1 - 2 . 8  1 . 5  ± 0 . 0 8 0 . 0 0 7 5  
2 < 0 . 1  - 0 . 9  < 0 . 5  ± 0 . 0 2 < 0 . 0 0 2 5  

aLocations are shown i n  Figure 3 - 7 . 
bTwO composite large volume water samples were analyzed from each 

location from water col lected during CY-19 7 7 . 
CLower Detection Limi t (LDL ) for 2 3 8 pU i s  0 . 1  X 10 - 1 0  �Ci/ml which 

i s  0 . 0 0 0 5 %  of  the RCG . 
dError limits are counting s tati stics only at 9 5 %  con fidence leve l .  
eApplicable DOE Radioactivity Concentration Guide (RCG) for 2 3 8 pU in 

water = 2 0 , 0 0 0  x 10 - 1 0 �Ci/ml for the general population and soluble 
form o f  2 3 8 PU .  

internal presence o f  radioactive materia l s )  o f  people i n  the United States i s  about 
6 0  mrem . *  Since the concentration of plutonium- 2 3 8  in area drinking water approaches 
and may be indis tingui shab le from background level wi th a resultant insigni ficant dose 
commi tment to the pub li c  o f fs i te , the dose commitment tab le , such as presented for tri­
tium in water , has been omi tted . 

The aquatic l i fe l i s ted in Tab le 3 - 1 6  inc ludes s amples captured in the River . The 
average concentration o f  plutonium in specimens analy zed during CY- 19 7 7  ranged from 
< 5 . 3  x 10 - 1 0 to 9 . 6 X 10 - 1 0  �Ci/g . There is no RCG for plutonium in foodstuffs , but 
the values range from < 0 . 0 1 to < 0 . 0 7 %  of  the RCG for p lutonium in drinking water . ( 3 - 4 )  

Preliminary s o i l  and s i lt samples col lected in CY-19 7 4  from o f fs i te sediment in the 
Miami -Erie Canal area near Mound Fac i lity indicated that plutonium- 2 3 8  concentrations 
were subs tantially above bas e l i ne levels . A comprehens ive Environmental Survey P lan 
was developed to obtain data neces s ary for a thorough evaluation o f  the questioned 
area . The res ultant 5 -month Mound Plutonium Study in which the AEC , Federal EPA , Ohio 
EPA , Ohio Health Department , Montgomery County Health Department , and the City o f  
Mi amisburg participated with the operating contractor , Monsanto Research Corporation , 
determined that a total of approximate ly 5 cur ies o f  p lutonium- 2 3 8  had accumulated in 
the canal and ponds . The highest concentration , in one location o f  the canal , was 4 . 6  
nCi/g . The average concentration was 1 to 2 orders o f  magnitude less than the highe s t  

*Natural Background Radiation in the United States , NCRP 4 5 , November 15 , 19 7 5 . 
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concentration . The probab le cause o f  the of fsite depo s i ti on o f  plutonium i n  the canal/ 
pond area was determined to be a fracture in CY- 1 9 6 9  of  an underground was te trans fer 
line which carried high-spec i fic activity liquid plutonium was te solution to the 
radioactive was te disposal bui lding for proce s s ing . The pipe break was repaired im­
mediately fol lowing its dis covery in CY- 1 9 6 9  to correct the leak . Use of this waste 
trans fer line was d i scontinued in CY- 19 7 4 . Since then , high-speci fic activi ty l iquid 
waste has been packaged in the bui lding where it originate s . 

The Mound P lutonium Study showed that p lutonium i n  liquid dis charged i nto a s o i l  
environment becomes s trongly adsorbed on hos t particles o f  clay-forming s i lt . Migration 
of plutonium is there fore associated with s i lt migration and not water f low .  A detai led 
hazard analys i s  of the presence of plutonium in the s i lt of the canal/ponds indicates 
that there i s  no s i gni ficant radiological impact on the area . 

As a result o f  a study by an "Ad Hoc Commi ttee to Evaluate the Hea lth and Safety Aspects 
o f  the 2 3 8 p U in the Environment Ad j acent to Mound Laboratory , "  it was e s timated that 
s o i l  of the h i l l s ide ad j acent to the trans fer line break contained about 36 Ci of plu­
tonium- 2 3 8 . S ampl ing results indicated about 9 Ci were transported o ffs ite by the 
ditch to the canal . The commi ttee examined the results o f  the Mound Fac i l i ty s tudy , 
reviewed the health and s a fety analys i s  per formed , and made a determination concerning 
whether the deposit in the o f fs i te areas of the canal , di tch , over flow creek , ponds , 
and river consti tuted ei ther a present or future hazard to the general population . 
The Ad Hoc Commi ttee determined that the p lutoni um- 2 3 8  released to the environment 
from the proces s  waste line r upture was not a health hazard to those living in the 
vi cinity of Mound Faci lity . The concentration o f  plutoni um- 2 3 8  in canal bottom s i l t  
a t  location 8 (Fi gure 3 - 7 ) i s  presented in Table 3- 2 3 . 

Table 3 - 2 3 

PLUTONIUM-2 3 8  IN S ILT FROM CANAL/POND AREA FOR CY- 19 7 7  

Locationa 

8 (South Cana l )  

Number o f  
Samples 

2 

aLocation i s  shown in Figure 3 - 7 . 

2 3 8 p U 
Range 

( 10 - 6 �Ci/g) 

6 1 . 1  - 2 6 3 . 9  

2 3 8 pU 
C Average 

( 10 - 6 �Ci/g) 

1 6 2 . 5  ± 0 . 6 3 

bLower Detection Limit (LDL ) for 2 3 8 p U i n  s i lt i s  0 . 3  x 10 - 6  �Ci/g . 
cError limi ts are counting s tati s tics only at 9 5 %  confidence leve l . 

The Commi ttee recommended increasing the scope of the air s ampling program near the 
ponds and the canal , improvement of ons i te drainage and elimination of the flow o f  
drainage ditch water into the north canal , sediment sampling o f  the contaminated h i l l-
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s ide t o  monitor tran s location of p lutonium ,  cons truction o f  a large-vo lume retention 
basin , and stabi l i z ation of the area of hi ghe s t  p lutonium concentration in the canal . 
All recommendations of the commi ttee were implemented . A fol low-up s tudy conducted in 
1 9 7 7  showed a continuing s table condition for the cana l-bound plutonium . ( Re f .  MLM-
2 4 8 3  Stab i l i ty of P lutonium Contaminated Sediments in the Miami -Erie Cana l , March 1 ,  
1 9 7 8 . )  

Solid Waste s - There i s  no ons i te buria l  of p lutonium-contaminated solid was tes at 
Mound Fac i li ty . The contaminated solid wastes are di sposed of by shipment in DOT­
approved containers to approved o f f s i te buria l  grounds . 

The re are areas o f  known radioactive contami nation in the soi l .  A de scription of the se 
i s ol ated areas is given in Table 3 -2 4 . Figure 3 -1 7  shows the contaminated areas on a 
s i te map . 

No s igni fi cant environmental impact can be ascribed to the p lutonium- 2 3 8  activi ties at 
Mound Fac i l i ty or the handling o f  was te s  generated in the operations . 

3 . 7 . 3  POLONIUM 

Mound Faci l i ty was involved in many programs using po lonium- 2 1 0 , an a lpha emi tter with 
a hal f- l i fe o f  1 3 8  days . All ope rations with po lonium- 2 1 0  terminated in June 1 9 7 2 . 
The facil ities have been complete ly decontaminated . Polonium leve l s  measured in the 
environment are at background leve l s . Mound Fac i l i ty ' s  pas t polonium operations had 
no detectable environmental impact . 

3 . 7 . 4  OTHER I SOTOPES 

Ove r the years , Mound Faci l i ty has been engaged in a variety of programs invo lving 
mis ce l l aneous i sotope s . Work invo lving the se i sotope s has generally been on a much 
smaller scale than with the plutonium , tritium , and po lonium i sotope s discussed . The 
principal i sotope s included in the mi sce l laneous category are thorium-2 3 2 , uranium-2 3 3 , 
uranium-2 3 5 , radium-2 2 6 , and actinium- 2 2 7 .  

Thorium- 2 3 2  - Late i n  CY-19 5 4 ,  Mound Fac i l i ty rece ived 4 0 0  tons o f  thorium 
s ludge from Bra z i l i an ore residue s . In 1 9 7 5 , the thorium- 2 3 2  ore residues were removed 
from Mound Fac i l i ty as a result of the i r  sale to a commercial organi z ation . 

The on ly s igni fi cant envi ronmental impact o f  thi s s torage has been the contamination 
o f  s o i l  near the s torage bui lding as a result of redrumming operations and trans ferring 
the bulk ore into the bui lding . This is detailed in Table 3 - 2 4  and Figure 3 - 1 7 . Core 
s amples taken in rainwater runo f f  areas near thi s bui lding show maximum thorium 
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6 

7 
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9 

1 0  

1 1  

1 2  

1 3  

1 4  

I sotope s  

2 3 2Th 

2 3 2 Th 
2 2 6Ra 
2 2 7Ac 
2 2 8Th 
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Tab le 3 - 2 4  

I SOLATED SOIL AREAS - CONTAMINATED 
(For Map - Figure 3 - 1 7 ) 

Description 

1 9 6 4 , 1 9 7 3  - Bulk trans fer o f  thorium from drums to 
s torage basin . 1 9 6 5 ,  1 9 7 3  - Area c leaned up and 
back fi l led with c lean soi l .  Area approx . 1 3 6 , 0 0 0  ft2 . 

1 9 6 5 .  Di sposed o f  sand contaminated wi th polonium .  
Sand resulted from c leaning o f  metal framework o f  
sand f i lters . (Po lonium i s  es sentially decayed out ; 
however , recent data a l so indicate pos s ibi l i ty o f  very 
s l i ght plutonium contamination . )  Area approx . 15 , 0 0 0  
ft 2 . 

19 6 5 . Storage and redrurnrning area c leaned up and area 
backf i l led with c lean soi l .  Area approx . 6 9 , 0 0 0  ft 2 . 

1 9 6 5 . Was te tanks over flowed . Sewage di sposal s l udge 
drying pits also contaminated . (Polonium i s  es senti ally 
decayed out ; however , res idual cobalt-60  remain s . )  

Sewage di sposal s l udge drying pits contain trace 
plutonium-2 3 8  contamination . 

1 9 6 9 . Radioactive waste l ine broke . Polonium has 
e s senti ally decayed out leaving res idual cobalt-6 0 .  
Area approx . 6 80 0  f t 2 . 

1 9 5 4 - 19 6 5 . Buried empty thorium drums ; 2 2 6 Ra , 2 3 2 Th , 
2 2 8 Th and 2 2 7 Ac contaminated dirt . Area approx . 
2 2 , 0 0 0  ft 2 . 

1 9 6 5 . Buried contaminated dirt from Areas 9 and 1 .  
Area approx . 2 5 , 0 0 0  ft 2 . 

1 9 6 5 .  Thorium storage and redrurnrning area cleaned up 
and backf i l led with clean soi l .  Area approx . 4 0 , 0 0 0  
ft 2 . 

Prior to 1 9 6 5 .  Contaminated from proce s sing operations . 
Area approx . 2 , 6 0 0  ft2 . 

1 9 6 5 .  Buried contaminated dirt from Area 1 .  Area 
approx .  1 9 , 0 0 0  f t 2 . 

1 9 6 9 . P luton i um  underground waste line broke . 9 6 4  ft 3 
o f  contaminated soil removed and shipped o f fs i te for 
di sposal . Area back f i l led with c lean soi l .  Contami ­
nated s o i l  had been eroded and washed o f fs i te to 
Miami -Erie Canal and two adj acent ponds . 2 7 0 0  ft a o f  
remaining contaminated s o i l  removed from hi l l s ide and 
area sodded for soil stabi l i zation . 

1 9 5 8 - 19 6 0 . Steel crane , track s , and shielding pane ls 
from previous operations are buried under new concrete 
f loor . Area approx . 1 , 0 0 0  ft 2 . 

1 9 6 0 - 19 6 5 . Sanitary-sewage se�tic tank and leach 
basin . Area approx .  1 5 , 5 0 0  ft . 
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16 
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Table 3 - 2 4  (Continued ) 

Description 

1 9 6 0 - 1 9 7 0 .  Area under and immediate ly s urrounding 
proces sing building . The contamination is  largely the 
result o f  activity located beneath the concrete f loor 
of the " hot"  side and the previous uti l i zation o f  
outs ide low-risk tanks . Area approx . 4 0 , 0 0 0  ft 2 . 

1 9 7 1-19 7 4 . S i lt and dredgings from ons i te drainage 
ditch used as cover for certain sections of land f i l l . 
Approx . 3 2 0 0  ft 3 spread over an area o f  6 0 , 0 0 0  ft 2 . 

NOTES : The natural runo f f  water drainage di tch , which f lows through the s i te 
at the topographical ly low area l contains minor residual contamination 
s i nce this di tch at one time carried e f f l uent waste water from the 
r ad ioactive waste di sposal proces ses in two bui ldings a s  we l l  as the 
runo f f  from the above noted sur face areas . Se ttling basins have been 
created in the drainage ditch so that any s i l t , particulate matter , etc . , 
c arried by the water wi l l  drop out be fore the carrier stream leaves the 
property . 

An aerial survey o f  Mound Fac i l i ty for gamma radiation was per formed 
by EG& G ,  Inc . , during the week of July 5 ,  1 9 7 6 . The only detected gamma 
rad i ation identi fied was a minor amount ad j acent to a building near the 
southern boundary of the s i te . Subsequent investigation identi fied the 
source as a drum containing 2 5  s lugs ( 1 . 5  kg each) of bi smuth j acketed 
in aluminum . These s lugs had been irradiated pr ior to 1 9 7 2  to produce 
polonium- 2 1 0 . Minor impuri ties in the aluminum j acket resulted in the 
production of a very sma l l  amount of cobalt-6 0 .  These s lugs have been 
removed and shipped to an o ff s i te burial s i te . At the present time 
there are no sources of gamma rad i ation ons ite detectable by aerial s urve y .  

contamination leve l s  u p  t o  approximately 2 5  d i s /min/g compared t o  a nominal background 
of approximately 1 d i s /min/g in the Miami sburg area . Although some s amp les indicate 
contamination above background , no adver se environmental impact would be expected to 
result from thi s low speci fic activity materi al . 

Uranium-2 3 3 ,  Uranium- 2 3 5  - Mound Fac i l i ty conducts sma l l-scale operations 
involving uranium- 2 3 3  and uranium-2 3 5 . Air sampling data o f  the airborne e f f luents 
from the operating areas have indicated no detectable quantities of these radioisotopes 
being released to the environment .  Because there are no indi cations that these 
isotope s are being released to the atmosphere , environmental samples are not spec i fi ­
c a l ly analyzed for the se radioi sotopes . There are no liquid wastes containing uranium-
2 3 5  released to the environment . Liquid wastes containing uranium- 2 3 3  are proce s sed 
in the waste disposal fac i li ty .  During CY- 1 9 7 7  3 . 3 4 mi l licuries o f  uranium- 2 3 3  were 
discharged . Thi s quantity in terms of RCG is 0 . 0 1 %  of the most restrictive ReG for 
individual s  in the population . 

Radium- 2 2 6 , Actinium- 2 2 7  - In the early year s o f  Mound Faci l ity operations , 
research programs were conducted with radium- 2 2 6  and actinium- 2 2 7 . The only radi um at 
Mound Fac i li ty i s  in the form o f  sealed sources and the only actinium- 2 2 7  i s  i n  the 
form o f  res idual activi ty remaining as contamination identi fied in Table 3 - 2 4  and 
Figure 3 -17 . 
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3 . 8  WEED , PEST , AND ICE CONTROL 

The normal maintenance o f  the grounds within the boundary of the plant s ite includes 
the use of ferti li zer and herbicide s p lus the Uqe of ice-removal mate r i a l  during winter 
months . The genera l  purpose fer t i l i zer is a 2 4 -6 - 6  formulation . Weed control i s  
accomp li shed with a 2 , 4 -D produc t . Weed contro l o f  the rai lroad s iding , secur i ty fence 
lines , and grave l-covered areas , where no growth is des ired , is accomp l ished by s o i l  
s teri l i z ation with " S imaz ine . "  

A formal program has been e s tab lished for the use o f  pes t i c ides at Mound Facility . 
These products are used only after approval o f  an indus tr i a l  hygieni s t  and review by 
the Federal Working Group on P e s t  Management . A l icensed pest contro l  firm i s  contracted 
to d ispense the approved pes ticide s . Mound Facility does not s tore pesticide s . 

I ce removal and control on s idewalks are accomp lished by the use o f  ammoni um  nitrate 
fert i l i zer . The use o f  fer t i l i zer avoids s a l t  burn in adj acent grassy areas . The 
plant w i l l  use approximate ly one ton o f  this mater i a l  dur i ng an average winter . Ice 
control o f  s treets , roadways , and parking lots uti l i z e s  commercial-grade rock s a l t . 
Approximate ly 6 0  tons o f  s a l t  are used during an average winter . Mel ting snow and 
rainfall carry thi s  mate r i a l  i nto the s torm sewer system and ultimate ly into the 
Great Miami River . The environmenta l  e ffect of thi s  discharge i s  ·negligible and is  
on ly a sma l l  fraction of that caused by the total ice control s a l t  used by municipal­
i ties ups tream from Mound Fac i l i ty .  

3 . 9  SOCIOLOGICAL AND ECONOMIC IMPACT 

3 . 9 . 1  SOCIOLOGICAL IMPACT 

Over 1 7 0 0  people are employed at Mound . The programs at Mound demand a l arge popula­
tion of profes s ional employe s ; 5 8 0  o f  the employes are pro f e s s iona l s . Through con­
s truction of new bui ldings and ma j or refur�ishing pro j ects on o lder bui ldings , employ­
ment is also provided for several area contractor s .  

A Tuition Reimbursement Program is  ava i l able for a l l  employes who choose to work toward 
a college degree or take cour ses in a j ob-related fie ld . Employes may be granted 
academic leaves of absence to complete requirements for advanced degree s . The 
Maintenance Training Program provides on-the - j ob training in the s k i l led trades ( i . e . , 
sheet metal work , pipefitting , welding , masonry , carpentry , etc . ) .  Courses are also 
o f fered for employe s interes ted in the chemical operator , mechanical operator , water 
tender , and machinis t  c l a s s i f i cations . Mound F ac i l i ty also o f fers to its supervisory 
and managerial personne l a number of management training programs . 
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Mound Fac i l i ty ' s  Equal Opportunity Policy i s  t o  take " po s i tive action t o  ensure that 
a l l  candidate s for employment are given fair and equal cons ideration wi thout regard to 
race , color , sex , age , religion , or ances tr y . " Fol lowing employment , the Fac i l i ty 
provide s  to all persons the opportunity for j ob advancement and ass i s tance i n  quali fy­
ing for such advancement and does not discriminate against anyone with respect to any 
o f  the Faci lity ' s  advantages ,  fac i l i t ies , privi lege s , or service s . Spe c i f i c  hiring 

and promotional goa l s  for minorities and females were e s tabl ished in the Fi s cal Year 
1 9 7 8  Affirmative Action Plan . Under the �1inority Enterprise Program , $ 4 3 6 , 5 0 0  in 
purchases were placed with minority f irms dur i ng CY-1 9 7 7 . 

The employes o f  Monsanto Research Corporation at Mound Fac i l i ty have an extens ive 
impact on the cul tural and civic areas o f  the community . Nearly every exempt employe 
is a member of at least one profes s ional or technical society wi th a local section 
whi ch meets month l y ;  many have been or are o f ficers i n  these local sections . Employes 
are active in local pol i tical groups serving as precinct leaders ; members of central 
and executive commi ttee s ;  and other e lected pos i tions includ ing mayor , vice mayor , and 
members o f  vi l lage counc i l s . Other employes are serving on p lanning boards , local civi l  
service commi s sion s , political nominating and screening commi ttees ,  school boards ; 
as o f ficers in PTA groups , church organi z ations , fraternal lodge s , etc . ; and as leaders 
i n  activities such as Junior Achievement ,  Scouting , and s imi lar programs . A Black and 
Whi te Real ities Program acquaints s tudents of area high school s  wi th e xperiences unique 
to the black population . The Mound speakers bureau made over 6 0  presentations in Dayton 
high school s  during FY- 1 9 7 7 . 

Immediate and long-range bene f i ts to the public have resulted from the technologies 
developed and the spin-o f f  from AEC , ERDA and DOE programs . Environmental Control 
programs have deve loped sys tems and technique s  to improve the containment of radioactive 
material and thus s igni fi cantly reduce release o f  the se materials to the environment .  
Thi s technology has been made avai lable through pub l i cations , seminar s , conference s , 
etc . to a l l  segments o f  the general pub l i c . Stable (nonradioactive ) i s o topes for a l l  
types o f  research work , particularly biological , medical , and agricultural systems , 
are made ava i l able in re lative ly abundant quantities at low cos t .  In the �rea o f  
long-range community bene fi t , Mound Fac i l i ty ' s technological activity has resulted i n  
deve lopment o f  the nuc lear fueled cardi ac pacemaker and techniques o f  fue l  fabrication 
for isotopic heat source s . These technological advance s are bene ficial not on ly to the 
local community but to citi zens of every community in the Uni ted State s . 

The transportation o f  employe s ,  materials , and services to and from the Fac i l i ty 
prior to , immedi ate ly after , and during workhour s does not create a traf fic problem. 
Des irable action to reduce tra f f i c  and fue l  consumption includes 2 9 8  carpools trans ­
porting 8 10 employe s . The program began in early CY- 19 7 4 , decreasing the average 
number of private vehic les transporting Mound personnel by about 4 0 0  vehicles ( 3 0 to 
3 5 % ) for over 1 6 5 0  employe s . At present employment , by carpool ing , Mound emp loyes are 
driving approximate ly 10 , 0 0 0  fewer mi les each day . Based upon s tati s t i c s  provided by 
the American Automobi le Association , the savings in gasoline amounts to over 7 5 0  
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gal lons o f  gasol ine each day ; over 1 8 5 , 0 0 0  gallons each year . In al l ,  5 1% o f  the 
people working at Mound participate in the carpool program . Inbound de l iver ies to the 
p lant average 35 to 4 0  per day ; outbound shipments average 15 to 2 0  per day . 

3 . 9 . 2  ECONOMIC IMPACT 

The economic impact o f  Mound Faci lity on the community is cons idered in terms o f  
employment categor ie s , monies paid out into the economy , and the extra financi a l  
support to local school d i s tricts . 

Dur ing FY-1 9 7 8 ,  the employment at Mound Faci lity averaged 1 7 3 0  employe s , 17 0 6  
employed b y  Monsanto Research Corporation and 2 4  b y  the Dayton Area O f fice o f  DOE . 
Mound Fac i l i ty accounts for approximate ly 0 . 5 %  o f  the total emp loyment in Montgomery 
County , Ohio . 

At the end o f  FY- 19 7 8  the total employment was 1 7 1 4 . The breakdown by pro fessional 
d i s c ip l ine s , work ski l l s , etc . , was as follows : the 6 9 1  exempt salaried employes 
inc luded 4 3 8 physical s c ientists and engineers , 1 4 2  other pro fess ional discipline s , and 
1 11 others such as s pecialists and supervisors not in the o ther two groups . The 5 8 9  
nonexempt salar ied employes were comprised o f  2 9 1  technic ians and health phys ics 
personne l ,  56 mode l makers , 22 designer s ,  and 2 2 0  c ler ical per sons . The 4 3 4  hour ly 
rated per sonnel inc lude i4 0  in the trade cra fts , 111 in production work , and 18 3 in 
o ther remaining service functions . 

For FY- 19 7 8 , the employment at Mound Fac i l ity averaged 1 7 3 0  employes .  The salaries 
and wages paid to ' these employe s was approximatelY ' $ 3 2 . 1  mi l lion ; an additional $ 8 . 7  
million was paid indirectly a s  fringe bene fits for the se employe s . 

The following schedule shows the annual spending by Mound Fac i l i ty for var ious 
commodi ty groups for the past five-year per iod . 

MOUND FACILITY ' S  CONTRIBUTION TO THE ECONOMY 
( amounts shown in thousands o f  dollar s )  

FY-19 7 4  FY-1 9 7 5  FY- 19 7 6  FY-19 7 7  FY-19 7 8  
Salarie s , Wages and 

Fringe Bene fits $ 2 8 , 3 8 6  $ 30 , 7 8 9  $ 3 2 , 3 8 7  $ 37 , 16 6  $ 4 0 , 7 6 4  

Materia l s , Supp l ies 
and Service s Purchased 6 , 9 4 5  11 , 2 5 8  10 , 8 0 7  17 , 2 9 1  1 7 , 0 6 6  

Capital Equipment 
Purchased 2 , 3 9 1  3 , 5 2 7  2 , 2 1 4  2 , 6 3 0  1 , 5 1 4  

Con s truction 2 , 8 7 7  2 , 4 0 5  2 , 14 3  4 , 4 2 5  1 , 6 9 7  
Total $ 4 0 , 5 9 9  $ 4 7 , 9 7 9  $ 4 7 , 5 5 1  $ 6 1 , 5 1 2  $ 6 1 , 0 4 1  
Aver age Man-Year s 1 7 5 2  1 7 3 0  1 5 7 9  1 6 5 6  1 7 3 0  
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The monetary support b y  the federal government to the local school systems as a result 

o f  the Facil ity ' s  operat ion s is s ign i f icant under the Impacted Schoo ls program of 

the Department o f  Health , Educat ion , and We l f are (HEW) . The U. S .  Government provide s 

payment to school systems for part o f  the co sts for Type B students ,  i . e . , dependents 

of per sonnel who work in federa l ly owned fac i l itie s .  Th i s  payment i s  based on 5 0 %  of 

the cost o f  educating each chi ld . For thi s  pre sentation , the payment per schoo l i s  

cons idered t o  be 5 0 %  of  the school d i s trict p�r-pup i l  co st multipl ied b y  the number 

of students whose parents are employe s and l ive in the particular school di strict . The 

schoo l distri cts with more than 5 0  employe s are : Miami sburg , $ 4 0 0 , 0 0 0 ; Franklin , 

$ 1 5 5 , 0 0 0 ;  r'liddle town , $ 1 5 0 , 0 0 0 ; Kettering , $ 1 1 4 , 0 0 0 ;  Centervi l le , $ 9 3 , 0 0 0 ; We s t  

Carro l l ton , $ 6 8 , 0 0 0 ;  Car l i s le , $ 5 6 , 0 0 0 ; Germantown , $ 5 5 , 0 0 0 . 

3 . 1 0 ACCIDENT ANALYS I S  

The purpose o f  th i s  se ction i s  to iden t i fy and discuss those accidents and mitigating 
actions whi ch can be postulated for Mound Facility operations and whi ch have the poten­
tial for causing adverse impacts on the environment or are cons idered of poss ible 
special intere st to the reader because of the nature o f  the operations at the Facility . 
Mound ' s  actual s i gn i f i cant accident experience i s  pre sented in Table F-l o f  Appendix F 
wh ich has been a dded based upon the comments rece ived regarding worker safety . 
Table F - 3  shows a pronounced decrease in occupational exposures from 1 9 6 5  through 
1 9 7 7 .  In 1 9 7 7 , out o f  1 5 1 0  employes monitored , 1 5 0 0  rece ived radiation exposures le ss 
than 1 rem during the year ; 8 employe s rece ived between 1 and 2 rem; and two emp loye s 
rece ived between 2 and 3 rem . No exposures exceeded 3 rem for the year . The philos­
ophy o f  ALAP ( "As Low a s  Practicab le " )  i s  being appl ied on a continuing bas i s  to all 
impacts o f  Hound ' s  operation s .  Other tab le s  in Appendix F cover interna l depos i tion 
ot radioactive material and show a low depos ition incidence for lung exposures and 
systemi c body burdens above the radiation protection standards during the who le hi story 
of the pro j ect . 

Appendix F also inc lude s statistics on Di sabl ing Inj uries to Employees and shows 
that during the period 1 9 4 8  through 19 7 7 ,  Mound had on ly eight disabling inj uries . 
A table covering Plant Property Los se s  Exceeding $ 5 , 0 0 0  i s  also pre sented and shows 
only nine su ch incidents s i nce operations were ini tiated in 1 9 4 8 .  

In the fol lowing acc ident des criptions , the consequence s are stated wi thout a detai l ed 
description o f  the calculat ions u sed to arrive at the conclu s ions . S u f f icient 
information of thi s  type i s  contained in Appendices B ,  C ,  and E for the bene f i t  of the 
reader who wishes to pursue how such va lue s were determined . 

3 . 1 0 . 1  FIRE IN A PLUTONIUM FACILITY 

Cons ideration wa s given to the po s s ible occurrence o f  a ser ious f ire in various 
bu ildings . It was conc luded that a release of plutonium would pose the greate st 
potential for adverse environmental impact via thi s  type o f  accident . Thi s  accident 
is also cons idered to be the maximum credible acc ident for Mound Fac i li ty . 

The postulated f ire i s  as sumed to occur in a plutonoum-2 3 8  proce s s ing faci l i ty which 
has the large st in-process inventory at the time of the f i re . The l aboratory where 

the postulated f i re is assumed to ori ginate is also as sumed to have the hi ghe st 
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concentration o f  combustible materialp and the greatest potential , due t o  location , 
to advers e ly a f fect the bui lding ' s  HEPA f i l tration system . The glovebox line pos tulated 
for the fire i s  assumed to contain 1 0 0  grams of p lutonium- 2 3 8  in proces s  at the time 
o f  the fire . It i s  e stimated that even in a serious room fire , no more than 10 grams 
of p lutonium would be expected to be re leased from the g lovebox into the operating 
laboratory . The re leased p lutonium would be in a c loud of combustion products created 
in the area of the fire . It would be anticipated that the p lutonium would conglomerate 
with the combustion products thereby resulting in an e f fectively large particle s i z e  
o f  plutonium . For the purpose o f  this ana lysis one gram of p lutonium- 2 3 8  ( 10 mg/m3 ) 
i s  assumed to remain airborne for a suf ficient time to be carried out o f  the laboratory 
via the ventilation system to the building fi l ter banks . 

For the purpose of assessing maximum potenti a l  impact on the environment ,  i t  was 
assumed in thi s  hypothetical s tudy that the protection af forded by the f i l ter banks i s  
parti a l ly de feated e i ther b y  partial breaching o f  the f i l ters b y  fire o r  b y  exces s ive 
pressure drop . Another remote pos s ib i lity would be that exce s s ive smoke would p lug 
the f i l ters and pre s suri z e  the building which in turn might be intentional ly or 
unintentional ly vented by fire fighters attempting to extinguish the fire . Irrespec­
tive of how the release might occur , in spite of the protection systems , the upper 
l imit of airborne p lutonium re leased to the environment was assumed to be about one 
gram o f  plutonium- 2 3 8  ( approximate ly 16 curies ) .  

To a s s e s s  the potential environmental impact o f  the postulated fire , a par tic le s i ze 
d i s tribution of the p lutonium was assumed . For thi s  ana ly s i s  5 0 %  of the p lutonium i s  
assumed t o  b e  greater than 5 0  � m  i n  diameter . The remainder of the p lutonium i s  assumed 
to be in particles approximate ly 1 �m in diameter . Particles 5 0  �m and greater in s i z e  
wi l l  have a n  impact o n  the land because o f  the short time required t o  drop out of the 
air s tream and be deposited on the ground but w i l l  have virtual ly no impact on the 
population because of the sma l l  percent which w i l l  be retained in the lungs . Particles 
1 �m in size are read i ly i nhaled and depo s i ted in the lungs but have l i ttle impact on 
the land because they remain airborne for a long time (resulting in d i lution in the 
airstream) be fore they are depos ited on the ground . This par ti c le s i ze distr ibution 
was se lected so that an evaluation could be made of the potential impact on both the 
l and and the population . A further refinement of the d i s tr ibution i s  not cons idered 
nece ssary because of the other uncertainties that are inherent in an analys i s  of thi s  
nature . 

It was assumed that the release would have an e f fective s tack hei ght o f  7 0  m ( 2 3 0  f t ) , 
e ither because i t  was released through a s tack or because o f  the r i se o f  the column 
of heated smoke . Pasqui l l  Type A meteorological stab i l i ty condi tion with a wind speed 
of 1 . 5  mls ( 3 . 3  mph) is assumed to exi s t  during the incident .  This condition results 
in the highes t  " maximum downwind concentration " as shown on page 3 of Appendix B .  

Dose calculations were performed uti l i z ing the assumptions and method presented in 
Appendix C .  An individual s tanding at the point of maximum concentration o f  p lutonium 
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[ 3 4 0  m ( 1 1 0 0  ft)  downwind ] for two hour s would be exposed to an average concentration 
of 2 . 5  x 1 0 - 8 �C i/ml . This individual would receive an uptake o f  plutonium-2 3 8  via 
inhalation . The resulting dose to his lungs during the firs t  year after the incident 
would be approximate ly 10  rem. The total l i fetime dose commitment to his lungs would 
be approximately 15 rem . 

As would be expected , the heavier particles would fall out c lose to the point o f  
re lease . Particles o f  1 0 0  �m would begin reaching the ground at a downwind r ange o f  
approximate ly 1 0 0  m ( 3 2 5  f t ) . Based on the d i s tance 5 0  �m particles would begin 
depos ition , i t  i s  predicted that 5 0 %  of the material would be depos i ted within 5 0 0  m 
( 1 6 0 0  ft)  o f  the point o f  release . The resulting average sur face contamination leve l 

would be approximate ly 4 0  �Ci/m2 . The area af fected would be approximate ly 2 0 2 , 0 0 0  m2 
( 5 0  acre s ) . The large particle s i ze o f  the depo s i ted plutonium would minimi ze the 

potential hazard for members o f  the general pub lic receiving an exposure due to 
inhalation o f  resuspended plutonium . Fal lout o f  plutonium on the ground would have no 
impact on pub l ic water systems s ince drinking water for thi s  geographical area comes 
from underground aqui fers .  Plutonium becomes bound to the soil and does not enter the 
aqui fer . There fore , dose commitment to the public from a fire involves inhalation only . 

Although there is currently no approved federal standard for plutonium sur face s o i l  
contamination , EPA proposed standards which are currently under cons ideration and 
proposed interim s tandards by Healy ( 3 -12 ) indicate that decontamination of the 
a f fected are a would be required . Evacuation of some members of the general pub lic 
from a sma l l  area would be required until decontamination was accompli shed . 

An assumed wes terly wind al lows the plume to pass over the s i te boundary which i s  
c losest t o  the pluton i um handl ing fac i l i ty .  The sector e a s t  o f  the s i te inc ludes the 
Mound Gol f  Course [ 2 3 5 , 0 0 0 m2 ( 5 8  acres ) ]  and the Miamisburg Mound S tate Memorial Park 
[ 2 0 , 2 0 0  m2 ( 5  acre s ) ] .  I f  decontamination o f  the area were required , it could be 
accomplished wi thout a long-term adverse impact by soil removal . 

The population in a sector 0 - 1 . 6  km ( 0 -1 mi l due east o f  the center o f  the s i te i s  
approximate ly 1 5 0  people . The f i r s t  re s idential area due east o f  the plutonium pro­
ces sing bui lding is approximate ly 0 . 8  km ( 0 . 5  mi ) . The ground leve l  concentration at 
approximate ly 0 . 8  km ( 0 . 5  mi l would be one - f i fth that of the maximum concentration . 
The average dose to an individual in the population would be 2 . 5  rem for a total in­
tegrated dose to the total population of 3 7 5  person-rem . 

There are many bui l t-in safeguards in the plutonium handling bui ldings at Mound Faci lity 
which would limit or control any fire that might reasonably be expec ted to occur . Al l 
plutonium is handled in inert atmosphere gloveboxes or in air atmosphere gloveboxes 
protected by Halon 1 3 0 1  fire detection and extingui shing systems . Al l laborator ies 
have been de s igned and equipped to minimi ze the amount o f  combu s tible material and to 
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compartmentalize the l ayout o f  laboratories which would inhibit fire spread . Al l 
p l utonium handling areas have 10 0 %  automatic sprinkler protection . Manual action c an 
be taken by the volunteer emergency brigade members who work in the area us ing the 
fire extingui shers and hoses provided . Al l fi lter banks have been upgraded in recent 
years at considerable expense and now provide two s tages o f  high e f ficiency par ticulate 
f i l tration , automatic de luge sprinkler protection , mi s t  e liminators , and fire dampers .  
These high-e f f ic iency fi l tration systems reduce the environmental release o f  plutonium 
to insigni ficant leve l s . The pos s i b i l i ty o f  any fire br�aching these f i l tration 
systems i s  very remote . 

Finally , Mound Fac i lity has a full-time prof e s s ional fire f ighting force ons i te 
around the c lock . The fire respons e  vehic l e s  inc lude a high-pres s ure , high-volume 
pumper ,  a high expan s ion foam truck , a ' smal l  auxi l i ary pumper , and an ambulance . Con­
tact is also maintained with the C ity of Miami sburg Fire Department , which w i l l  respond 
within an e stimated time o f  five minute s , upon reques t ,  to a fire at Mound Faci l i ty . 

Because o f  the se s a feguards , in reality a fire in a p lutonium proce s s ing building 
would be expec ted to have a much less adverse impact on the environment than the fire 
described in this section . 

3 . 10 . 2  ACC IDENTAL RELEASE OF TRIT IUM 

Mound Fac i lity conducts a number of operations involving the proces s ing o f  tr itium . 
An acc ident i s  postulated to occur which would involve a s tandard tr itium s torage tank 
containing 20 grams ( 2  x 10 5 C i )  o f  tr itium .  Thi s quanti ty i s  cons idered to be an 
upper l imi t of the amount of tritium that cou ld be released at any one time . Tri tium 
released from a s torage tank , a s  postulated in thi s  accident , would be in the e lemental 
form . I f  the r e lease from a s torage tank were accompanied by a fire , �ome o f  the 
tritium re leased may be converted to tr itium oxide . P inson and Langham ( 3- 1 3 )  indi­
cate that the potential hea l th haz ard of being exposed to tri tium oxide i s  s everal 
orders of magni tude greater than be ing exposed to e lemental tritium . Dose commitments , 
a s s uming a release o f  e lemental tritium and tri tium oxide , are given to ref lect the 
relative haz ard of each . 

The tr itium would be released to the environment out a s tack with an e f f ec tive hei ght 
of 70 m ( 2 3 0  f t ) . The r e lease i s  assumed to occur over a 3-minute per iod . Pasqui l l  
Type A meteorological s tabi l i ty condition with a wind speed o f  1 . 3 m/sec ( 3  mph ) i s  
assumed to exis t  during the incident . An a s s umed southwes ter ly wind a llows the 
re leased tritium to involve the large s t  o f f s ite population neare s t  the source of 
contamination . 

An individual located approximate ly 10 0 0  feet ( 0 . 3  km) downwind o f  the release point 
would receive the maximum uptake of tri tium .  The ind ividual would absorb equa l amounts 
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o f  tritium through the skin and through the lungs during the passage o f  the c loud o f  
tritium . N o  credit was taken for the protection o f fered b y  the c lothing a n  individual 
may be wearing or the pos sibi l i ty that some tritium may di ffuse outward from the 
epidermis due to the short exposure time . The whole body dose commitment an individual 
could rece ive from a tri tium oxide release would be 0 . 1  rem . I f  the release was in the 
form of e lemental tritium , the whole body exposure wou ld be approximately 8 . 1  x 10 - 5 

rem . 

Approximate ly 6 5 0  people live within 1 . 6  km ( 1  mi l north-nor thea s t  o f  Mound Fac i l i ty . 
An integrated population dose of approximately 11 . 4  person rem could occur a s  a result 
o f  thi s  postulated accident . I f  the release was elemental tr itium , the integrated dose 
would be 8 . 6  x 10 - 3  person rem . 

Bainbridge ( 3 -14 ) gives a mean depo s i tion velocity o f  0 . 8  cm/sec ( 0 . 0 2 5  ft/sec)  for 
tri tium oxide . The pos s ibi l i ty there fore exi sts that some vegetation could become 
contaminated with tri tium oxide as the c loud passe s . Kline , and S tewart ( 3 - 1 5 ) have 
reported r apid decontamination (ha l f-time of 2 5 - 3 5  min) of vegetation due to trans ­
piration . It would there fore not be antic ipated that any decontamination e f forts 
would be required . No restriction on usage of crops or water supplies would be 
anticipated as a result of thi s  postulated accident . 

Mound Fac i l i ty has used a philosophy o f  a s s ured containment throughout its tr itium 
faci lity . The use o f  two containment features i n  many' areas where l arge quantities o f  
tritium are present requires that two breaches must occur be fore a maj or re lease o f  
tri tium into the work area can occur . Other areas uti l i ze an emergency holding tank 
concept whereby re leased tritium would be trans ferred to the tank be fore it could 
escape to the environment . The tritium faci l i ty also has an E f f luent Removal System 
which recovers tritium from a contaminated atmosphere be fore i t  i s  exhaus ted to the 
environment .  The e f fectivenes s  of a ssured containment i s  re f lected in the fact that 
airborne tritium e f f luents from Mound Faci lity have been reduced by a factor of 3 0  
s ince 1 9 6 9 . These factors signi ficantly reduce the pos s ibil ity o f  a maj or release o f  
tritium a t  the Faci l ity . I n  the event of a maj or tri tium release , however , the en­
vironmental impact would be minor and short term . 

3 . 10 . 3  NUCLEAR CRIT ICALITY ACCIDENT 

Operations at Mound Faci lity include the handl ing of f i s s i le materials such as 
uranium- 2 3 3 ,  uranium- 2 3 5 , plutonium- 2 3 8 , and p lutonium- 2 3 9 . I f  the se materials are 
handled in large quanti ties , the potential for a criti c a l i ty accident exists . Operations 
i nvolving f i s s i le materials include research , deve lopment , fabrication , and s ub-gram 
chemical separation s . Quantities handled during any given operation range from mi l l i ­
gram amounts t o  a maximum o f  several ki logr ams . 



3 - 6 7  

The probab i l ity for a criticali ty accident a t  Mound Fac i l ity i s  cons idered t o  b e  
very remote . T o  ensure that a l l  accidents which have the potential to cause a n  adver se 
environmental impact are cons idered , the potential haz ard to the general population as 
a result o f  a criticality accident i s  evaluated in the fol lowing paragraphs . 

It was postulated that the accident took place as the result o f  the inadvertent 
rearrangement of s ever al s ubcr i tical p lutonium parts to form a critica l  mas s . It  has 
been estimated ( 3- 1 6 ) that this type of accident wi l l  have a tota l yie ld of 10 1 8 

f i s sion s , with no substantial explos ive force . Higher yie lds have been reported dur ing 
past accidents ( at other locations ) ,  ( 3 - 1 6 ) but those accidents have involved large 
amounts o f  plutonium solutions , a s ituation which cannot physical ly occur at Mound 
Fac i l ity . 

Calculations as discus sed in Appendix E were made to e s timate the rad i ation dose 
commitment to an individual s tanding at the point o f  maximum concentr ation due to the 
f i s sion products released and e scaping from the bui lding a fter the pos tulated nuclear 
excur s i on .  Two types of rad i ation doses were considered in the analys is : external 
dose to the whole body ( gamma and beta radiation ) and the internal dose to the thyro id . 
Release fractions o f  radioactive particulates and gases are given in the last column 
o f  Table 1 on page 2 of  Appendix E .  

The external dose to the body due to the entire f i s s ion product cloud i s  estimated to 
be 1 . 1  rem. Thi s  i s  in comp liance with the limits in 10 CFR 10 0 ,  ( 3 -17 ) which speci fy 
that a person standing at the edge o f  the excur s ion area for two hour s mus t not 
receive a dose of more than 25 rem . Although 1 0  CFR 10 0 guidance was developed for 
nuc lear power reactors Mound deemed it appropr i ate to use the dose cr iteri a  since 
this i s  the on ly known pub l i shed guidance· for eva luating a nuclear critica lity acci­
dent . 

The r adiation dose de livered to the thyroid o f  an individua l adult located at the 
point o f  maximum concentr ation was estimated at 0 . 1 1 rem . For a child , the maximum 
thyroid dose was e s timated at 2 . 2  rem . The se f i gure s inc lude the doses contr ibuted by 
the inhaled iodine and the iodine decay products . The l imit set by 10 CFR 1 0 0 is a 
dose to the thyroid o f  3 0 0  rem for a two-hour exposure at the outer boundary of the 
excur s ion area or dur ing the passage o f  the entire f i s s ion product cloud . The 
estimated radiation dose to the thyroid is we l l  within 10 CFR 1 0 0  l imi ts . 

The postul ated criticali ty accident could be expected to result in the release o f  
approximately 1 C i  o f  iodine - 1 3 1  and 6 3 5  Ci o f  other isotopes o f  iodine . Also released 
would be approximate ly 7 0 , 0 0 0 C i  o f  other radioi sotope s . Most o f  these radioi sotopes 
have a short physical hal f - l i fe . The HEPA fi lter banks would not be adversely a f fected 
by s uch an acc ident and would , there fore , prevent any particulate mater ials from 
escaping the bui lding . It is anticipated that no decontamination of the s urrounding 



3 - 6 8  

l and would b e  required . The lack o f  a ma jor commercial dairy industry i n  the immed­
iate are a indicates that s uch actions as restriction of mi lk s upplies wi l l  not be 
required . The environmental impact of a nuc lear criticality accident would be minor 
and short term . 

Mound Facility has e stab li s hed a formal Nuclear Criticality Safety Program to 
minimi ze the pos s ib i lity of a nuclear critic a l i ty incident . The obj ective s  o f  the 
Nuclear Criticality Safe ty Program are to ensure that a l l  operations with f i s s i le 
materials are guided by up-to-date approved procedure s within � xi s ting regulations 
and standards ,  to e s tab lish guide lines and parameters for operations involving f i s s i le 
mater ial ,  and to maintain a comprehensive training program in criticality s a fety . 

The nuclear-safe mas s for a speci fic f i s s i le i sotope , known as the Criticality Unit 
Value (CUV ) , ha s been de fined a s  1/2 . 3  of  the minimum critical mass for the specific 
i sotope . optimum conditions s uch as spherical geometry , i s otope theoretical dens ity , 
and fu l l  ne utron re f lection are assumed to determine the minimum critical mas s e s . 
wr itten procedures are required for any operation involving one -tenth or more o f  a CUV . 
The f i s s i le material areas at Mound Faci lity proce s s  f i s s i le material in amounts we l l  
be low one CUV . There are a few areas , s uch a s  s torage vaults , where inventor ies over 
one CUV are kept , but within any s torage vault the mater i a l  is s tored in DOT-approved 
fis s i le material shipping container s .  These containers are des igned to be �uc lear 
s a fe . Only amounts under one CUV are handled at a given time outs ide the shipping 
containers . This approach practi ca l ly e l iminate s the possibil ity for accidenta l 
criticality excurs i ons . 

3 . 10 . 4  NUCLEAR EXPLOS ION 

Mound Fac i l i ty ' s  a s s igned function , as part of the nuc lear weapons programs , require s 
that var ious nuclear and explos ive components be . at the s i te . Operations do not include 
the assemb ly or disas semb ly of nuclear warheads . There is no pos s i b i lity that a l l  
required components would b e  availab le a t  Mound Facility t o  assemb le a f unctional 
nuclear device . An accidental nuc lear explos ion i s , there fore , impo s s ib le at Mound 
Faci lity . 

3 . 10 . 5 DETONATION OF HIGH EXPLOSIVES 

Mound Fac i l i ty conducts research , development , and production of exp losive detonators 
for the DOE weapons program . The principal explos ive s tored and proces s ed is 
pentaerythritol tetrani trate (PETN ) . The only pr imary explos ives at Mound are con­
tained in fully assemb led components received from other s i te s . 
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Actual process operations with explos ives involve much smaller quantities than are 
present in the s torage magaz ines . The two large s t  magaz ines are approved for storage 
of up to 9 0 0  kg ( 2 0 0 0  lb) of PETN each . 

This amount o f  PETN i s  approximately equivalent to 1 3 0 0 - 1 8 0 0  kg ( 3 0 0 0 -4 0 0 0  lb) o f  TNT . 
In the unlikely event o f  an explos ion in a magaz ine , the area o f  pos sible des truction , 
6 0 °  from the hor i z ontal to the face o f  a magaz ine and from the door opening , would be 
total ly restricted by the s teep embankments oppo s i te each magaz ine . No s tructural 
damage would be expected o f fs ite although there may be some broken windows . The smoke 
c loud would d i s s ipate with no adverse e ffects . Such an explos ion would not damage any 
nuc lear fac i lity or cause any environmental release of radioactive material . 

A l l  explosive proces s ing i s  conducted in faci lities des i gned , equipped , and operated 
within the s trict requirements of Army Materiel Command Regulations AMCR 3 8 5 - 1 0 0  
( Sa fety Manua l ) . The maximum quantity o f  bulk explos ives permitted in any manufacturing 
area is 0 . 4 5 kg ( 1  lb ) . I f  any detonation were to take p lace , no damage would occur to 
any s tructure where radioactive materials are handled and no r adioactivity would be 
re leased . 

3 . 10 . 6  ONS ITE TRANSPORTATION ACCI DENT 

At Mound Fac i lity the transportation of explos ive , radioactive , or toxic materials 

between bui ldings involves sma l l  quantities for short d i s tances . Exp los ives and 
radioactive materials are never transported in the same veh i c le at the same time . 

Radioactive materials transported between buildings are packaged in DOT-approved 
shipping containers or in other sealed metal containers adequate to ensure positive 
containment even under accident conditions . Any re lease o f  radioactive material 
postulated in an ons i te transportation acc ident would be les s  serious than the 
rad ioactive re lease s described e lsewhere in thi s  asses sment . 

The mos t  serious potential ons ite transportation accident from an environmental 
standpoint is cons idered to be one invo lving a tank truck of fuel oil making a delivery 
to Mound Faci lity I f  such a truck were to be involved in an accident , up to 1 1 , 4 0 0  
l i ters ( 3 0 0 0  gal) o f  fuel o i l  could be s p i lled onto the ground and enter the drainage 
ditch which drains the s ite . Mound Faci lity has constructed at the s i te boundary a 
retention bas in which i s  equipped with sub s ur face drainage ports that wi l l  prevent a 
maj or re lease o f  o i l  to the o f fs i te environment . The very small amount o f  o i l  that 
could reach the o f fs i te waterways would not cause i n j ury to members of the general 
pub l ic or aquatic l i fe . An emergency p lan to cope with this type o f  accident has been 
formulated ( S ee Section 3 . 1 1 ) . The p lan helps to minimi ze the time required to take 
action to minimi z e  the quantity of o i l  released and the area a f fected . 
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The e ffect o f  a maj or power outage a t  Mound Faci li ty was cons idered for i t s  potential 
to cause an adverse environmental impact . S uch an occurrence may result from a local 
thunders torm or ice s torm . The loss o f  power to the venti lation sys tems for radio­
active material proces sing fac i l ities is cons idered to have the greatest potential for 
an adverse environmental impact . Because of the impor tance of pre s s ure d i f ferentials 
and air f lows in ma intaining e f fective contamination contro l , diesel-powered emergency 
generators have been provided . These emergency gener ator s provide power to critical 
parts of the venti l ation systems as we l l  as to critical operating equipment . The 
emergency generators are te sted weekly to ensure proper operation . The loss of e lec­
trica l power wou ld not be expected to result in any adverse environmental imp act . 

3 . 10 . 8  NATURAL D I SASTERS 

Natur al phenomena were cons idered to the extent that they may be the source o f  a 
serious impact on the environment . Floods and hurr icanes are not d i s cus sed i n  this 
section because of Mound Fac i lity ' s locat ion high above the flood plain of the 
ne ighbor ing river va l ley and we l l  away from the coastal areas s ub j e c t  to hurricanes . 
No bui ldings a t  the Mound Fac i l i ty are located on a flood p lain or in are as considered 
�s wetlands in 10 CFR Part 1 0 2 2 . 

The only natural phenomena that of fer any s igni ficant potential for serious conse­
quences are tornados and ear thquake s .  The study of the s tructural e ffects of such 
extreme natural force s on the ma j or process ing fac i li ties at Mound Faci lity has been 
completed under contract with the Corporate Engineer ing Department of Monsanto Company . 
The analyses were prepared in s upport of Mound Fac i l i ty ' s  ongoing e f fort to prepare 
F inal S afety Analys i s  Repor ts (FSAR ' s )  for its ma j or bui ldings . 

The potential e f fects of tornados or ear thquake s rupturing a plutonium proc e s s ing 
faci lity are deemed to pre sent the greatest hazard to the environment of any of the 
natural disasters which can be postulated for Mound Fac i l i t y .  It is di fficult to 
assess the potential e f fects of a tornado or an earthquake without s l ipping o f f  into 
nonscienti fic conj e cture i nvolving unbounded consequences .  In order to avoid these 
extreme s  as much as pos s ible , analyse s were based upon a sound engineering evaluation 
of the s tructural e f fects of a tornado or an earthquake on the plutoni um proce s s ing 
building fol lowed by a midd le-of-the-road approach in postulating the release and 
movement o f  plutonium- 2 3 8  as a consequence o f  the s tructural e ffects . 

Where app l icable , the reader i s  given some e s timate or indication o f  the probab i l i ty 
o f  occurrence o f  the natural disaster be ing ana lyzed . The frequency o f  occurrence o f  
tornados was calculated b y  s tandard methods and i s  repor ted i n  the fol lowi ng section . 
Earthquakes o f  the type tre ated in this report were s imply assumed to occur s ince there 
i s  apparently no s tandard way to predict the ir frequency . Second and third-order 
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e f fects ins ide the bui lding that are requi red for breach o f  containment and a re lease 
out of the building were assumed to occur where profe s s ional j udgment indicated they 
might be expecte d .  They were not assumed to occur j ust for the s ake of achieving upper 
l imit type of e f fects . 

Tornado Analys is - The evaluation o f  the o f f s ite consequences o f  tornados was 
based primarily upon work by DeWhi tt . ( 3 - 1 8 )  The extreme weather conditions during a 
tornado e l iminated the use o f  analytical tools such a s  d i f fus ion calculations in eval­
uating the di spe r s al of released plutonium. Estimates of the total cost of the se accci­
dents , including o f f s ite decontamination , are given as broad ranges . A report by 
Guthrie and Nicho l s  was used in part to e stimate co sts . ( 3 - 1 9 ) . 

The reader should not lose s ight of the fact that the acc idents discus sed in this 
section would be classed as di sasters on the ir own merit , irre spective of any pos s ible 
plutonium- 2 3 8  contamination as a result o f  the de s truction of the plutonium proce s s ing 
bui lding . Rea l i stical ly , the greatest immedi ate threat to the pub l i c  would be the 
tornado or earthquake itsel f .  The immediate area would probably be c l a s sed as a 
Federal d i saster area . The cost of removing p lutonium- 2 3 8  contamination would over­
l ap ,  in some case s ,  the costs normal ly encountered in natural di sasters such a s  the 
costs of rescue , recovery , and debri s  removal .  

To place this accident into perspective , the f requency o f  occurrence o f  a tornado had 
to be determined . The method sugge sted by Thorn ( 3 - 2 0 )  provides estimates o f  the 
probab i l ity of a tornado of un specif ied intens i ty striking a point within a 1 °  square 
centered at Mound Fac i l ity . The probab i l ity o f  a tornado strik ing a point was deter­
mined to be 0 . 0 0 1 1 9  or approximate ly 1 0 - 3 • The return period wou ld be 8 4 0  year s . How­
ever , only tho se tornado s of suff icient intens i ty to damage facilities such that s ig­
n i f i c ant radioact ive materials would be di spersed are of concern . A s cale quoted from 
Fuj ita ( 3 - 2 1 )  which c l a s s i f i e s  the type of damage expected from various storm inten­
s ities is provided in Table 3 -2 S .  

Mound Fac i l ity i s  in the geographical area spec i f ied as Region I in the "Minimum De s ign 
Criteria of New Plutonium Facilitie s . "  ( 3 - 2 2 )  By de f init ion , the DOE Mode l Tornado 
for this region is a tornado of the intens ity of 4 8 0  km/hr ( 3 0 0  mph) rotational and 
1 0 0  km/hr ( 6 0  mph)  trans lational . This yields a comb ined veloc ity o f  S 8 0 km/hr ( 3 6 0  
mph ) which i s  c l a s s i fied a s  ( F 6 )  on the Fuj i ta S cale . Abbey ( 3- 2 3 )  has estimated 
probab i l ities of tornado s of various windspeeds for dif ferent regions of the United 
S tate s .  The probab i l ity of a tornado with windspeeds of l S O  mph occurring within the 
vicinity of Mound Fac i l i ty is one in 1 0 0 , 0 0 0  years or 1 0 - 5 • All the buildings at 
Mound which house operations involving radioactive materials wi l l  survive tornados 
within l S O  mph wind speeds .  The probabi l ity of a DOE mode l tornado is estimated as one 
in 1 0 0 , 0 0 0 , 0 0 0  year s  or 1 0- 8 • 

In evaluating potential e f fects of tornado s ,  it should also be recogni zed that a 
bui lding may not lie in the direct path o f  the tornado but may be damaged by a near-
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Table 3 - 2 5  

FUJITA SCALE DAMAGE SPECIFICATIONS 

(F 0) 4 0  - 7 2  mph , LIGHT DAMAGE 
Some damage to chimneys and TV antennae ; breaks twigs o f f  trees ; pushes over 
shal low-rooted tree s . 

( F  1 )  7 3  - 1 1 2  mph , MODERATE DAMAGE 
Pee ls sur face o f f  roo fs ; windows broken ; light trailer houses pushed or over­
turned ; some trees uprooted or snapped ; moving automobi les pushed o f f  the road ; 
7 3  mph i s  the beginning o f  hurricane wind speed . 

( F  2 )  113  - 1 5 7  mph , CONS IDERABLE DAMAGE 
Roofs torn o f f  frame houses leaving s trong upright wa l l s , weak buildings in rural 
areas demo l ished ; trai ler houses destroyed ; large trees snapped or uprooted ; 
railroad boxcars pushed over ; light obj ect mis s i les generated ; cars b lown o f f  
highway . 

( F  3 )  15 8 - 2 0 6  mph , SEVERE DAMAGE 
Roofs and some wa l l s  torn off frame houses ; some rural buildings complete ly 
demo l i s hed ; trains overturned ; ste e l - framed hangar-warehouse type s tructures torn ; 
cars li fted o f f  the ground ; most trees in a forest uprooted , snapped , or leveled . 

(F 4 )  2 0 7  - 2 6 0  mph , DEVASTATING DAMAGE 
Whole frame houses leveled , leaving piles o f  debr is ; s teel s tructures bad ly 
damaged ; trees debarked by sma l l  flying debr i s ; cars and trains thrown some 
d istance or rolled considerable distances ; large mi s s i les generated . 

( F  5 )  2 6 1  - 3 1 8  mph , INCREDI BLE DAMAGE 
Whole frame houses tos sed o f f  foundations ,  steel-reinforced concrete s tructure s  
badly damaged ; automob i le - s ized mis s i le s  generated ; incredib le phenomena can occur . 

( F 6 - 1 2 ) 3 19 mph to sonic speed , INCONCE IVABLE DAMAGE 
Should a tornado with the maximum wind speed in excess o f  ( F  6 )  occur , the extent 
and types of damage may not be conceived . A number o f  mis s i les such as ice boxes , 
water heaters ,  storage tanks , automobiles , etc . , will create serious secondary 
damage on s tructures .  
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mi ss type s i tuation . For this analys i s  a near-mis s  was determined to be approximately 
180 m ( 6 0 0  ft)  from the faci l ity . ( 3- 2 4 )  

The tornado analyses given in the fo l lowing sections treat three di f ferent tornado 
incidents . These inc idents are : ( 1 )  near-mi s s  by a DOE Mode l Tornado ; ( 2 )  direct 
s trike by a Moderate Tornado ; and ( 3 )  direct s trike by a DOE Model Tornado . 

Near-Mi s s  b y  DOE Model Tornado - S tructura l  analys i s  of the p lutonium process ing 
building subs tantiates that the integrity of the building would be maintained . The 
primary containments feature ( i . e . , gloveboxes , conveyor , f i l ter b ank , etc . )  would not 
be breached . An addi tional s tructura l  ana ly s i s  of the containment features revealed 
that they could withs tand a pres sure drop of 6 9 0  N/m2 sec ( 0 . 1  ps i/sec ) without any 
adverse e f fects . 

Operating personnel and the general pub lic in the vicinity �f the bui lding would not 
be exposed to concentrations ' o f  p lutonium-2 3 8  in excess of guide lines given in NBS 
Handbook 6 9 . ( 3 -2 5 )  No personne l inj ur ie s  are antic ipated nor would thi s  accident 
result in any program interruptions . Doll ar loss would be minor and would cons i s t  o f  
repairing s tructur a l  cracks . 

Direct Hit by a Moderate Tornado - S tructural analys i s  of the p lutonium proces s ing 
bui lding was conducted util i z ing a total windspeed of 3 2 1  km/hr ( 2 0 0  mph) and a 
pre s s ure drop of 8 30 0  N/m2 ( 1 . 2  psi )  in 3 seconds . The building ' s  struc ture wi l l  
survive a d irect hit by a moderate tornado . Some breaching o f  the fac i l i ty i n  the 
form o f  cracks w i l l  occur . The outer wall of the building may a l s o  be punctured by 
airborne mis s i les . The ma j or threat to containment , however , is the rate o f  pre s s ure 
drop that i s  appl ied to the primary containment features of the bui lding . The r ate of 
pre s s ure drop created by the passage o f  the s torm w i l l  result in 1 4 0 0 - 2 8 0 0  m 3 ( 5 0 , 0 0 0 -
10 0 , 0 0 0  ft 3 ) o f  a i r  being vented out o f  the bui lding by way o f  the venti lation sys tem 
and the exterior door s . Primary containment features such as gloveboxes , conveyor 
system , and f i lters are expected to fail due to the loads imposed on them . 

Plutonium re leased to the environment would ori ginate from loose sur f ace contamination 
in the vent i lation and glovebox systems . Mater i a l  in sea led containers was not 
cons idered vulnerab le to re lease . It  was e s timated that the quantity o f  p lutonium 
released o f fs ite would be in the range o f  0 . 1 to 10 . 0  g o f  the vulnerab le plutonium . 
I t  would be expected that some o f  the material would enter the vortex of the tornado 
and be c arried for many miles by the s torm . Some of the plutonium made airborne by 
the tornado would be scavenged out of the atmosphere by the 5 to 15 cm (2 to 6 inche s )  
o f  r ain that accompanies a tornado . Plutonium particles 2 5  � m  and l ar ger would be 
e xpected to be washed out locally in thi s  manner . The resulting sur face contamination 
would probab ly require some decontamination . It  is anticipated that the bui lding would 
be i s o l ated from the outs ide environment within hours , thus preventing a continuing 
release of plutonium . 
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Some serious i n j uries ( including fatal i ti e s )  would probably result from f lying debr i s . 
Also some operating per sonne l and some members o f  the general public would receive 
uptake s of plutonium in excess of guide l ines given in NBS Handbook 6 9 . The primary 
containment feature s of the building wou ld require maj or repairs and the entire 
f ac i li ty would require decontaminat ion . S igni ficant programmatic interruptions would 
be anticipated . The tota l property los s , decontamination , and other a s soc iated costs 
can only be estimated to be in exce s s  o f  $ 1 0 , 0 0 0 , 0 0 0 . 

Direct H i t  b y  DOE Mode l Tornado - T o  document the upper limit o f  risk a s sociated 
with accidents invo lving tornados , structural analys i s  of the plutonium proce s s ing 
bui lding was conducted util i z ing the forces of a DOE Mode l Tornado [ rotational speed 
of 4 8 0  km/hr ( 3 0 0  mph ) , tran s lational speed of 1 0 0  km/hr ( 6 0  mph ) , and a rate o f  
pre s sure drop o f  2 0 , 7 0 0  N/m2 ( 3  p s i )  for 3 seconds ] .  

The forces imposed on the plutonium proce s s ing bui lding would de stroy the fac i l i ty . I t  
would b e  ant i cipated that containment feature s such a s  gloveboxe s and conveyor would be 
breached in the collaps ing s tructure . There also exists the possibil ity that glove­
boxe s , material s torage containers , and any other obj ect in the bui lding could become 
airborne . Gloveboxe s ,  for example would be expected to remain within 3 0 0  m ( 1 0 0 0  ft)  
o f  the facil ity . 

S tructural analy s i s  revealed that the water tower adj acent to the bui lding would also 
col lapse . This would result in approximately 9 4 6 , 0 0 0  l i ters ( 2 5 0 , 0 0 0  gal)  o f  water 
f lowing over the ground , washing some plutonium contaminat ion o f f s ite . 

I t  would be antic ipated that member s o f  the general population would be exposed to 
concentrations o f  plutonium- 2 3 8  in exce s s  o f  those leve ls spe c i f ied in NBS H andbook 6 9 .  
The general pub l i c  would have to be evacuated during decontaminat ion o f  the region . 
Fatalities , serious inj urie s , and s igni f icant uptake s o f  plutonium- 2 3 8  would be 
anticipated to occur to operating personnel . I t  i s  assumed that it wi l l  take several 
days to conf ine the plutonium- 2 3 8  in the debr is o f  the bui lding . The building would 
be a total los s . The total property los s ,  decontamination , and other a s sociated costs 
can only be es timated to be in exce s s  of $ 2 5 , 0 0 0 , 0 0 0 . 

S ince Mound Faci l i ty i s  advi sed o f  the possibil ity o f  severe weather approaching the 
area by way of the National Warning System ( NAWAS ) , standard procedure is to place 
loo se plutonium-2 3 8  in sealed containers and return it to the storage vault . The maxi­
mum quanti ty o f  plutonium-2 3 8  vulnerable to release i s  l e s s  than 90 grams . Thi s  mate­
rial con s i s t s  o f  box l ine contaminat ion , material in f ilter s , and process material in 
a form which cannot easily be placed in as sured containment vesse l s . The po s s ibility 
o f  proce s s  material ( which constitutes the bulk of potential los s )  being released wi l l  
be negated b y  discontinuing the preparation o f  plutonium oxide feedstock a t  Mound 
Facility by September 3 0 , 1 9 7 9 . 
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Comments on the Tornado a t  Xenia , Ohio , o n  Apri l  3 ,  1 9 7 4  - I t  i s  pertinent t o  this 
d i scussion to cons ider eva luation of a recent maj or tornado in the greater Dayton are a .  
O n  Apr i l  3 ,  1 9 7 4 , a tornado struck the community o f  Xenia , Ohi o , which i s  located ap­
proximate ly 2 0  mi l e s  northeast of Mound Fac i l i ty . This to rnado was intensively studied 
by Professor Fuj ita ' s group at the Unive rsity of Chicago as well as by the U .  S .  Weathe r 
Bureau . I t  has been termed one o f  the mo st severe and mo st damaging tornado s that has 
ever occurred in the Uni ted S tate s .  The National Severe S torm Forecast Center ,  Kansas 
C ity , Mi s souri , ass igned the c l a s s i f i cat ion (F  5 )  to the tornado . 

Repre sentative s from Mound F a c i l ity and the Corporate Engineering Department o f  Mon­
santo toured the Xenia area to inspect for damage to bui ldings o f  s imi lar construction . 
As a result o f  thi s inspection , it wa s Monsanto ' s  structural engineer ' s  opinion that 
the plutonium proce s sing bui lding would probably have been serious ly damaged ,  but would 
have survived this to rnado . The type of damage observed in other substantial bui ldings 
in Xen ia was not inconsi ste'nt with the type of damage that was predicted by the com­
puter analys i s  of the structure o f  the pluton ium proce s s ing bui lding . 

Such an inspection i s  not conc lus ive , and no such claim is made ; however , the direct 
observations do tend to lend credib i l ity to the general accuracy o f  the above tornado 
analy s i s . 

Earthquake Analy s i s  - S tructural analyses o f  the plutonium proc e s s ing bui lding 
were per fo rmed for two seismic loading conditions . The se s e i smic loading condi tions 
represented a De s ign Bas i s  Earthquake ( DBE) and an Operating B a s i s  Earthquake ( OBE) . 
The DBE was determined from the maximum ground motion po s s ible cons ider ing both 
seismic history and geological structure . The OBE wa s determined from seismic history . 
The DBE was cons idered to produce a maximum hori zontal ground acceleration o f  2 0 %  o f  
gravity and the OBE 1 0 %  o f  gravity . 

Operat ing B a s i s  Earthquake - During the Operating Bas i s  Earthquake the basic 
integrity o f  the pluton ium pro c e s s ing building wil l be mainta ined . Damage to the 
structure would be in the form o f  cracks in -the wal ls and roo f . This minor breaching 
may alter the pre s sure dif ferential mainta ined under normal conditions . Adequate 
air flow would be maintained to prevent p lutonium-2 3 8  from escaping through the 
breache s in the structure . I t  is po s s ible that the conveyor sys tem and other primary 
containment features may experience some crack ing , thereby re leas ing p lutonium- 2 3 8  
into the operating area � I n  this analy s i s , it i s  presumed that 0 . 1  g o f  plutonium-2 3 8  
would be released into the operating area . Another assumption uti l i z ed in this analys is , 
is that the f iltrat ion system would be damaged . I t  is po stulated that cracks would 
deve lop in the seals o f  the f i lter frame or the filters would be damaged . For the 
purpo se o f  thi s analy s i s , the damage is as sumed to be extens ive enough to e f fect ively 
e l iminate one bank o f  HEPA f i lters . This would reduce the overall e f f ic iency o f  the 
f i ltration system to 9 9 . 9 % .  Of the 0 . 1  g relea sed to the operat ing areas , 0 . 0 1 g 
would enter the venti lation system . The remain ing material would stay in the operating 
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area as surface contamination . As suming a 9 9 . 9 % e f f i c iency o f  the f i l tration system , a 
total o f  16 0 �Ci o f  plutonium- 2 3 8  would be released to the environment .  The maximum 
li fetime dose commitment to individua l s  i n  the general pub l i c  as a result of such a 
release would be 5 x 10 - 4 rem to the lung . The exposures are we l l  below Federal 
guide l ines given in NBS Handbook 6 9 . No sur face contamination would be detectable 
o ffs i te . 

A fire re sulting from damage due to the Operating Basis Earthquake may occur . For 
example , ignition sources such as damaged e lectrical circuits could start a f ire . The 
avai l able combustibles for propagation of such a fire are very limited . The lack o f  
fue ls such a s  quantities o f  f l ammable gas and s olvents s i gn i f i cantly reduces the 
probabi l i ty that a large-scale f ire would result from an ear thquake . The sprinkler 
sys tem for the bui lding may not be operab le due to breaks in the fire water supply l ine . 
The Halon 1 3 0 1  fire suppres s ion systems for the gloveboxe s are less susceptible to 
damage from earthquakes by virtue of their des ign as independent units . Any f ire not 
automatically extingui shed that may be caused by the Operating Basis Earthquake would 
be minor and could be extingui shed in i ts inci pient s tage by operating personnel or 
fire fighters us ing portable extinguishers .  It i s  antic ipated that the bui lding would 
be iso lated from the outs ide environment (wi thin a few hour s )  by emergency repairs and 
thus prevent a continuing release of plutonium . 

S i gnificant biological uptake s of plutonium would not be antic ipated . The total 
property loss , decontamination , and other associated costs c an only be e stimated to be 
in excess of $ 1 , 0 0 0 , 0 0 0 . 

A potentially serious consequence o f  an Operating Bas i s  Earthquake is the remote 
pos s ib i l i ty that the adj acent water tower may col lapse and s trike the p lutonium 
proce ss ing bui lding . The tower would be expected to twi s t  and col lapse upon i t s e l f  
wi thout s triking the bui lding . I f  i t  d i d  topple and s trike the bui ldin g , approximately 
2 5 %  of  the faci l i ty could be destroyed . Some containments such as gloveboxes and the 
conveyor sys tem may be breached . The 9 4 6 , 0 0 0  l iters ( 2 5 0 , 0 0 0  gal)  o f  water would act 
as a pathway for p lutonium to be released to the environment .  I t  would be anticipated 
that part of the area surrounding the building would require decontamination . I f  a 
containment sys tem i s  breached and air dispersion o f  particul ates occur s , it may be 
neces s ary to evacuate some members o f  the general pub l i c  l iving in the vicin i ty . . It is 
ass umed that some members of the general population would be exposed to concentrations 
o f  plutonium- 2 3 8  in exces s  o f  the leve l s  spec i fied in NBS Handbook 6 9 . Fata l i ties , 
serious i n j uries and exposures to operating personne l would be expected under this 
condi tion . Dol l ar loss to the building and decontamination cos t  can only be e s timated 
to be in exces s  of $ 2 5 , 0 0 0 , 0 0 0 .  

Des ign Bas i s  E arthquake (DBE ) - By definition the Design Bas is Earthquake ( DBE ) 
causes a ground acce leration twice that of the OBE . Based on the hi storical data , 
Mound Fac i l i ty cons iders such an event incredible . 
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A l l  the damage o f  the OBE wi l l  occur in the DBE plus the fo llowing damages . The DBE 
wi l l  breach a l l  containment features of the p lutonium process ing bui lding . The 
collapsing roof could provide a mechanism by which loose p lutonium powder would be 
blown from the bui lding . It is es timated that the total amount of p lutonium released 
o f f s ite would be in the range o f  0 . 1  to 10 g .  High-level contamination would result 
ons ite in the area o f  the bui lding and extensive decontamination e fforts would be 
required to return the land to unres tricted use . Some members o f  the general public 
offsite near Mound Fac i l i ty might have to be evacuated whi le homes and other s truc ­
tures were decontaminated b y  hosing down with copious volumes o f  water under pre ssure , 
and p lutonium in the soil was either removed or fixed by deep plowing . Action would be 
taken to confine the plutonium- 2 3 8  in the debris of the bui lding to prevent a continu­
ous s ource . This action may take several days to complete . 

Since the postulated event may occur wi thout any prior warning , the possibility exists 
that operating personne l would be exposed to the collapsing fac i l i ty . S ome o f  the 
operating personne l would be fatal ly inj ured . Rescue e f forts would be hampered due to 
the pre sence o f  high airbor�e and sur face contamination . Some operating personnel 
would rece ive internal exposures o f  p lutonium-2 3 8  in excess o f  guidelines given in 
NBS Handbook 6 9 . Members o f  the general public in the vi cinity of the building may 
receive si gni ficant internal exposures to plutonium-2 3 8 . The bui lding would be total ly 
destroyed , amounting to a dollar loss o f  $ 14 , 0 0 0 , 0 0 0 . Decontamination and other costs 
would cause the total dollar los s  to be in exces s o f  $ 2 5 , 0 0 0 , 0 0 0 . 

3 . 11 EMERGENCY PLANNING SYSTEM 

The Mound Faci lity emergency preparedne ss program maintains all emergency response 
elements ready to systematically cope with any unusual situation in Fac i l i ty opera­
tions which poses an immediate threat to the health and safety of Mound employes and 
faci lities as we l l  as to the pub lic and environment o f fs i te . ( See Section 2 . 1 . 4 . 6 . )  

The purpose o f  the emergency planning system i s  to ensure immediate control o f  abnor­
mal s ituations in order to prevent or minimi ze per sona l inj ur ies , property damage , 
and environmental degradation . 

The Fac i l i ty is prepared to cope with s ituations s uch as fires , exp losions , personnel 
i n j uries , and power losses .  Emergency p lans include hand ling bomb threats , civil 
disturbance s , and guidance for responding to terroristic activities . The nature o f  the 
operations at th Fac i l i ty requires emergency response capabi lity to cope wi th both 
the ons i te and o f f s i te e f fects o f  a spi l l  involving radioactive and other toxic or 
haz ardous materials . Plans and fac i l i ties for hand ling personne l  involved in such 
emergencies and for moni toring of the environment ons ite and o f fs i te have also been 
developed . 

Coordination o f  Mound Fac i l i ty emergency plans with the emergency plans o f  o f fs i te 
agencies i s  an important element in the total emergency preparednes s  e f fort .  Contacts 
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are made and periodically rein forced with elected o ff i c i a l s  o f  neighboring communities 
as we ll as with governmental agencie s  which may have emergency respons ibi l i tie s . 
Ongoing working relationships are maintained wi th the Montgomery County Combined 
General Health D i s tric t , Miami Val ley Disaster S ervices Authority , Miami Val ley 
Conservancy Di strict , Ohio D i s as ter Services Agency , Wright-Patterson Air Force Base , 
and the City o f  Miami sburg . An emergency mutual aid fire fighting agreement i s  in 
e ffect between the C i ty of Miami sburg and Mound Faci lity . Mound has an Air Pol lution 
Episode P lan . This plan i s  con s i s tent with the Ohio Environmental Protection Agency 
regulations and the Montgomery County Health Department regulations . Actions to be 
taken by the Plan are dependent upon the level o f  the air pol lution epi sode dec lared 
by the Health Department . The actions are as follows : 

Air Pollution Alert 
1 .  Discontinue fire training 
2 .  Discontinue the burning o f  waste explos ives and combustib l e  wastes 

contaminated with explo s ive s . 
Air Pol lution Warning 

1 .  Take actions l i s ted under Alert 
2 .  Curtai l the use o f  motor vehic l e s  

A i r  pol lution Emergency 
1 .  Take actions l i s ted under Warning 
2 .  Reduce operations o f  the power p lant to provide only minimum heating 

and cooling to bui ldings 
3 .  Reduce any proce s sing operations which may emit hydrocarbons to those 

operations vi ta l to national defense 
4 .  Reques t  per sonne l to curtai l use o f  private automob i l e s  
5 .  Sharply reduce use o f  government vehicles to absolute neces s ities 

Special e fforts are made to acquaint agencies that might respond to an emergency 
situation at Mound Fac i l i ty with the operations and the per sonnel wi th whom the agency 
representatives wi l l  inter face . Examples of such agencies are : The Miami sburg Police 
and Fire Departments , the bomb disposal squad o f  the Dayton Police Department , the 
U .  S .  Army Explos ive Ordnance Detachment at Rickenbacker Air Force Base in Columbus , 
Ohio , and the Ohio National Guard (both on a local and s tate l evel ) . A wr itten agree­
ment wi th the Department of the Air Force allows the Wright-Patter son Air Force Base 
Medical Center to provide ho spital care to inj ured contaminated patients from the 
Faci lity . Continuing liai son with the Medical Center per sonnel is conducted to main­
tain adequate preparations and communications . Contact i s , also maintained with the 
local post o f  the Ohio S tate Highway Patro l .  

I n  conj unction with the Miami Val ley Disaster S ervices Authority , the Faci l i ty 
has identi fied fal lout shel ter spaces on the Fac i l i ty s i te for approximately 4 4 0 0  
people . The se she l ters are avai lable to the public in event o f  nuc lear attack . 
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For a l l  emergency s i tuations , it i s  antic ipated that the Mound Fac i l i ty emergency 
planning s ys tem wil l  help ensure a minimum adverse impact on the local population and 
environment .  In add ition , rad iological a s s i s tance i s  readily avai lable from other DOE 
o f fices and contractor s ites through the Radiological A s s is tance Program . ( 3 -2 6 )  

3 . 1 2 SAFEGUARDS PROGRAM 

The Mound Fac i lity safeguards program relate s  to a l l  its nuc lear mater ial and i ts 
fac i l i ties . 

The term " sa feguards " i s  used in i ts broades t  sense , inc luding physical secur i ty 
measure s ,  and embraces a l l  activities involving control and accounting measur e s  to 
detect and deter d ivers ion o f  materials and a l l  activities neces sary to prevent the f t , 
diver s ion , or s abotage o f  materials or equipment . 

In general , the policies and techniques deve loped to protect nuc lear material are 
based on the princ iples of de fense-in-depth . 

The general ob j ective o f  the s a feguards program i s  to prevent malevolent acts involving 
nuc lear materi a l s  and fac i l i ties .  This ob j e c tive can be met through an in-depth 
approach that looks to : 1 )  deterring attempts , 2 )  minimi z ing poss ib i lities of s ucce s s , 
and 3 )  minimi z ing consequences . 

Mound Fac i li ty ' s approach to the safeguarding o f  nuc lear fac i l i ties and materials i s  
one o f  a systematic analys i s  t o  determine the mos t  cost-e f fective measures that w i l l  
guard against the sabotage o f  nuclear fac i lities and/or the i l legal removal o f  nuc lear 
materi a l  over a wide range o f  pos s ib le adverse action s . The goal i s  to arrive at the 
des i gn o f  an integrated s a feguards system . To achieve thi s  goal , Mound uses a 
comb ination o f  employee trustworthines s  determination ( secur i ty c learance) , physical 
protection , and material control and accountab i lity . 

Strict s a feguards measures are used at Mound Fac i l i ty . These include fences ; alarms ; 
prohibition of per sonal vehic les within protected areas ; two means o f  communication for 
security guards ; backup guard force s ;  wri tten records o f  a l l  persons vi s i ting Special 
Nuclear Material areas ; search of packages ,  brie fcases , containers ,  and vehicles enter­
ing or leaving Special Nuc lear Material areas ; and required DOE c learance by persons 
granted acces s  to spec ial nuc lear material or , in l ieu thereo f ,  permitting such access 
only under escort by a person wi th such c learance . Speci a l  Nuclear Materi a l s  inc lude 
enriched uranium and plutonium . 
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There a l so are rigid s t andards for proce s s ing o r  s torage of materia l .  Thi s  must take 
p l ace in protected areas meeting spec i fic leve ls o f  protection . For example , Special 
Nuc lear Material mus t be s tored in approved containers and in turn in vaults . 

The Mound Fac i l i ty nuc lear program uses every advancement in the fie ld o f  physical 
protection . The se include 1)  the " two-man rule " for acce s s  to Special Nuc lear Materials ; 
2 )  the requirement for trained , equipped and qua l i fied armed guards ; and 3 )  the use o f  
special s ecure transportation equipment . 

Mound Fac i l ity continues to tighten requirements for containment , control , and 
accounting o f  Special Nuc lear Materials , concurrently with the deve lopment of new 
hardware and sys tems . These involve use of portal monitors which have been deve loped 
to detect a gram or l e s s  of unshielded p lutonium on a person pas s ing through the portal 
monitor . Sen s itive portab le instruments have been developed to search for nuc lear 
materials in vehi c les and other hiding p laces . Extens ive deve lopment and application 
is  being made o f  on- line nondes tructive assay methods , on- line inventory , and highly 
automated and protected proces s  operations to minimi ze acce s s  to S pec ial Nuc lear 
Materials . Proce s s  operating rooms and vaults incorporating alarms are des i gned to 
he lp deter the ft and divers ion o f  Spec ial Nuc lear Mater ials . 

S ince mater ial in transport i s  recogni z ed to be inherently more vulnerab le to the f t ,  
sophisticated systems have been designed t o  protect i t .  The s e  inc lude s a fe , s ecure 
truck trai lers with numerous protective and d isab l ing device s , armed e scorts with 
orders to use their weapons to prevent the the ft o f  Spe c i a l  Nuclear Mater ials , point­
to-point shipments with no loading or unloading between points , a nationwide communica­
tions s ystem which enables truck occupants to call for help or automatical ly s igna l 
need for help in the event o f  an overt action , pre ferential routing , continuous 
surve i llance , and preplanning to ensure delivery at a time when the receiving faci l i ty 
i s  avai lable to accept shipment .  

The increase o f  terrori s t  and po litically militant acts , recogni zed as a factor 
requiring explicit attention in the deve lopment of spec i a l  nuc lear materials safeguards , 
has resulted in a greater emphas i s  on research and deve lopment in thi s  area . 

To guide its deve lopment program , the fol lowing threats have been identified to which 
the safegurds program is aimed : 

1 .  Terrori st-type attacks invo lving the f t  and sabotage at fac i l i ties or 
during trans it ; and 

2 .  Thefts by knowledgeab le emp loyees or yroups having legitimate acces s  to 
spec ial nuc lear materials or by persons having no authori z ed acce s s . 

Assuming that national and i nternational acts o f  terror ism may continue , a comprehen­
s ive threat analy s i s  s tudy is continuing to identi fy motivations and capab i l i ties o f  
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personn e l  and groups who could pose threats t o  nuclear p l ants and special nuclear 
materials . 

In-depth s tudies have been completed to upgrade plant and materials protec tion . Safe­
guards and securi ty requi rements are under continuing review . 

Safeguards re l i ab i l i ty depends in part on system redundancy . One redundant part o f  the 
s y s tem , search and recove ry of nuc lear materia l ,  i s  an FBI and DOE respons ibi l i ty .  
Procedure s exi s t  for responding to threats i nvo lving spe c i a l  nuc lear materi a l s  and 
overt action s . I f  a threat ari ses outside a nuc lear f ac i l i ty , noti f ication to DOE 
could come from local law enforcement agencie s , other government agencies inc luding 
the mi l i tary , or from concerned c i ti zens . A nuclear fac i li ty operator , e i the r govern­
ment or private , i s  required to i n form DOE promptly , and w i l l  normally not i fy local l aw 
enforcement agencies in the event o f  a suspected or actual thef t  o f  nuc lear material or 
of a threat of s abotage or terrori s t  act .  

Upon being ipformed o f  any o f  these circums tance s ,  DOE would immediately not i fy the 
Federa l B ureau of Inve s tigation , which has s tatutory res ponsibi l ity for inve s ti gating 
all a l leged , suspected ,  or actual criminal vio lations of the fede r a l  code . DOE would 
s upport the FBI with speci a l i zed techn i c a l  a s s i s tance , particularly in connection 
with the recovery o f  materia l .  

The Department o f  Energy has a t  i t s  disposal means to detect , identi fy , and recover 
stolen nuc lear materials and , in carrying out this mi s s ion , can draw from a vast 
re servoi r  o f  techni c a l  e xpertise generally s pread throughout the nation . 

3 . 13 TRANSPORTAT ION 

This section i denti fies the types of hazardous materials transported and the s afeguards 
implemented to protect the pub l i c  from any adverse impact as sociated with the transport 
of these materials to and from Mound Faci l ity . Some o f  the haz ardous materials that 
are transported to and/or from the Faci l i ty are materials common to mos t  indus tria l  
complexe s ,  such as fue l o i l  and gasoline . However , Mound Facil i ty ' s  mi s s ion a l s o  
requires that uncommon hazardous materi a l s , s uch as explos ives and radioactive materi a l s , 
be transported to and from the Fac i l i ty .  The shipments o f  a l l  hazardous materials 
are control led by Federal , State , and local regulations . 

3 . 13 . 1  COMMON COMMODITIES 

The daily operation of Mound Fac i li ty require s that hazardous materials common to 
mos t  l arge i ndus tri a l  complexes be transported . T able 3 - 2 6  lists the number of inbound 
and outbound shipments of haz ardous materials for CY- 19 7 7 .  
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Table 3 - 2 6  

INBOUND AND OUTBOUND SHIPMENTS O F  HAZARDOUS COMMON 
COMMODITIES FOR CY-19 7 7  

C la s s i fi c ation 

F l ammable compre s sed gas 

Non f l ammable compre s sed gas 

F l ammable liquid 

F l ammable solid 

oxidizing material 

Poi sonous gas or liquid , Class A 

poisonous l iquid o r  soli d ,  Class B 

Corrosive material 

Total 

Shipments 
Inbound Outbound 

5 2  

1 3 5  

6 4  

10  

6 

2 

5 

5 3  

3 2 7  

2 7  

2 2 4  

6 

17 

o 
o 

11 

11  

2 9 6  

Those commodities which could c ause the most s i gn i f icant environmental impact include 
fue l o i l , gasol ine , commercial compressed gase s , and common laboratory chemicals . 
These mate rials are purchased from and transported by commercial vendors . The criteria 
for shipment o f  the se materials to Mound Faci l i ty are the s ame as those for any 
private indus try in the are a .  ( 3 - 2 7 )  Mound Faci l i ty does not s tockpi le l arge 
quanti ties o f  any of these materials and , there fore , exces s ive volume s are not tran s ­
porte d .  The quantities and frequencies o f  transportation are the s ame as f o r  private 
industrie s o f  s imi lar s i ze in this are a .  

3 . 1 3 . 2  EXPLOS IVES 

Mound Faci l i ty ' s a s s i gned operations as a manufacturer o f  components containing 
explosives requires that explos ives be routine ly transported to and from the s i te .  
Table 3 - 2 7  l i sts the inbound and outbound shipments o f  explos ives for CY-19 7 7 . 
E s senti ally a l l  explos ives that are transported are secondary explosive s . Secondary 
explos ives wi l l  burn without detonation if unconfined . Mound-manufactured products 
containing explosives are shipped in accordance with the approvals re ceived f rom the 
U .  S .  Department of Transportation . ( 3-2 8 )  

Mound Faci l i ty e xplos ive products are shipped in packages that have been tes ted to en­
s ure that they are in a nonpropagatory configuration . Even in the unlikely event that 
one i tem in a package would detonate , the other i tems would not be adversely a f fected . 
Thi s  ensures that i f  s uch an event did occur , there would be no property damage or 
personne l i n j ury . 
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Tab le 3 - 2 7  

INBOUND AND OUTBOUND SHIPMENTS OF 
EXPLOS IVES FOR CY- 1 9 7 7  

ShiEments 
C l as s i fi cation I nbound 

C l a s s  A E xplosives *  10  

Class B Explosive s * *  2 

Class C Explo sive s * * *  7 3  

Outbound 

8 

4 

1 8 7  

* Solid explos ive s  which c an b e  caused t o  de flagrate b y  contact with sparks o r  flame , 
but cannot be detonated . 

* * EXplos ive s which in general function by rapid combustion rather than detonation . 

* * *Manufac tured arti cles whi ch contain Class A or Class B explos ives or both , as 
components but in res tricted quantities .  

3 . 1 3 . 3  RADIOACTIVE MATERIALS 

The radioactive materi a l s  mos t frequently transported to and from Mound Faci l i ty are 
tri tium and p lutonium- 2 3 8 . Table 3 - 2 8  l i s ts the number of inbound and outbound ship­
ments of radioactive material s according to U . S .  DOT c l a s s i fi cati on during CY-1 9 7 7 . 
The shipments include feed mate rials for proces s ing , manufactured products , and waste 
resulting from operations . Al l shipments are governed by the criteria established by 
the U . S .  Department of Transportation . ( 3-2 9 )  Packages used by Mound for shipment o f  
radioactive mate rials are tested as required b y  the DOT t o  ensure that under hypotheti ­
cal accident condi tions the integrity of the container wi l l  be maintained and radio­
active material wi l l  not be re leased to the envi ronment . 

T able 3 - 2 8  

INBOUND AND OUTBOUND SHIPMENTS OF 
RADIOACTIVE MATERIAL FOR CY- 1 9 7 7  

ShiEments 
C l as s i fication* I nbound 

LSA 2 6  

Type A 6 

Type B 3 2  

Large Quanti ty 2 7  

Total 9 1  

Outbound 

5 1  

1 5  

3 0  

2 9  

1 2 5  

*C las s i fication speci fications according t o  Title 4 9  Code of Federal Regulations 
Parts 17 3 . 3 8 9  and 1 7 3 . 39 0 ; also publ i shed as Hazardous Materials Regulations 
of the Department of Transportation , R. M. Grazi ano ' s  Tari ff No . 3 2 . 
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The package s  are s ubmi tted t o  a series o f  speci fic tests des i gned t o  simul ate a number 
of ove r-the-road acc ident condi tions .  These tests are desc ribed in DOT Tari f f  4 9  CFR 
1 7 3 . 3 9 8  and inc lude the fol lowing : ( 1 ) The package i s  dropped through a distance o f  
3 0  feet onto an unyie lding surface oriented such that maximum damage i s  expected . 
This tes t  simulates the force a package could see upon impact in an accident ; ( 2 )  The 
package is dropped a di s tance of 4 0  inches onto a steel b ar 6 inche s in di ameter and at 
least 8 inches in length res ting upon an unyie lding surf ace . Thi s  tes t  demons trates 
the abi lity of the package to withstand penetration by any f lying pro j ectiles during 
an acciden t ;  ( 3 )  The package is e xposed to a thermal envi ronment of at least 1 4 7 5 ° F 
for 3 0  minute s . The thermal test i s  representative o f  a road accident invo lving a 
fire ; e . g . , c o l l i s i on with an oi l tanker ; ( 4 )  The package i s  imme rsed in at least 3 
feet o f  wate r for not le s s  than 8 hours to s imulate accident condi tions leading to the 
package fal ling into a river or lake . It should be noted that thi s  series of tests i s  
performed consecutive ly o n  the s ame te st package . There mus t  b e  n o  re lease o f  radio­
active material from the package in a s ucce s s ful tes t .  

Waste contaminated with radioactive materials constitutes the largest volume o f  
radioactive shipments . These materials are transported under DOT regulations by 
commercial motor carr iers . Dur ing 1 9 7 7 , approximately 7 5 3  m 3 ( 2 6 , 5 3 4  ft 3 ) o f  " Low 
Speci fic Activity " waste in 1 8  shipments was made to o f f s ite commercial burial 
grounds . Mound Fac i lity ' s  waste that contains concentrations o f  plutonium- 2 3 8  in 
exce s s  of 10 nanocuries per gram of waste are transported to a DOE s ite for retriev­
able storage . During 1 9 7 7 , eight shipments containing approximate ly 2 5 7  m 3 ( 9 0 5 2  ft 3 ) 
o f  was te were shipped by rai lroad . A special government-owned rai lcar i s  used for 
transportation of thi s  category o f  was te . Thi s  rai lcar has been des igned and tes ted 
to ensure that it wi l l  withstand hypothetical accidents .  

He at source s and components containing radioactive material produced at Mound Faci l i ty 
have accounted for approximate ly 1 1 0  shipments to and from the Faci l i ty durin g  CY- 19 7 7 .  
These products are shipped in containers that comply with the requirements o f  the DOT 
and are tran sported in specially des i gned vehicles operated by personne l trained and 
equipped to handle any credible incident which may ari s e . These specially des i gned 
veh i c le s  are called SST ' s  ( S a fe Secure Transports ) .  They are owned and operated by DOE 
and are headquartered in Albuquerque , New Mexi co and Amari l lo ,  Texa s . The tractor and 
trai ler are both armor-plated and contain e l aborate communi cations equipment and in­
trus ion deterrent sys tems to negate the pos s ib i l ity of h i j acking of special nuc lear 
material by terroris t  attack . Obvious ly the deta i l s  surrounding s uch deterrent sys­
tems must remain c la s s i fied . Thi s  veh i c le was developed primari ly for s ecurity reasons . 
It should be noted that absolutely no c redit i s  taken for the veh i c le with regard to 
containment o f  the radioactive cargo i t  i s  transporting . The individual packages with­
in the veh i c le s  mus t  pass the hypothetical accident condi tions described above . It  i s  
c lear , howeve r ,  that the armor-plated trai ler adds a great dea l  t o  the total integrity 
o f  the shipment . 



3 - 8 5  

Currently , the shipment o f  feed materials t o  Mound Fac i l i ty presents the greate s t  
potential f o r  a n  adverse environmental impact because o f  the quanti ty o f  material in­
volved . P lutoniurn-2 3 8 is  transported from another DOE fac i l i ty to Mound Fac i l i ty . A 
typical shipment contains 2 - 3  k g  o f  p lutoniurn- 2 3 8  in an oxide form . Even the minimal 
risk involved , as discussed below , wi l l  be curtai led by the end of CY- 1 9 7 9 , by whi ch 
time Mound w i l l  receive only small lots o f  the oxide feed mate ri a l  already sealed in 
primary containers for the final assembly o f  only small heat s ources .  Special vehic le s  
are used f o r  transporting the plutoniurn- 2 3 8 . Tests conducted on the shipping container 
have shown that even under the mos t  severe accident conditions , no radioactive material 
will be released . This particular package consists o f  a primary container enclosed 
in a secondary container and a tertiary containe r .  This package was f irst sub j ected 
to a series of three 3 0 -foot drop tests . After each te st the primary container was 
removed and its seal checked . With a gas leak test , the criterion of < 1  x 10 - 3 atm 
cc/sec was met .  I n  a second test ,  phosphorescent z inc sulfide powder was p laced in 
the primary container before the drop to simulate PU0 2 powder .  After the drop a check 
of the primary container , us ing ultraviolet l i ght , showed no trace o f  powder on the 
outside . 

After the container sus tained a 3 0 - foot drop tes t  without releasing its contents , i t  
w a s  next dropped through a distance o f  4 0  inches onto a 6 -i nch diameter steel bar . The 
only damage was to the paint on the tertiary container ; there was no e f fect on the 
primary or secondary containers . There fore , i t  is conc luded that the package would be 
undamaged by f lying proj ectiles in the event of an accident . 

The third test involves placing the primary container in a thermal environment o f  

9 2 5 ° C .  It was held a t  thi s  temperature and the i nternal pressure was then increased 
in 1 0 0  p s i  increments unti l a seal failed at 8 2 5  psig . After cooling , the primary con­
tainer could be resealed and pres suri zed to over 1 5 0 0  p s i g  with no leakage . The test 
results were uti lized to e s tabli sh a PU02 loading which would result in an internal 
pressure that would leave the seals intact (with a safety factor of at leas t 2 ) . 

Since the primary container i s  not damaged by the hypothetical accident conditions o f  
a 3 0 - foot drop , puncture t e s t  and fire , it wi l l  withstand immersion in water f o r  an 
inde finite period of time without inleakage . ( 3 - 3 0 )  The demonstrated integrity of the 
containment and the avai lab i l i ty of trained personnel accompanying such shipments sig­
n i fi cantly reduces the poss ibility of environmental impact assoc iated with an accident . 

Conce rning the potential environmental risks and e f fects o f  shipping radioactive mate­
rials in genera l , the U . S .  Nuclear Regulato ry Commi s s ion reviewed thi s  sub j e c t  thor­
oughly for the preparation of NUREG- 0 17 0 , " Final Environmental Statement on the Trans­
portation of Radioactive Materials by Air and Other Modes . "  ( 3- 3 1 ) �ccording to this 
review the NRC determined that the environmental impacts o f  normal transportation of 
radioactive material , and the r i sks attendant to accidents involving radioactive 
material shipments are sufficiently small to allow continued shipments by a l l  modes . 
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Because transportation conducted unde r present regulations provides adequate sa fety 
to the pub l ic , the NRC concluded that no immediate change s to the regulations are 
needed at thi s  t ime . 

The NRC ana lys is shows that radiation exposure f rom normal transportation , ave raged 
ove r the persons exposed , amounts to 0 . 5  mrem/yr compared to the average natural back­
ground exposure of about 1 0 0  mrem/yr . This represents a ve ry low value for transpor­
tation ( approximate ly 0 . 5 %  of natural back ground ) of  all radioactive material . Taking 
into account the contribution due only to radioactive was te shipments ( approximately 
15 % ) , then the radi ation exposure to the pub l i c  becomes approximately 0 . 0 8  mrem/yr 
( 0 . 0 8% that of natural background ) . Again , thi s  is a very sma l l  or negligible in­

dividual contribution . 

Wi th respect to potential consequences o f  an accident , the report s tated ; " The acci­
dent risk for the 1 9 7 5  leve l of shipping activi ty , as determined from the 1 9 7 5  s urvey , 
i s  very sma l l  . . .  " Only approximate ly 1 0 %  of this low potential " accident r i s k "  arises 
due to transport o f  radioactive was te . 

As demons trated in Table 5 - 1 6  o f  NUREG- 0 1 7 0 , " . . .  an individua l i s  10 5 time s  as l ike ly 
to be k i l led as a res ult of being struck by l i ghtning as he is to die from radio logical 
caus es within one year fol lowing a transportation accident i nvolving a shipment of 
radioactive mate rial . "  The table shows that there are common ly accepted accident risks 
\ fi re s , drownings , electrocuti on , hurricanes , etc . )  that are very much greater than 
the accident ri sk of transporting radioactive materials . 

The Department o f  Transportation has compi led data on the number o f  accidents whi ch in­
vo lved all types of radioactive material . Radioactive mate ri a l  was invo lved i n  less 
than 0 . 5 %  of all incidents from 1 9 7 1  through 1 9 7 5  as soci ated with the transportation of 
haz ardous materials . No death or i n j ury to people has re sulted f rom these incidents . 
( 3 - 3 2 ) 

Mound Fac i l i ty currently ships i ts radioactive wastes to four o f f s i te burial/s torage 
grounds . The se are : 

1 )  Chern Nuclear Sys tems , Inc . , Barnwe l l , S . C .  
2 )  S avannah Rive r P lant , Aiken , s . C .  ( DOE Fac i l i ty) 
3)  Nevada Test S i te , Mercury , Nevada ( DOE Fac i l i ty )  
4 )  Idaho National Engineering Laboratory , Scovi l le , Idaho ( DOE F ac i l i ty )  

Mound ne i ther s to re s  n o r  buries any radioactive wastes ons i te . 

The waste form , method o f  packagi � ,  and mode of shipment di f fer for Mound ' s  uti l i ­
z ation of e ach o f  the se disposal s ites a s  fol lows : 
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Chern Nuclear Systems , Inc . 

This is a commercial s i te operated by Chern Nuc lear ne ar Barnwe l l , South Carolina . 
They are licensed by the S tate and also by NRC for any special nuc lear material they 
might rece ive . The s i te is very wel l  run with " state-of-the-art" techniques in use 
for shal low land burial , a we ll-trained sta ff strong in Health Phys icists , and an e lab­
orate moni toring program . Mound ships to Barnwe ll low- leve l LSA waste with packages 
typically containing between 1 �Ci to 1 mCi of alpha or beta activity . Containers 
uti l i zed are 5 5-gallon DOT Spec 1 7 C  or 17H steel drums and " strong , tight " wooden boxes . 
Shipments are made ins ide c losed vans by a commercial carrier with sole use o f  the 
vehicle . Mound has never had a release o f  activity involving shipments o f  this mate­
r i a l . Even in the event o f  a seriou� accident , any release o f  activi ty would be quite 
small and highly locali zed . with regard to the des i gn l i fe o f  the containers i n  the 
ground , it is recognized that the drums and boxes wi l l  be breached within a few years . 
However , the activity within the package i s  s a fely contained within the burial trenches 
as demonstrated by Chern Nuclear ' s  Monitoring Program . 

Savannah River P lant 

Mound Faci lity ships a l imited number of packages to the S avannah Rive r Plant for stor­
age containing classi fied hardware very s l i ghtly contaminated with tritium .  The was te 
is doubly contained using a 3 0 -gallon steel drum inside of a 5 5-gal lon stee l drum . 
T ransport to S avannah River is in the SST vehic le . S ince the amount o f  contamination 
is minutely smal l ,  there is no hazard to the environment in e i ther the transport or 
disposal mode . 

Nevada Test S ite 

The Nevada Test S ite i s  uti li zed for disposal o f  Mound Fac i l i ty ' s higher activity tri­
tiated waste . These package s contain from 1 0 0  to several thousand curies of triti um in 
an immob i l ized waste form . Mound has developed a package consi sting o f  several con­
tainers within each other with barriers of thi ck polyethylene and asphalt to prevent 
migration of the tritium out of the package . Thi s  container has been demonstrated to 
be highly impervious to outward tritium movement . Shipments to Nevada are made in the 
DOT-approved Type B package cal led the Super Tiger . It is a large cubicle structure 
which is car ried upon a special flat bed truck and can hold 4 2  5 5-gallon drums . I t  
h a s  been tested under accident conditions and approved f o r  shipments o f  this type . At 
the tes t  s ite , the Mound package i s  overpacked in a stainless steel container , which 
w i l l  hold approximately 1 5  drums , and then buried . The tota l  inventory o f  tritium in 
the Mound waste is a small portion o f  the total tritium activity on the tes t  s i te from 
prior weapon tests . The Nevada Test Site operates a continuous monitoring s tation at 
the buri al s i te . 



3 - 8 8 

I daho National Engineering Laboratory ( INEL ) 

The trans uranic or TRU was te generated at Mound Faci lity i s  sent to the . 2 0 -yr retriev­
able s torage s i te at the INEL . Thi s is  a lpha contaminated waste containing greater 
than 10 nCi/gram of alpha activity . 

The waste is packaged in approved 2 0 -yr retrievable packages . These con s i s t  o f  a 5 5 -
gal lon 17C drum containing a g O -mil high-densi ty-polyethylene liner and a fiberglas s ­
coated plywood box . These packages were originally developed and tes ted b y  Rocky F lats . 
Recent excavations at the Idaho S ite indicated that the packages wi l l  remain intact 
through thei r  de s i gn l i fe o f  20 years . 

The shipments to Idaho are made ins ide o f  specially constructed railcars , the ATMX 5 0 0  
and 6 0 0  series . These have been i ssued a special DOT permi t for transporting Type B 
and large quantity wastes . The s a fety record o f  thi s transport mode , whi le exce l lent , 
is j us t  another example o f  the safety and containment integrity des i gned into packages 
for shipping radioactive material . 

As with the other burial s i tes , the contractor at INEL maintains a thorough monitoring 
program on and around the speci a l ly constructed 2 0 -year s torage pads for environmental 
impact assessment . 

The procedures required for the transportation o f  hazardous materials to and from 
Mound Fac i l i ty minimi ze the potentia l  for ,  and mitigate the potential con sequences o f , 
an accident . The environmental impact resulting from an incident involving hazardous 
materials would be anticipated to be minor and short term. 
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SECTION 4 
UNAVOIDABLE ADVERSE ENVI RONMENTAL EFFECTS 

Unavoidab le e f fects which could be adver se to the local environment as a result o f  
operations a t  Mound Faci lity inc lude the use o f  l and , production chemica l s , and 
s upplie s ;  a minor contribution to local vehicle tra f f i c  on pub l i c  roads ; vehicular 
environmental pol lution ; the use of building mater i al s , e lectric power , fue l  oi l ,  and 
natural gas ; s olid was te gener ation ; residual e f fe cts of pas t l and f i l l  di sposal ; open 
burning of sma l l  amounts of h i gh explos ive was te ;  and a contribution to ambient air 
and water pollution leve ls . The impact of these factors , though not great , i s  being 
s teadily reduced by a comprehens ive management program for environmental control . 

The s i te was originally unti l led farm l and . Deve lopment as a permanent federal 
faci l i ty d id not cons titute an adverse encroachment on local area land use . The l and 
use patterns s urround ing Mound Faci l i ty have been predominantly rural-agricultural . 
However , the locati on i s  within the Dayton metropoli tan area , and as the Dayton 
urbani zed area continues to expand rapidly , the agr icul tural l and use pattern is be ing 
replaced by a res idential-commercial pattern . The Faci l i ty s ite f i ts in with thi s  
pattern . 

I f  Mound Faci l ity fac i l i ties were no longer required by DOE , they could be tr�ns­
ferred to other federal agencies or sold to pr ivate interes ts . Nuc lear fac i l ities and 
some locali zed land areas ons i te would require extens ive decontaminati on prior to 
re lease . ( See Section 5 . 3 ) 

Mound Faci l i ty contributes to o f f s i te area vehicular tr a f fi c , but the impact in 
terms o f  percent of area tr affic and resultant vehicular pol lution emi s s i ons i s  very 
smal l ,  less than 0 . 3 % of the vehicles registered in Metropol i tan Dayton . 

S ince Mound Faci l i ty is a research , deve lopment ,  and light manufactur ing operation , 
its activi ties do not require operation o f  noise produc ing equipment. The noi se peaks , 
as high as 5 4  decibe l s , occur dur ing the morning and a f ternoon when employes arrive 
and depar t from work . 

Mound Faci l i ty ,  located ad j acent to the Bur ied Val ley Aqui fer , has an abundant source 
of raw water . Although the Faci lity is not cons idered a large user of water , i t  did 
use an average of 3 , 7 8 5 , 0 0 0  l iters/day ( 1 , 0 0 0 , 0 0 0  gal/day) in CY- 19 7 l .  A water con­
servation program was initiated at that time . Dur ing CY- 1 9 7 7  the Fac i l i ty used water 
at an average rate of about 1 , 7 2 0 , 0 0 0  l i ters/day ( 4 5 5 , 0 0 0  gal/day) . 

In CY- 19 7 3 ,  in line with the federal program to al leviate the impact of the energy cr i s i s , 
Mound Faci l i ty undertook a progr am to conserve e lectric power . An aggre ss ive energy 
conservation program has achieved the fol lowing savings s ince its incep tion in 
FY 19 7 3 : 



E lectr i c i ty 

Natural Gas 

Gas oline 

Overal l  

4 - 2  

Annual S avings 

11 . 5  X 10 6 k i l owatt hours 

7 6  X 10 5 cubic feet 
of natural gas 

6 3 5 0  gal lons 

2 1 5  x 10 9 BTU 

Percent Reduction 
in Current Usage 
as Compared with 

FY- 19 7 3  Us age 

2 2  

2 3  

16  

2 1  

The power house furnishes steam to operate some o f  the ventilation and heating sys tems 
in various fac i l ities at the Fac i l ity . Original boi ler installations utili zed low­
s u l fur o i l  for fue l .  Emi s s ion o f  combus tion products to the environment was thus 
maintained wel l  within amb ient air s tandards . The boilers were converted to the use o f  
natural gas i n  CY-19 7 1 .  Low-sul fur fue l o i l  i s  used during pro longed winter cold spe l l s  
when the suppl ier o f  natural gas i s  unab le t o  deliver o r  a fter monthly a l locations o f  
natural g a s  have been used . 

A s ani tary l and fi l l  operation which was conducted at the Faci l i ty for severa l  years 
for the disposal of s o lid nonradioactive was tes was discontinued in CY- 1 9 7 3 .  All solid 
radioactive wastes have a lways been packaged and shipped o f fs i te for ground bur i a l  at 
DOE-operated or commercial bur i a l  s i tes . Some i sol ated l and areas o f  the s i te contain 
res idual low leve l  contamination as indicated in Table 3 - 2 4 .  An active program for the 
c o l lection o f  waste for recyc le was instituted in CY-1 9 7 3 .  A l l  solid indus trial was tes , 
except ons ite s alvage , was sent to a rec lamation center in nearby Franklin , Ohio , dur­
ing CY-19 7 7  ( see Section 3 . 6 . 2 ) . Currently , two activi ties involve open burning onsite : 
( 1 )  disposal o f  scrap high-explos ive was te materials , and ( 2 )  training o f  fire- fighting 

personne l in outdoor exerci ses . Both activi ties are kept to the minimum cons i s tent 
with actual needs . The di sposal o f  scrap high explos ives i s  conducted according to 
U . S .  Army Materiel Command Regulations , 3 8 5 - 1 0 0 . Twelve fire training sess ions in the 
extinguishing of a l l  types of fires are conducted each year . A total of 5 0  gal o f  
S toddard solvent , a hydrocarbon , was burned during CY- 19 7 7 . Both activities have been 
reviewed by and received the concurrence of the Regional Air Po l l ution Contr o l  Agency 
of the Ohio Environmental Protection Agency . 

By its very exis tence , the Faci l i ty o f  course has a visual impact in the s urrounding 
area . The overa l l  appearance is that o f  a laboratory-office complex , not a conventional 
manufacturing installation . A l ar ge percentage o f  the natural wooded areas has been 
preserved , and cons tructed areas are l andscaped to b lend with the natural terrain . 

Evaluation o f  the unavoidab le adverse environmental e f fects resulting from operation 
of Mound Faci l i ty indicates that these e f fects are of li ttle s igni ficance and that 
actions taken to minimi z e  energy consumption have e f fectively reduced the impact to a 
very low leve l  o f  s i gni ficance . 
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SECTION 5 
ALTERNATIVES 

The proces s  of evaluating the environmental e f fects of Mound Fac i l ity operations in­
c l udes an analy s i s  of the operations as they currently exi s �  as we l l  as other alterna­
tives that could be employed to modi fy the impact .  The first alternative i s  that o f  
continuing a l l  operations a s  they were per formed dur ing CY- 1 9 7 7 .  S uch a " no action" 
alternative estab l i shes a we l l -de fined set of oper ating conditions inc luding work 
activities , procedures ,  fac i l ities , and equipment for which the environmental impact 
has been descr ibed in section 3 .  In compari s on to thi s  s tatus quo , other action 
alternatives may be cons idered and analyzed for cost/bene f i t . Other alternatives 
include ( 1 )  discontinue production o f, nuc lear weapons components , nuc lear fue led heat 
sources , and s table isotope s , thus causing the closing of the Fac i l i ty ;  ( 2 )  relocate 
a l l  F a c i l i ty activities to another DOE faci l i ty or to a new s ite , whi ch could include 
the transfer of par t of the stable i sotopes separation program to private industry; 
( 3 ) decrease the work leveis ; and ( 4 )  continue operations with currently p l anned 
improvements and employ a lternative procedures and techno logies to reduce the poten­
tial environmental impact . 

5 . 1 .  CONTINUE OPERAT IONS 

The impact of the many operations conducted at Mound Faci l i ty dur ing CY-1 9 7 7  i s  
d i s cu s s ed in detai l in Section 3 .  Environmenta l conc lusions are supported b y  many 
tab les o f  data and information in the appendices . 

5 . 2  DISCONTINUE OPERAT IONS 

The bene ficial e f fect on the local environment that would result from c los ing the 
Facili ty would be the e l imination o f  normal treated sani tary was te water and smal l  
quantities o f  r adioactive and nonradioactive pollutants i n  liquid and airborne 
emis s i ons from F ac i l i ty operations , although these e f fl uents are wel l  within federal 
s tandards .  The di scontinuation o f  Mound-contributed tri t i um to the local air and water 
environment would reduce the annual total body average radiation expo s ure of the o f f s i te 
populations by 0 . 2 0 5  mrem per person . Thi s  compares to 1 2 0  mrem/per year from natural 
background sources for the Dayton area . Transfer or di scontinuation o f  the he 1ium- 3 
stable i sotope program would reduce the annual average radiation exposure by about 
0 . 0 0 0 1  mrem per person . Thi s  reduction would be insign i fi cant . 

The discontinuation of Mound-contributed plutonium to the loca l air and water environ­
ment would reduce the annual lung radiation expos ure to persons in the o f f s i te popula­
tion by 0 . 0 3 6  mrem . The combined tr itium and plutonium annual radiation reduction 
would , therefore , be some 0 . 2 4 1  mrem wh ich amounts to a relat ive ly sma l l  radi ation 
reduction impact . 
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Decontamination and decommi s sioning o f  the physical plant would incur large costs , 
roughly e stimated i n  the hundreds o f  mi l l ions o f  dollar s . The radiation reduction bene ­
fit di scussed above would not be fully real i z ed unti l the completion o f  the decontami ­
nation and decommi s s i oning actions . 

I f  the faci l i ties were turned over to other governmental use or sold to industry for 
nonnuc lear use , the release of sma l l  quantities of radioactive materials would cease 
in this geographical are a ;  however , di scontinuing the operations per formed at Mound 
Fac i l i ty would not be con s i s tent wi th the Uni ted S tate s ' de fense policy and need to 
maintain an up-to-date war-deterrent weapons s tockpile . 

Other industries which could become the succes sive user of the fac i l i ties at Mound 
Faci l ity may we l l  produce an even larger environmenta l impact in terms o f  indus trial 
waste and e f f luents and the consumption o f  natural re sources such as water , e lectric 
power , gasoline , natural gas , and o i l . 

Closing o f  the Faci l i ty would mean an annual financi al loss to the local community 
of approximately $ 3 2 , 0 0 0 , 0 0 0  in direct s alaries and wage s , and $ 1 3 , 0 0 0 , 0 0 0  in 
Laboratory-re lated expendi tures .  Part or a l l  of thi s  economi c loss may be o f fset 
should there be a succe s s i ve user of the site . 

5 . 3  RELOCATE OPERATIONS 

Operations currently conducted at Mound Faci l i ty could be trans ferred to another 

existing DOE fac i l i ty , to a complete ly new DOE s i te or some operations might be trans­
ferred to private indus try ' s  s i te s . If th� operations were trans ferred to other 
exi s ting DOE fac i l i ties technologically equiva lent to the Mound fac i l i ties , the net 
e f fect on the envi ronment and the economy of the new area would be about the same as 
those discussed in Section 3 .  The new locati on would have to have the immedi ate 
capab i l i ty to s upply 6 3 0  mi l l ion l i ters ( 1 6 6  mi l l ion gal lons ) of treated water 
annual ly ;  4 0 . 7  mi l lion kWh of e lectric power annua l ly ; and the annual energy equiva­
lent o f  2 . 8 6 mi l l ion m 3 ( 1 0 1  mi l l ion ft 3 ) o f  natural gas p l us 4 , 1 6 5 , 0 0 0  l i ters 
( 1 , 1 0 0 , 0 0 0  gallon s )  of fuel o i l . Because o f  fue l  o i l  and natural gas shortage s , the 
new s i te may have to provide the energy for recirculating brine and s team for c l imate 
contro l in the buildings through the burning of coal . I f  coal became the energy source , 
the cost o f  providing the s ame service a s  rendered by Mound Faci l i ty would be 
signi ficantly increased because o f  the expensive s tack gas cleaning equipment required 
to bring air emi s s i ons into compliance wi th EPA air qual i ty standards . The di scharge 
o f  CO , SOx ' and NOx would have a notable environmental impact ,  whereas Mound ' s  e f f lu­
ents are e s senti ally free o f  these pol l utants . 

I f  the operations at Mound Faci l i ty were trans fe rred to another site and new 
fac i l i ties were built us ing the l atest techno logy , the adverse environmental impacts 
of the present operations could pos s i b ly be les sened . Natural resources such as 
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wate r ,  e le ctrical power , and low- sul fur fue l  o i l  are complete ly adquate for the 
growing needs of the Dayton metropol itan area . There fore , a change in location would 
not be a s igni f icant bene fit to the Dayton are a but could , on other hand , be a pro­
portionate ly large drain on these resource s at a new location . Concerning the 
potenti a l  upgrading of pollution control sys tems by the construct ion of new fac i l ities 
at another location , primary pub l i c  concern would probably concentrate on radioactive 
materials . I f  the new facilities would be more e ffective than the current Mound 
facilities in reducing the amount o f  radioactive material in its e f fluents , the annual 
radiation exposure to the pub l i c  would be reduced by l e s s  than one mrem per year s i nce 
Mound operations currently re s ult in a total body radiat ion exposure of only 0 . 2 4 1  
mrem per year . The cost o f  decontaminat ing and decommi s s ioning the present phys ical 
plant is es timated in the hundreds o f  mil lions of dollars . Such cos t  would be added 
onto the cost of the new faci l ities if operat ion s  were relocated . 

5 . 4  DECREASE WORK LEVELS 

It is sometime s  pos s i b le that s ome operations could be s c a led down or extended over a 
longer per i od o f  time in order to reduce resource consumption and releases o f  certain 
type s of e ff luents . However , such curtai lments cannot be expected to have more than 
a minimal e f fect on the overa l l  environmental impact s ince the maintenance of the 
fac i lities under a reduced leve l of work s ti l l  requires consumption o f  threshold 
amounts o f  mater ials and natural resour�e s . 

5 . 5  CONTINUE OPERAT IONS WITH PLANNED IMPROVEMENTS 

The mos t  reasonable and productive alternative i s  to continue operations at Mound 
Facility with continuing improvements in procedures and technologie s to reduce 
environmental impacts . Over the past several year s , the modi fication o f  systems and 
procedure s as we l l  as the upgrading o f  faci lities have s i gni f i c antly les sened the 
environmental impact of Mound operations . Speci fic cases are indicated in Figures 3 - 2 , 
3 -3 , 3 - 4 , 3 - 5 , 3 - 1 0 , and 3 - 1 2 , and otheri are di scus sed throughout Section 3 .  

P l anned activities and operations are fully expected to further reduce the overall 
environmental impact .  These plan s  inc lude : 

1 .  Modi fication o f  the s an itary sewage plant to reduce suspended s o l ids in the 
e ffluent . This pro j e c t  w i l l  reduce the suspended so lids in the e f fluent to meet 
the new EPA standard by 19 7 9 . 

2 .  Erection o f  a new 2 5 0 , O O O -gal water s torage tower to re�lace an existing s torage 
tower . The present tower presents a potential s a fety hazard in the event of a 
tornado which could pos s ib l y  topple the tower onto a build ing housing nuclear 
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operation s . Re location o f  the tower removes a potential accident and contamina­
tion hazard . 

3 .  The planned construction o f  a retention basin for s i te drainage runo f f  and 
e ff luent water and an as soci ated overflow pond to col lect runo f f  water during 
periods of heavy rainfal l  wi l l  provide an appropriate sys tem of settling basins 
to c o l lect be tter than 9 5 %  o f  all s i lt resulting from s ite soil eros ion . Since 
p lutonium and its compounds attach firmly to c lays in the soi l ,  the removal o f  
s i lt from the s i te drainage ditch wi l l  reduce the potentia l  escape o f  plutonium 
from the plant s i te via sur face water r uno f f . Although s i te e f f luent water does 
not norma l ly exceed e f fluent water qual i ty s tandards inc luding that for p lutonium , 
the retention basin and ove r flow pond wi l l  col lect mos t  pol l utants that could 
otherwise be re leased o ff s i te from a spi l l  even during periods of heavy rainfall .  
Polluted s i lt c an then be removed and di sposed o f  in an appropriate fashion . 

4 .  The s i te drainage improvement p lan incl udes severa l  specific s torm water runo f f  
improvements t o  reduce s o i l  eros ion and t o  direct r uno f f  water t o  the s i te 
retention basin where any suspended solids wi l l  be prec ipi tated out . 

5 .  Modi fications are planned for c l imati zed venti l ation systems in exis ting buildings 
to maximi ze air recirculation wherever pos s ible . This program will minimi ze br ine , 
cooling water , and steam usage and wi l l  reduce energy requirements . 

6 .  The p lanned SM S ite S tabi li z ation pro j e c t  invo lves the demolition and removal o f  
the no- longer-used SM-Bui lding , associated low-leve l was te water s torage tanks , 
and earth i n  the area which are contaminated with residual p lutonium . As this 
fac i l i ty presently stands , it does not contribute any s igni ficant amount o f  
pluton ium to the environment . I t  does , however , contr ibute more than hal f  o f  
Mound ' s  plutoni um s tack emi s s ion s . Upon removal o f  this fac i li ty , the s i te 
lo�ation wi l l  be restored to a s table nonpol luting condition . The controls and 
containment techniques to be used in the SM s i te stab i l i z ation project wi l l  reduce 
the pos s i b i l i ty of a detectable increase in o f fs i te contamination to a very low 
probability . 

7 .  Mound operations are being modi fied to e l iminate plutonium fue l form preparation 
and the encapsulation of plutonium at the s i te at the end o f  FY- 19 7 9 . I n  a con­
tinuing program , the p lutonium proce s s ing building is being inactivated . Re­
moval of obsolete equipment and decontamination of these portion s  of the 
building wi l l  reduce the potential for release of plutonium contamination to 
insigni ficance . 

Continued upgrading of other plutonium faci lities wi l l  remove the pos sibility 
o f  any residual contamination being released to the environment .  After th is i s  
completed , the release o f  plutonium t o  the environment from routine operations 
wi l l  be negligib le . 
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8 .  Tritium hand ling wil l  be continued under s te adily improving s tate-of -the-ar t .  
Improvements i n  techniques have already af fected a better than 9 8 %  reduction 
during the past seven years in the amount of tritium released to the environment 
in both l iquid and air e f fluents . In CY- 19 7 7  this amounted to 4 8 9 6  Ci in 
airborne emi s s i ons and 57 Ci in l iquid e f f luents . Reductions in these emi ss ions 
wi l l  continue to the lowe s t  leve l practical , although in view of the very low 
toxicity of tritium as d iscussed in Section 2 . 1 . 4 . 1 ,  thes e  leve ls are not 
s igni ficant . 

Other pos s ible improvements may be achieved in the following areas provided the 
necessary capi tal funds and technological capab i l i ties are made avai lable . 

5 . 5 . 1  WATER RECYCLING 

As ind i cated in S ection 3 . 3 . 1 ,  annual plant water usage was approximate ly 6 3 0 , 0 0 0 , 0 0 0  
liters ( 1 6 6 , 0 0 0 , 0 0 0  gal )  for· CY- 19 7 7 . The Buried Valley Aqui fer in which the we l ls 
for the p l ant are located i s  f u l ly recharged as a result o f  induced stream infi ltration 
p lus natural precipitation and leakage from the valley wal l  east of the we l l  f i e ld .  
Thus , there i s  no indication that operations at Mound Fac i l i ty are depleting thi s  
resource . However ,  there are two environmental factors in the use o f  water that 
mus t  be cons idered . The first i s  the use of energy , e lectrical and/or petro leum ,  
to pump the water from the we l l  f i e ld to the elevated water tanks which i s  a l i ft o f  
over 7 6  m ( 2 5 0  f t ) ; the second i s  that practically a l l  the water pumped from the we l l s  
i s  so ftened and becomes a n  e f f luent to the Great Miami River e i ther through the sur face 
drainage ditch or the c losed pipe directly to the r iver . The total e f f luent in these 
two s treams which includes runoff following natural rainfall on the p lant s i te averages 
approximate ly 7 7 5 , 0 0 0 , 0 0 0  l i ters ( 2 0 0 , 0 0 0 , 0 0 0  gal � per year and contains approximate ly 
6 3 5 tonne s  ( 7 0 0  ton s )  of  s a l t  from the water cond itioning operations . Since mos t  o f  
Mound ' s  water i s  used for coo l ing in heat exchangers , compre s sors , and proces s  equip­
ment , one viable alternative is to recycle the coo l ing water after pas sage through 
cooling towers .  Recyc ling the coo ling water in main proces s ing and deve lopment areas 
reduced the volume of the water leaving the p lant s i te in CY- 19 7 7  to 7 9 0 , 5 0 0 , 0 0 0  liters 
( 2 0 4 , 0 0 0 , 0 0 9  gal ) per year or a reduction of 5 8 5 , 12 5 , 0 0 0  l i ters ( 1 5 1 , , 0 0 0 , 0 0 0  gal) p er 

year in the quantity o f  water pumped from the deep we l l s  and so ftened prior to p lant 
use as compared to CY-19 7 5 . The amount o f  d i s s o lved s a lt introduced into the river 
would be reduced by approximately 2 0 5  tonne s ( 2 2 5  tons ) per year . 

Another alternative to be cons idered i s  the installation of a second water system in 
the p l ant so that raw (untreated) water can be used for all proces s  and equipment 
cooling and fire-line s .  The requirements for conditioned ( potable)  water would be 
sharply reduced and would be l imited to water used for human consumption , lavatories , 
showers , laundry , and the l ike . I f  dual water d i s tribution systems were instal led , 
the e f fluents from the sewage di sposal building , approximate ly 1 3 2 , 0 0 0 , 0 0 0  l iters 
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( 3 5 , 0 0 0 , 0 0 0  gal )  per year , and from the waste di sposal building , approximately 
1 5 , �0 0 , 0 0 0  liters ( 4 , 0 0 0 , 0 0 0  gal )  per year , could be used as proce s s  water . Coupled 
wi th recyc l ing of cooling water , the volume of the e f f luent water and the di ssolved 
salt would be reduced e s senti ally to runo ff from rain fal l .  

5 . 5 . 2  ENERGY CONSERVAT ION 

The achievement of greater reductions in the consumption of energy and energy source s 
i s  an extreme l y  pertinent al ternative . To date , the conservation program has been 
e f fective in reduc ing the consumption of e lectrical energy for FY-1 9 7 7  by approximate­

ly 2 2 %  as compared to energy uti l i zation during FY-19 7 3 . 

Long range alternatives to reduce the consumption o f  critical energy forms are 

1 .  Convers ion o f  gas -o i l  fired s tearn boi lers in power house to coal- fired units 
This action , e s t imated to cost approximate ly $ 3 , 0 0 0 , 0 0 0 , wi l l  practically 
e l iminate dependency on natural gas and fue l o i l  for the operations of Mound 
F ac i l i ty .  Thi s action would cons i derably i ncre ase Mound ' s  discharge of the CO , 
SOx ' and NOx cOmbustion products into the atmosphere in an area where the air 
quality is  al ready straine d .  

2 .  Instal l  solar heating and solar ce l l  sys tems At the present time , Mound 
Fac i l i ty has approximate ly 4 0 , 4 0 0  m2 ( 1 0 acre s or 4 3 5 , 0 0 0  f t 2 ) of f lat roof s  
which are feas ible t o  u s e  for instal lation of solar energy col lectors . I t  i s  
anticipated that the emerging solar energy co l lection and conversion technologie s 
w i l l  provide systems that in time will yie ld economical thermal and e lectrical 
ene rgy for a s i z ab le portion of Mound ' s  space heating and cool ing requi rements . 

3 .  Use of waste heat from local power plant for preheating The Hutchings 
gene rating p l ant of the Dayton Power and Light Company , located approximate ly 
3 . 2  km (2 mi ) south of Mound Fac i l i ty , i s  currently dumping into the Great 
Miami Rive r the cooling water from its spent s team condensers . The thermal 
ene rgy in thi s  water could be used to preheat incoming venti lation air at Mound 
Fac i l i t y .  A proposal for such a pro j ec t  is be ing evaluated . It is e s timated 
that the installation of a 3 0 . 5 -cm ( 12 - in . )  diameter pipe loop , one leg insulated , 
with pumps , between the Hutchings plant and Mound F ac i l i ty would cost approxi­
mate ly $ 1 , 0 0 0 , 0 0 0 .  The cost of operation and maintenance would be les s  than 
$ 1 2 , 0 0 0  per year . At today ' s  price s , the thermal energy from thi s condenser 
cool ing water us ing a heat pump would cost less than $ 2 . 0 0  per million Btu ' s .  
Current prices are approx imate ly $ 1 . 7 6 ,  $ 2 . 3 6 ,  and $ 6 . 5 6  pe r mi l l i on Btu ' s for 
natural gas , fue l o i l , and electric i ty , respectively . The heat obtained from 
thi s  water is economically compe ti tive and would reduce the consumption of petrol­
eum products . 
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I t  has been calculated that the amount of thermal energy availab le would be 
3 . 5  x 10 1 0  B tu/yr , which is equivalent to that obtainab le f rom 1 x 10 6 m 3 

( 3 . 5  x 10 7 f t 3 ) of natural gas or 8 . 7  x 10 5 l iters ( 2 . 3  x 10 5 gal ) of fue l o i l . 
Use o f  this was te heat would provide some thermal energy for p l ant operations and 
reduce the deple tion o f  natural resource s . 

4 .  Use o f  e le ctric-powered ins tead of petroleum-powered vehicle s  Mound Facil ity 
maintains a sma l l  fleet of gaso line-powered vehicles for the transportation o f  
personne l and materials and for emergency services . Technology avai lable 
in the near- term future will provide e lectrically powered vehicles to replace 7 0 %  
of  the standard vehicle s ,  i . e . , automobi le s , vans , l ight duty trucks , carrya l l s , 
and buse s . currently a l l  the uti l i ty cars , one-person capaci ty , are e lectrically 
powered . Replacement of gasoline- fueled vehicles with e lectrical ly powered 
vehicles would reduce substanti a l ly the uti l i z ation of gasoline for transportation 
by over 1 1 7 , 0 0 0  liters ( 3 1 , 0 0 0  g a l )  annually and the emi s s ions to the environment 
from the gasol ine-powered vehicles that had been replaced . 

5 . 5 . 3  INCINERATION OF WASTES 

Mound Faci lity has evaluated thi s  alternative in the overall scheme of waste manage­
ment s ince Faci l i ty operation s generate two types of was te s  that can be disposed o f  
b y  care fully contro l led incineration without impact upon the envi ronment . One type , 
high explos ive was te s , inc lude s paper contaminated with explosive s , explos ive materials 
not acceptab le for use , and re j e c ted components containing sma l l  amounts o f  explos ive s . 
Currently the se was te s  amount to le s s  than 8 0 0  pounds per year . They are burned in 
open trenches and release very smal l amounts o f  carbon , hydrogen , oxide s of ni trogen , 
and unburned hydrocarbons .  An incinerator de s igned for the controlled burning o f  ex­

plos ive s could be installed ; however , based upon the minimal environme�tal impacts o f  
open trench burning and a n  estimated incinerator c o s t  o f  $ 5 0 0 , 0 0 0 , the control led 
inc ineration of Mound ' s  explos ive wastes is deemed unj us t i f i ab le . 

A second type of was te that can be incinerated i s  burnable material contaminated with 
low-level transuranium e lements such as plutonium . The bulk quanti ty of thi s  waste was 
equivalent to over 6 5 0  drums ( 5 5 -gal capacity) for FY-1 9 7 7 . Incineration could reduce 
the volume by a factor of 2 0  and also make the contained transuranium e lements more 
readily retrievab le . F ac i l i ty and pilot s tudies have demons trated that control led 
incineration coupled with s tack gas scrubbing and demi s ting achieve an acceptab le 
e f f luent from the incineration proce s s . In fact , a l l  LSA combustible TRU solid waste 
generated since December 1 9 7 6  has been burned on an incidental basis in the deve lop­
mental incinerator uni t .  The s tack e f f luent has been wel l  under the RCG for plutoni um .  
Any aqueous solutions generated would be handled through exis ting f ac i l i ties . I t  i s  
e stimated that two inc inerators , one of which would b e  built lnto the proce s s ing line 
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for these low- leve l radioact ive was tes , would c o s t  approximate ly $ 5 0 0 , 0 0 0 .  In this 
case , the al ternate technology would s igni ficantly reduce the vol ume o f  low- leve l 
radioactive wa s te to be shipped o f f s i te for burial . Based upon the s tack e f f l uent 
information from the deve lopmental incinerator unit and the e s timated cost s avings 
from reduc ing the vo lume of mate r ial to be buri ed would not be suffic ient to j us t i fy 
the capital inve stment o f  $ 5 0 0 , 0 0 0  p l us annua l operating and maintenance costs for 
such incinerator s .  
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SECTION 6 

RELATIONSHIP BETWEEN SHORT-TERM USE AND LONG-TERM PRODUCTIVITY 

Mound Faci lity will continue , for the planned future , to conduct activities in 
support of the programs of the U .  S .  Dep artment of Energy as outlined in Section 2 . 1 . 1 , 
P lant Mis s ion . I f  the need for the accomplishment o f  these obj ective s  outlined in the 
P lant Mis sion were to cease at s ome future time , the fac i l i ties are adaptable for 
other federal activities or by other government or private units a fter appropriate 
decontamination to the leve ls required . In the long-term aspect ,  the building s could 
be comple te ly decontaminated in accordance with standard operating procedures and a 
part o f  the land could be , made avai lable for re s idences and l ight industry . Such a 
course o f  action , however ,  wou ld involve costs o f  hundreds o f  mil l ions o f  dollars . 
The remainder o f  the land i s  not topographically acceptable for general construction 
activitie s .  

The short-term use o f  thi s land for Mound Fac i l i ty will have no long-term e f fect on 
other productivity in this geographical area . Any future alterations to the s ite for 
new c onstruction wi l l  be conducted to minimize impacts on both short-term and long-term 
use of the land.  New bui lding projects are p lanned s o  that any arti facts of archeological 
interes t  are protected , short-term disruptions to drainage patterns are accommodated , 
and dust and debr i s  during construction are minimi zed . Wherever possible natural con­
tours and vegetation are preserved , and construction s i tes are landscaped to b lend 
with the ir surroundings .  
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SECTION 7 
RELATI ONSHIP OF PRESENT ACTIONS TO ANY OTHER 

LAND USE PLANS , POLICIES , AND CONTROLS 

At this time , there are no federal , s tate , or local land-use p lans that con f lict in 
any way with the pre sent or foreseeab le future operations of Mound Fac i l i ty . The 
use of the land for l ight indus trial-off ice-research purposes conforms to the land-use 
pattern in the general vicinity . Immediately adj acent to the we ste rn boundary of 
the p l ant s i te , several commercial and l ight-indus tr¥ operations are located . The use 
of the land for i ts pre sent purpose has not been a restriction upon the normal growth 
of the City of Miamisburg . Suffi cient undeve loped land with des i rable cons truction 
terrain exists immediately east and sou'th o f  the City o f  Miamisburg to sati s fy any 
proj ected population growth . 

The long-range programmatic p lans for the use o f  Mound Fac i l i ty do not require any 
subs tantial bui lding program . Current p lans c a l l  for the cons truction of new faci lities 
within exi s t ing s tructure s and the addition of sma l l  annexes onto exis ting s tructures . 

The City o f  Miami sburg i s  currently proceeding with long-term plans to bui ld a 
Community P ark Pro j ec t  for the present sma l l  city park along the we s t  perimeter o f  the 
Faci l i ty s i te . The construc tion of a solar pond in an existing pond to heat a new 
swimming pool was c ompleted in CY- 1 9 7 8 . The long range plan inc lude s the addition o f  
various recreational fac i lities ; the con struction o f  an amphi theatre ; the bui lding of 
a s led run , a bike trai l , and a hiki ng trai l ;  and poss ibly enlargement of a l imi ted 

section of the old Miami-Erie Canal to put in a short canal b oat ride . 

Ne ither the continued operation of Mound Fac i l i ty nor the presence o f  res idual 
Pirtonium in the bottom s i l t  of the smal l  recreational pond and the canal in the com­
muni ty park , as discussed i n  Liquid E f fluent Impact in Section 3 . 7 . 2 ,  cons trains the 
future devel opment of the park pro j ect . Any proposed modification o f  the pond or 
the canal will be reviewed in the de s ign phase with the DOE o f f ice at Mound Faci lity 
to ensure that pos s ib le trans location of bottom s i l t  i s  adequate ly conside red from 
the s tandpoint of contamination control . 



• 
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SECTION 8 
IRREVERS IBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

The only irretrievable resource s committed to use at Mound Faci l i ty are cons truction 
and operating materials and chemicals , fuel o i l , natural gas , and e lectricity . As a 
re sult o f  an acti�e conservation program , the rate o f  consumption o f  these re sources 
has been decreased . I t  i s  p lanned that usage rates will continue to dec rease be low 
present levels . The se res ources weuld read i ly be avai lable to the consuming pub l i c  
i f  operations were t o  cease . However , the quantities used , as shown in Figures 3 - 2  
t o  3 - 5  are not large enough t �  make a s igni ficant change i n  the national supply . 
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SECTION 9 

ENVIRONMENTAL TRADE-OFF ANALYS IS 

This section of the impact statement reviews and analyzes environmental e f fects as 
wel l  as national and local community bene fits associated with the operation o f  Mound 
F ac i l i ty . Alternatives discus sed are : 

1 .  Continue pre sent operations 
2 .  Cease operations 
3 .  Re locate 
4 .  Decrease work leve l s  
5 .  Continue operations with planned improvements 

Analys i s  inc ludes land use , demands on natural re source s ,  and funding to support a l l  
activi tie s . 

Risk analys i s  include s the routine emis s i on o f  pollutants ( both nuc lear and nonnuclear) 
the acc idental re lease of radioactive material , transportation of toxic materials , and 
noise generation . 

Bene fits analy s i s  inc ludes the Fac i l i ty ' s  contribution to national de fense preparedn e s s , 
the advancement o f  technology in many f i e lds , and the economic and sociological support 
provided to the community . 

This analys i s  con siders CY- 19 7 7  as the point of reference for " current operation s "  and 
then reviews the same impacts for the various alternatives postu lated in Section 5 .  

9 . 1  CONTINUE PRESENT OPERATIONS 

Thi s  alte rnative , as described in Section 5 ,  considers a " no change " current level o f  
operation s .  The cost-ri sk-benefit o f  maintaining the s tatus quo i s  as follows . 

9 . 1 . 1 COSTS 

The cost of operating Mound Fac il i ty is approximate ly $ 6 0  mi l lion annual ly .  This 
include s payro l l , the purchase o f  materia l s , supplies , and service s , the acqu i sition 
of capi tal equipment ,  and cons truction activities . 

Staf fing o f  the Fac i l i ty has an impact on the City o f  Miami sburg , Ohi o , where the 
Faci l i ty i s  located , and on many surrounding commun i ties from Dayton to Cincinnati .  
I t  impacts housing , transportation , schools , recreational fac i litie s , and municipal 
service s for the employes and their fami l ies . Mound employes and their families 
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currently con s ti tute a population group o f  approximately 5 5 0 0  people . Mound F aci l i ty 
families are dis tributed throughout the metropolitan area which has a population o f  
some 1 . 5  m i l lion person s . The Mound population h a s  been e s tab li shed s ince operations 
began in 19 4 9  and has l i tt le current impact and no new requirements for housing , trans­
portation , municipal service s , schoo l s , reGreational fac i li tie s ,  natural re source s , e tc . 

The cost to the environment for the operation o f  the Fac i l i ty i s  the annual consump­
tion of energy and natural re source s ,  emis s ion of sma l l  amounts of chemical and 
radioactive subs tance s ,  and the present precluding of the land for other use s . Mound 
uses approximate ly 40 mi l l ion kWh of e lectricity annual ly . Thi s  demand creates no 
s i gni ficant drain on the output of the local e le c tric uti l i ty which maintains the 
capac i ty to serve thi s  highly industriali zed area of Ohio . Power generating capab i l i ty 
i s  currently about 1 0 %  greater than peak demands . The local uti l i ty uses coal for 
power generation . For heating bui ldings , Mound uses low-pol luting natural gas . Since 
the supply o f  gas i s  diminishing , the Mound contract contains an " interruptible demand" 
c lause , and low- s u l fur fue l - o i l  is used as neces s ary for an alternate fue l  source during 
the winter months . The Fac i l i ty employs a sma l l  f leet o f  3 5  motor vehi cles which use 
approximate ly 3 8 , 8 0 0  gal o f  gasoline annual ly .  Employe s ' automobi le s  ( approximately 
8 5 0 , the number driven to work is minimi zed through an active car poo ling program) 
annually burn s ome 3 4 0 , 0 0 0  gal o f  gasoline . 

Annual water usage tota l s  approximate ly 1 6 6  mi l l i on gallons and i s  obtained f rom three 
ons i te deep we ll s . These we l l s , only one o f  which i s  used , pump water f rom a huge 
natural underground res e rvoir known as the Buried Valley Aqui fer . Thi s aqui fer , which 
constitute s a renewable re source , has the capaci ty to support all local area water 
requirements . Vigorous energy and resource conservation programs employed at the 
Fac i l i ty have s te adily reduced Mound ' s  natural re source demands over the past three 
year s . 

The environmental cost related to the emi s s ion o f  chemica l  and radioactive sub stance s 
i s  analyzed in Section 9 . 1 . 2 .  

There i s  no known requirement for the land devoted to Mound operations for any other 
purpose . Prior to Mound usage , it was undeve loped agricul tural land . The extreme ly 
rough terrain made it unsuitab le for rais ing crops . One smal l  are a , approximate ly 15 
acre s ,  had been used regularly for pasturing a smal l  number of farm animals . Currently , 
the s i te contains 9 7  bui ldings . Maj or buildings are of permanent con s truction wi th 
red brick veneer . The s ite i s  wel l  maintained and b lends aes thetically with the 
surrounding commun i ty .  Continued Federal use o f  Mound Faci l ity does not con f l ic t  
with any planned land-use programs in e f fect f o r  the area . 
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Normal p l ant operations produce n o  s igni f icant o f f s ite a i r  o r  water po llution or 
ne ighborhood no ise . The plant s i te , after decontamination to background leve l s , 
could be used for o ther activities without restriction . Decontamination would be 
conducted in accordance with s tandard operating procedures and supervi sed by health 
phy s i c s  mon i tors . 

Mound periodically conduct s  environmental no ise surveys around the s i te perime ter . 
Data from the se surveys indicate that ambient noise leve l s  are very low and would be 
acceptable in any residential suburban location . 

Ai rborne and l iquid e ff luents from routine operations contain no o f fending odor s . 
S tack emi s s ions produce no visib le plume s .  Both l iquid e f f luents are observably c lear 
water streams and meet the parameter l imitations spec i f ied in the US EPA NPDES permi ts . 

Normal , curr�nt radioactive emi s s ions plus the remaining accumulated radioactivity from 
past emi s s ions result in an annual radiation dose commitment of 1 2 . 2 6 person-rem to 
the cOmbined general public in the area surrounding the Fac i l i ty out to a di stance 
o f  8 0  km ( 5 0 mi les ) . This total body exposure results from tr itium operations at the 
Fac i li ty .  Total body expo sure from natural background tri tium in the 8 0-km area 
amounts to 27 0 person-rem ; there fore , tri tium operations result in a total population 
total body expo sure l e s s  than natural background . The annual average total body 
exposure of persons in the population in the vicinity of the plant is 0 . 2 0 5  mrem . 

Plutonium emi s sions result in potential lung expo sure . The calculated theoretical 
annua l  lung expos ure of individual persons in the population in the vicinity of the 
Fac i l i ty is 0 . 0 3 6  mrem . (A maximum expo sure of 0 . 11 mrem per year would be received 
by an individual who lived continuous ly at the s i te per imeter fence . Although thi s  
expo sure would s ti l l  b e  insign i f icant for a n  individual ,  the probab i l ity o f  such an 
existence is extreme ly low and unreali stic . )  Total lung expo sure from tri tium and 
plutonium- 2 3 8  emi s s ions to individual persons in the o f fs i te population is 0 . 2 4 1  mrem 
per year . This total expo sure to the individual from nuclear operations amounts to 
le s s  than 0 . 2 0 %  o f  the radiation expo sure that individuals receive in thi s area o f  the 
United S tates from natural background radiation . As far as the total body radiation 
expo sure of all people living within an 8 0-kID dis tance from the , Faci l i ty ,  the 12 per­
son-rem annual exposure amounts to 0 . 0 0 3 %  of the exposure that thi s  same population 
group receive s from total natural background radiation which i s  36 0 , 0 0 0  person-rem . 

Individual s in the Mound Fac i l i ty area could rece ive a radia tion exposure greater 
than that from normal Fac i l i ty operations in the event a " maximum credible accident" 
were to occur . In Mound ' s  operations , the mos t  serious acc ident that could be postu-

. lated within the realm of po s sibi l i ty was a maj or f ire in the plutonium- 2 3 8  proces sing 
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building . The s igni f i cant re lease o f  plutonium which might result there from would 
pose the greates t  potential for adverse environmental e f fects . Radiation exposure 
calculations indicate that an individual located at the point of maximum ai rborne 
p lutonium- 2 3 8  concentration o f fs i te would rece ive as much as 10 rem to hi s lungs during 
the f i r s t  year as a result of such an accidental exposure . The total l ifetime dose 
commitment to his lungs would be approximately 15 rem . The average radiation dose 
commitment to the lungs of a l l  persons in the population located in the area a ffected 
by p lutonium-2 3 8  fallout would be 2 . 5  rem , and a total integrated dose to the lungs o f  
the combined population would b e  3 0 0  rem . 

Fallout o f  p lutonium on the ground would have no impact on pub l i c  water systems s i nce 
drinking water for this geographical area comes f rom underground aqui fers . P lutonium 
become s bound to the s o i l  and doe s not enter the aquifer ; therefore , dose commitment 
to the pub l ic from a f ire involves inhalation only . Evacuation of s ome members of the 
general publ ic f rom a small area may be required until s o i l  contaminated with p lutonium 
above a s afe radiological leve l could be removed . This could be accompli shed without 
long-te rm adverse impact . 

Because o f  the many s a feguards built into the p lutonium-2 3 8  proce s ses , an actual f i re 
would be expected to have a much le s s  adverse impact on the environment than the 
"maximum credib le " f i re di scus sed in thi s  statement .  

The maximum c redible accidental re lease of, tritium o r  an accidental criticality 
involving plutonium-2 3 8  would not result in as great a radiation exposure to the 
public as that discus sed for a fire involving p lutonium . 

Natural d i s asters such as an earthquake or a tornado s triking Mound bui ldings would 
have a lesser impact than the maximum credible acc idental f ire discu s sed above . 

Concerning the handling of high explos ives at the Fac i l i ty ,  a maximum theoretical 
detonation would not re sult in any s truc tural damage to any bui ldings o f f s i te although 
there may be some broken windows . The smoke c loud would d i s sipate with no adverse 
e f fects . Such an explos ion would not damage any nuclear f ac i l i ty or cause any 
environmental re lease of radioactive material . 

9 . 1 . 3 BENEFITS 

In accompl i shing i ts primary function , Mound Faci lity f u l f i l l s  a nece s s ary role i n  
the nation ' s nuclear weapons program , the peaceful application o f  nuc lear energy , and 
the deve lopment of new energy sources . The p lant ' s  operation re sults in sub stantial 
economic , sociological , and technological contributions to the Dayton metropolitan 
area as wel l  as more distant communities . 
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Mound Fac i li ty accounts f o r  approximately 0 . 5 % of  the total employment in Montgomery 
County , Ohio . The area ' s  economic environment rece ives the bene f i t  of the $ 6 0  mi l lion 
app lied directly for salaries and wage s to employes ; the purcha se of supplies , service s 
( acquired throughout the country ) , and capital equipment ; and cons truction activi ties . 
The $ 4 1  mi l lion payrol l  directly af fects the local economy because these do llars are 
respent many times in the local are a .  

The F ac i l i ty ' s  payro l l  a l s o  contributes s igni ficantly t o  nationa l , s tate , and local 
tax income . S ome of the Federal tax dol lars are returned to the area school d i s tricts 
for Type B students ; that i s , dependents o f  personne l who work in Federally owned 
fac i l ities . 

Immediate and long-range benefits to the public have resulted from the technolog ies 
deve loped and the spin-o f f  from DOE programs . Techno logical advances such as the 
nuc lear fueled cardi ac pacemaker and techniques of fue l  fabrication for i sotopic hea t  
source s f o r  outer space app lications are beneficial n o t  only t o  the local community , 
but to c i t i zens of every community in the United S tates . 

�mploye s of the Facility also have an extens ive impact on the cultural and civic 
activities of the community . Employe s are active in professional organ i z ations , local 
political groups , church groups , and social groups and accept posi tions of respons ibi l ­
ity i n  many of these activi tie s .  

9 . 2  D ISCONTINUE OPERATIONS 

9 . 2 . 1  COSTS 

This a l ternative would incur cost s  considered to be hundreds of mi l lions of dollars to 
comple te ly decontaminate and decommi s s ion those fac i lities that have been used for 
nuc lear operations .  Complete decontamination so that a l l  bui ldings could be used for 
other nonnuclear work would take cons iderable time , perhaps as much as ten years . 
There fore , the di scontinuation of operations would not produce an immediate return to 
natural background radiation . The annual total body radiation expo sure to the public 

amounts to 0 . 2 0 5  mrem above background . Reduc ing thi s exposure to the natural back­
ground levels , about 1 2 0  mrem/year , would not be fully reali zed unt i l  the decontamination 
period would be comple ted . The impact of thi s 0 . 2 % reduction in the radi ation expo-
sure of the pub l ic around the Facility would not be measurable . 

9 . 2 . 2 .  RISKS 

Discont inuation of ope rations as an a l ternative would be .undertaken for the purpose of 
removing all current risks to the public in the vicinity of the Faci l i ty . Current 
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routine operations pose no s igni ficant r i sks t o  the public . Normal nuclear operations 
current�y increase radiation exposure of the public by only 0 . 2 0 5  mrem/year above 

natural background . An e limination o f  Mound ' s  contribution would amount to a total 
radi ation reduction of about 0 . 2 % .  The most s igni f icant impact would be the 
e l imination of the potential risk to the environment of an accident or natural 
disaste r  which could release as much as 1 gram o f  plutonium- 2 3 8 , thus e liminating the 
potential for an accidenta l total li fetime exposure of 15 rem to the lungs of individ­
uals in the exposed population . 

9 . 2 . 3  BENEF ITS 

The only signi ficant bene fit is the e l imination o f  the r i sk o f  an accidental re lease 
of p lutonium-2 3 8 . However ,  all economic and sociological bene fits would be lost to 
the community . 

9 . 3  RELOCATE OPERATIONS 

If Mound Facility operations were transferred to another DOE s i te , the associated 
cost bene fit and reduction in risks would be the same to the local community as the 
Discontinuation of Operations alternative . In terms of environmental impact , the net 
e f fect on the total ecosystem o f  the Uni ted State s  e � sentia lly would be zero s ince 
Mound ' s  impact would mere ly be moved to another location with the only reductions in 
environmental impact being that which may be reali zed from the new f ac i l i ties at the 
new s i te be ing constructed to higher standards ( i . e . , it would real i ze the advantages 
of the " p lanned improvement" enumerated in Sectio� 9 . 5 ) . Relocation o f  the s table 
isotope separation program to another s i te would not signif icantly reduce the local 
radiation exposure . However , such a trans fer to industry would contribute to the 
gros s  national produc t .  

9 . 4  DECREASE THE WORK LEVELS 

S ome operations can be scaled down or s tretched out over a longer period of time in 
order to reduce re s ource qonsumption and re leases of certain types of e f f luents . How­
eve r , such curtai lments cannot be expected to have more than a minimal e f fect on the 
overall environmental impact s ince maintenance of the f ac i l i ties under a reduced leve l 
o f  work still requires consumpti on of threshold amounts o f  materials and natural 
resources .  
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9 . 5 .  CONTINUE OPERATI ONS WITH PLANNED IMPROVEMENTS 

Over the past several years , the mod i f ication o f  systems and operating procedures as 
we l l  as the upgrading o f  fac i l it i es has lessened the envi ronmental impact o f  Mound 
operat ions . The current total negative impact is relatively small as discussed in 
Section 9 . 1 .  The mos t  economical and environmentally bene ficial alternative involving 
continuation of the work performed at Mound i s , there fore , to continue operations at 
Mound Fac i l ity while implementing improvements already planned to further reduce the 
environmental e f fects and the r i s k  o f  acc idents to approach a zero impact . 

9 . 5 . 1  COSTS 

The costs associated with planned and pro j e cted upgrading programs for the next 
several years is  approximately $ 4 5 , 0 0 0 , 0 0 0 . 

9 . 5 . 2  RI SKS 

Of the pro j ects p lanned for future completion , four would reduce the radiation expo­
sure of the o f f s ite pub l ic . A precise figure for the overall exposure reduction 
cannot be calcu lated s ince in some cases the reduction w i l l  depend on techno log ical 
advancements . A l l  reductions would follow the philosophy of " as l ow as practicable . "  

One pro j ect wou ld reduce the risk o f  an accident assoc iated with the handling of 
radioactive materials . Two pro j ects would reduce the discharge o f  nonradioactive 
pollutants in liquid e f f luents and five pro j ects wou ld reduce the amount of natura l 
resource s required to support operations . 

All p l anned proj ects have a bene f icial e f fect in reducing the Fac i l i ty ' s impact on 
the environment . 

9 . 5 . 3  BENEF ITS 

In addition to continuation of the various bene fits to the local area f rom maintaining 
ope rations at Mound F ac i l i ty ,  the area economy would be further sustained by the 
costs as soc iated with the many upgrading pro j ects . Those pro j ects that result in a 
reduction in the concentration of radioactive material in airborne and liquid e f f luents 
are bene ficial to the environment and pub l i c  in the area surrounding the Fac i lity as 
are reductions in emi s s ion o f  nonradioactive pol lutants and dec reases in the amount 
of natural re source s needed to support operations at thi s  location . 
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Only one o f  the upgrading proj ects makes any notable , visible , phy s i cal change to 
the plant site itsel f .  This pro j ect concerns the demo l i tion and removal of an o ld , 
unused plutonium-handling building . The land area wi l l  be cleared and landscaped 
thus improving the aestheti c s  of the s i te . Adverse environmental e ffects during 
demolition would be temporary . When the proj ect is completed , the site envi ronment 
would be much improved . 

The primary national bene fit from the operati on o f  Mound Faci l ity would not be 
changed by this alternative ; that i s , Mound would continue its function for the 
national defense . 



Alternat ive 

1 .  No change 
from CY- 7 7  
activitie s 

2 .  D i scontinue 
operations 

3 .  Re locate 
operation s  

4 .  Decrease 
work leve l s  

5 .  Continue 
ope rations 
with p l anned 
improvements . 

*At Miamisburg 
* * At new s ite 

Time to 
Comp lete 

Alternative 
(yr). 

cont inu ing 

1 0  

1 2  

Table 9 - 1  

SUMMARY ANALY S I S  OF ALTERNAT IVES 

Annual Total Body Radiation Dose 
Commitment Above Backg round to 
Local Pub l i c  Afte r Action ( mrem) 

Total Total 
F rom On s i te F rom O f f s ite & 

Gene ral Impact 

Contributes to national defense 
and technolog ical advanceme nts 
in peace f u l  app l ic ation o f  nucle­
ar energy . Natural background 
radi a t i on dose incre a sed by 0 . 2 % .  
Nonrad ioact ive pol lutants are 
i n s i g n i f icant . Use o f  natural 
re source s and land have no e f fect 
on local area . Large bene f i t  to 
loc a l  e conomy and to soc i a l , 
po l i t i ca l ,  profe s s iona l ,  and 
church activitie s .  

Eventual return to natural rad ia­
tion backg round leve l .  Zero 
acc ident potenti a l .  H ig h  co s t .  
Los s o f  defense capab i l i ty and 
of economic , soc ia l , and 
techno log i c a l  bene f i ts . 

Sources 

0 . 0 1 5 

0 . 0 0 0  

Eventual return t o  natural rad i a- 0 . 0 0 0 *  
tion leve l s  loca l l y . No bene f i t  
to national envi ronment . Very 
h ig h  co st . R i s k s  and bene f i t s  � O . O l S * *  
tran s fe rred to another location . 

Current work leve l s  are minimal 
in re l ation to capac i ty . 

Area economy would continue to 
bene f i t  and be increased by new 
con struction . ( See spe c i f i c  im­
pacts be loW . )  Radiation expo­
sures w i l l  be reduced . Emi s s ion 
o f  radioactive & nonradioactive 
pol lutants would be reduced , & 
demand for natural re source s 
wou ld be reduced . 

:: 0 . 0 15 

�O . O l S  

On s i te Sources 

0 . 2 0 5  

0 . 0 0 0  

0 . 0 0 0 *  

� J . 2 0 S * *  

$ 0 . 2 0 5  

$ 0 . 2 0 5  

Max imum Credible 
Ac c identa l Radi­

at ion Exposure 
to Person s  in 

General popu lati on 

10 rem to lungs 
during f i r s t  ye a r  
after exposure ; 
15 rem total 
l i fe t ime . 

None 

None * 

$ 1 5  rem 
total l i fe t ime * *  

Same a s  # 1  above . 

10 rem to lungs 
dur ing f i r s t  ye ar 
after exposure ; 
15 rem total 
l i fetime . 

\0 
I 

\0 



Alte rnati ve 

a) Mod i fy 
s anitary 
sewage 
plant . 

b )  Relocate 
e x i s t i n g  
2 5 0 , 0 0 0  
g a l  wate r 
towe r .  

c )  Improve 
parti C" I-
late o -< r  
f i ltrat i on 
systems in 
maclear 
f ac i l i tie s . 

d )  Con struct 
runof f  
water 
retention 
bas in . 

e )  S i te 
dra inage 
improvemen t .  

f )  RecYl:le 
coo l ing 
wate r .  

g )  Maximize 
venti lation 
a i r  re c i r -
CUlat ion . 

h )  Partial 
I nactiva-
tion o f  
p l u tonium 
pro�e s s ing 
bui lding 

Time to 
Complete 

A l  terna ti ve 

Tab le 9 - 1  ( Con tinued) 

(yr) Gene ral Impact 

2 

3 

1 

1 

4 

3 

3 

6 

Reduces s u spended s o l ids i n  
e f f luent 

Remove s pos s i b i l i ty of tower 
being toppled onto nuc lear 
bui lding by tornado . Remove s 
rad i a t i on acc i dent r i sk . 

P rov i de s  added protection 
against accidental re le ase of 
radioactive mate r i a l s .  

Reduces s l i t  i n  s i te runo f f  
water and minim i z e s  potenti. a l  
o f  plutonium s p i l l  t o  e s cape 
the s i te .  

Reduces s i te s o i l  e ros i on .  

RedQQes wate r ,  e lectric pQWe r , 
and water cond i t i on i Jlg 
requiremen ts . 

Minimizes brine , cool ing wate r ,  
s tearn usage , and energy 
req1,l i rements . 

Reduc ti.on to i n s i gn i f i cance o f  
potential for release o f  plu­
tonium to envi ron s . 

Annual Total Body Radiation Dose 
Commitment Above Background to 
Local P ub l i c  A f ter Action ( mrem) 

Total Total 
From Ons i te 

Source s 
From O f f s i te & 
On s i te Source s 

Maximum C redible 
Accidental Rad i ­

ation Exposure 
to Person s  in 

General P opu lation 

\0 
I 

f--' 
o 



Alternative 

i )  Demolition 
and removal 
of SM-Bldg 

j )  continue 
improvement 
in technology 
of handling 
tritium. 

k) water 
recycle 
( Dual water 
system and 
reuse wate r . ) 

1 )  Energy 
conserva­
tion 

( Long-range 
program) 

i) Electrical 
and petro­
chemical 

i i )  Conver­
sion of 
boilers 
frOID gas/ 
oil to 
coal . 

iii)  Use 
solar 
energy 

m) Incinerate 
wastes 

*-LR • Long-range program. 

Time to 
Complete 

Alternative 
(yr) 

5 

Continuing 

LR* 

LR 

LR 

LR 

Table 9 - 1  ( Continued) 

General Impact 

Removes unused bui lding and 
residual radioactive contamina­
tion . 

Follows policy of achieving 
" lowest practicable level" of 
radiation exposure to public . 

Reduces water consumption 

Annual Total Body Radiation Dose 

Commitment Above Background to 

Local public After Action (mrem) 

Total Total 

From Onsite From Offsite & 

Sources Ons ite Sources 

0 . 0 36 ( lung s )  0 . 00 0  

0 . 0 15 0 . 0 0 0  

2 2 '  reduction 19 7 3  through 19 7 7 . 
Future curtailments to be 
achieved whe rever possible . 

conservation of diminishing 
natural resource s .  Combustion 
products in Mound ' s  e f fluents 
would be increased . 

Reduces demand for nonreplace­
able energy sources . 

Not cost e f fective in forseeable 
future . 

Maximum Credible 
Accidental Radi­

ation Exposure 
to Persons in 

General population 

Same as 15 above . 

Same as 15 above . 

\D 
I 

.... 
.... 
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SECTION 1 0  
DI SCUS SION OF COMMENTS RECEIVED CONCERNING THE DRAFT 

ENVIRONMENTAL IMPACT STATEMENT DOE/E I S- 0 0 1 4 -D 

On Apr i l  2 7 , 1 9 7 8 ,  a Federal Regi ster not ice ( 4 3  FR 1 7 9 9 5 )  announced the avai lab i l i ty 
o f  a Draft Envi ronmental Impact S tatement for the Mound Faci l i ty , Miami sburg , Ohio . 
DOE reque sted comments and views from intere s ted government agenci e s , organi z at ions 
and individual s  for cons ideration in the preparation of the final envi ronmental impact 
statement . The statement addre sses the envi ronmental impact s  as soc iated w i th cont inued 
operat ions at the Faci l i ty .  I n  response to the Federal Reg i s ter notice , W .  H .  
Pennington , Director , O f f i ce o f  NEPA Coordination , U .  S .  Department o f  Energy , Wash­

ington , D .  C. 2 0 5 4 5 , rece ived letters of views and cqmments from the fol lowing . 

Mr . Charle s  L .  Weaver , Consultant , O f f ice o f  Medical Af fairs , Bureau of 
Radiological Health , Publ i c  Health Service , Food and Drug Admi n i s ­
tration , Department o f  Health , Education , and Welfare , Rockv i l le , 
Maryland 2 0 8 5 7  

Mr . Larry E .  Me ierotto , Deputy A s s i s tant Secretary , O f f i ce o f  the Secretary , 
United States Department o f  the Inter ior , Wa shington , D .  C .  2 0 2 4 0  

Mr . Donald T .  W i l liams , Chief Engineer , The Miami Conservancy D i s tri c t , 
3 8  East Monument Avenue , Dayton , Ohio 4 5 4 0 2 

Mr . Vo s s  A .  Moore , A s s i s tant Director for Envi ronmental Pro j ects , 
D iv i s i on o f  S i te S a f e ty and Environmental Analys i s ,  U .  S .  
Nuclear Regulatory Commi s s ion , Washington , D .  C .  2 0 5 5 5  

Mr . Ronald L .  Mustard , Director , O f f ice o f  Federal Activi t i es , 
Region V ,  U .  S .  Environmental Protection Agency , 2 3 0  South 
Dearborn S treet , Chicago , I l l i no i s  6 0 6 0 4  

Mr . Barry R .  Flamm , Coordinator , O f fice o f  Environmental Qua l i ty 
Activi t i e s , O f f i ce o f  the Secretary , Department o f  Agricul ture , 
Washington , D .  C .  2 0 2 5 0  

Ms . Marian S .  S immons ,  Cha irperson , Miami Va l ley Environmental 
Coal i t i on , 1 4 6 0  Tait Wood Drive , Centerv i l le , Ohio 4 5 4 5 9 

The ma j or i s sue s  raised in the above letters concerned" the e f fects o f  tritium 
rele a s e ;  pluton ium- 2 3 8  release and toxicity;  additional data for releases in air and 
water e f f luents ; occupational exposure of P lant workers ; criteria for the evaluation 
o f  the e f fects of f i re and s torms ; s tabi l i z ation of contaminated soi l ;  impacts of 
transportation o f  radioactive waste ; waste d i spo s a l ; and Hound ' s  me teoro logi cal program . 
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A l l  i s sues were addres sed individua l ly in letters of re sponse t o  the commenters . 
Appropr iate text revisions o f  the above l isted ma j o r  i s sues were accommodated as 
fol lows : 

Tritium re lease and e f fe cts 
The discuss ion of tritium in local drinking water as expanded for clarifi­
cation on pages 3-31 through 3 - 4 1 . Environmental control sys tems are 
di scus sed on pages 2 - 8  through 2 - 1 0 . 

Plutoniurn- 2 3 8  re lease and toxic ity 
The hea lth e ffects o f  Mound ' s  operations are reviewed in a completely 
revised and expanded section on Toxic ity presented in Appendix D .  Environ­
me ntal contro l systems are des cribed on pages 2 - 1 2  and 2 -1 3 . 

Additional data for releases in air and water e f f l uents 
The princ ipal release points for tritium and plutonium to air are identified 
on page 2 - 2 8 ;  resident population in close proximity i s  presented on 
page 2 - 3 2 ; annual e f fluent totals for tritium and p lutonium- 2 3 8  in air and 
water are li sted on pages 3- 1 7 , 3- 2 5 , 3 - 4 2  and 3- 4 7 . 

Occupationa l expos ure o f  P lant workers 
A review o f  internal and external radiation exposures has been added by a 
new Appendix F .  Appl i cation o f  the DOE ALAP policy i s  covered on · pages 
2 - 1 0 , 2 - 1 1 , 3 - 1 , and 3 -4 0 . 

Criteria for evaluation of e ffects of fire and storms 
Beyond the di scus s ion of criteria in the text starting on page 3 - 6 2 , addi­
tional cons ideration of the applicable criteria is reviewed in the letter 
of response to Mr . Vos s  A .  Moore , U .  S .  NRC , on pages 7 a nd 8 ,  with an 
appropriate modification in the FE I S  text on page 3 - 6 7  and a future change 
in operations as indicated at the bottom of page 3 - 7 4 . 

Stab i l i zation of contaminated soil 
The presence of plutonium- 2 3 8  in the Miami-Erie Canal i s  revi ewed on 
pages 3 - 5 3  through 3- 5 5 .  A fol lowup study whi ch shows continued stable 
condi tion s  i s  referenced on page 3- 5 5 . 

Impacts of transportation of radioactive was te 
Section 3 . 1 3 ,  Transportation , pages 3 - 8 1  through 3 - 8 8 , was completely 
revi sed to present an appropr iate review of thi s  i s s ue .  

Wa ste disposal 
The text concerning compl iance of liquid discharges with NPDES permits was 
updated on page 3 - 1 1  and the text revised to c larify the discus s ion o f  
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waste so lvents o n  p age 3- 1 3 ,  other l iquid wastes o n  page 3 - 1 4  and waste 
exp l o s ives on page 3 - 1 4 . Additional di scuss ion of th is i s sue is included 
on p ages 2 through 4 of the letter of re spon se to Mr . R .  L .  Mustard , U .  S .  
EPA . 

Meteoro logy program 
The Mound program is upgraded to have fully computeri zed Atmospheric 

Re lease Capab i l ity (ARAC ) as indi cated on page 2 -6 7 .  

I n addition letters were rece ived from : 

�r . JQhn W .  Laney , City Manager , City o f  Kettering , 3 6 0 0  Shroyer Roan , Kettering , 
Ohio 4 5 4 2 9  

Dr . Van G .  Whaler , Ph . D . , Communi ty Planner , Springfield P l anning Divi s i on , 
1 1 7  S .  Fountain Avenue , Springf ield , Ohio 4 5 5 0 2  

who supported the continued operation o f  Mound Facil ity . 

Copies of the letters rece ived and DOE re sponses are contained in the fol lowing pages 
of th is section . 
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DEPART M EN T  OF H EALT H .  E D U C AT ION . A N D WELFARE 
PUB L I C  HEA L T H  SERVICE 

FOOD AN D DRUG ;fI. D M I N I ST R A T I O N  

ROCK V I LLE. M A R Y L A N D  20857 

MIt. W. H. Pemungton, V..iJLectoll 
066��e 0 6  NEPA Coolldination 
Vepalltment 0 6  Enellgy 
W� hington, V. C .  20545 

Veall MIt. Pen�ngton:  

MAY 1 1  19 iB  

The VepaJLtmen.:t 06 HeaLth, Edu�a.ti.on, and We.l6a1le h� Ilev�ewed the heaLth 
�pew 0 6  the VJt.a.6t Env..iJLownen.:tai. S:ta.:tement lle1.ttted to the Mound FacilUy, 
Mi.anai6 bUlLg , O�o , VOE/ElS - 00 1 4-V and have the 60Uow<.ng �onmen.t.6 to o 6 6e1l. 

The Jt.a.diolog��ai. �.6U.6men.:t 0 6  pimt:t opeJta.-tioM �ndiM:tu that the dO.6 e 
to the popui.a.Uon o 6 6.6Ue � well. � �WVten.:t Jta.cUa.:tion pMtection 
.6 :ta.n.daJLd6 . 1 t � no ted that the �o .t�en.:tJt.a.tio n 0 6 .tJLi..t:)..um m the lo � 
env�n.men.:t at .6evellai. lO�OM ex�eed6 the new EPA S:ta.n.daJLd 601l dlt.inlUng 
wa:tell wlu.�h be�e e6 6ective on June 24,  1 9 7 7 .  T� .6Uu.a,tion � �WVten.:tly 
b�g evai.uated and a pllog� �ed to Iledu�e the tIlitium �on�e�on 
:to meet the Fe·dVLal. .6:ta.n.daJLd. 

The .6Wemen.:t dou not mdude a di..6 C.LL6.6�On 06 the o��upa.tion.ai. expO.6 UlLe 0 6  
pla.n.:t wOll.k.eM .  I n  olldell to 6uUy evai.ua.te the Jt.a.diolog�� �pact, � 
.6 o�e 0 6  expO.6 UlLe .6 hould be evai.ua.ted and added :to the S:ta.:temen.:t. 

Continued noJunai. opeJta.-tioM 0 6  the FadlUy Mn be expected to IlU uU m 
a minUnai. env..iJLownen.:tai. �pact and to pMv�de adequate pllotection 0 6  the 
pubU� heaUh and .6a6ety. 

�n�eIle.ly yOuM , 

· /�,j1.1�fv ChaJLiu L .  Weavell 
Co M ul:ta.n.:t 
0 6 6��e 0 6  Medi� A6 6� 
BUlLeau 0 6  Radiolog�� HeaUh 
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Mr . Charles L. Weave r ,  Consul tant 
Of f ice of Med i cal Af fair s  
Bureau of Rad iologi cal Heal th 
Department of Heal t h ,  Educat ion , 

and Wel fare 
Ro ckville , MD 20857 

Dear Mr . Weave r :  

Thank you for your letter o f  May 1 1 ,  1 9 7 8 ,  with comments o n  the 
U . S .  Department of Energy ' s  ( DOE) dra f t  Env ironmental Impac t Statement 
( E I S )  on the Mound Facil i t y , Miami sburg , Ohio , DOE!E I S-00 1 4-D .  

A s  you stated in the second paragraph o f  your letter , the rad iat io n  dos e  
t o  the popul a t ion o f f s i t e  is wel l  wi thin current rad iat ion prot ec t ion 
s tandard s and the conc entrat ion of trit ium at s everal locat ions in the 
Bur ied Valley Aqui fe r exceeds the new Environmental Protect ion Agency 
s tandard for drinking wa te r .  The forced turnover of wa ter in the aquifer 
through high-volume pumping in 1 9 7 7  and 1 9 7 8  has brought the wa ter in 
the maj ori ty of the pr iva te of f s i te wells into compl iance with the new 
regulations . Moun d ' s wa ter from i t s  three wells ai so meets the new 
s t anda rd . Although the aqui fe r  wa ter underneath about 5 2  acres exceed ed 
t he new st andard in Apr il 1 9 7 7 ,  only that wa ter unde rneath 1 7  acres 
exceeded the s t andard in June 1 9 78 .  Pumping wa s d i s c ont inued dur ing 
seve ral months of 1 9 7 8 t o  det ermine the e f fect on trit ium l evels dur ing 
a no-pumping mode . �s expe c t ed , unt il the t r i t ium is depleted , the level 
showed an increase at some wel l s . High-volwne pumping has re sumed and 
Mound ant i c ipat es that al l area we l l  water wil l  be in compl iance in 
CY 1 9 7 9 .  

With respect to your conce rn about occupa t io na l  expo sur e ,  a summa ry 
d i scu s s i on ha s been added in Sect ion 3 . 1 0 and Appendix F ,  " Property 
Lo sse s ,  Lo s t  Time Inj ur ies and Rad iat ion Expo sures Repo rted Through 
CY-1 9 7 7 " , has been added to the f inal E I S  to present the occupat ional 
radiologi cal expo sure to plant worke r s .  Serious a t t ent ion to per sonne l 
radiation expo sures , t o  employe e safe ty in general , and to facil i ty 
property pr ot ec t i on i s  demons trat ed in this append ix . At tention to 
radiological safe ty i s  indicated in va rious sect ions of the impact 
s tatement t ext . Tr i t i um  env ironment al control sys tems us ing the 
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pr inciples of containment , i s o la t ion , a nd air f l ow c ontrol for the 
' protec t i on of radiat i on worke rs is di scussed on page s 2-8 t o  2-1 0 .  
P1utonium-238 envi ronmental control sys tems are d i s cus sed o n  pages 2-1 2  
and 2-1 3 .  A revised appendix conce rn ing the health e f f e c t s  on the pub l i c  
from p1utonium-2 38 operati ons at the Mound Fac il i ty is present ed in 
Appendix D, " Plutonium Toxi c i ty" . 

The accident pr event ion and emergency res ponse capabil i ty o f  the facil i ty 
i s  present ed on pag e s  2-2 1 and 2-2 2 .  The va rious element s of a compre­
hens ive envi ronmental monitoring program are desc r ibed on pages 2-2 2 
through 2-2 6 .  Moun d ' s As Low As Pract ic able program has achieved a l ow 
radiation expo sur e  experienc e for the facil ity employees as well as for 
the public surroundi ng the s ite . 

A discussion of the dispo s i t i on of al l the comments received , c opies of 
all comment letters , and DOE responses are included in S e c t ion 1 0  of the 
enclosed fina l E l S .  

Sincerely , 

As s i s tant Se cre 

Enclo sure 

c c : Mr . Charles Cus tard , D i re c tor 
O f f ice of Environmental Af fair s 
Department of Heal t h ,  Educ at ion , 

and Wel fare 

Envi ronment 
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UnitJ�d States Departnlcnt of the In terior 
OFFICE OF TH� SECRETARY 

"VASHJNGTON, D.C. 20210' 

ET:. 7 8 / 3 6 1  

M r . W .  H .  P e nnin g t o n , D i r e c t o r  
O f f i c e  o f  N E P A  C o o r d i n a t i o n  
D e p a r t m e n t o f  E n e r g y  
"l a s h i n g t o n , D .  C .  2 0 5 4 5  

D e a r  Mr . P e n n i n g t o n : 

JUN Z YrlO 

T h an k  y o u  f o r  y o u r  l e t t e r  o f  A p r i l  2 0 , 1 9 7 8 , t r a n s m i t t i n g  
c o p i e s o f  t h e  D e p a r t m e n t o f  En e r g y ' s  d r a f t  env i r o nm e n t a l 
i m p a c  t s t a t em a n  t ·f o r  t h e  M o und F a c  i I i  t y , M o n t g o m e r y  C o un t y , 
0 h 1 0  [ E I S - 0 0 1 4 ] . 

O u r  c ommen t s  a r e  p r e s en t e d  a c c o r d i n g  t o  t h e  f o rm a t o f  t h e  
s t a t em e n t o r  b y  s ub j e c t . 

0n p a g e  3 - 1 , w e  w e r e  p l e a s e d t o  n o t e  t h a t t h e  e n v i r o nm e n t a l  
imp a c t s  o f  t h e  s ew a g e  p l an t a n d  r a d i o a c t i v e  w a s t e  t r e a tm e n t 
p l an t a r e  c o n t i n u o u s l y  m o n i t o r e d . W e  w o u l d a l s o  r e c omm e n d  
mo n j. t o r  i n g  t h f� r a d  :1. 0 c he m i  c a  1 '1 u a  l �. t y  () f :. t o  r. ;� :.-\� a  t a r  r ll n o  f f 
d r a ill  i n g 1 n d l.W t r i D 1 a r e  a s 0 f t h e  s i  t e ,  s i n c e t h i s  r u n  0 f f 
p r e s e n t l y  f l ow s  t h r o u g h  o f f s i t e  d i t ch e s  a n d  s t o r m  s ew e r s , 
i n t o  t he G r e a t  M i am i  R i v e r .  

T he f i n a l  s t a t eru en t s h o u l d  a d d r e s u ,  i n  g r e a t e r  d e p t h , t h e  
h i gh v o l um e , l o n t - t e rm p ump i n g  p r o g r am t o  r e d u c e  t r i t i um l e v e l s  
i n  g r o u n d  wa t e r , w h i c h  i s  o n  p a g e  3 - 4 1 .  T h e  d i s c u s s iQ n  s h o u l d  
i n c l u d e  t he d e s i r e d f l ow e f f e c t s  i n  t h e  a q u i f e r , t h e  ma g n i t u d e  
o f  t h e  w i t h d r. aw a l s , a n d  t h e  r o u t i n g  o r  d i s p o s i t i o n o f  t h e  
l a r g e v o l u m e s  o f  w a t e r  w i t h d r awn . I t  i s  n o t  c l e a r  wh e t h e r  
d i l u t i o n  o r  a c t u a l  r em o v a l  o f  t r :l. t i a t e d ,� a t e r  i s  t h e  g o a l . 
P a g e  3 - 4 0  ( i t em 8 )  s t a t e s  t ha t  t h e  h i g h e s t  c o n c e n t r a t i o n  i n  
t h e  l o c o l  a q u i f e r  i s  1 . 3 8 x 1 0 - 4  u C i / m i ;  h ow e v e r , p a g e  3 - 3 4  
s t a t e s  t h a t  t h e  C Y - 1 9 7 6  c o n c en t r a t i o n  i n  t h e  o f f - s i t e  p r i v a t e  
w e l l s  w a s  0 . 0 6 0  x 1 0 - 3  uC i / m i . I t  i s  n o t c l e a r  w h e t h e r  t h i s  
d i f f e r e n c e  i s  d u e  t o  a p o s s ib l e  t im e  o r  l o c a t i o n  f a c t o r . 



10-8 

P l u t o n i um 

On p a g e  3 - 5 1 , i t  i s  s t a t e d  t h a t  " a  t o t a l  o f  a p p r o x illaA t e ly 
5 c u r i e s  o f  p l u t o n i um- 2 3 8  h a d  a c c umu l a t e d i n  t h e  c a n a l  and 
p o n d s . "  On p a g e  3 - 5 2 , h o ,,, ev e r , i t  is t h e n  s t a t e d t h a.t fl s am p ­
l i n g  r e s u l t s  i n d i c a t e d  ab o u t  9 c u r i e s  w e r e  t r. a n s p o r t e �  o f f s i t e  
b y  t he d i t c h t o  t he c a n a l . "  S i n c e  t h e  t im e  o f  t h i s  p l u t o n i u m  
l e a k i n  1 9 6 9 , ab o u t  1 0 2 0  d i s i n t e g r a t i o n s  h a v e  t a k e n  p l a c e ; t h i s  
t h e n  l"o u l d  a p p e a r  t o  b e  a s i g n i f i c an t  . a mo u n t  o f  r a d i D a c t i v e  
m a t e r i a l . C o n s e q u e n t l y , w e  t h i n k  t h a t  a d d i t i o n a l  i n f o r ma t i o n  
s ho u l d  b e  p r o v i d e d  o n  t h e  d i s p o s i t i o n  o f  t h e  ma t e r i a l  a s  
w e l l  a s  t he p o t e n t i a l  fi o r  m i g r a t i o n  i n  t h e  c a n a l . A s  i t  
s t an d s  n o w , o n l y  a b r i e f  r e f e r e n c e  h a s  b e en ma d e , o n  p a g e  3 - 5 2 , 
t o  " s t ab i l i z a t i o n  o f  t he a r e a  o f  h i g h e s t p l u t o n i um c o n c e n t r a ­
t i o n  i n  t h e  c a n a l . "  W e  w o u l d h o p e t h a t  t h e  f i n a l  s t a t e m e n t 
w i l l  p r o v i d e  i n f o r m a t i o n  o n  t h e  m e t h �d s  o f  s t a b i l i z a t i o n  t h a t 
hav e b e e n a p p l i e d . 

A s  a m i n o r  c ommen t ,  w e  n o t e  t h a t  o n  p a g e  F - 6 , " R B E "  i s  u s e d  
i n  t h e  d e f i n i t i o n  o f  R�M , b u t  i s  n o t d e f i n e d  i n  t h e  g l o s s a r y . 

W e  h o p e  t h e s e  c o mm e n t s  w i l l  b e  h e l p f u l  t o  y o u . i n t h e  p r e p a r a t i o n  
o f  a f i n a l  s t a t em e n t .  

� c e r e l y , 

I'vl.f� , La� E .  Meierotto 
ht)ctT le s 1 n air' S E C R ETARY 
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Mr . Larry E .  Me ie rotto 
As s fstant Secre�ary for Policy , 

Budge t ,  and Administration 
U . S .  Department of the Int erior 
Wa shington , DC 2024 0  

Dear Mr . Me ierot to : 
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Thank you for your letter of June 2 ,  1 9 7 8 , with comments and sugge s t ed 
chang e s  to the U . S .  Depa rtment of Energy ' s  ( DOE) draf t Environmental 
Impact Statement ( E IS ) on the Mound Facil ity , Miami sburg , Ohio , 
DOE / E IS-00 1 4-D . 

Your le tter re commended that the rad iochemical qua l i ty o f  the s t o rm-wa ter 
runoff be monitore d .  The run of f wa ter has been monitored for a number 
of year s .  Al l wa ter l eaving the plant through the drainage d i t ch and the 
unde rg round p ipe is sampled by means of 2 4-hour cont inuous propo r t io na l  
sample col lec t io n  sys tems operat i ng a t  the fence line o f  the property . 
S e c t ion 3 . 7 . 1 TRITIUM , Li quid Waste E f fluent Impact , and Sect ion 3 . 7 . 2  
PLUTONIUM , Li quid E f f l uent Impact ,  state that the s treams are sampl ed 
for analyses . The topographical l ines i n  F igure 2-9 ( and see F igure 3-8) 
i nd icate that most of the s torm wa ter that does no t enter the ground flows 
into the drainag e d i t ch which flows towa rd the southwe s t  and bisects the 
plant s ite . Recent eng i neering s tudies of s i t e  drainage showed that 
approx ima tely 1 2 5 acres of the 1 8 0  acres in the plant s it e  have runof f 
i nto the drai nage d i t ch .  Al l ind u s tr ia l  areas are drained by the drainage 
d i t c h .  Area s not drained through the cent ra l  drainage d i t ch include the 
large parking l o t  in the northeas t sect ion of the plant , a s t r ip of land 
on the no rth edge of the s i t e ,  a nd a st rip of land on the south edge of 
the s ite . None of these area s is used for any indus trial purpo ses . 

Several commentators , i n  addi t ion to your self , c ommented on Mound ' s  program 
t o  reduc e  t r it ium lev e l s  in ground wa ter ( ref . dra f t  E I S  page 3-4 1 ) . The 
f inal E I S  has been revi sed to provide a more compl ete d i s cu s s io n  on the 
aqui fe r pumping program . 

In 1 9 7 7 , a f ter the compl e t ion of a thorough evaluation of the inf il t rat ion 
of t r it i um  into the aqui fer and af ter t e s t  pumping to determine the e f fe c­
t iveness of a high-volume water removal and recharge of the aqui fe r ,  Mound 
init iated a high-volume long-term pumping program u t i l i z i ng Mound Facil i ty 
We l l  # 1  and an old unused Miamisburg Wel l  ( Wel l # 2 ) .  Both wel l s  operate at 
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a d ischarge f l ow rate of 4 5 0  gallon s/minute.  Under natural env i ronmental 
cond i t ions , the Bur ied Valley Aquife r suppl ies water we s tward to the 
Gr eat Miami Riv e r .  I n  Mound ' s  pumping program , the water t able i s  lowe red 
suf f ic i ently to cause a reverse f l ow in the aquifer between the river and 
the high capac i ty pumps in ord e r  to sweep the t r i t iated water eas tward 
f r om the area of the pr iva te we lls to the pumps and then di scharge to 
the rive r.  The reduc t ion of the tritium concent rat ion in the va rious 
water we l l s  i s  achieved by d i s placement and d ilut ion through the forced 
i nf i l t rat ion of river wa ter.  Dur ing the pumping program from Apr il 1 9 7 7  
through January 1 9 7 8 ,  some 4 00 , 000 , 0 00 gallons o f  water were removed f rom 
the aqui fer and replaced by natural recharge wa ter from the river and 
from ra infal l .  Na tural recharge is total ly ad eq ua t e  to support all water 
wi thd rawals--public , priva t e ,  a nd indus trial . Be tween April 1 9 7 7  and 
June 1 9 7 8 ,  the area in which the t r i t i um  content exceeded the 20 nCi / l 
s tandard had been reduc ed some 6 7  percent ; from 5 2  a cres to 1 7  acre s .  
In reduc ing the a f fe c t ed area , Mound Fac i l ity we l l s  and mos t  of the 
pr iva te wel l s  we re brought into compl iance with the new Envi ronmental 
Protect ion Agency ( EPA) s tandard , and those wel l s  no t ye t in compl iance 
( 4  wel l s )  we re a pproach ing it . Mound currently ant ic ipat es reduc ing the 
t r it ium level to l e s s  than the EPA s tandard throughout the area during 
CY 1 9 7 9 .  

The d i f ference i n  t r i t i um  conc entrat ion be tween the junc t ion of the 
Fac i l i t y  d rainage d i t ch and the Miami-Erie Canal ( item 8 ,  pag e  3-40 ) 
and the CY 1 9 7 6  concent rat ion in the o f f s i t e  priva te wel l s  ( page 3-3 4 )  
i s  due to the rel a t ive loca t i on t o  the t r i t i um source.  The pr iva te wel l  

, nea rest the di tch-canal jun c t ion l i es some 500-600 f e e t  to the southwe s t .  

The s t a t emen t s  rega rd i ng the pl u tonium cont ent of the canal and the to tal 
released o f f s i t e  are correct to the best of our knowl edge . Out of the 
e s t ima ted 300 curies of plutonium d i s s o lved in nitric acid released onsite 
when the wa s te p ipe ruptured , sampl ing of the contaminated s o i l-rock 
ag glome rate in the v i c ini ty of the leak accounted for approximately 
2 9 1  curies of plu tonium in the ad ja cent wa terways ( South and No rth Canal ) 
was e s t ima ted from the da ta obtained from 1 750 chemi cal anal yses to be 
5 . 2 �i · 6  cur i es . I t  wa s e s t ima ted from the di scharge volume , s us pended 
solids ; and concent ra t ion of pl utonium-2 38 per gram of suspended load 
that about 3 . 8  curies of plutonium-2 38 may have reached the Great Miami 
River .  The pl utonium d i scharged to the river on the se eros ion produc t s  
was appa re ntly d iluted to l e s s  than 1 0-4 nC i/ g af t e r  a short d i s tanc e 
( a pproxima tely 2 , 0 00 f ee t )  in the rive r to the sampl ing loca t i on .  

The " s tabil i za t ion of the area of the highest plutonium concent rat i on 
in the cana l "  refe rs to the reac tion which took place between the wa s t �  
solut ion and the dolomi t i c  glacial t il l  in t h e  vi cinity o f  the wa s t e  
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l ine rupt ur e .  The nitric acid wa s neutral ized and the plutonium adhered 
to the c lay s o il part ic l e s  in an ion exchange react ion and f ixat'ion . 
Thus , a part i c le of s il t  eroded into the drainage di tch by the heavy 
ra ins s e t t l ed out at the region of low flow in the abandoned Miami-Erie 
Canal . Since the incide nt , addi t ional s il t  depo s ited as a result of heavy 
rains has cove red the plutonium-contamina t ed c lay part i c le s .  

During a nine-month pe riod i n  1 9 77 , Mound undertook an ext ens ive cont inuous 
a ir monitoring program in the canal area to determine any l ack of s tabil i ty 
which would be ind i cated by resus pension o f  so i l / plutonium by wind blowing 
through the area . Th is study ext ended through seasonal we t and dry pe riods 
and calm and very windy period s , and included a prolonged period dur ing 
whi ch the City o f  Miami sburg wa s excava t ing soil and do ing consid erab le 
r eg rading o f  the area , fo r  the construc t ion of a solar pond to provide 
t empe red vent ilat io� a i r  to a ba th hou se and heated wa ter to an adjacent 
mun i c ipal swimming pool . This concerted a i r  surve il lance program showed 
tha t the nine-month ave rage concent ra t io n  of plutonium- 2 3 8  in the air was 
l e s s  than one percent of the Rad ioact iv i ty Concent ra tion Guid e .  Do se 
e q uival ent s ,  conserv a t ively c al c ulated from the ac tual air data , were 
wel l  within exi s t i ng DOE s tandards and propo sed EPA guidance . It was 
c onclud ed that the contaminated sediment present in the canal area is 
qui te s table and fur the r act ion such as removal or cove ring u p  is not 
wa rranted . Th is s t udy , S t abil ity of Plutonium Cont aminated Sediment s in 
the �Uami-Erie Canal , was pub l i shed as Mil1 Report 2 4 8 3  on March 1 ,  1 9 7 8 .  
A refere nce t o  t h i s  fo llowup s tudy has been included i n  the di scu s s ion 
o f  page 3-5 5 o f  the f ina l E I S .  

A di scus s ion of the d i s po s i t i on of al l the comments received , copies o f  
a l l  comment l e t t ers , and DOE responses are included i n  Sect ion 1 0  o f  the 
enclo sed fina l  E I S .  

Sincerely , 

""i&1W""#,,,�· 
C .  Clu sen � 

s i s tant Secre�ry for Env i ronment 

Encl o sure 

c c :  Mr . Bruce Blanchard , Director ( 20 )  
Envi ronment al Project Revi e\.;r 
De pa rtment of the Inte rior 



Board of Directors 
R O B E  R T  S .  O E  L M A N  

President 
W I L L I A M  H. H O B A R T ,  J R .  

V ice ·President 
L L O Y D  G O G G I N  

10-l2 
THE M IAMI  CONS ERVANCY D ISTR I CT 

38 EAST MONUM ENT AVENUE 
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June 2 2 ,  1 9 7 8  

Mr . W .  H .  P e nn i n g t o n  
D i r e c t o r  
O f f i ce o f  NE PA C o o r d i n a t i o n  
Ma i l  S t a t i o n  E - 2 0 l  
U . S .  D e p ar tme n t  o f  E n e r gy 
Wa s h in g t o n , D . C .  2 0 5 4 5  

D e a r  Mr . P e nn i ng t on : 

Re : Mo und Lab o r a t o ry 

T h e  D i s t r ic t  s t a f f  h a s  r e v i ew e d  t h e  " Dr a f t  
E n v i r o nme n ta l  I m p a c t  S t a t e me n t  Mound F a c i l i ty � 
M i am i sb u r g , Oh i o " . Th e f o l l ow ing c omm e n t s  a r e  
o f fe r e d  a s  t h e y  r e l a t e  t o  r e fe re n c e s made i n  t h e  
i mp a c t s t a t e m e n t  t o  Th e M i a m i  Con s e rva n cy D i s t r i c t : 

1 )  On P a g e  2 - 2 3  r e fe r e n c e  i s  made t o  
a c o n t r a c t u a l  a g r e em e n t  b e twe e n  
the E RDA Day t on a r e a  o f f i ce and 
the D i s t r i c t . Th i s  c o n t r a c t  w a s  
i n i t i a t e d  o n  De c e mb e r  l J  1 9 7 2  and 
h a d  b e e n  e x t e nd e d  t h r o ugh De c e mb e r  
3 1 , 1 9 7 5 . A s  a p a r t  o f  t h e  
D i s t r i c t ' s  r e g i on a l  w a t e r  qual i ty 
p r o g r am , t h e  Di s t r i c t  c o n t i n u e d  t o  
p r o v i de i n fo rma t i on t o  th e Mo und 
F ac i l i t y  on an i n f o rm a l  b as i s  
t h r o ug h  1 9 7 7 .  B u t , a s  t h e  
r e g i on a l  w a t e r  qu a l i t y  p r o g r am h a s  
b e en t e rm i n a t e d  a n d  t h e  o p e r a t i on 
o f  t h e  w a t e r  q u a l i ty mon i t o r s  h a s  
c e a s e d , t h e  D i s t r i c t  w i l l  n o t  b e  i n  
a p o s i t i o n  t o  p r o v i de Mo und Lab o r a t o ry 
w it h  add i t i on a l  w a t e r qua l i ty mon i t o r  
da t a . 

2 )  On P a g e  2 - 2 6 t h e  r e p o r t s t a t e s , "The 
M i a m i  C on s e rvancy D i s t r i c t  is unde r ­
tak i n g  a g r ound w a t e r  q u a l i ty 
mon i to r i ng s t udy und e r  t h e  
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J une 2 2  p 1 9 7 8  

s p o n s o r s h i p  o f  Mound L ab o r a t o ry " . 
Th e D i s t r i c t  l a s t  w o r k e d w i th t h e  
Mo und L a b o r a t o ry i n  1 9 7 5  on th i s  
p r o j e c t . Th e quo t e d  s t a t ement 
ab o ve s e ems to i mp l y  that the s t udy 
i s  s t i l l  un d e rway ; t h i s  i s  n o t  t h e  
c a s e .  

I f  a d d i t i o n a l  i n forma t i on o r  ve r i f i c a t i o n  i s  n e e d e d , 
p l e as e c o n t a c t  t h i s  o f f i ce . 

Ve ry t ru l y  y o ur s , 

THE WAT E R  CON S E RVAT I ON SUB D I ST R I CT 
O F  THE M I AM I  CON SE RVAN C Y  D I S T R I CT 

By : I� 
Do n a l d T .  W i l l i am s  

Ch i e f  E n g i n e e r  



Department of Energy 
Washington, D.C. 20585 

JUL 3 '979 
Mr . Donald T. Wil l i ams 
Chief Eng ineer 
The Miami Cons ervancy D i s tr i c t  
3 8  East Monument Avenue 
Dayton , Ohio 4 5402 

Dear Mr . \\fi l l i ams : 
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Thank you for your le t t er of June 2 2 ,  1 9 7 8 , with comments on the 
U . S .  Department of Energy ' s  ( DOE ) d raft Envi ronmental Impac t Statement 
( E IS ) on the Mound Fac il i ty , Miami sburg , Ohio , D OE/E I S-00 1 4-D . 

The re fe rence made to the contrac t between the DOE Dayton Area O f f ice 
and the Miami Conservancy Di s tr ic t  (MCD) wil l  no t be included in the 
f ina l EIS for the Mound Facil i ty s ince the operation of the wa ter qual i t y  
moni t o r s  b y  the MCD has terminate d .  

The re ference o n  page 2-2 6 of the draf t E I S  t o  the pl anned ground wa ter 
q ua l i ty moni t o r ing s t udy sponsored by Mound will also be dele ted . This 
ref erence was ove rlooked in the development of the draft s tatement . We 
apprec i at e your no t ing the error . 

A di scuss ion of the di spo s i t i on of al l the comments rece ived , c opies of 
al l comment l e tt e rs , a nd DOE re sponses are included in Sect ion 1 0  of the 
enclosed f i nal EIS . 

Encl osure 

Sincerely , 

R 
A for Env i ronment 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

JUK 2 6  1378 

Mr. W. Herbert Penni ngton , Di rector 
Offi ce of Ass i s tant Secretary for 

Envi ronment 
Department of Energy 
Was h ing ton , D .  C .  20545 

Dear Mr . Penni ngton : 

In  a l etter of Apri l 20 , 1 978 , you requested comments from the 
Nucl ear Regul atory Commi ss i on (NRC ) regard i ng the Department of Energy ' s  
( DOE ) draft Envi ronmenta1  Impact Statement ( E IS ) , Mound Faci l i ty 
DOE/EIS-001 4-D . The EIS has been revi ewed by the NRC staff , and the 
comments are enc l osed. 

If you have any comments regard i ng the revi ew and comments of the 
Mound Faci l i ty EIS , pl ease do not hes i tate to contact Dr . F �  S .  Echol s 
( 492-8445 ) ,  the Envi ronmental Proj ect Manager ass i gned to supervi se 
the rev iew .  

Si ncerely , 

9'�4:�� 
Voss A .  Moore , ��fa;;-Di rector 

for Env i ronmental  Projects 
Di vi s i on of Si te Safety and 

Envi ronmental Analys i s  
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EN CLOS URE 1 

1 . Parag raph 1 on page 2 -8  ( Tri ti um En vi ronmenta l  Control Sys tem ) 
s hou l d be expanded to expl a i n how the a l arm sys tems and fa i l s a fe 
features a re i n co rporated  i n  the a rea mon i tori ng sys tem . Does 
an  a l arm automat i ca l l y  i s o l ate an a rea or i s  i t  i so l ated manua l l y ?  
Expl a i n  how i so l a t i on i s  ach i e ved . 

2 .  The fi fth sentence on page 2-9  ( Tri ti um Contro l ) shou l d be rewri t ten 
to re duce tota l  emi s s i ons to an "as  l ow as reasonab l y  ach i evab l e "  
( ALARA ) , i n  o rd e r  to b e  compa t i b l e with ,· the most  recent use of  
te rm i no l ogy in  th i s  s ubject a rea . 

3 .  On page 2 -8  - 2 - 1 1 (Tri ti um and  P l uton i um- 2 38 Env i ronmental Contro l  
Sys tem ) , we  recommend  that  the  report a dd re s s  the  frequency and  
consequences of erro rs i n  opera ti on o r  m inor  mal functi ons of  eq u i p­
men t  a n d  abnormal l aborato ry operat i ons , i . e . , unpl anned rel eas es' of 
pl uton i um caused by l ea kage i n  ce l l s  o r  g l ove boxes wh i ch may res u l t 
i n  a i rbo rne and  res p i ratory probl ems , h i gh  concentra t i ons  of  fi s s i l e  
ma te ri a l s  i n  a n  extracti on  un i t ,  exces s i ve p res s u re o r  vacuum i n  a 
cel l o r  g l ove box , and  h i g h tempe ra ture of  so l ven t  sys tem . Further ,  
we recommend tha t  i nfo rmati o n  be  i nc l uded \'/h i ch a dd resses  s a fety 
l imi ts o r  l i mi t i ng cond i t i on s  fo r operat i ons  and  automati c pro tecti ve 
or p rocedure contro l s wh i ch a re us ed  to return the s i tuat ion  to norma l  
o r  to s h ut the proces s  down befo re the l i mi t i s  rea ched . I f  these a re 
not ava i l ab l e , then the add i ti onal  env i ronmen ta l  i mpact of not 
prov i d i ng these con tro l s s hou l d be a ddres s e d .  

4 .  O n  page 2 - 1 5 ( T reatmen t  o f  Ra d i oacti ve L i q u i d and  Sol i d  Was tes ) ,  
i nd i ca te 1 )  the cons i dera t i ons  ta ken to e l i mi na te ra d i oacti ve 
ma te ri a l  bu i l d up in components s uch as  g l ove boxes , cel l s ,  p rocess 
l i nes  and  equi pmen t ,  i . e . , to e l im i na te rad i oacti ve c rud t raps , and 
2)  the t rea tment for contam inated  o rgan i c  was tes from the l aborato ry 
and  ma i n tenance opera ti ons . Fu rthe r ,  th i s  s e cti on  s houl d descri be the 
method  that wi l l  be used to pre vent s p i l l s  from l i q u i d waste hand l i ng 
and  to as s u re s o l i d i fi ca ti on of  s o l i d  was te .  Di s cus s a ny decontami nati on 
th at may occur i n  the e vent of  a s p i l l .  

We a l s o  recommend tha t a dd i ti onal  i nfo rmati on  o r  a reference be  prov i ded 
fo r the cycl one i nc i nera to r  pi l o t pl ant ,  i . e . , d i s c us s i n  more deta i l  
1 )  the off-gas  hand l i ng and  2 )  the tests wh i ch i nd i ca te that p l u to n i um-
238 was te concentrat i ons  as h i gh as 1 00 uC i /g can be burned w i th no 
.re l ease  of  con tami nati on . I f  pos s i b l e ,  update th i s  secti o n  wi th the 
res ul ts of  the CY- 1 977  tes t  prog ram us i ng LSA TRU was te ( page 2- 1 9 .  
para g ra ph 2 ) . 
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5,  On page 2 - 22 � paragraph 1 (A i r Mon i tori ng ) , defi ne the correcti ve 
act i ons a va i l ab l e  to be used du r i ng ant i c i pated l abotatory 
occurrences and postul ated acci dents . 

6 ,  The report does not  a ddress  the env i ronmenta l  impa ct o f  was tes 
wh i ch a re s h i pped to other s i tes ( DOE and comme rc i a l ) for d i s posa l . 
The en v i ronmenta l impa ct of th i s  was te d i s posa l  and  a d i s cu s s i on of 
a l te rnati ves s houl d be addressed ; i f  the was te d i s posa l  s i tes  have 
addre s s ed the i mpact i n  the i r  respecti ve En v i ro nmenta l Impact 
Sta tements then the s ta temen ts shou l d be refe renced . 

7 .  Secti on 3 . 1 0  ha s  d i s cussed a s pectrum of  poten t i a l  on-s i te acc i dents 
and  ha s  d i s cussed  the consequences o f  these . The dose from one o f  
these , a pos tu l ated nucl ear  cri ti ca l i ty acc i de n t ,  h a s  been compa red 
wi th the dos e  cri te ri a g i ven i n  1 0  CFR Part 1 00 .  Part 1 00 i s  used  
for g u i dance by the  Nucl ear Reg ul a to ry Commi s s i on ( NRC ) i n  the 
e va l ua t i on of the su i tab i l i ty of proposed s i tes  fo r s tat i onary powe r 
and  te s t i n g  reactors . Part 1 00 s ugge s ts a s  an a i d i n  e va l u at i ng a 
proposed s i te tha t a f i s s i on product rel ease  from the co re shou l d be 
a s s ume d " " . based upon a maj o r  acc i dent ,  hypothes i zed for purposes  
of s i te ana l ys i s  o r  postul a ted from cons i de rati on o f  poss i b l e  
acc i dental events , that wou l d  res u l t i n  poten ti a l  haza rds not  exceeded 
by those from any a cci dent con s i dered credi b l e " .  

8 .  The g u i de l i ne va l ues i n  Part 1 00 a re norma l l y  used for compa ri s on 
wi th acc i dents of extreme l y  l ow p robab i l i ty of occurrence i n  wh i ch 
very conse rva t i ve a s s ump t i ons  � re empl oyed rega rdi ng act i vi ty 
re l e ase , pe rfo rman ce of engi neered safety fea tu res , meteorol ogy . S i nce 
the OE I S  has i den ti f ied  a l a rge f i re i n  a pl uton i um fa c i l i ty as the 
"max i mum cred i b l e  acci den t"  for the Mound Faci l i ty ,  we bel i eve i t  to 
be mo re appropri a te that the co nsequences of  a l a rge f i re and 
res u l t i n g  pl uton i um rel ease  be compa red a ga i ns t  the cri teri a of 
Part 1 00 .  Al th ough the dose g u i del i nes g i ven i n  1 0  CFR Part 1 00 
a re not d i rectl y re l a te d to re l eases  i nvol v i ng p l uton i um ,  the NRC 
s ta ff devel oped g u i dance i n  thi s regard dur i ng the co u rs e  of the 
C l i nch Ri ve r B reeder Reacto r ( CRBR )  rev i ew ,  and  es tab l i s hed that dose  
g u i de l i ne va l ues o f  75  rem to the  l ung and  1 50 rem to  the  bone  we re 
comparab l e  to the val ues of 25 rem who l e body and 300 rem thy ro i d  
g i ven i n  1 0  CFR  Part 1 00 .  The OE I S  i n d i ca tes that the res u l t i ng 
l i fet ime dose commi tment to the l ungs  of an  i ndi v i dual  s tand i ng a t  
t h e  po i n t of max i mum concentrati on  i s  ca l c ul a ted to be  1 5  rem 
( page 3-61 ) wh i ch i s  wel l wi th i n  the g u i de l i ne va l ue ,  but  a l s o  note 
tha t  th i s  val ue i s  sens i ti ve to the a s s umed d i s tr i buti on of  p l utoni um 
parti cu l a tes  as  wel l a s  o ther  a s s umpt i ons . We s ugges t that add i t i onal  
sens i t i v i ty s tud i es be pe rformed rega rd i ng quanti ty of re l ease , 
pa rti cu l ate d i s t ri but ion  and fi l ter  sys tem performance to p rovi de 
a s s u rance tha t  the con sequences of s u ch an event a re a cceptab l e .  Al s o  
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in th i s  regard , we w i s h  to commen d  the p roposed upg rad i ng of  the H i gh­
Effi c i ency F i l tra t i on Sys tem ,  a s  i n d i cate d  i n  Tab l e  3- 1 , a nd  s uggest 
that Mound Fac i l i ty i n i t i a te a prog ram to test  the performance o f  the 
cen ti 1 ati on and  f i l trat i on sys tem and to ma i nta i n  i t  a t  a h i gh l evel 
of  e ff i c i ency . 

9 .  The OE I S  ment i ons  no p l anned i mpro vements o r  upg ra d i ng for i n creases 
in to rnado pro tec t i on to prevent o r  mi t i gate acc i denta l  rel eases  of 
pl uton i um .  The OE I S  has est ima ted offs i te re l eases of pl uton i um 
rang i ng from 0 . 1  to 1 0 . 0  g ram ( 1 . 6  to 1 60 curi es ) i n  the event of  
be i ng s truc k  by a modera te to rn ado ( Fuj i ta Sca l e  F3 ) ,  and has  
est ima ted the p robab i l i ty of  s uch  an  e vent as  approx imate l y  1 0- 3 
per yea r .  Wi th regard t o  tornado and  tornado mi s s i l e  protect i on the 
NRC s ta ff requ i res tha t  the sa fety s t ructures and equ i pmen t  of  n ucl ea r 
powe r reactors be  pro tected aga i ns t  the equi val ent o f  the much mo re 
severe and  ra re r tornado compa rab l e  to the OOE Model  Tornado ( Fuj i ta 
C l a s s  F6 ) ,  and  genera l ly  requ i res that a ny external e ven t ,  that can 
res u l t i n  l a rge re l eases  of  rad i oact i v i ty ( g reater than the 
g u i de l i ne va l ues of 1 0  C FR Pa rt 1 00 )  and wh ose probab i l i ty of 
occurrence i s  g reater than about 1 0- 7  pe r year mus t be accommoda ted 
i n  the des i gn of the p l a n t .  

1 0 .  Al though dos e ca l cul a t i ons  cannot be eas i l y performed for a tmospheri c 
cond i t i ons approx i ma t i ng tornadoes , based  upon the s i gn i fi cant 
quan t i t i es o f  p l uton i um e s timated in  th e OE I S  to be re l eased a s  a 
resu l t of  s uch  an  e ven t ,  and based  upon i ts probab i l i ty of  o cc urrence , 
the NRC woul d req u i re a n  appl i can t under s i mi l ar c i rcums tances to 
reg a rd th i s  as  a des i g n bas i s  e ven t and to s h ow acceptab l e protecti ve 
or mi t i gati ve capab i l i ty to prevent  s uch re l eases . OOE shoul d cons i de r  
i mpl emen ti ng mea s u res th at wi l l  s i gn i fi cantly enhance t h e  capab i l i ty 
of  th e Mound Fa c i l i ty under to rnado cond i ti ons to pre vent or mi ti gate 
the conseq uences o f  s uch re l eases . 

1 1 .  The OE I S  a l so notes ( page 1 - 1 ) tha t  effects of  offs i te transpo rtat i on 
acc i den ts a re not rega rded wi th i n  th e s cope o f  the document .  The 
s taff does no t a g ree . Whe re o ffs i te transportat i on a cc i dents i mpact 
the fac i l i ty to the extent  tha t  a ny rel eases of ra d i oacti v i ty can 
resu l t ,  we b e l i eve it a ppropri a te that the fac i l i ty OE I S  d i s cuss  s uch  
acc i den ts and  compa re the i r  probab i l i ty and  cons equences wi th the 
s pectrum of acc i dents a l rea dy c ons i dered . We bel i eve the OE I S  s houl d 
be  extended to i n cl ude th i s  a rea . 

1 2 . The env i ronmen ta l rad i o l og i ca l  mon i tor ing  prog ram i s  unba l an ced i n  
frequency o f  s ampl i ng the vari ous me d i a .  For exampl e ,  contra s t  the 
2 1 0  s ampl es per year from each of f i ve l oca t i o ns on  the Great M i ami 
R i ver  ( Tab l e  3- 1 1 )  wi th on ly  one s amp l e pe r year from commun i ty water 
( Tab l e  3- 1 0 ) and two s amp l es pe r yea r  of  , mi l e  ( Tab l e 3- 7 ) . 
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1 3 . I t  i s  s ta te d  ( page 2- 67 )  that an  ons i te meteorol ogy prog ram was 
i n i t i a te d  i n  1 9 73 , yet no data a re appa rently  a va i l ab l e  from the 
prog ram ( page 2-61 ) .  The rea son for the l a ck of  ons i te data s hou l d 
be p resented . We note that Append i x  B deta i l s  the ca l cul at i on  of 
a tmospheri c d ; s pe rs ; on i  yet the report i s  devo i d  of  a ny p resentat i on 
o f  a tmosphe r i c  d i s pe rs i on pa pameters for any potenti a l  receptor 
l oca ti ons . We note that F i g ure 3- 6 s hows the approximate l ocati ons 
of a i r  s ampl i ng s tat i ons  and presents a w i nd rose from Wr; g h t­
Pa tterson Ai r Force Bas e . 

1 4 . I n  F i g ure 3-6 , l oca ti on  1 1 9  wou l d appear to be a contro l l ocati on , 
yet the data for th i s  l ocati o n  (Tab l e 3-6 ) are not empl oyed for th i s  
purpose , and  a tri ti um backg ro und  val ue from a nother re ference i s  
c i ted  on  page 3-20 . The s ame i s  true o f  the p l uton i um data i n  
Tab l e  3- 1 4 . 

1 5 . Pri nc i pa l  re l ease  poi nts shou l d be  i denti f i e d  on  one of  the s i te 
maps wh i ch a l so  i denti f ie s  the s i te b ounda ri es . Di s tances to the 
nea re s t  s i te boun dary and the nearest  res i dence s ho l d be tabu l ated 
for each d i recti on sect i on  from t he re l ease  po i n ts . 

1 6 . The Statement p resents dose pred i cti ons  wh i ch a re based  o n  the 
meas ure d concentra ti ons , but  i t  i s  not s tated how these concentrat i ons 
a re extended i n  d i s tance and d i rect ion  from the s i te .  S i nce the 
majori ty of the measu rements i n  the en v i ronment a re near or bel ow 
the mi n i mum detect ion  l i mi ts , i t  woul d be  mo re appropri ate to 
ca l cu l a te the doses us i ng meteo ro l og i ca l  data repres enta t i ve o f  the s i te .  

1 7 . Popul a ti on shoul d be presented a t  l ea s t  a s  a functi on  of  d i s ta nce from 
the faci l i ty fo r a tmos pher i c  re l eases . For l i q u i d effl uen ts , the 
po pul at i on served by each i n ta ke po i n t s hou l d be p rov i ded . Al l the 
dhowns tream c i t i e s  a ppear to use r i verbank  wel l s  wh i ch can be a ffected 
by the tri ti um e ffl uents . 

1 8 . The i n fo rma t i on o n  tri t i um i n  l i q u i d effl uen ts and  the res u l ti ng 
exposures  con ta i n  s ome di s crepanc i e s  a nd confus i ng i tems of i n formati on . 
For i ns tance , o n  page 3-2 i t  i s  s ta ted tha t  the faci l i ty "use d "  
( presumab ly  wi thdrew from i ts wel l s )  1 73 mi l l i on ga l l ons  o f  wa ter i n  
1 9 76 . Howeve r ,  i n  Tab l e 3- 2 ,  the data i n d i cate that the to tal d i s charge  
was  0 . 61 mg d ,  wh i ch amounts to 223  m i l l i on ga l l on s  pe r year . Th i s  
d i s cre pancy wi l l  ca use a corres pond i ng e rror i n  effl uent con centrati ons . 

The i n fo rma t i on o n  tri ti um i n  g round water i s  confus i ng s i nce no  
' doses a re presented , even  though the  mea s ured con centrat i ons a ppear to  
be much h i gher  than in  the s u rface wa te r .  In  v i ew o f  the  h i gh 
poro s i ty of  the s o i l s  i n  th i s  a rea , and  the l a rge  amounts of  l ocal  
recharge  a va i l abl e from ra i n f�l ' ( page 3- 30 ) , i t  wou l d appear that 
much o f  the tri t i um found i n  the g ro und  wate r a t  up-gradi ent  l ocati ons 
( page  2-56 ) mus t  have been del i vered  from " the s i te i n  the pas t  by 
ra i n fa l l .  Th i s  i s  i n  con fl i ct wi th s ta tement No . 3 on page 3-40 . 
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1 9 .  Rega rd i ng the efforts to re duce the tri t i um concentrati ons i n  
g round  water  by pump i ng , est imates o f  the redu cti on i n  popul a t i on 
dose expected  as  a res u l t o f  th i s  acti on  s hou l d be ma de . Th i s  
benef i t s h ou l d be we i ghed aga i ns t  the add i t i onal  popul a t i on expos ure 
produced down s tream by tri t i um re l eased i n to the Great M i ami R i ver .  



Department of Energy 
Washington, D.C. 20585 
JUL 3 1979 

10-2 1 

Mr. Vo s s  A .  Hoore , As s i s tant Direc to r 
for Env ironmental P r o j e c t s  

Div i s ion of S i t e  Safety and 
Env i r onmental · Analy s i s  

U . S . Nuc lear Regul at o ry Commi s s ion 
Washington , DC 20555 

Dear Mr . Mo ore : 

Thank you for your lett er of June 2 6 ,  1 9 7 8 , wi th comments and sug ge sted 
changes to the U . S .  De pa rtment of Energy ' s  (DOE) d raf t Envi ronmental 
Impact Statement ( E IS ) on the Mound Facil i ty , Miami sburg , Ohio , 
DOE/E IS-00 1 4-D . The di spo s i t ion o f ' your comments is provided . 

1 .  Pa rag raph 1 of Tr itium Ef fluent Control Sy s t em s  in Section 2 has 
been expanded to expl ain the use of monitoring systems for t r i t ium 
laboratory ar eas .  

2 .  An As Low As Pract icable ( ALAP ) , o r  As .Low As Reasonably Achievable 
( ALARA) , prog r am wa s impl ement ed in 1 9 7 0  and has been cont inued to 
date . Excellent resul t s  have been ach ieved in reduc ing a i rborne 
t ri t i um  emi s s ions from 1 7 . 9 4 7  grams in 1 9 7 0  to 0 . 490 gram in 1 9 7 7  
and t r it ium i n  l iquid e f fluent s from 0 . 0 2 5  g ram i n  1 9 7 0  to 0 . 0 0 6  gram 
in 1 9 7 7 .  

3 .  Ac cident al or unexpl ained rel eas es o f  rad ioact ive material have 
been examined . A small number of trit ium and plutonium-2 38 releases 
have been det e c t ed by the s tack moni tors , but none we re repo rtable 
i ncid ent s ac cording to DOE report ing s tandard s and requirements s ince 
the quant i t i e s  we re very sma l l .  During February through May 1 9 7 4 , 
the concentrat ion of t r it ium in the s tack e f f luent wa s found to be 
above the normal operat i ng averag e .  A rev i ew of the operat ions and 
equipment ind i cated that the e f f i c i ency of the t r i t ium s tack gas 
c leanup sy s t em ( E RS )  wa s below s t andard . The result ing increased 
amount of trit ium rel eased wa s v e ry small ; howeve r ,  c o r rec tive 
maint enance on the ERS returned the s tack l ev e l  to norma l .  In 
Janua ry 1 9 7 5 ,  5 30 cur ies ( 0 . 0 53 gram) of tr it ium above the ave rage 
were rel eas ed in airbo rne e ffluent s .  The cause for this e l eva ted 
s tack l ev e l  wa s not found . In Februa ry 1 9 7 7 , 2 1 0  cur i e s  ( 0 . 0 2 1  gram) 
of t r i t i um above the ave rage we re released . The cause f o r  this 
eleva ted s tack l evel was not found . In March 1 9 7 8 ,  e q ui pment fa ilure 
re leased 1 300 cur ies ( 0 . 1 3  g ram) of t r it ium .  In June 1 9 7 8 , a faul t y  
valve on a sto rage tank rel e as ed 2 200 cur ies ( 0 . 2 2 g ram) o f  t r i t ium 
to the s t ack e f f luent . 
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Specific incident s of the release of plutonium- 2 3 8  t o  the envi ronment 
we re al l l i nked to high efficiency part iculate a i r  ( HEPA) f i l t er 
changi ng s  except fo r the break i n  the was t e  l ine which is discussed 
i n  the s t atement . In 1 9 7 3 ,  there we re f ive f i l t e r-change inc ident s 
wh ich rel eas ed a to tal of 6 6  �Ci , the large s t  s ing le incid ent be ing 
2 0  � Ci . In 1 9 7 4 , the only fi l t er-change incident released 2 . 5  �Ci . 
No detec t able rel eases to the airbo rne e f fluent s have occur red since. 

At tent ion to rad iologi cal safe ty , i n  te rms of ventilat ion cont rol 
in work areas , e f fluent cont ro l , facil i t ies , and worke r re sponse to 
unpl anned releas es of contaminatio n ,  i s  indicated in va rious s e c t ions 
o f  th e fina l  E I S .  Trit ium envi ronmental control sys tems us ing the 
pr inci ples of contai nment , i solat ion , and air flow c ontrol for the 
protec t i on of rad iat ion worke rs are d i scussed on pag e s  2-8 to 2-1 0 .  
Plutonium-2 38 envi ronment al cont rol ��ys tems are discussed on 
pages 2 - 1 2  and 2- 1 3 . A c ompl etel y  t �v i s ed append ix ( Appendix D ,  
Plutonium Toxi c i ty )  has been deve loped for the f inal EIS and 
demonstrat es the minimal he alth effe c t s  on the pub l i c  from plutonium 
operat ions at the Mound Facil i ty .  The accident and emergency res ponse 
capabil i ty o f  the fac i l i ty is present ed on pages 2-2 1 and 2 - 2 2  and 
the va rious elements of a comprehen s ive envi ronmental moni toring 
prog ram are described on pag e s  2-2 2  through 2-2 6 .  

In ad d i t io n ,  a new append ix ( Appe nd ix F )  has be en incorporated i n  th e 
f inal E I S  t o  pr esent the occupati onal rad iolog ical exposure of pl ant 
wo rke rs . Such inf o rma t ion s e rves to demons trate the e f fect ivene s s  
of facil i t ies , procedures , and management for nuc l ear operat ion s .  In 
this append ix , Tabl e F-3 , "Ext ernal Radiat ion Expo sure of Employe s " , 
shows a pronounced decrease in occupa tio na l  expo sures from 1 9 6 5  
thr ough 1 9 7 7 . The phil o sophy o f  ALAP i s  being appl ied o n  a 
cont inui ng bas is to al l impac t s  o f  Mound ' s  opera t i ons • .  Other 
tab le s  in Append ix F cov e r  internal depo sit ion of rad ioact ive 
mat erial and show a l ow-d epo s i t ion incid ence for lung expo sures 
and sys temic body burdens above the rad iat i on protec tion s tandards 
throughout the his tory o f  the proje ct . 

Append ix F a l s o  includes s tat i s t ics on " Di sabl i ng Inj uries to 
Employe s " , Tabl e F-2 ,  wh ich shows that dur ing the period of 1 9 48 
through 1 9 7 7 , Mound had only e ight d i s abling injur i e s .  The l a s t  
occurred in August 1 9 6 6 .  A t able cove ring " Plant Prope rty Lo s s e s  
Exceeding $ 5 , 000 " , Table F-1 , shows only nine such inc ident s ,  s ix 
o f  wh ich were rad iological , s ince operat ions we re init iated in 1 9 48 . 
S e ri ous attent ion to personnel rad iation expo sures ,  to empl oyee safety 
in general , and to facil i ty property protec t ion i s  demons trated in 
this append ix .  Mound ' s  ALAP prog ram has achieved a l ow-rad iat io n  
expo sure experience f o r  th e fac i l i ty empl oyees as well as f o r  the 
public sur roundi ng the s i t e .  
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4 .  All p1utonium- 2 3 8  wa s t e  recovery operations ceased i n  1 9 7 3 . 

3 

Al l related equipment , piping , e t c . , were removed and shippe d to 
d e s ignated bur ial and storage sites.  All heat source produc t ion , 
which inv o lved p1utoni um-2 38 metal , was di scont inued in 1 9 7 0 .  
Sub s e q uent heat sources were fue led wi th plutonium dioxi d e . 

Buil dup or rad i oact ive mater ial i s  no t pe rm i t t ed in glove boxe s  or 
in equipment inside of g love boxes . As s tat ed in comment # 3  above , 
plutonium proce ss ing does not inv o lve we t chemi s t ry .  Plutonium is 
rece ived as plutonium dioxide and u sed d irectly to make the solid 
heat sour ce fue l s .  Buil dup of plutonium dioxi de powder is controlled 
by normal good-hou seke eping t echniques to ensur e that glove failure 
wou l d  release only minimal amounts of plutonium dioxide to the 
laboratory wo rk area . Al so , heal th phy s ic s  personnel rout inely 
monitor gl ove boxes and po s t  radiat ion read ing s  on the front of 
each box. If any rad iation level above a pr edetermine d  cont ro l 
l evel is fo�nd , an ext ens ive cl eanup of the glove box interior 
is don e .  Al l work areas are rout inely surveyed and a ir moni to red 
for contaminat ion t o  ensure that proper control i s  being ma intained . 
Any area showing a level exceed ing the control lev e l  i s  shutdown 
and decontaminated before ope rat ions are resumed . 

Tr it ium i s  hand led as a gas , l iquid was t e  ( trit iated water or 
contaminated va cuum pump o il ) , o r  s o l id trit id e .  Glove boxes are 
f illed wi th inert atmos phe re s which are recircul a t ed through drying 
column s .  P iping i s  encapsul ated with a vacuum annular space which 
is cont inuously monitored fo r evid ence of leakage of the inner p ipe . 
Liquid wa stes are packag ed in containers fil led with absorbent or 
mixed into cement to fo rm concr e t e  in an inner container which is 
in turn placed in a sealed outer shipping container and al l voids 
f il led with asphal t . Te sts have revealed no leakage over long- t e rm  
s torag e .  

All t r i t i um hand ling laboratori es are cont inuously monitored 
for airborne mat erial and rout inely surveyed by heal th phy s ic s  
pe rsonnel . Any area showing unacceptab le contaminat io n  i s  
decontam inated immediately . Abso rbent ma terials are used t o  
collect a sp il led liqui d .  Decontaminat ion of the area is 
c ont inued with d e t ergents and chemicals se l e c t ed for the ir 
comp1 ex ing proper t ie s  unt il the l evel of contam inat ion mee t s  
Mound ' s  conse rva t ive contamina t io n  cont ro l s tandard . 

Ad d i t io na l  inf o rma t ion has been incorpora ted into the E I S  about the 
incine rato r .  The draf t EIS did conta in a " t ypo" when it gave the 
c oncentrat ion of the waste inc i ne ra t ed as 1 00 � Ci / g ;  t he value 
shoul d have been 1 0  �Ci/ g .  



10-24 

Mr . Vo s s  A .  Moore 4 

5 .  The alarms o n  s tack moni tors are s e t  t o  respond to concentrat ions 
of rad ioact ive material above normal leve ls in the e f f luent , yet 
wel l  bel ow that concentra t io n  which woul d resul t in the rad iation 
prot ection standard being exceeded in the o f f s i t e  envi ronment . 
Depend i ng on the concent rat ion of the rad ioact ive material in the 
s t ack and the nature of the source of contamina t ion that is causing 
the above-normal s tack ef fluent , the personnel res pond i ng  to the 
alarm have the op t ion of shut t i ng down the offend ing operation or 
shu t t ing down the vent ilation system for the whole building in order 
to s top the s t ack d i scharge compl etely and then correc t the problem . 
For exampl e ,  pr ima ry f i l t ers at some glove boxes may need to be 
changed or al l opera t i ons suspended and the ventila t ion sys tem 
shutdown so that secondary and f inal f il t ers in the building f il ter 
bank( s )  can be repl aced . 

6 .  The discus sion o f  Mound ' s  radwa s t e  shipment s and subsequent d ispo sal 
ha s been expanded in the f inal EIS , Sect ion 3 . 1 3 ,  begi nning on 
page 3-81 . In ad d i t ion to a thorough d iscu s s io n  of shipping-container 
integrity to compl y with s tringent U . S .  Depa rtment of Transportat ion 
regul at ions and special-permi t trans portat ion , the d i sc u s s io n  covers 
the va rious wa s tes wh ich are ship ped to four burial s i t e s .  The four 
s i t es are id ent i f ied and their dispo sal / s torage methods indi cated . 
Each s i t e ' s  activit ies are conduc ted accord ing to good radwa s te 
management prac t ic es .  Othe r  than the fact that each s i te i s  adequately 
staf fed wi th prof essi onal per sonne l and operate moni to ring prog rams 
to a ssure tha t wa ste s  are s tabil ize d  at the bur ial location ,  Mound 
does no t have monitoring info rma t io n  or s ite env i ronmental a s s e s sment s .  
These would have t o  be obt ained from the bur ial s i te operators . 

The Mound Faci l i ty cur rently ships i t s  rad ioact ive wastes to the 
fol lowing o f f s i t e  bur ial / s torage grounds : 

a .  Chern Nuc l ear Sy s t ems , Inc . , Barnwell , South Carol i na 

b .  Savannah River Pl ant , Aiken , South Carol ina ( DOE f ac il ity ) 

c .  Nevada Tes t  S i t e ,  Mercury , Nevada ( DOE facil i t y )  

d .  Idaho Na tional Eng inee ring Labora tory , Scovi lle , Idaho 
(DOE f ac i l i ty )  

Mound neither s tores nor bur ies any rad ioact ive was tes ons ite . The 
was te fo rm ,  method of packag ing , and mode of shipment d i f f e rs from 
Mound ' s  ut il i z a t io n  of each of these disposal s i t e s .  
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7 .  The Mound Faci l i ty recogn i z e s  that 1 0  CFR 1 00 i s  generally util ized 
to evaluate the acceptab i l i ty o f  a s ite for powe r and t e s t ing reac to rs . 
It is also recogni zed that guidance has been provided in TID- 1 4 8 4 4  
defining the source term to b e  used and the accident is typically 
the " maximum credible accident . "  The maj or dif ference between 
operat ions at the Mound Facil i ty and those at a reac tor required 
the use of a different sour ce term and , addit ionally , the c r i t ical ity 
accident wa s determined not to be the maximum credible accident . 
Al though the d i f fe rences exi s t ,  the Mound Fac i l i ty d eemed i t  
appropr iate to u s e  1 0  CFR 1 0 0  dose criteria be caus e the pos tulated 
acc ident was a nuc lear c r i t i cal i ty and 1 0  CFR 1 00 i s  the only known 
guidance for eva luat ing such an ac cident . The Mound Facil ity has 
incorpo rated int o the f ina l EI S ,  on page 3-67 , a statement q ualifying 
the usage of 1 0  CFR 1 00 .  

8 .  The �'tound Faci l i ty u t il ized ext remely conservat ive a s s umpt ions 
related to the sour ce term ,  safe ty features , and met eorology in 
the development of the ac cident scena rio for the "maximum credible 
accide nt . "  The sour ce term represent s one percent of the total 
inventory ava il able which is s imilar to the Nuc lear Regulatory 
Commi s s ion ( NRC) guidance on the Cl inch River Breeder Reac tor as 
specif ied in Do cke t No . 5 0 5 37 - 1 49 .  Although eng i neering eva luat ions 
have shown that the f il t e r  banks will not be adversely affe cted 
by the heat generated from the f i re , the ext remely cons erva t ive 
as sump t ion wa s made that the f il t er banks woul d be by passed.  The 
me teorological cond i t ions selected represent the s i t ua t io n  whereby 
an individual would receive the maximum po s s ible dos e .  The se 
fact o r s  ind i cate that the accident present ed approaches the l im i t s  
of what can b e  cons idered " c redible . "  Addit ional sens it iv i ty 
stud ies , a s  sugge s ted by the NRC s taff , would provide j ust if ication 
for the development of a l e s s  cons erva t ive accident scenar io than 
the one pr esent ed . As the NRC s taff ind i cates , the impac t of the 
"max imum cr ed ible acci dent " presen t ed is well within the guidelines 
deve loped for the Cl inch River Breeder Reactor.  The Mound Fac i l i ty 
did no t use these gu idelines for compar i son s ince they are not 
offic ially pa rt of 1 0  CFR 1 0 0  and it was as sumed to indicate that 
they may be s ite spe ci fic and po s s ibly not appl icable to the 
Mound Fac i l i ty .  

The Hound Faci l i ty suppo r t s  NRC ' s po s i t ion·  that a fo rmal t e s t ing 
prog ram for ventilation and f il t rat ion systems is required . On 
page 2- 1 3  of the f inal EIS is a de s c r i p t io n  of the prog ram at Mound 
which has been in exi s tence for a number of years . 
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9 .  The Mound Fac il i ty has received autho r i za t ion t o  move the wa ter 
tower which coul d po tentially fal l on the maj or plutonium bu ildi ng . 
Thi s  ac t ion wil l e l iminate a po tent ia l mechanism by which pl utonium 
coul d be releas ed . Po licies have been impl emented which l imit the 
q ua nt ity of unenca psul ated plutonium in proce s s  to the minimum . 
In the event of severe weathe r ,  all plutonium which can feas ibly 
be repackaged is placed back into st orage containe r s .  

S i nce the devel opment of the draf t E I S ,  stud ies suc h  as tho se 
conduc t ed by R. F .  Abbey , Jr . , o f  the NRC s ta f f  indicate that the 
probabil i ty o f  a F3 t ornado s trike is on the order of 1 0-5 ins tead 
of the value of 1 0-3 present ed in the draf t E I S .  The

_
grobability 

of a F6 to rnado has been e s t imated to be les s  than 1 0  which is 
cons idered to be an incredible event . 

1 0 .  Dur ing the development of the draf t E I S ,  a maj o r  e f fort in the fo rm 
o f  l itera ture searches and personnel contacts was made to de termtne 
i f  there was a metho d  by which to dete rmine dos e  under the ext reme 
weather cond i t i ons which result under tornado cond i t ions . As a 
result of this e f fort , the Mound Facil ity c oncluded that any 
dose cal cul at ions would be meaning l e s s  because of the lack o f  
an analyt ical model to determine concentra t i ons . The impact of 
such an event occur ring , howeve r ,  wil l  be negated by d i sc ont inuing 
the prepa ra t ion of the plutonium oxide feed s t ock at the Mound 
Fa c i l i ty by September 3 0 ,  1 9 79 . Feeds tock for heat sources wil l  
be received al ready i n  pr imary encapsula t ion.  Discussio n  of th is 
operational change has been included in the DOE Model To rnado 
As sessment in the f inal EIS on page 3-74 and a l s o  on page 2 - 1 0  
under " Deve lopment and Fabr ication of Rad i o i so top ic Heat Source s 
Fuel ed With Plutonium- 2 3 8 " . 

1 1 . The inc lusion of the s tatement on page 1 - 1  o f  the dra f t  E I S , that 
the e f fe c t s  of offsite transpo rtat ion accident s are no t regarded 
wi thin the scope of the do cument , was an edi t ing over s ight and 
should have been del e ted s ince th is sub j e c t  was addres sed in 
S e c t io n  3 . 1 3 ,  beg i nni ng on page 3-7 9 .  We appreciate your not ing 
this . Se c t io n  3 . 1 3 ,  beginni ng on page 3-81 o f  the f inal E I S , ha s 
been revi sed to mo re appropriat ely addres s the sub ject as in 
comment #6 above . 

Conce rning the po tent ial environment al ri sks and e f fe c t s  of shipping 
rad i oact ive materials in general , the NRC reviewed thi s subject 
tho roughly fo r the prepara t ion of NUREG-0 1 7 0 ,  " Final Environmental 
S t a t ement on the Transportat ion of Radioact ive Mat erials by Air and 
Other Mode s . " According to th is review ,  the NRC determined that 
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the e nv i ronment al impa c t s  of normal trans portat ion of rad ioact ive 
ma terial and the r i sks att endant to accid ent s involving radioact ive 
material shipments are suff ic ientl y  smal l  to allow cont inued ship­
ment s by al l mode s .  Because transpo rtat ion conduc ted under present 
regul at ions prov id e s  adeq ua te safety to the pub li c , the NRC concluded 
that no changes to the regulat ions are needed at this t ime . 

The NRC analys i s  shows that radiation expo sure from no rmal 
transpo rtat ion , ave raged ove r the persons expo sed , amoun t s  to 
0 . 5 mil l i rem pe r year compared to the average na tural background 
expo sure of about 1 10 milli rem per yea r .  Th is repr esent s  a very 
low value for tran spo rtat ion ( approxima tely 0 . 5 percent of natural 
background) of al l rad ioact ive mat erial . Taking into account the 
c ont ribution due only to rad ioact ive was te shipments ( approxima tely 
15 percent ) , the n  the rad iation expo sure to the pub l i c  be come s 
approxima tely 0 . 08 mil lirem pe r year ( 0 . 08 percent of na tural 
background) . Aga i n ,  this is a very smal l  or negligible indiv idual 
contribut ion.  

Wi th respect to po tent ial conseque nces of an accident , " The accident 
risk fo r the 1 9 7 5  l evel of shipping ac t ivi ty , a s  determined from the 
1 9 7 5  survey , i s  very sma ll . . . . .. Only appr oxima tely 1 0  pe rcent of 
this low po tent ial "acc id ent risk "  arises due to transport of 
radwa s te (NUREG-0 1 7 0) . 

As
S

demons trat ed in Table 5-1 6 of NUREG-0 1 70 ,  .. . . . an individual is 
1 0  t imes as l ikely to be kil led as a result of being s t ruck by 
l ightning as he is to d i e  from radiologi cal causes wi thin one year 
following a tran spo rtat ion accident involv ing a shipment of radio­
a c t ive mater ial . "  The table shows that there are commonly accepted 
accident risks ( f ires , drownings , e l ectrocution , hur ricanes , e tc . )  
that are very much grea ter than the acci dent risk o f  tr ansport ing 
ma terial s .  

1 2 .  We bel i eve that the " unbalanced" f requency i n  monitoring these 
envi ronmental media is j us t i fied .  The Miam i  River is a direct 
receiver of ef fluents from the Mound Fac i l i ty while the other 
env i ronmental media are i nd irec t rec e ive r s .  Da ily sampl es are 
taken at f ive locat ions in the Hiami Riv e r .  These sampl es are 
taken to monitor any po s sible direct contribut ion of Mound ' s  
e f f luents to the r ive r .  Community d r i nking wa ter in locat ions 
away from the Mound Fac i l i ty is sampled less freque ntly s ince 
there is no direc t pa thway . Milk is an even more i nd i rec t 
envi ronmental medium than community drinking water and , therefore , 
would require l e s s  frequent sampl ing . 
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1 3 .  The ons ite meteorology program was init iat ed in 1 973 , and was intended 
to provide meteorological data only in the event of an emergency. For 
this reason , the wind rose developed at Wright Patte rson Air Force 
Base has been used . During CY 1 9 78 , the sys tem was modi fied to be 
on DOE ' s Atmospheric Release Advisory Capabil ity (ARAC) sys tem and 
became a functional part of that sys tem during the last  qua rter of 
the year .  

Atmos phe ric dispers ion parameters used for " Fire in a Plu tonium 
Facil i ty" are present ed in the f inal EIS on pages  3-63 and 3-64 , 
for "Accidental Release of Tr it ium" on page 3-65 , and for " Nuclear 
Crit ical i ty Accident " on page E-1 .  

1 4 .  Through CY 1 9 7 7 , there was some doubt a s  t o  the abil ity of  our 
technique fo r tritium anal ysis to monitor atmospheric trit ium at 
levels which refe rences  have quoted as  "background . "  Therefore , 
Locat ion 1 19 has been el iminated in Figures 2-7 and 3-6 and 
Table 3-6 of the final EIS . ( Beginning with CY 1 9 7 8 ,  Loca tion 1 1 9 
i s  used as a "background" value since we have improved our lower 
de tection limi t . ) As far as plutonium-2 38 is concerned ,  there 
was no problem wi th the lower detect ion l imi t ;  however ,  in order 
to be cons is tent concerning the total program , plutonium-2 38 was 
handled in a similar manner in Table 3-1 5 of the final EIS.  ( The 
plutonium-238 results  will  be handled the same as the tritium 
resul t s  in CY 1 9 7 8 . ) 

1 5 .  The plutonium and trit ium s tacks , o r  " release po int s , "  are ident i f ied 
on Figure 2-9 of the f inal EIS and Table 2-2 ( page 2-3 2 )  added to 
present the number of peopl e l iving wi thin a one-half and a one-mile 
radius for each direct ion section from the release po int s .  

1 6 .  I t  i s  the opinion of the personnel a t  the Mound Facil i ty that ac tual 
monitoring data are much more accurate over longer t ime periods than 
that calculated by atmospheric dispe rs ion.  Al so , fo r CY 1 9 7 8 ,  improve­
ments in the analysis  of those radionuc lides which are at the lower 
de tect ion limi t have been made .  Therefore , better quant it ative values 
will be obtained for these rad ionuclides . 

1 7 .  Concerning atmospheric effluents ,  population data are present ed in 
Table 2-1 and Figure 2-1 1 of the final EIS .  Addit ional population 
data have been provided by Tabl e 2-2 as  ind i cated in comment # 1 5  above . 

In regard to tritium liquid effluents , i t  is  to be noted in 
Table 3-1 1 of the fina l  EIS that the concent ra t ion of trit ium in 
the Great ��ami River below Mound ' s  outfall s  is the same concentrat ion 
« 1 . 0 x 1 0  �Ci/ml or < 1 0  percent of the Environmental Protect ion 



10-29 

Mr . Vos s  A .  Moore 9 

Agency ( EPA) Dr inking Water S t andard ) as in the r iver above Moun d ' s 
outfa1 1 s .  This con centr at ion is in the range of the t r i t ium concen­
trat ion observed in area surface water and indicated in Table 3-8 .  
The level i s  also in the range o f  trit ium background values for 
gr ound wa ter in the Unit ed S t at e s .  ( See refe rence 3-7 of the 
f inal E IS . ) Because of the tr itium background level in the r iver 
downs tream and s ince very few area or downstream c i t i e s  use r iverbank 
wel l s  or wel ls d r i l led into the Bur ied Valley Aquife r ,  we bel i eve it 
woul d not be meaningf ul to prov i d e  the populat ion for all downstream 
communi t ies for dose cal cul a t ions . The contribut ion o f  trit ium 
to the af fe c t ed popul a t ion is present ed in Table 3-1 2 on page 3-3 7 .  

1 8 .  A t o t al o f  1 25 a cres o f  the s ite i s  drained by the central ditch. 
S ince the area rec eives about 40 i nches of rainfall per year , 
this means approxima tely 1 35 mil lion gal lons of rainfal l on the 
1 25 a cres . Due to the charac t er' of the s o il and underlying glacial 
t il l ,  approxima tely hal f  of this ra infall i s  drained direc tly from 
the s ite and moni t ored at the exi t  we i r .  S ince the e f f l uent i s  
monitored at the s ite bounda ry , the total effluent is mea sured 
and recorded . 

Except fo r the t r i tium concentrat ion noted in Mound we l l s , the 
Miami sburg wel l s , and the pr iva te we l l s  immed iately ad jacent to 
the Mound s ite and di scu s sed on pag e s  3-3 1 through 3-3 6 , t he 
concentrat ion o f  trit ium in regi onal surface and ground water 
i s  in the same rang e .  This can be no ted in Table 3-8 and 3-10.  
Mos t  of the data ind i cate levels which are within the fluc tuat ions 
of background data pub l i shed by the EPA . The annual dose commi tment 
from t r i t ium above backg round l evels is inc l uded in the e s t imates 
present ed in Tabl e 3-1 2 .  Th is table expl ic i t ly ind ic ate s that 
there is no dos e  commitment beyond the 32 km radius from t r i t ium 
rel ea sed in Mound ' s  l iquid e f f l uent . The 3 . 2  t o  3 2  km area does 
in c lude dose commi tment from t r i t ium in drinking wat er .  

S t a t ements made on pages 3-3 1 a nd 3-34 addres s  the fact that the 
aqui fe r ad ja cent to the fac i l i ty s ite , as wel l  as upgradient locat ions , 
may be impact ed by t r i t i um rainout from stack emi s s ions . Tr i t i um  
in ground water suppl i e s  wh ich a r e  n o t  hydraul i cal ly connected to 
the Bur ied Valley Aqui fer coul d have a trit ium concent rat ion above 
natural background only as a resul t of ra inout from s tack emi s s ions ; 
howev e r ,  s ince the high e s t  average t r i t ium concentrat ion i n  sur face 
wa ter and ground wa ter is 1 . 3  x 1 0- 6  �Ci/m1 and 1 . 9  x 1 0-6 �Ci/m1 
at Wes t  Carrol l t on and Lo cat ion 1 7  ( see Tabl e s  3-1 0 and 3-8) , it is 
apparent that rainout ha s no ma j o r  impact .  The t r i t ium l evels at 
upgradient l o ca t i ons are we l l  wi thin the new EPA t r i t i um s tandard . 
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Mound ' s  comprehens ive inves t igation of  trit ium i n  area water suppl ies 
resul t ed in a de te rmination that  the local area of  the Buried Valley 
Aqui fer suppo rting Mound wells , Miamisburg wells , and several private 
wells  wa s direc tly impacted over several year s by the tritiated l iquid 
effluent discharged through Mound ' s  drainage ditch and the Miami-Erie 
Canal . A large pe rcentage of  the ditch/canal wa ter infil t rates the 
aqui fer as recharge . The liquid effluent prior to 1 9 70 was the 
predominant source by fa r of tritium reach ing the aqui fe r adjacent 
to the Mound s it e .  A year-long s tudy of trit ium in rainwater and 
its  contribut ion to the aqui fe r ad jacent to the Mound s ite showed 
that the stack effluent was a minor source of  the tritium levels 
found in the aqui fe r .  Since the conclusion o f  Mound ' s  inves tiga t ion , 
as presented on pages 3-39 and 3-40 of  the draft  ElS , omitted the 
direc t impact of l iquid di scharges of trit iated water through the 
di tch and canal , we can unders tand that statement #3 on page 3-4 0  of  
the draf t ElS coul d lead to confl ict and confus ion in  following the 
discussion of the impac t of the new EPA drinking water regulat ions . 
The text has been amended accordingly in the f inal ElS . 

1 9 . As indicated in our response to #1 7 ,  the tritium concent rat ion in 
water consumed at downstream locations is  es sent ially background 
even dur ing our pump ing program ;  the re fore , we do not believe there 
is  an available trade off  for lowering the trit ium dos e  to the 
upstream popula t ion ve rsus increas ing the do se to the downstream 
population.  Mound ' s  ef forts to bring local well  water concentrat ions 
into compl iance wi th the new EPA drinking water standard for trit ium 
will be cont inued un t il this pr ima ry obj ect ive is  achieved .  We 
ant ic ipate that al l well  water  wil l  meet the standard early in 
CY 1 9 7 9 .  Pumping wil l  be sustained unt il the lowe s t  possible 
trit ium level , c ommensurate with the program cos t ,  is attained . 

A discussion of the dispos it ion of  all the comments received , c opies of 
all comment letters , a nd DOE responses are included in Section 10 of  the 
encl osed final s tatement . 

Sincerely , 

,� 
C .  Clu senr--

s is tant Secretary for Envi ronment 

5 Enclos ures 
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D e a r  Mr . L iverman : 

RE :  78-0 25 - 1 805 
D-DOE-F06009-0H 

The U . S . Env ironmen t a l  Pro t ec t ion Agen c y  ( EPA) has compl e ted i t s  re­
v i ew o f  the Dra f t  Env i ronmental Impac t Statemen t ( E I S )  for the cont inued 
ope r a t ion o f  the Uound Fac i l i ty ,  Miamisburg , Montgomer y  Count y ,  Oh io . 
We have e nv ironmental reservat ions regard ing the fac i l i t y ' s impac t upon 
private groundwater suppl i e s , noncomp l i ance w i th i t s  Nat ional P o l lutant 
D i s charge E l imina t i o n  Sys tem ( NPDE S )  permi t �  and potent i a l  pub l i c  hea l th 
e f fe c t s  from d i s po s a l  o f  s o l id and l iquid was tes . We a l s o  b e l ieve add i­
t iona l in format ion is requ ired in the E I S . 

Groundwater 

Prior t o  1 9 7 0 , t r i t ium contaminated water at the fac i l i t y  was d i luted 
with raw water t o  b e l o w  the Rad i a t ion Concent rat ion Guid e l ine ( RCG ) o f  
1 mic rocurie per l i ter for t r i t ium i n  potab l e  water and d i s charged to 
the Great Miam i  River v i a  an open d r a inage d i tch . We und e r s t and that 
s ince then , t r i t ium was te wate r s  hav� been c o l l e c ted , pac kaged , so l id i ­
f i e d  and d i spose d  o f  in approved o f fs i t e  bur i a l  s i t e s  t o  reduc e the 
t r i t ium quan t i t ie s  in the fac i l i t ie s ' e f f luent s ,  and thus i n  the Buried 
Va l l ey Aqu i fer , to the l owe s t  l ev e l  ach ievab l e . Furthermo r e , an env i ron­
men t a l  mon i tor ing program for t r i t ium and o ther rad ionuc 1 id e s  was 
e s t a b l ished in 1 9 70 to insure c omp l ianc e with the RCG s t and ard s . In 
1 9 7 5 , the Nat ional Inte r im Pr imary Drinking 'Re g u 1 at ions ( NIPDR) red uced 
th e RCG s t andard for t r i t ium to . 0 2  m i c ro c ur i e  per l i te r . To comp l y with 
th i s  new standard , we note that the fac i l i ty undertook a c omprehens ive 
s tudy t o  deve l o p  a program for a t t a inment o f  the t r i t i um N IPDR . I t was 
dec ided to c ondu c t  h igh l eve l pumping o f  water from the Bur ied Val l e y  
Aqu i fe r  t o  remove i t s  " t r i t ium burden" by d i lut i o n  w i t h  recharge wate r s . 

Ac c o rd ing to Honsanto Rese ar.ch Corpor a t ion ' s Anr.aal Env i ronment al Moni.­
tor ing Repor t :  Cal endar Year 1 9 7 7 . dated Ap r i l  2 5 , 1 9 7 8 , the Hound 
Fac i l i t y  d r inking water and some o f  the nine a f fec ted pr ivate we l l s have 
been brough t into compl ianc e with U . S .  EPAi s NIPDWR fo r t r i t i um .  Wh i l e  
we are p l e ased to see the progre s s  that has been made by the Mound 
Fac i l i t y , i t  i s  imp o r t ant that th i s  e f fo r t  be c ont inued to br ing the 
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rema ln lng we l l s  i n t o  comp l i anc e as exped it ious l y  as po s s ib l e . U . S . EPA 
wi l l  cont inue to have env i ronmen t a l  re servat ions about the c ont inued 
o perat ion o f  this pl ant unt i l  a l l p r ivate or pub l ic d r ink ing wa ter 
supp l ies in the v ic in i t y  of the p l ant meet the NIPDWR for t r i t ium .  

Liquid Was tes 

Monsan to ' s  report a l s o ind i c a t e s  that in 1 9 7 7 , i t  was in c ompl iance 
wi th i t s  Nat iona l Po l l utant D i s charge E l iminat ion S y s t em ( NPDES ) pe r­
mit exc e p t for two minor v io l a t ions invo lv ing s u s pended s o l ids dur ing 
Ju l y . We have add i t iona l informat ion from our En forcement D i v i s ion that 
the Mound Fac i l i t y  a l s o v i o l ated i t s  pe rmit cond i t ions for sus pended 
s o l id s  nine t ime s between January and Apr i l  o f  th i s  year . We under­
s t and that Monsanto has reque st ed a mod i fi c at ion o f  the ir NPDE S permit 
to a l l o w  fo r a greater d i scharge o f  sus pended s o l id s . Th i s  reque s t  is 
current l y  be ing rev iewed by the Oh io Env ironmen t a l  P ro t ec t ion Agency 
and our Perm i t s  Branch . 

I t  i s  st ated on page 2-23 o f  the E I S  that " inc rement a l  l eve l s  o f  non­
rad ioac t ive p o l l utan t s  in the Great Miam i  Rive r res u l t ing from Mound 
Laboratory ' s  l iquid wast e e f f l uent c anno t be me asured in the r iver i t ­
s e l f  because o f  the r e l a t iv� l y  high c oncent rat ion o f  th e s e  p o l lu tant s 
in the r iver • • • •  " Past \{ater qual ity data upstream and d ownst ream 
o f  the fac i l i t y  shou l d  be provided t o  subs tantiate th i s  c onc lus ion . 
Fur ther c l ar i f ic a t ion o f  the s t a tement on page 2 - 2 3  c once rning c om­
po s i te proport iona l sampl ing i s  ne c e s sary . We do no t und e r s tand what 
is meant by " s ome characte r i s t ic s  and c ompo s i ted furthe r for other 
ana l ys e s  • •  " Accord ing to the Monsanto re port , each 2 4 -hour c ompos ite 
sam p l e  for each e ff l uent stream is c o l l e c ted automa t ic a l l y  and is 
anal yzed fo r tho se wat e r  qua l i t y  parame ters spe c i fied in the NPDE S 
permi t .  

Org an i c  wa s te s o l vents used in 1 9 7 6  at the fac i l i t y  inc l uded ace tone , 
e t h y l  a l c oho l ,  t r ich l o roethyl ene , t o l uene , and Freon TE and TF . 
Ac c o rd ing to the E I S , o f  the 3 6 0 0  ga l l ons o f  organic s o l ven ts used 
at the fac i l i t y ,  2 200 g a l l ons were d i s posed o f  by a c omme rc i a l  indus t r i a l  
was te d i s p o s a l  f irm us ing a F l uid i z ed Bed Inc ine rator , 1 3 0 0  g a l l ons 
we re r e l eased as a i rbo rne ma teria l ,  and 100 g a l l on s  we re re l eased as 
" l iquid e f f l uents . "  It shou l d  be exp la ined how the se " l i quid e f f l uent s" 
we re d i s posed and i f  was te so l vents of this k ind are usual l y  re l eased 
in the manne r d e s c r ibed . C l a r i f i c a t ion a l s o  shou ld be provided on 
how it is known that c oncentrat ion o f  the was te so l ven t "re l e a s e s  
are within E P A  standard s . "  The E I S  should d i s c u s s  the t o x i c  prope r t i e s  
o f  the se organ i c s  and the i r  carc inogenic charac te r i s t ic s . T r i c h lo ro­
e t h y l ene has been shown to be c arc inogenic in anima l s . 

The me thod o f  s t o rage and u l t imate d i sposa l o f  Other Liquid Was tes 
by a " commerc i a l  serv ic e "  sho u l d  be out l ined more c l ear l y  for wast e 
c u t t ing-o i l s , exc e s s  paint s , th inne rs , and wast e c aus t i c  s o l ut ions . 
A l s o , the recons t i tut ion o f  chromic ac id � c admium c yan id e , n ic ke l  
s u l fate , n i c ke l  c h l oride , b l a c k  oxide , and c o ppe r c yanide shoul d  be 
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more c l ear l y  d e f ined and t e s t ing r e s u l t s  should be pre sented t o  show 
that the s e  chemic a l  s o lut ions are " never introduced to the l ab o ratory 
l i quid e f f l uent s t ream" o r  the fac i l i ty ' s s t orm sewe r s  from c l ean-up 
prac t ic e s . 

So l id Wa s t e s  

W e  note that "was t e  and exce s s  exp lo s ive s are d e s t royed b y  burning . • . I I  

Th e EIS shou l d  c l ar i f y  the ac t u a l  method used and i t s  bene f i t s  over 
other d i s po s a l  method s .  The burn ing s i te is s a id to be l o c ated in a re­
mote area of the p l ant wh ich a f ford s s afe d i s tanc e s  for p l ant pe r s onne l 
and pro p e r t y  as we l l  as pe r s ons and prope r t y  ou t s ide the p l ant . An 
exp l anat ion should b e  provided o n  wh y the burning s i te i s  though t to 
be at a s a fe d i s t ance f rom pe r s ons both ins ide and out s ide the fac i l i ty . 
Th e chem i c a l  c ompo s ite s o f  the was te and exc e s s  exp l o s ive s , and / o r  the 
pre s ence o f  tox ic mat e r i a l s  in a i r  emi s s ions , shou ld be ment ioned . 

The E I S  sho uld a l so d i scus s the po tent i a l  env i ronment a l  r i sk s  and e f fe c t s  
o f  sh ipp ing and d i s po s ing radwa s te in approved o f f s i t e  b u r i a l  g round s . 
Pro b l ems a s soc ia ted with the re l ea s e  o f  c la s s i f i e d  and unc l as s i f ied rad­
was te po l l u tant s ( a s s oc iated with t r i t ium , p l uton ium , po l on ium , tho r ium-
2 3 2 » uranium- 2 3 3 � uranium-2 3 5 , rad i um- 2 2 6  and ac t inium- 2 2 2 ) into the 
env i ronment from the b u r i a l  gro und v i a  a i r  or wa ter pathway s shou ld be 
addre s sed in d e t a i l . The d e s ign l i fe o f  "DOT-approved conta iner s "  for 
radwa s t e  and the env i ronmental mon i t o r ing prog rams that ex i s t  to insure 
the inte g r i t y of the containe r s  at the approved d i s po s a l  s i t e  should 
be d i s c l o sed . 

In acco rd anc e with U . S .  EPA r e g u l a t ions , we have c l a s s i f ied the pro j ec t  
a s  E R  ( env i ronmenta l r e servat ions ) and the E I S  a s  2 ( ad d i t iona l in for­
ma t ion nec e s sary ) . The date and c l as s i f i c a t ion o f  our c omment s wi l l  be 
pub l i shed in the Fed e ra l  Reg i s t e r . Sho u l d  you have any que s t io n s  re­
gard ing th i s  l e t te r ,  p le a s e  c ontac t Mr . Robe r t  Kay at 3 1 2 / 3 5 3- 2 30 7 . 

S incere l y , 

4�tl l"'7)zadd:i!.-
Rona l d  L .  Mus t ard , D i r e c t o r  
O f f ic e  o f  Fed e r a l  Ac t iv i t ie s  
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U . S .  Environmental Protect ion Agency 
230 South Dearborn Street 
Chicago , IL 60 604 

Dear Hr . Musta rd : 

Thank you for your lett er of  June 2 3 ,  1 9 7 8 ,  with comments on the 
U . S .  Department of Energy ' s  (DOE) draft Environmental Impac t S tatement 
(EIS ) on the }1ound Fac il i ty ,  Miami sburg ,  Ohio , DOE/EIS-00 1 4-D . 

We concur with your summary of  the sour ce of the tritium prior to 
1 9 70 which entered the port ion of the aquifer that is the source of 
po table wa ter for seve ral private wells and the Hound Fac il ity . 

The correct ive action ins tituted in 1 9 7 6  to reduce the tritium burden 
of the aqui fer  in order  to ach ieve compl iance wi th the Environmental 
Protection Agency ' s  (EPA) new Nat ional Inte rim Pr imary Drinking Water 
Regulat ion ( NIPmvR) involved high-volume pumping from 
the po rt ion of the aqui fer wi th an elevated t rit ium content . The pumping 
program reduced the area of the aquife r  with a tritium content above 
20 nCi / l iter from 52 acres in Apr il 1 9 7 7 , to 1 7  acres in June 1 9 78.  It 
i s  ant ic ipat ed that cont inuing the pumping will reduce the tritium content 
of the water from all wells  in the aqui fe r to meet the NIPDWR for t ritium 
by ear ly in CY 1 9 79 . Rout ine s tatus reports  on the effect ivenes s  of 
}1ound ' s  aqui fer pumping program have been given to the Direc to r ,  Air 
and Hazardous Material s  Div i s ion , EPA , Region V ,  s ince April 1 9 7 7 ,  in 
order to keep the EPA apprised of this corrective action program .  

Under the subje ct o f  Groundwater , your letter stated that .. . . .  an 
envi ronmental monitoring program for trit ium and other rad ionuclides  
wa s es tabli shed in 1 9 70 to insure compl iance with the RCG standards . "  
Hound ' s  envi ronmental monito ring program wa s es tabli shed befo re 
ope rat ions we re undertaken at this facil ity in 1 94 9 .  In 1 9 7 0 ,  Mound 
voluntarily t ightened its  ef fluent cont ro l program by progres sively 
reduc ing the annual quantity of t ritium in stacked effluent and by 
discont inuing the discharge of tritium process  l iquid waste in favor 
of colle ct ion,  solidification, and off site burial in order to reduce 
the envi ronmental impac t  on the Buried Vall ey Aquife r .  As the draft 
EIS rec ount s ,  the programma t ic change in liquid was te proce ss ing made 
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a very signi f icant reduc t ion in the observed concent rat ion of trit ium 
in the Bur ied Valley Aquife r .  The current effort of pumping the aquifer 
wil l  be cont inued to achieve compl iance with the NIPDWR at  an early 
date rather than wai ting for the aqui fer to be cleansed or flushed by 
its  own nat ural dev i ce s .  

On the subject of l iquid wa st e ,  a s  discussed i n  your comments , i t  
is  correct  that the concent ra t ion o f  suspended solids exceeded the 
Na t ional Pollutant Discharge El imination Sy stem (NPDES)  l imit nine 
t imes between January and Apr il of 1 9 7 8 .  The draf t E I S ,  in covering 
operat ions through CY 1 9 7 6 , indicated that the re were no violat ions 
of the NPDE S permit .  The f inal EIS covers operat ions through CY 1 9 7 7  
and indicate s that there were two violations o f  the suspended solids 
limit dur ing Jul y .  It  is  important  t o  note t hat i n  Mound ' s  NPDES permit , 
a more res tric tive limit  wa s placed on the discharge of suspended solids 
for operat ions after July 1 ,  1 9 7 7 , for discharge outfal l 0 0 1 .  Since 
monit oring and analysis  of water at  outfall 0 0 1  includes storm water 
runof f ,  it is somet ime s impossible to meet the more restric t ive limit 
in the pe rmit . The issuance of separate  permits  for outfal l 001  and 
the effluent from t he sanitary treatment facil i ty woul d enable Mound 
to sho\V compl iance of the sanitary was te effluent with the permit 
requi rement s and not have this ef fluent degraded by storm water runof f 
wi th naturally high suspended solids . 

The s tatement on draf t EIS  page 2-23 t ha t  " incremental levels of 
nonradioact ive pollutant s in the Great Miami River re sul t ing from Mound 
1aboratory ' s liquid wa ste effluent cannot be measured in the river itself 
because of the relatively high concentrat ion of the se pollutants already 
in the river . . . .. is subs tant iated by recent river analyses  showing , for 
exarlpl e ,  iron in the range of 2 t o  1 1 8 mg/ 1 whereas Hound ' s  effluent s 
were in the range of 0 . 34 t o  1 . 2  mg/ 1 .  Ohio ' s  stream standard for iron 
is  1 . 0  mg/ l and al lows for a mixing zone below an outfal l .  A mixing 
zone woul d  provide a minimum dilution factor of 350 .  Mound ' s  iron 
contribut ion to the river would be below the standard by two order s 
of magnitude and have no detectable influence on the high levels of 
iron al ready in the rive r .  The same can b e  shown f o r  other parameters 
for which Ohio has s tream s tandard s .  Us ing a table i n  the E I S  showing 
the level of pollutant s above and below Mound can be very confus ing 
even to an informed layman s ince on many occas ions the levels are 
h igher downstream than ups tream because of the location of various 
s to rm water di scharges  to the river and the fact that the Hiamisburg 
sewage trea tment di scharge is located ad jacent to }lound ' s  southe rn 
di scharge po int carry ing outfall 002 .  For tho s e  paramet ers for which 
Ohio has a s t ream s tandard , we find that the level  in Mound ' s  ef fluent 
is normally within or ve ry c lo s e  to the standard without the cons iderable 
dilut ion the river mixing zone would prov ide • 

• 
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The discussion on page 2-2 3 in regard to some w�ter samples being 
.. . . .  examined directly for some charac teristic s  and compo sited further 
for othe r  analyse s . . . .. cove rs both radioact ive and nonradioact ive 
parameter analyse s .  Daily sampl es  are composited into weekly composite  
samples for plutonium analyse s s ince specific analysis for  plutonium 
involves a l engthy chemical separa t ion , electrodepos ition onto a phanchet 
and then a long-term alpha pulse  height counting tecnnique . The daily 
sampl es are sc reened for plutonium content by a gros s alpha procedure 
for an early indication of plutonium levels . 

In regard to the organic was te solvents disposal , the estimated 
1 00 gallons released ove r the year  in l iquid effluent resul t  from 
disc ards into laboratory sinks , .  fumeho ods ,  e tc . , from intermit t ent 
us es  of small  quant it ies not feas ible for accumulation and collection. 
The s inks , fumehoods , e tc . , a re part of Mound ' s  sani tary waste  sys tem 
and di scharges receive trea tment in the sanitary was te di sposal plant . 
The effluent from this treatment plant is monitored . No specific 
analyses are perfo rmed for these solvents ;  however ,  the chlorinated 
solvent s woul d be detected by Mound ' s  oil and grease analyses and the 
o the rs (acetone , alcohol , e tc . )  woul d be included in the biologi cal 
oxygen demand analyse s .  Ne ither of these parameters exceeded NPDES 
l imi tations dur ing 1 9 7 6 or 1 977 . 

" Ot he r  liquid wast es"  a re s to re d  in 5 5-gal lon Department of Transportat ion 
( DOT) 1 7E drums prior to pickup by a commercial industrial waste disposal 
f i rm.  Ult imate  dispo sal by thi s firm is achieved by util iz ing a subs tant ial 
amount of the wastes  to neutral ize othe r  was tes at their was t e  dispo sal 
facil ity and by rec lamat ion of waste oil s  for us� in " coal oil ing .  " 

Concerning plat ing bath solutions , the baths are never discharged into 
t he plant l iquid effluent . Thes e solutions are disposed of  through a 
commercial industrial was t e  disposal firm . The fir s t  rinse and clean-up 
wastes  are collected and used for new bath makeup. Subseq uent rins ing 
solutions are discharged into Mound ' s  sani tary waste  system .  The 
di scharge from the plat ing shop feeds into a " deepened " manhole which 
s erve s  as an equil iza t ion tank of several hundred gallons capacity.  A 
24-hour compo sition sampl e wa s colle cted from this tank on two different 
days and analyzed . The samples represent the plat ing shop effluent prior 
to mixing wi th othe r  was te s treams . The laboratory analyses are l i sted 
bel ow. 

Metal Concentration (mg/ 1 )  

Chromium (0 . 05 0 . 1 1  
Cadmium 0 . 02 0 . 09 
Nickel 0 . 24 0 . 1 5  
Coppe r  • 0 . 1 0 . 28 
Cyanide 0 . 0 2  1 . 0  
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Sect ion 3 . 6 . 2 has been revised in the final EIS on pages  3-1 3 and 3-14  
to clarify the issues you rai sed under " Liquid Wastes . "  

Excess  explo s ives and wa ste materials contaminated with explo s ives are 
destroyed by open burning as discussed on page 3-14  of the final EIS.  
This is  done according to u . S . Army Materiel Command Regulat ions 385- 1 00 
(Army Ordnance Manual) . This is  currently the safes t  and best method 
available to the Mound Facil i ty for deact ivat ing this ma teria l .  The 
burn site is in the south central sect ion of the facili ty site , remote 
from all other plant operat ions . The burn s ite is  fenced and acces s 
is  controlled by a locked portal . The nearest public res idence is  some 
1 , 000 feet away , outside another fence wh ich controls and restric t s  
public access to the Mound Facil i ty .  Since only small quant it ies o f  
explos ives materials are burned i n  open a i r  i n  a physically conf inea 
area under direc t supervision ,  safe ty for employees and the public is 
as sured . This small  scale burning is conduc ted with the knowledge and 
concurrence of the Ohio EPA and Montgomery County Combined General Health 
Distric t . The po ss ible pr esenc e  of pollutant s in air emiss ions is covered 
in Table 3-5 on page 3-1 5.  

The discussion of Mound ' s  radwaste shipments and subsequent disposal 
has been expanded in the f inal EIS , Sect ion 3 . 1 3 ,  beginning on page 3-8 1 .  
In addi t ion to a thorough discussion of shipping container integrity to 
comply with str ingent DOT regula tions and special-pe rmit transportation ,  
the discussion cove rs the various was tes which are shipped to four bur ial 
sites .  The four s ites are ident ified and their disposal/ s torage methods 
indicated . Each s i te ' s act ivi t ies are conduc ted according to good 
radwaste management prac t ices . Other than the fact that each s ite is 
adequately s taf fed wi th pr ofes sional personnel and operate monito ring 
programs to as sure that wastes  are s tabil ized at the bur ial locat ion , 
�ound does not have monito ring informa t ion or s ite environmental 
assessment s .  These would have to be obtained from the burial site  
operators . 

The Mound Fac il ity currently ships its  rad ioact ive was tes to the following 
offsite  bur ial/ storage grounds : 

a .  Chern Nuc lear Sy s tems , Inc . , Barnwell , South Carol ina 

b .  Savannah River Plant , Aiken , South Carol ina (DOE f ac il ity)  

c .  Nevada Tes t  Site , Mercury , Nevada (DOE facility )  

d .  Idaho National Enginee ring Labora tory , Scoville , Idaho 
(DOE fac ility)  
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Mound nei ther s to re s  nor bur ies any radioact ive wastes ons i t e .  The was te 
form , method o f  packaging , and mode of shipment d i f fe rs for Mound ' s  
ut iliza t io n  of each of these dispo sal s ites . 

A discussion of the dispo s i t ion o f  al l the comments rece ived , c opies of 
a l l  c omment l e t t ers , and DOE responses are included in S e c t ion 1 0  o f  the 
enclosed f i nal ElS . 

S i ncerel y , 

Enclo sure 

c c :  Hr . Wil l i am N. Hedeman, Dire ctor 
Office of Federal Ac t iv i t ies ( Code A-1 04 )  
u . s .  Env ironmental Pro tec t io n  Agency 

a�for Env ironment 
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D E PARTM E N T  OF' AG R I C U LTU R E  
O FF I C E  O F'  T H E  S E C R ETARY 
WAS H I N GTON. O. C . 2 0 2 5 0  

Mr . W.  H .  Penn i ngton , Di rector 
Offi ce of NEPA Coordi nati on 
Department of Energy 
Wash ington , D. C .  20545 

Dear Mr. Penni ngton : 

We have had the draft envi ronmental statement for the 

Mound Faci l i ty,  Miami sburg , Oh i o ,  ( ooE/E 1 S-001 4-D) 

revi ewed i n  the rel evant agenci es of the Department of 

Agricul ture , and comments from Forest  Servi ce are 

encl osed . 

S i ncere ly ,  

BARRY R .  F 
Coordinator 
Offi ce of Envi ronmenta l  Qual i ty Acti vi ti es 

Encl osure 



10-40 

Forest Service Comments 

Re : DRAFT ENVIRONMENTAL STATEMENT (DOE /EIS-0014-D) 
MOUND FACILITY, MIAMI SBURG , OHIO 

Since const ruc tion o f  this facili ty is complete, we ant icipate 

li ttle adverse effect on forested land from con t inued operation . 

When the land returns to private ownership , if f irewood is taken 

of f and burned, ther e should be assurance that radioact ive substances 

(e . g . , I 131 , I 1 3 2 , I 1 3 3 ,  etc) will not be inhaled by persons 

or animals . 
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Office of Environmental Quality Ac tivi ties 
Of f ic e  of the Secretary 
Department of Agricult ure  
Washington,  DC 20250 

Dear Mr . Flamm : 

Thank you for your le tter of June 3 0 ,  1 9 7 8 ,  wi th comments on the 
u . S .  Department of Energy ' s  (DOE) Draft Environmental Impac t Statement 
(EIS)  on the Mound Facil ity , l1iamisburg , Ohio , DOE/EIS-00 14-D. 

Operat ions at the Hound Facil ity involve only two radionuclides which 
c ould be cons idered as s ignificant to the comment forwarded from the 
Fores t  Service . These radionuclides are tritium and plutonium-238.  
Only trace quant it ies of f ission produc t s  are used . 

Since t ritium 'readily exchange s  with the hydrogen in the water molecule s ,  
trit ium uptake i s  readily ac compl ished i f  the root system of  a tree has 
a wat er source cont aining tritium. Equil ibrium would exist  between the 
trit ium in the wa ter of the tree and the water in the soil . No long-t erm 
buildup or concent ration of tritium in tree s woul d occur . 

Plutonium does exhibit  a very sl ight buil dup in tree s .  A recent 
j ournal artic le , "A Compartment Model of Plutonium Dynamics in a 
Deciduous Forest  Ecosys tem , "  C .  T. Garten , Jr . , e t  al . , published in 
Heal th Phys ics , Volume 34,  No . 6 ,  June 1 9 7 8 ,  pages  6 1 1-620 , discusses 
a s tudy at  the Oak Ridge National Laboratory of  a 30-year-old fores t 
growing in an area whose soil had an ave rage plutonium concentrat ion 
of 65 picocuries per gram. The inves tigators estimated under !�ose 
conditions that the annual �rans fer coef fi cient s were 1 . 7  x 1 0  for 
soil to roots and 1 . 7  x 1 0- for root s to wood of the tree or 2 . 9  x 1 0-8 

for  soil to wood of  tree. The inves tigators also found that mos t  of  the 
plutonium remained in the res idue af ter burning and was not airborne . 
Therefore , it  is bel ieved that the use of firewood from any tree s on 
the plant s ite would not constitute any hazard . 



-
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A discu ssion o f  the dispo s it i on o f  al l the c omments received , c op ies o f  
all c omment lett ers , a nd DOE responses are included i n  S e c t ion 1 0  o f  the 
encl osed f inal ElS . 

Sincerely , 

t'T� .� 
Ruth c .  C1us� 
Assis tant Secretary for Environment 

4 Enclosures 
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MIAMI VALLEY ENVI RONMENTAL COALITION 
CITIZ£N$ foO' Clt.l.N "" COMMITTU of 'hi M!&.M' V-.lLfY1.UNG ASSOCIATION · DAYTON AUDUaOH 500CfETY 
lE.. GUI or WOMEN VOTEtS OF THf GUATU DAYTON "'t" • SflLLWATU RIVU A S 500CIATION .  INC. 
AM( ItIC.t..N ".S�OCIATION OF UNIV(ItSITY WOMEN . DAYTON BlANCH • nCUMSEH GltOup' . S'UtA ClUI 

July 10 , 1 9 7 8  

w .  H.  Pennington 
Di rec tor 
O f f i c e  of NEPA 
Coord inat ion 
Departmen t of Energy 
�ashiDgton , D . C .  20545 

Dear Mr. Penni ngton : 

Please Reply to: 

We a p p rec i a t e  the ext en s i on y our offi ce gave our organ i z a t i on so that 
we mi ght subm i t  commen t s  on the d r a f t  environmen t a l  impact s t a t ement 
for the Mound Fac i l ity . 

S�1Y ' � / 
c, //#i�/'��� 
Ma r i an S .  Simmon s , Ch airpe rson 
Hi ami Va l l ey Envi r onmen t a l  Coa l i t ion 

J-1SS : krv 

Enc l osure 
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In April 1978 , the· Depar tment of En ergy i ssued 8 document en t i t l ed , "Draf t  Environ­
mental  Impact Sta t emen t , Mound Fa d 1ity , Mi amisburg . Ohio . "  Seri al  number DOE /EIS-0014-D .  
The purpose o f  thi s  document was t o  comply wi th the Nati on a l  Env i ronmen t al Policy Act 
of  1 9 6 9  (NEPA) . The first comment  is that  this document is , for the most  part , a ver­
b a t i m  copy �' , f  B document i s sued in Ju ly 1 9 7 5 . Th i s  ea r li e r  documen t is  ent i t l ed , 
"Omn ibus Env i r onmen t al Assessment , Mound Laboratory , Mi arn:i sburg , Ohio . "  I t s  serial 
n umber is MLM-�J-75-6 7 -000l . 

Basi cally the two documen t s  are the same . The mos t" important d i fference between t h etIi 
i s  that in many of the tabl es , the 19 7 6  d a t a  i s  used in the J a ter  documen t , whi l e  1 9 7 4  
d a t a  i s  used in the earlier  on e .  However , i t  a ppe ars as  i f  8 0 - 9 0  per cent of the words 
and s t a tement s  in the two d ocument s  is i d en t i c a l . Therefore , the conc lusion is t h at 
the d ra ft envi ronmen tal i mpa c t  s t a t ement i s  not  an up-to-d a t e  documen t .  I t  i s  truly 
not ba sed on new though t s , new i d eas , n ew analysis of d a t a .  I t  i s  rather j us t  a 
s e l f-se rving documen t  the main purpose of wh i ch i s  to perpe tuat e wh a t ever is  going on 
at Mound Fa ci l ity • • •  be it bene fi c i a l  or not . 

An examina t i on of the Federal Regul at ions , wh i ch we re ena c t e d  pursuant to NEPA and are 
found in 4 0  CFR , 1500 , says that  the purpose of an impact s t atement is to have a l l the 
Fed e ral agenc i es "to the ful l est  ext ent possibl e ,  d irect  their pol i c i es , p lans and 
programs to protect  and enhan c e  envi ronmental  qua l i ty . "  Among th e requi remen t s  of the 
regu l a t i ons is that the Fed e ra l  agen cies  sha l l  circu l a t e  a d raft envi ronmen t a l  s t a te­
ment not on ly t o  othe r  Federal a gen c i e s  and loca l a genc :i es but  a l so to the pub l i c  as 
we l l  and to consider the commen ts of the a genci  es  and the p ubl i c , and f i na l ly , to 
i ssue an envi r onmental  :imp� c t  s t a t emen t that  is  respo�s ive t o  the comments received . 
Th ree years a go ,  comments we re presented on Omnibus Envi ronment a l  Assessment Sta t ement . 
However ,  the current document , the Draft  Envi ronment a l  Impact  S t a t ement , sh ows no 
evi dence' that any commen t s  h ave been consi dered in the past three years . Since the 
two d ocumen ts  a re so very simi lar , were the previous comments c omp l e t e ly i gnored ? 

Another general c ri t i c i sm o f  th e EIS i s  that  there is  no consi derati on o f  the impact  
o f  the  Mound Fac i l i ty on other Federal  a c t ivi t i es in the  are a .  This requirement is  
found in 4 0  CFR 1500 . 8 .  It is  evi dent  tha t the re are  at  least  two other l arge Federal 
s i t e s  in the general area of Mound Fa c i l ity . One of these insta l l at i ons , Wri ght 
Pa t t e rson Al I Force Ba se (WPAFB ) , c ou l d  be a dve rsely affected by a i rborne ra dioactive 
material  i n  va rious ways . Two possible e ffe c t s  on WPAFB o f  radi oa ct ive mat e ri a l  are 
an i n c rease of air  pol lut i on whi ch wou ld cut down on vi s i b i l i ty and the presence o f  
i oni ;, - 1')8 rad i a t i on whi ch may int erfere wi th t h e  communicat ion sys t em .  

The very f i rst  para graph o f  the EIS indi cat es that  there i s  a maj or omi s s i on i n  the 
s ta t ement because i t  is sai d tha t a d i scuss ion of off-s i t e  t ransportat ion is deemed 
to be beyond the s cope of thi s  d ocumen t . I f  such off-s i t e  t r ansport a t i on of radio­
a c t ive and h azardous mat e ri a l  is not inc l uded in th i s  documen t ,  it i s  d i ffi cu l t  t o  
see  how the document c an comply wi th the requi rements  that the p l ans and program at 
the Mound Fac i l ity prot e c t '  and enhance envi ronmental  qua1i ty ' to the fullest ex.tent  
possibl e .  The document i t se l f  s t a t e s  that ove r 6 50 , 000 peop le live in Mont gomery 
Coun ty . Thi s  gr eat  number of people a re being put at r i sk due to the t ransportation 
o f  rad i oactive and oth er h a z ardou s  and dangerous ma teri als  th rough th e communi ty en 
rou t e  t o  and from Mound Fa c i l ity . The re fore , we bp.l i eve the l a ck of consi derat ion 
given to off-s i te t ransportat i on i s  a maj or d e fect  in -th i s  EIS . How can this omi ssion 
be j us t i fi ed? 
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Sev e r a l  p l a c e s  i n  S e c t i on 1 of the EIS con t a in c omments c on c e nl in g  d e c on t amin a t i on 
of t he fa c i l i t i e s .  How mu ch wou l d  such d e c on t a m i n a t i on co s t ?  �� a t  p e r c e n t  o f  d e ­
c on t ami n a t i on c o u l d  be a ch i eved ? And , mos t i mp o r t an t ly . h ow wou l d  the d e c on t amina­
t i on be a c comp l i sh e d ? Th i s  l a t t e r  i s sue r a i s e s  s eve r a l  i mp o r t a n t  q u e s t i on s . How 
wou l d  t h e  �a s t e  f r om t h e  d e c on t ami n a t i on be h an d l e d ?  How wou l p i t  be t r an spo r t e d ? 
�"h a t  wou l d  i t s  f i n a l  d e s t in a t i on be ? I f  thi s d e c on t am i n a t i on i s  so r e a d i ly a ch i eved , 
why n o t  d e con t ami n a t e  the Mi ami -Er i e  Can a l ?  

Al s o  f ound i n  S e c t i on 1 o n  P a ge 1 - 2  t h e  s t a t emen t t h a t  t h e  l a n d  n o r t h , e a s t  a n d  w e s t  
of t h e  f a c i l i t y i s  r e s i d en t i a l  h ou s in g  wi th r e l a t ive ly l ow popu l a t i on d e n s i ty . This 
is a mean i n g l ess s t a t eme n t  b e c a u s e  i t  is n o t  c l e ar wh a t  the p opu l a t i on d en s i t y  is and 
why i t  is c a l l e d " r e l a t iv e l y  l ow . "  (MVEC c omme n t e d  on th i s  subj e c t  i n  the p revious 
As s e s &men t  d o c ument ) .  Th e re a re i n  Mi ami sburg s u r r oun d in g  Nound Lab r e s i d en t i al 
h omes , a p a r t men t s , s ch o o l s - -b o t h  e l emen t a ry a n d  h i gh s ch ool , shopp i n g  a r e as , and 
chu r ch e s . Ev en i f  th e r e  were " r e l a t iv e ly l ow" popu l a t i on d en s i t y , the que s t i on s t i l l  
rema in s , shou l d  even a few peop l e  b e  e xp o s e d  t o  any unn e c e s sary r i sk? Wh a t  c r i t e ri a  
we r e  used i n  d e s i gn a t in g  pop u l a t i on d en s i t y ? 

Th ere i s  a s t a t emen t on p a ge 1-2 c on c e rn i n g  the c on c en t ra t i on o f  t r i t i um in we l l  
�a t e r  n e a r  t h e  p l an t  wh i ch i s  i n  t o t a l  c on t ra d i c t i on to s t a t emen t s  ma d e  on p a ges 3-38 , 
3-4 1 . In v i ew of the new Fe d e r a l  Dri nk i n g  Wa t e r "  S t an d a r d s , a p p a ren t l y  we l l s  i n  the 
vi c i n i t y o f  Moun d  Labora t o r i e s  a r e  not i n  c omp l i a n c e  wi t h  the p roposed EPA s t a n d a r d s . 
A l s o , t h e  wa t e rs a t  the j un c t i on o f  the d r a i n a ge d i t ch a n d  t h e  Mi ami -Er i e  Can a l  are 
a p p rox i ma t e l y  s even t imes the p roposed s t a n d a r d . I n  pa s s in g  it i s  n o t e d t h a t  on 
p a g e  3 -4 0 ,  th i s  c on c en t r a t i on i s  expr e s s e d , for S ome r e a s on , in mi c r o c u r i e s  p e r  
mi l l i l i t e r  r a t h e r  than mi c ro c u r i e s  pe r l i t e r ,  wh i ch are t h e  un i ts o f  t h e  s t a n d a r d . 
Why? A ls o ,  o"n the s ame p a ge , i s  t h e  s t a t emen t  t h a t the c u r re n t  c on c ent r a t i o n  of 
t r i t i um at the e i gh t  l oc a t i on s  wh i ch a re n o t  i n  comp l i an c e  wi th the proposed d r i nking 
wa t e r  s t an d a r d s  a re n o t  a h e a l t h  haza r d  to the p e op l e  u s i n g  the w a t e r . Thi s  s t a t ement 
i s  rep e a t e d t wi c e .  Howev e r , th e re is n o  j u s t i f i c a t i on g i v e n  for th i s  s t a t e men t . What 
i s  the basi s for t h i s s t a t emen t ?  The i mp l i c a t i on i s  th a t  there is s omehow a s a f e  
l evel to wh i ch human b e i n gs c an b e  expo s e d  wi th n o  h e a l th h a za r d . Th e f a c t  o f  t h e  
ma t t e r  i s , o f  cour s e , t h a t  su ch l evel s  h av e  n ot been e s t ab l i sh e d  by u n an i mous a gre ement 
among th e e xp e r t s . Th e r e  is subs t an t i a l  body of e vi d en c e  that t h e re is nc t h r e s h o l d  
b e low wh i ch n o  a dv e r s e  h e a l th e f f e c t s  o c c u r  d u e  t o  r a d i a t ion 

On p a ge 2-8 i s  d e s c r ibed a t r i t i um con t r o l  s y s t e m .  Th e re d o e s  n o t  a p p e a r  to be any 
c on t rol o r  any method to r e p o r t  t r i t i um emi s s i on s  t h a t  d o  n o t  o c cur th r ou gh t h e  s t a cks . 
I s  thi s c o r r e c t ?  S u ch emi s s i on s  c ou l d  o c cur wh e n  t h e  t r i t i um i s  f i rs t b e i n g  u n l oa d e d , 
b u t  s u ch emi s s i on s  c o u l d  a l s o  o c c u r  wh en g a s  c on t a i n ing sma l l  amoun t s  o f  t r i t i um a r e  
s t or e d  an d a c c i den ta l ly v en t e d .  One e x amp l e  o f  s u ch g a s  i s  the gas c o n t a ining h e l i um 3 .  

Th e l a s t  p a ra graph on p a ge 2 - 9  e n t i t l e d ,  "Tr i t i um Con t ro l , "  i s  a lmost a ve r b a t im copy 
of the f i r s t  p a r a gr aph on p a ge 2 -13 o f  the "Omn ibu s Env i ronme n t a l As s e s smen t . "  Th i s  
p a r a graph t a lks abou t th e new w o rk in p r o gress t o  deve l op me t h o ds t o  c on t ro l  t ri t i um  
emi s s i ons . The p a r a gr a ph s ay s  t h a t work on s u ch s y s t ems i s  c u r r e n t l y  p ro c e e d in g  • •  

t h a t  a n ew l ab o r at o ry , i n c o r p o r a t in g  seve ra l e xp e r imen t a l  s y s t ems on a p i l o t s ca l e , is 
b e i n g  c omp l e t ed to d evelop and d emons t ra t e  t e chnol ogy an d e q u i pmen t .  It i s  a lmo s t  
humorous t o  r e a d  the s ame w o r d s  a f t e r  t h r e e  y e ar s ! One r e a l ly h a s  t o  d ou b t  t h e  s in­
c e r i ty o f  th i s  Env i r onmen t a l  Imp a c t  S t a t emen t . Wha t  is the s t a t us o f  th i s  p r oj e c t ?  
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Al;. E' t a t ed in the comme n ts made t o  the document  :I s sued three years ago , in ord e r  to 
s t udy the envi ronmen t a l  i mpact of the Mound Faci l i ty to the fu ll est ext ent possible , 
c onsi d e ra t i on must  be given t o  the e ffect of emi t t ing i roni zing radiat i on into the 
a tmosphere a round Da y t on ,  Oh io . I t  is a wel l -e s t ab li shed fact that the Day t on area 
suffe rs from the h igh e s t  con cen t r a t i on of phot ochemi c a l  oxi d ants  in the en t i re s t ate . 
I t  i s  d i ffi cu l t to un derstand these high con cen t ra t i ons of photochemi c a l  oxi d ants  
when th e  d ensity of a u t omob i l e  t ra f f ic  i s  not  so high as i t  is in some other  part�  
of the s t a t e .  One p ;  usib l e  exp l an a t i on for such  high con c entr a t i ons of phot ochemi cal 
ox i d ants i s  tha t t h e  r a d i oa ct ive emi s s i ons f r om Moun d a c t  as  a ca t alyst  for the for­
ma t i on of th e s e  pol l u t an t s .  Other chemi cal  react ions whi ch are s t i mu l a ted by sma l l  
amoun ts  of  r a d i oac tive ma t e ri a l  are known in t h e  fi e l d  of chemi s t ry .  Th e r e f or e , in 
ord e r  t o  do a ful l  Envi ronment a l Impact  S t a t emen t ,  s ome con sidera t i on shou ld be given 
t o  Mound Fac i l i ty ' s pos sibly impor t ant and unique contribut ion t o  the photochemi cal 
oxi d ant probl em in Day t on .  

A l so menti on ed i n  previ ous comments on the Omn ibus Envi ronmental Assessment was the 
f a c t  tha t the presence of i on i z ing rad i a tion in  the a tmosph ere causes the t ot a l  resis­
t ance o f  the a tmosph e re to ch a nge and be come smaller . Thi s  decrease in the res i s t ance 
of the a tmosphe re cou l d h ave s i gni fi cant e ffect  upon the c limate of the  Dayton area . 
Wa s consi d e ra t i on given t o  this e ffect  when this d raft  was being p repare d? 

On page 3-19 o f  the Er S ,  i t  says that the t o t a l  t ri t i um discharge into the atmosphere 
during c a l e n d a r  y e a r  19 76 was approxima t ely 6200 curi es . On page 3-22 of the Omnibus 
Envi r on men t a l  A s s e s smen t ,  it s ays that  the tot a l  d i s charge of t ri tium t o  the a tmos­
phere i n  c a l en d ar y e a r  1 9 7 4  �as appr oxima t ely 10 , 000 c u ries . Thu s , it appe ars as if 
there has been a 60 pe r c en t  d e cr e ase  in the amount of ai rborne t r i t i um di scharge d . 
However , a c omp a ri s on o f  the fi gure s  given in the t able 3-1 1 on page 3-30 of the 
�nn ibus Envi ronment a l  Assessmen t wi t h  t h e  f i gu r es given in t ab l e  3-9 on page 3-24 of 
the EIS show that the e s t ima t ed dose cODwi tments given in  the Envi ronmental  Impact 
S t a t eme n t  are much sma l l er than those given in the Omn ibus Environment a l  As sessmen t . 
The d i ffe ren ce is  o f  the order  of 1 0  percent and not 60 percent of the older fi gures . 
In other word s , the impli c a t i on is t h a t  a 40 pe rcen t d e c rease in the  emi ss ions has 
r e su l t e d  in a 90 pe rcent d e c re as e  in the est ima t ed dose c ommi tments . This does not 
appe a r  to be logi c a l . How �ere these t ab l es figured? 

There i s  a mos t  sed ouS OIT; · s :l  on in th i s  Envi ronment a l  Impact  St atement--the complet e  
l a ck o f  air d a t a .  Sure ly moni tor ing h a s  been done ove r  the years , and yet we find no 
t able  indi ca t ing emi s s i ons ove r  any peri od of t ime .  What have these been for the 
past five yea rs ? What emi ssi ons are proj e .c t ed for the coal-fi red s t e am boi l e rs men­
t i oned on p age 9 - 3 ?  What abou t  incinerat i on of was tes--Sect ion 5 . 5 . 3 ? 

Ce r t a i n l y  Mound Fa c i l ity oper a t i ons do ful fi l l  a necessary role for the nation ' s  
nuc l ea r  weapons program , but we d o  not agree wi t h  S e c t i on 9 . 3  tha t re loc at ion would 
produce a ne t effect  o f  z e ro i f ,  for e xamp l e ,  th e faci l i ty were moved to the desert . 
Woul dn ' t  the re then be less ri sk to p eop l e ?  



Department of Energy 
Washington, D.C.  20585 

JUL 3 197� 

10-47 

Ms .  Marian S. Simmons , Chairperson 
Miami Valley Envi ronmental Coal ition 
1 46 0  Tait Wood Dr ive 
Centerville , OH 45459 

Dear Hs . Simmons : 

Thank you for your lett er of July 1 0 ,  1 978 , with comments on the 
U . S .  Department of Energy ' s  (DOE) d raft Environmental Impac t Statement 
(EIS ) on the Hound Facil i ty ,  Hiami sburg , Ohio , DOE/EIS-00 1 4-D . 

The similarity between the draf t EIS of the }lound Facility and the 
Omnibus Envi ronmental As sessment is to be expected . The Omnibus 
Environment al As sessment was prepared in the format def ined for an 
E IS in 1 0  CFR Part 7 1 1 .  The mission of the Hound Facility has remained 
e s sent ially the same over the past several year s .  Therefore , the 
As sessment and the Statement both in the same forma t and both related 
to the same program ac t ivit ies have much of the same informa t ion except 
for the updat ing of data and the inclusion of recent events as  you 
noted . I am s ure  that you found that the updated data showed s ignificant 
reduc t ions in the emi s s ions from the Hound Facil i ty . 

The previous comments submi tted by you were examined . Prior to the 
preparation of the draf t E I S ,  your letter and comments to the letter  
were circulated to  various Federal agencies . The f inal EIS  reflect s 
all comments received .  

The ava ilabil i ty o f  the draf t EIS was announced in the Fede ral Register 
on Apr il 2 7 ,  1 9 7 8 .  Prior to that date on Apr il 20 , 1 978 , copies of the 
draft E IS we re sent out from the Office of National Environmental Policy 
Act Af fair s ,  DOE/Headquarters , with t ransmi ttal letters to all  interested 
part ies ,  a s  well  as those who had received copies of the As sessment . All 
Federal agencies had an opportunity to review the draf t EIS .  Thus , if  
other Federal agencies had any con siderat ions that the Hound Facil i ty has 
an effect  on any of the ir own Fede ral facil itie s ,  the informa t ion would 
have been forwarded to my office . There are no known effects  on the 
parame te rs you cite of even relatively large concentrat ions of radioact ive 
materials in the atmosphere . 
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An error wa s made when the f ir s t  paragraph of the.· summary was prepared 
for the draf t EIS.  The words , "of offsite  transportat ion and , "  should 
have been del eted.  It wa s recognized when the draf t EIS was in prepara­
tion that a di scussion of of fsite  transportat ion was pert inent.  Such 
a discussion was prepare d  and included in the d raf t EIS under 3 . 1 3 ,  
" TRANSPORTATION , "  pages  3-79 through 3-8 1 .  

You rai sed s everal que stions in your comments regarding the decontaminat ion 
of facilitie s .  The cos t of decont amina t ion is  a funct ion o f  the radio­
ac t ive materials which had been handled in the facil ity and the level to 
which the cont amination i s  to be reduced.  For example ,  the program at 
the Mound Fac il ity to proces s plutonium-2 38 for heat sources will  be 
termina t ed at the end of FY 1 9 7 9  ( September 3 0 ,  1 9 79 ) .  The two buil ding s  
used f o r  the program will  b e  decontaminated . Howeve r ,  the contaminated 
a reas will  not be decontamined to a prist ine s tate.  The aim of the 
decontamination will  be to reduc e the "wipe" level to less  than 2 2  
d i sinteg rations/minute/ l Oa squa re cent imeters . The areas will require 
ve ry l imited protect ive clothing such as  smocks and sho e  covers . It i s  
e s t ima ted that the cos t of this effort schedul ed for comple t ion in 1 9 8 6  
wil l  exceed $ 1 9  mil lion.  No es timates o f  the c o s t  of de contamination to 
these areas to original . .  a s  .... buil t . .  condi t ions have been made ;  howeve r ,  the 
cos t  would be many times the above estimate.  Decontaminat ion t echnique s 
include the removal of highly cont aminated items followed by repeated 
cleaning of equi pment wi th decontaminat ing solutions and high-pres sure 
hot-water steam spray s  cont aining decontaminat ing chemicals . Before 
de contamination is  st arted , all  floor drains are clo sed and sealed so 
that no liquid can leave the area being decontaminated . Dispe rs ion of 
loose material is  prevented through the use of tempo rary enclosures ,  
s trippable coatings on surfaces , t empo rarily cove ring a surface wi th 
pape r or pl astic  sheet s se curel y taped at all edge s , e tc .  All wa s te 
from decontamination ope rations is packaged in containers appr oved by 
the Department of Transportat ion (DOT) . Before approval , such conta iners  
have been subje cted to extens ive test ing which includes drop , high-speed 
impact ,  punctur e ,  fire , and water imme rs ion tes t s .  Low-l evel wa ste , such 
as tritium-contaminat ion wast e ,  i s  shipped to approved burial s ites in 
clos ed trailer vans ( exclusive use ) ; t ransuranium (TRU) wa ste  is shipped 
to a 2 0-year retr ievable s torage s ite in clos ed rail cars specially 
cons tructed to wi ths t and accid ent s and autho ri zed  by the DOT for the 
transpo rtat ion of such ma terials .  The excel lent safety record for 
shipments of rad ioac t ive was te s  from the Mound Facil ity is  well 
documented . 
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Although the abandoned Miami-Erie Canal could be decontaminated by 
removal of al l  contaminated ear th , studies have demonstrated that the 
small amount of plutonium-238 present represent s no hazard to mankind 
or the environment nor is l ikely to in the future .  The s tudies are 
discussed in "Mound Laboratory Pu-238 Study , Off-site Analytical Data , 
May-Dec .  1 9 7 4 , " by B. Robinson , e t  a l . , and "Mound Laboratory Pu-238 
Study , Presentat ion to Sc ientific Review Panel , February 1 9 ,  1 9 7 5 , "  by 
D .  R. Rogers , e t  al e " The Report of the Ad Hoc Commi t tee to Evaluate  
the Health and Safety Aspects  of Plutonium-238 in  the Environment' Ad jacent 
to Mound Labora tory , "  prepared in February 1 9 76 , c onfirms the conclusions 
of the s tudies.  These reports  are available upon reque s t .  

The population in t he immediate vicinity of  the Mound Facili ty was 
evaluated . The findings are present ed in Table 2-2 on page 2-32 of  
t he f inal s tatement . The words " relatively low" a re used to convey 
t he informa t ion tha t  the vicinity is not completely developed but rather 
is an open space area wi th recent housing construction on one-third acre 
lots  as cont ras ted to a large number of mul tifamily units  on l imited 
l and . 

The data presented on pages 3-38 through 3-4 1 and the associated 
narrative explain in detail the impact of the recent Environmental 
Protec tion Agency (EPA) regulat ions on local drinking wa ter . The 
s ummary statements  on page 1-2 we re revised to ensure that they reflect 
adequa tely the details appearing in Sect ion 3 .  The discussion of the 
impac t  of recent EPA drinking water regulations does indicate that some 
local  well  wa ters do not meet the new po table water standard in respect 
t o  t ritium cont en t .  The program ini t iated to reduce the t ritium content 
of the aqui fer  is discussed . Between Apr il 1 9 7 7  and June 1 9 7 8 ,  the 
program reduced the acre s  of aquifer above the s tandard from 5 2  a cres 
to 17 acre s .  It is ant ic ipat ed that ea rly in CY 1 979 the ent ire aquifer 
will be within the EPA s tandard . 

The concent ra t ion of t ritium is  present ed in �Ci/m1 throughout the 
document so that comparisons with DOE s tandards may be readily made ;  
s imilarly , � Ci/m1 is  the basis for data reported i n  documents such as 
the Annual Environmental Moni toring Report s .  The recent EPA s tandards 
are expressed in picocuries per liter ( pCi / l ) .  However ,  these unit s 
were not used because of pos s ible laype rson unfamil iarity with  this 
different term and fo r direct comparison with o ther report s .  

Your br ief comments on the linear dose response theory were noted . We 
are famil iar with the po s ition of some indiv iduals who advocate zero 
nuc lear radiation risk and other  individuals who believe that there is  
a thresho ld for the effects of nuclear radiation. The EPA addressed this 
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subject in the " Dr inking Water Regulat ions - Radionuc 1ides"  (FR Vol .  4 1 , 
No . 1 3 3 ,  page  28408 , July 9 ,  1 9 7 6 )  under the heading , "Linear nonthresho1d 
response funct ions . "  The EPA ,  however ,  did not set '� zero" as the standard 
for  radionuc 1ides in drinking water.  When the EPA init ially propo sed the 
new d rinking water standards (FR Vol.  40 , No . 1 5 8 ,  page 34325 , August 1 4 ,  
1 9 75 ) , i t  was s tated " t he 4 millirem pe r year s tandard for manmade 
radioact ivity wa s ' chos en on the basis of avoiding undesirable future 
contamination of public water supplies as a resul t  of controllable human 
act ivities . "  On the same page , t he following appeared : " Considering 
t he sum of the depo sited fal lout radioact ivity and addit iona l  amount s  
due t o  effluents from o ther sources currently in exi stence , t he total 
dose equivalent from manmade radioactivity is  not likely to result in 
a total body o r  organ dose to any individual that exceeds 4 mi11i rem per 
year.  Since present ambient  levels of  manmade radioact ivi ty are  small , 
EPA does not bel ieve that this s tandard will resul t  in a need to remove 
manmade radioact ivity from public 

,
water sys tems nor subject the public 

to exces sive risk . "  

The tritium control sys tem discussed i n  Sect ion 2 under "Tritium 
Environmental Control Sys tem" has been expanded in the f inal EIS so 
tha t  the reade r  will unders tand . that the ventila t ion of all areas where 
tritium is handled or s tored is ma intained through succes sive negative 
pres sures as in the plutonium handl ing areas to ensure than any trit ium 
inadvert ently released into a laboratory area i s  exhausted through the 
s tack and thus measured . 

It is  unders tandable that you may have some ques tions about the progress  
of " The new 1abora tory • • •  to develop and demonstrate technology and 
equipment" for  tritium cont ro l .  Research and development in this 
t echnology is  unders tandably slow since i t  is beyond the known s tate­
of-the-a rt . Although the program was init iated in 1 97 1 , specialized 
equipment had to be des igned and buil t .  In 1 974 , the critical equip­
ment for the concept was received from the vendor and installed in the 
especial ly designed laboratory facil i ty .  The equipment was des igned 
to remove free hydrogen from atmospheric a ir which i s  normally 0 . 5  ppm 
hydrogen. During the next three years , the system was tes ted with 
improvements in equipment and reactants be ing made.  In 1 9 7 7 , the sys tem 
was tested with tritium.  Tes t s  showed sat isfactory performance to remove 
t ritium from the laboratory room and to reduce effe c t ively vent ing of the 
t ritium to the buil ding vent ilation system .  

A que s t ion was raised i n  your comments regarding "the effect o f  emi tt ing 
ioni zing rad iation into the atmosphe re around Dayton. "  The beta decay 
of trit ium and the alpha decay of p1utonium-238 in air  produces  ion 
pairs .  One ion pair is produced in the air per 35 eV of thi�e radiations . 
P1utonium-238 alpha part icles produce a maximum of 5 . 8  x 1 0  ion pa rt s 
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1 2  
per C i-sec and trit ium beta part ic le s a maximum of 6 . 0  x 1 0  ion pairs 
per Ci-sec .  These va lue s mul t iplied by the concent rations measur ed at 
the offsite  sampl ing s tat ions relate to the atmosphe ric produc t ion of 
ion pa irs in the Miami Val ley. The maxi�� sampl ing stat ion value for 
p1utonium-2 38 found in 1 9 77 wa s 9 . 6  x 10 1 � Ci per m1 or 0 . 56 ion pa irs 
per cubic meter-second . The maximum sampl ing s tat ion value fo r tritium 
in 1977  was 9 . 7 3 x 1 0- 1 1 � Ci/per m1 or 6 x 1 02 ion pairs per cubic 
meter-second . Natural radioact ive mate rials in soil and air  together 
wi th cosmic radiation produc e  approximately 1 07 ion pair s pe r cubic 
meter-second in air at sea level  ( Handbook of Chemi stry and Phys ics , 
58th Ed i t ion , page F-2 1 1 ) .  Thus ,  the maximum contr ibut ion to the ion 
con tent of the atmos phe re by radiochemical ef fluents from the Mound 
Facility is s ix one hundred thousandths ( 0 . 00006)  that of the natural 
background . Us ing the maximum value obtained at the sampler in the 
c i ty of Dayton , the e ffe ct is  s ix mil lionths ( 0 . 000006) that of the 
na t ural background . Since the pr oduc t ion of ion pairs caused by rad io­
active emi s s ions from the Mound Facil ity is  very small  as compared to 
that from natural rad iation and cosmic ray s ,  the effect on natural 
re sistance of the air must  be ins ignificant . Cloud chamber experiments 
have not indicated any c atalyt ic effe ct of ion pair produc t ion on 
a tmosphe ri c  react ions . 

There are many factors wh ich affe ct po llutant d ispe rs ion , such as 
a tmos phe ric stabili ty , wind speed and direc tion,  precipita t ion , 
topography , e tc • .  -Atmospheric diffusion models  ar e developed with 
c onf idence for short-t erm releas es .  The variabil i ty of  factors makes 
for  an inadequa te long-range model . There fore , i t  is the po l icy at 
the Mound Fac i l i ty to conduc t a comprehens ive environmental monitoring 
program and to use the data from the monito ring program for  dose calcu­
lations as the da ta become s ava ilable . The ba sis  for the dose calcul at ions 
is d iscussed in Sec t ion 3 . 7 . 1 ,  "TRITIUM , "  under the top ic ,  "Airborne 
Effluent Impac t . " I f  ac tual data are not ava ilable , the oret ical 
atmosphe ric  diffu s ion modeling empl oying calculated data based on 
be st estimates  is use d .  The 1 9 74 atmosphe ric releas e  of 1 0 , 03 1  cur ies 
and the 1 9 7 6  release of 6 , 206 cur ies we re as reported . The da ta for 
"maximum individual ( expo sur e )  in the o f f s i te population" in both document s 
wa s cal culated by us ing the highest  annual average concent rat ion found 
ons ite ,  since the maximum ind ividual is assumed to be at the f ence line 
and the nearest  air sampl er s are onsite.  Dur ing 1 9 7 4 ,  the highest annual 
ave rage concentra t ion ons ite wa s 32 X 10- 1 1 �Ci/m1 . Dur in1 1 97 6 ,  the 
highest annual ave rage concentrat ion ons ite wa s 2 . 6 x 1 0- 1  �Ci/ml . Thus , 
using these da ta ,  the maximum ind ividual ( exposure)  in the o f f  site popula­
tion calculate to be 0 . 5  mi11 irem and 0 . 038  mi11irem , respectively. The 
same approach wa s used for the maximum population group ; i . e . , the highest 
annual ave rage concentrat ion found of fsite was used . It is  the po 1icY ' o f 
the Mound Facility to be ve ry c on serva t ive in preparing the se estimates  
based on the actual f iel d monit oring data .  
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Ms . Marian S.  S immons 6 

Tabulations of  the airborne and l iquid trit ium and plutonium-238 emis sions 
for  the pas t  several years ( s ince 1 97 0 )  have been added to the s tatement 
as you suggested.  Trit ium emissions are given on pages  3-1 7  and 3-2 5 .  
Plutonium-238 emis s ions are given on pages 3-42 and 3-47 . 

The conversion of the powerplant from gas-o il f ired to coal fired has 
not been funded at this t ime . If this project  i s  approved ,  the Federal 
emi s s ion s tandards wil l  be part of the performance specifications and 
s trict adherence to these standards will  be required . 

The incine rator under development to burn ext remely l ow-leve l  
TRU-contaminated combustible wa s tes uses a to tal deluge sc rubbe r .  
The only produc ts  of combustion exhausted t o  the atmosphere are 
c arbon dioxide and wa te r vapor .  

One of  the paramount facto rs cons idered in  the select ion of the  present 
s ite for the Mound Fae il i  ty was the ava ilabil ity of skil led individual s .  
Reloca t ion t o  a remote region woul d shut of f the ava ilabil i ty of  such 
individuals and the work coul d not be a�compl ished . 

A d i scussion of the di sposition of all the comment s received , c opies of 
all comment lett ers , and DOE responses are included in Sec t ion 1 0  of the 
enclosed final EIS.  

Sincerely , 

..f . 
.. -

Cluse� 
sistant secl! tary for Environment 

4 Enclosures 
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3600 Shroyer Road / Kttltrin9 . 0hio 45429 / Phone (513)296-2400 

U . S .  Depar tment o f  Energy 
Offi c e  of NGPA Coordina t i on 
Ha i l  S t a t i on E- 2 0 1  
Wa shing t on , D .  C .  2 0 5 4 5  

June 7 ,  1 9 7 8  

RE :  Federal Re gi s ter , Vo . 4 3 , No . 8 2 , 
d t d  Ap r i l  2 7 , 1 9 7 8  to the DOE dra f t  
Environmenta l Imp a c t  S ta tement DOE I 
E ID- l 1 0 1 4D for the Hound Labora tory 
F � c i l i ty , Hi ami sburg , OH 

Ke t tering i s  a c i �y of 7 0 , 0 0 0  in the vicini ty o f  th e Hound Fa c i l i ty 
in Hi ami s burg , Wti i l e  we have not revi ew e d  the Envir onmental Imp a c t  
S ta t emen t do cumen t for th e Hound in any d e t a i l , w e  concur wi th the 
i dea of cont inued op eration s  at the Hound Fa c i l i ty and have confiden c e  
that s uch opera t i ons w i l l  be c onduc t e d  s a fe ly a n d  wi thout environmental 
h a z ar d . Thi s  c on f i denc e  h a s  gr own out o f  a long working r e l a t ionship 
with the labora tory wh i ch has convin c e d  us of the i r  s k i l l  and thor ough 
e ffor t s  on b eha l f  of p r o t e c ting s urrounding commun i t i e s . 

We h ave no mi s g ivings r e l a t ive to work in th e nuc lear energy f i e l d  
b y  the Houn d  F a c i l i ty and hope th a t  they wi l l  b e  given favorab l e  
app r ova l .  

We wou l d  be happy t o  answer any que s t i on s  whi ch you migh t  have . 

jwl : pp 

S in c e re ly , 
, \ 
\ " · · l  - "�' � - '----
.y ' JOHN W .  LANEY -. ... ) 
) C i t y  Hanager '- / 



Department of Energy 
Washington, D.C.  20585 
JUL a @79 
Mr . John W .  Laney 
City Manager 
City o f  Ke t ter ing 
3 6 00 Shroye r Road 
Ke t ter ing , Ohio 4 5 4 2 9  

Dear Mr . Laney : 
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Thank you for your l e t t er of June 7 ,  1 9 7 8 ,  suppo r t ing the cont inuat ion 
o f  the Mound Fac il i ty at its present l o ca t ion. We are encouraged by 
your suppo rt and conf idence in our e f forts to operate the facil i ty wi th 
the l eas t envi ronmental impac t .  

A d i s c u s s io n  of the dispo s i t ion o f  all the comments receive d , c op ies o f  
a l l  comment letters , a nd De partment o f  Energy r e s ponses are included in 
S e c t io n  10 of the enclosed f inal Environment al Impac t S t atement . 

S incerely , 

fo r Env i ronment 

4 Enclosures 
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SPRI NGFIELD PLANNING DIVISION 
(51 3) 325-051 1 
1 1 7  S. Fo untain Ave .. Spring field . Ohio 45502 

J une 8 ,  1 9 78 

M r . W. H .  Penn i ng ton , D i recto r 
D i v i s i on o f  P rog ram Rev i ew a n d  Coo rd i na t i on 
O ff i ce of NEPA Affa i rs 
Depa rtmen t o f  Ene rgy 
Was h i n g ton , D . C .  20545 

Richard W .  Weimer. Director 

Re : D ra f t  E I S :  DO E/E I S- 00 1 4- D  Mound Fac i l i ty ,  
M i am i s b u rg , O h i o .  

Dea r M r .  Penn i n g ton : 

I wa n t  to thank yo u fo r the oppo r t un i ty to rev i ew the D ra ft E I S  fo r t he Mo und Fac i l i ty 
a t  M i am i s b urg , O h i o .  

Afte r rev i ew i n g  t he documen t ,  I wou l d  l i ke to re i te ra te the fo l l ow i n g  two po i n ts wh i ch 
appea red I n  documen t :  

1 .  Mound La bora to ry f i l l s a neces sa ry ro l e  I n  the n a t i on ' s  n uc l ea r  weapons p rog ra m  
and t he peacef u l  a pp l i ca t i on s  o f  n uc l ea r  ene rgy fo r DO E .  

2 .  The p l an t ' s  con t i n ua l  opera t i on w i l l  res u l t i n  s ubs ta n t i a l  econom i c ,  soc i o l og i ca l  
and techno l og i ca l  con t r i b u t i on s  to t he Day ton a rea . 

Afte r we i gh i ng t h e  benef i t s  aga i n s t  the en v i ronmen ta l cos t s  a n d  co ns i de r i ng the a va i l a b l e  
a l t e rna t i ves , I wo u l d  l i ke to urge the con t i n ua t i o n o f  Mo und Labo r a to ry ope ra t i ons a t  
I t s '  p re s en t l oc a t i on .  

Thank yo u fo r you r  a t ten t i on on th i s  ma t te r .  

Van G .  Wh a l e r , P h . D . 
Commun i ty P l a nn e r  

VGW : mc 

1 
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Department of Energy 
Washington, D.C.  20585 
JUl 3 19n! 

Dr . Van G .  Whaler 
Community Pl anner 
Spri ng f ield Planning Div i s i on 
1 1 7  South Fountain Avenue 
S pr ing f iel d ,  Ohio 4 5502 

Dear Dr . Whal e r : 
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Thank you for your letter of June 8 ,  1 9 78 , suppo rt ing the cont inuat ion of the Mound Fac il i ty a t  its present l o ca ti on. We are encouraged by your suppo rt and conf idence in our efforts to operate the fac i l i ty wi th the l east envi ronment al impac t .  
. 

A discussion of the di spos ition of al l the comments received , c op ies of all comment lett ers , and De partment of Energy respo ns e s  are included in S e c t io n  10 o f  the enclosed f inal Env i ronment al Impac t Statement . 

4 Enclosures 

S incerel y ,  

,.;J ­� �� th C .  Clusen � 
As sis tant Secr ft �ry for Envi ronment 
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APPENDIX A 

FLORA AND FAUNA OF THE MIAMI VALLEY 

A-l MAMMAL CHECKLIST 

Pouched Mammals - Marsupialia 
Oppo sum : Didelphi s mar supial i s  

Insect Eaters - Insectivora 
Common Mo le : Scalopus aquaticus 
Star Nose Mo le : condylura cristata 
Short-tai led Shrew : Blarina brevicauda 

Winged Mammal s  - Chiroptera 
Little Brown Bat : Myo tis luci fugus 
Red Bat : Lu siurus boreal i s  

Hares and Rabbits - Lagomorpha 
Ea stern Co ttonta i l  Rabbit : Sylvi lagus f loridanus 

Gnawing Mammal s  - Rodentia 
Woodchuck : Marmota monax 
Thirteen-lined Ground Squirrel : Citellus tridecemlineatus 
Ea s tern Chipmunk : Tamias striatus 
Red Squirrel :  Tamiasc iurus hudsonicus 
Ea�tern Gray Squirrel : Sc iurus carolinensi s 
Eastern Fox Squirre l : Sciurus niger 
Southern F lying Squirrel :  Glaucomys volans 
Beaver : Castor canadens i s  
White- footed Mouse : Peromyscus leucopus 
Meadow Mouse :  Microtus pennsylvanicus 
Muskrat : Ondatra z ibethica 
Norway Rat : Rattus norvegicus 
House Mouse : Mus musculus 
Woodland Jumping Mouse : Napaeo zapus ins ignis 

Meat-Eaters - Carnivora 
Raccoon : Procyon lotor 
Long-tai led Weasel : Mus te la frenata 
Mink : Mus tela vison 
River Otter : 
Spotted Skunk : 

Lutra canadens i s  
Spilogale putorius 

Striped Skunk : Mephitis mephitis 
Red Fox : Vulpe s fulva 
Gray Fo x :  Urocyon cinereoargenteus 
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Even-Toed Hoo fed Mammal s  - Artiodac tyla 
Whi tetai led Deer : Odocoileus virginianus 

The fol lowing l i s t  follows the "Check-list of North American Birds , "  F i f th Edition , 

American Orni thologi st ' s Union , 1 9 5 7 .  A bird recorded in the Dayton area as " acci­

denta l , "  i . e . , so far from its normal range that its presence is  the result o f  excep­

tional c i rcumstances such as a hurricane or as "vi si tors , "  i . e . , occurrence does not 

con form with regularly e s tabli shed migration periods and outs ide the unusual range as 

observed for mos t  birds , is  not included in the l i s t . The notation a fter each specie 
is  that commonly used in recording bird population and is de fined as follows : 

Rare - reported more o r  less regularly over a period o f  years , o r  during a 

sea son o f  the year but a lways in sma l l  numbers . 

Uncommon - observed rather frequently ,  in large or sma l l  numbers during certain 

seasons or throughout the year . 

Common - regularly recorded in cons iderable numbers at certain seasons or 
throughout the year . 

Permanent res ident - observed throughout the entire year and known to breed 
loca l ly . 

Summer res ident - arriving from the south in the spring , breeding local ly and 
returning to the south in the fal l .  

Winter re sident - arriving from the north in the fal l , wintering i n  the area and 
returning to the north in the spring . 

Migrant - Passes through the area , not remaining to breed or spending a season . 

No bird on this l i s t  appears in the " Rare and Endangered Fish and Wi ldl i fe o f  the 
Uni ted S tate s "  ( 1 9 6 9 ) , compiled by the U .  S .  Department o f  the Interior . 

A-2 BIRD CHECKLIST 

Order Gavi i formes 
Common Loon : Gavia immer ; uncommon migrant 

Order Podicipedi formes 
Horned Grebe : Podiceps auritus ; uncommon mi grant 
Pied-billed Grebe : Podilymbus podiceps j common migrant 
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Order Ciconii formes 
Great Blue Heron : Ardea herodias ; uncommon migrant 
Green Heron : Butorides virescens ; common summer resident 
Little Blue Heron : Florida caerulea ; rare summer resident 
Common Egret : Casmerodius a lbus ; rare migrant 
Black-crowned Night Heron : Nyc ticorax nycticorax ; common migrant , common 

summer re sident 
Yel low-crowned Night Heron : Nyctana s sa violacea ; rare s ummer resident 
Lea st Bittern : I xobrychus exi li s ; rare migrant 
American Bittern : Botaurus lentiginosus ; uncommon migrant 

Order Anseri forme s 
Canada Goo se : Branta canaden s i s ; uncommon migrant 
Wavy : Chen caerulescens ;  rare migrant 
Mal l ard : Anas platyrhynchos ; common migrant , common winter resident 
Black Duck : Ana s rubr ipes ;  common migran t ,  common winter resident 
Gadwa l l : Anas strepera ; uncommon migrant 
Pintail : Anas acuta ; c ommon migrant 
Green-winged Teal : Ana s  carolinen s i s ; uncommon migrant 
Blue-winged Teal : Anas discors j common migrant 
American Widgeon : Mareca americana ; common migrant 
Shoveler : Spatula c lypeata j uncommon migrant 
Wood Duck : Aix sponsa j common migrant , uncommon summer resident 
Redhead : Aythya americana ; uncommon migrant 
Ring-necked Duck : Aythya collar i s ; common migrant 
Canvasback : Aythya valisineria ; uncommon migran t ,  rare winter res ident 
Les ser Scaup : Aythya a f f in i s ;  common migrant , rare winter resident 
Common Goldeneye : Bucephala c langula ; common migrant , uncommon winter resident 
Buff lehead : Bucepha la albeola ; common migrant , rare winter resident 
Ruddy Duck : Oxyura j amaicen s i s j uncommon migrant 
Hooded Merganser : Lophodytes cucullatus j uncommon migrant 
Common Merganser : Mergus merganser ; common migrant , uncommon winter resident 
Red-breasted Merganser : Mergus serrator j uncommon migrant , rare winter res ident 

Order Falconi forme s 
Turkey Vulture : Cathar tes aura j common migrant , uncommon summer resident 
Sharp- sk inned Hawk : Acc ipiter s triatus ; rare migrant , rare winter resident 
Cooper ' s  Hawk : Acc ipiter cooper i i ; uncommon permanent resident 
Red-tailed Hawk : Buteo j amaicen s i s ; uncommon permanent resident 
Red-shouldered Hawk : Buteo lineatus j uncommon permanent resident 
Rough- legged Hawk : Buteo lagopus j  uncommon migrant and winter resident 
Broad-winged Hawk : Buteo platypterus ; uncommon migrant , rare summer resident 
Marsh Hawk : Ciruc s cyaneus ; uncommon migrant , uncommon winter resident 
Osprey : Pandion haliaetus ; uncommon migrant 
Sparrow Hawk : Galco sparver ius j common permanent res ident 
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Order Gal l i formes 
Bobwhite : Colinus virginianus ; common permanent res ident 
Ring-necked Pheasant : Pha sianus co lchicus ; common permanent resident 

Order Grui forme s 
Virginia Rai l : Rallus limicola ; rare mi grant 
Sora : Porzana caro l i na ; uncommon mi grant 
Common Gal l i nule : Gall inula chloropus ; rare migrant 
American Coot : Fulica americana ; common mi grant 

Order Charadrii forme s 
Semipa lmated P lover : Charadrius semipalmatus ; uncommon migrant 
K i l ldeer : Charadrius voc i ferus ; common summer res ident 
American Go lden Plover : Pluvial i s  dominic a ;  rare migrant 
American Woodcock : Phi lohela minor ; uncommon mi grant , rare summer res ident 
Common S nipe : Cape l la gal l i nago ; common migrant 
Upland Plover : Bartramia longicauda ; uncommon mi grant , rare summer re s ident 
Spotted Sandpi per : Ac titis macularia ; common summer re s ident 
So l i tary Sandpiper : Tringa sol itaria ; common mi grant 
Greater Ye llowlegs : Totanus melanoleucus ; uncommon migrant 
Le s ser Yellowlegs :  Totanus flavipe s ; common mi grant 
Kno t :  Ca l idri s canutus ; rare migrant 
Pec tora l Sandpi pe r :  Erol ia melanotos i  common migrant 
Lea st Sandpiper : Erolia minutilla i uncommon migrant 
Dunlin : Erolia alpina ; rare mi grant 
Short-b i l led Dowi tcher : Limnodromus gri seu s i rare mi grant 
Semipa lmated Sandpiper : Ereunete s pus i l luS i uncommon mi grant 
Herring Gul l : Larus argentatus ; common migrant 
Ring-bil led Gul l : Larus del awarensi s ;  common migrant 
Bonaparte ' s  Gul l : Larus philade lphia ;  uncommon migrant 
Forster ' s  Tern : Sterna forster ; rare migrant 
Common Tern : 
caspian Tern : 
Black Ter n :  

Sterna hirundo i uncommon migrant 
Hydropro gne caspia ; rare mi grant 

Chlidonias niger ; uncommon migrant 

Order Co lumb i forme s 
Rock Dove (Dome stic P i geon ) : Columbia livia ; common permanent resident 
Mourning Dove : Z enaidura macroura ; common permanent resident 

Order Cuculi forme s 
Ye l low-bil led Cuckoo : 
Black-b i l led · Cuckoo : 

Coccyzus americanus ;  common summer resident 
Coccyzus erythropthalmus ; uncommon summer resident 
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Order Strigi formes 
Barn Owl : Tyto' alba ; uncommon permanent re sident 
Sc reech Owl : Otus a s io ; common permanent res ident 
Great Horned Owl :  Bubo virginianus ; rare permanent res ident 

Barred Owl : Strix varia ; rare permanent res ident 
Long-eared Owl : Asio otus ; rare permanent res ident 
Short-eared Owl : Asio f l ammeus ; rare migrant 
Saw-whet Owl : Aegol ius acadicus ; rare permanent res ident 

Order Caprimulgiformes 

Whip-poor-wi ll : Caprimu lgus voc iferus ; uncommon migrant , rare summer re s ident 

Common Nighthawk : Chordei les mino� ; common summer resident 

Order Apodi forme s 
chimney Swi f t :  Chaetura pelagica ; common summer res ident 

Ruby-throated Hummingb i rd : Archi lochus colubri s ;  common summer resident 

Order coracii formes 
Bel ted Kingfi sher : Megaceryle alcyon ; common permanent res ident 

Order pici forme s 
Yel low-shafted Fl icker : Colaptes auratus ; common permanent resident 
Pi leated Woodpecker : Dryocupus pi leatus ; rare summer res ident 
Red-bel lied Woodpecker : Centurus carol inus ; uncommon permanent resident 
Red-headed Woodpecker : Melanerpes erythrocepha lus , uncommon summer resident 
Yellow-be l l ied Sapsucker : Sphyrapicus varius ; common migrant 
Hairy Woodpecker :  Dendrocopos vil losus ; uncommon permanent resident 
Downy Woodpecker :  Dendrocopo s pubescens ; common permanent res ident 

Order Pa sseri formes 
Ea stern Kingbird : Tyrannus tyrannus ; common summer resident 

Great Crested Flycatcher : Myiarchus crini tus ; common summer res ident 
Eas tern Phoebe : Sayorni s phoebe ; common summer re sident 
Yellow-be l lied F lycatc her : Empidonax flaviventris ; rare migrant 
Arcadian Flycatcher : Empidonax virenscens ; uncommon summer res ident 
Tra i l l ' s  Flycatcher : Empidonax trail l i i ; uncommon summer resident 
Leas t  Flycatcher : Empidonax minimus ; uncommon migrant 
Eastern Wood Pewee : Contopus virens ; common summer res ident 
Horned Lark : Eremophila alpestr i s ; common permanent resident 
Tree Swal low : Iridoprocne bicolor ; uncommon migrant 
Bank Swal low : Reparia riparis ;  uncommon summer resident 

Rough-winged Swal low : Stelgidopteryx rufico l l i s ; common summer res ident 
Barn Swal low : Hi rundo rustica ; common summer resident 
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C l i f f  Swa l low : Petroche l idon pyrrhonota ; uncommon migrant 
Purple Martin : Progne subi s ;  common summer res ident 
Blue Jay : Cyanoc i tta cri stata ; common permanent resident 
Common Crow : Corvus brachyrhynchos ;  common permanent res ident 
Carol ina Chickade e :  Parus carolinens i s ;  common permanent res ident 
Tufted Titmouse : Parus bicolor ; common permanent re s ident 
Whi te-breas ted Nuthatch : S i tta carolinensi s ; common permanent re s ident 
Red-brea sted Nutha tch :  Si tta canadensi s ; rare migrant 
Brown Creeper :  Certhia fami l iaris ; common migrant , common winter re sident 
House Wre n :  Troglodyte s a ldon ; common summer res ident 
Winter Wren : Troglodytes troglodytes ; unC01TImOn winter resident 
Bewick ' s  Wren :  Thryomanes bewicki i ; uncommon migrant 
Caro l ina Wren : Thryothorus ludovic i anus ; common permanent res ident 
Long-bi lled Marsh Wren : Te lmatodytes palus tri s ;  uncommon mi grant , uncommon 

summer res ident 
Mockingbird : Mimus polyglottos ; common permanent res ident 
Catb i rd : Dumete l la carol inensi s ;  common s ummer res ident 
Brown Thrasher : Toxos toma rufum ; common summer res ident 
Robin : Turdus migratorius ; common migrant , common summer res ident , uncommon 

winter res ident 
Wood Thrush : Hyloc ichla mus te l ina ; common summer res ident 
Hermi t Thrush : Hyloc ichla guttata ; common migrant 
Swainson ' s  Thrush : Hylocichla ustulata ; common migrant 
Gray-cheeked Thrush : Hylocichla minima ; uncommon migrant 
Veery : Hylocichla fusce scens ; uncommon migrant 
Eas tern Bl uebird : S i a l i a  sial is ; common summer res ident 
Blue-gray Gnatcatcher : Pol iopt i l a  caerulea ; common summer res ident 
Golden-crowned Kinglet : Regulus satrapa ; common migrant , common winter resident 
Ruby-c rowned Kinglet :  Regulus calendula ; common migrant , rare winter res ident 
Water Pipi t : Anthus spinoletta ; uncommon migrant 
Cedar Waxwing : Bornbyc i l la cedrorum ; common summer res ident ; uncommon winter 

re s ident 
Loggerhead Shrike : Lanius ludovic ianus ; uncommon migrant 
Starling : Sturnus vulgari s ;  common permanent res ident 
Whi te-eyed Vireo : Vireo gri seus ; uncommon mi grant 
Ye llow-throated Vireo : Vireo flavi frons ; uncommon summer re s ident 
Soli tary Vireo : Vireo s o l i tarius ; rare migrant 
Red-eyed Vireo : , Vireo o livaceus ; common summer res ident 
Phi lade lphia Vireo : Vireo phi lade lphicus ; rare migrant 
Warbl ing Vireo : Vireo gi lvus ; common summer res ident 
Black-and-Whi te Warbler : Mnioti lta varia ; common migrant 
Prothonotary Warb l e r : Protonotar ; �  c i trea ; uncommon summer res ident 
Worm-eating Warbler :  Helmitheros vermivorus ; rare migrant 

Golden-winged Warbler : Vermivora chrysoptera ; rare migrant 



A-7 

Blue-winged Warb ler : Vermivora p inus ; uncommon migrant , rare summer resident 
Tenne ssee Warbler : Vermivora peregrina ; common migrant 
Orange-crowned Warbler : Vermivora ce lata ; rare migrant 
Nashville Warbler : Vermivora ruf icap i ll a ; common migrant 
Parula Warbler : Paru la americana ; rare migrant 
Yel low Warb ler : Dendroica petechia ;  common summer res ident 
Magnol i a  Warbler : Dendroica magno l ia ; common migrant 
Cape May Warbler : Dendroica tigr ina ; uncommon migrant 
Black-throated Blue Warbler : Dendroica caerulescens ; uncommon migrant 
Myrtle Warbler : Dendroica coronata ; common migrant 
Black-throated ,Green Warbler : Dendroica Virens ; common migrant 
Cerulean Warbler : Dendroica cerulea ; uncommon s ummer res ident 
Blackburnian Warbler : Dendroica fusc a ; common migrant 
Chestnut-s ided Warbler : Dendro ica pensylvanica ; common migrant 
Bay-breasted Warb ler : Dendroica castenea ; common migrant 
Blackpo l l  Warbler : Dendro ica striata ; uncommon migrant 
Palm Warbler : Dendroica palmarum ; common migrant 
Ovenbird : Seiurus aurocap i l lus ; common migrant 
Northern Waterthrus h :  Seirus noveboracensi s ; uncommon migrant 
Lou i s i ana Waterthrush : Seiurus motac i l la ; uncommon migrant 
Kentucky Warbler : Oporornis formo sus ; uncommon summer res ident 
Connecticut Warbler : Oporornis agi lis ; rare migrant 

Mourning Warbler : Oporornis philadelphia ; uncommon migrant 
Ye l lowthroa t :  Geothlypis tricha s ; common s ummer resident 
Yel low-brea sted Chat : Icteria virens ; uncommon summer res ident 
Hooded Warbler : Wi l sonia c itrina ; rare migrant 
Wil son ' s  Warb ler :  Wil sonia pus i l l a ;  uncommon migrant 
Canada Warb ler : Wi l sonia canadens i s ; uncommon migrant 
American Redstart : Setophaga rutic i l la ; common migrant 
House Sparrow : Passer dome s ticu s ; common permanent res ident 
Bobo link : Do l ichonyx oryzivorus ;  common summer res ident 
Eastern Meadowlark : S turne l l a  magna ; common summer resident 
Redwinged Blackbird : Agelaius phoeniceu s ; common summer res ident 
Orchard Oriole : Ic terus spurius ;  uncommon summer res ident 
Bal timore Oriole : Icterus galbula ;  common summer resident 
Rusty Blackb ird : Euphagus c aro l inu s ; common migrant 
Common Crackle : Qui sc a lus qui scu la ; common summer res ident 
Brown-headed Cowb ird : Molothrus ater ; common summer resident 
Scarlet Tanager : Piranga o l ivace a ;  uncommon summer resident 
Summer Tanager : Piranga rubra ; rare summer resident 
Cardina l : Richmondena cardina l i s ; common permanent resident 
Rose-breasted Grosbeak : Pheucticus ludovici anus ; uncommon migrant 
Indigo Bunting : Passer ine cyancea ; common summer resident 
Dickc i s se l : Spi z a  americana ; uncommon summer resident 



A-a 

Purple Finch : Carpodacus purpureus ; uncommon migrant 
Pine Si skin : Spinus pinus ; rare migrant 
American Goldfinch : Spinus tri s tis ; common permanent res ident 
Rufous-s ided Towhee :  Pipilo erthrophthalmus ; common s ummer res ident 
Savannah Sparrow : Passerculus sandwichensi s ;  uncommon migrant , rare summer 

res ident 
Grasshopper Sparrow : Arnmodramus savannarum ; common summer resident 
Henslow ' s Sparrow : Passerherbulus henslowii ; uncommon s ummer resident 
Vesper Sparrow : Pooecetees gramineus ; common summer resident 
Bachman ' s  Sparrow : Aimophila aestwal i s ;  rare summer resident 
State-colored Junco :  Junco hyemali s ; common winter res ident 
Tree Sparrow : SpLzella arborea ; common winter res ident 
Chipping Sparrow : Spizella passerine ; common summer res ident 
Field S parrow: Spi zella pus i l la ; common summer res ident 
White-c rowned S parrow : Z onotrichia leucophrys ; common mi grant 
Fox Sparrow : Pas serella i l iaca ; common migrant 
Lincoln ' s  Sparrow : Melospiza l incolni i ;  rare migrant 
Swamp Sparrow : Melospiza georgiana ; uncommon migrant 
Song Sparrow : Me losp i z a  me lodia ; common permanent resident 

A- 3 FISH CHECKLIST 

Herrings :  Family Clupeidae 
Sk ipj ack Herring : Pomolobus chrysochloris 
Eastern G i z zardshad : Dorosoma cepedianum 

Suckers : Fami ly Cato s tmidae 
Smal lmouth Buf falo f i sh : Ict iobus bubalus 
Central Qui l lback Carpsucker : carpiodes c yprinus hinei 
Northern River Carpsucker : Carpiodes carpio carpio 
Highfin Carpsucker : Carpiodes vel i fer 
Golder Redhorse : Moxostoma erythrurum 
Hog Sucker : Hypentelium nigricans 
Common White Sucker : Catos tomus commersoni commersoni 

Carps and Minnows : Fami ly Cyprinidae 
Carp : Cyprinus carpio 
Goldenshiner : Notemigonus crysoleuca s  
Western Blacknose Dace : Rhinichthys atratulus meleagris 
Northern Creek Chub : Semotilus atromaculatus atromaculatus 
Western Tonguetied Chub : Parexoglos sum laurae hubbs i  
Southern Redbel l y  Dace : Chrosomus erythrogas ter 
Common Emerald Shiner : Notropis atherinoides atherinoides 
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S i lver Shiner : Notrop i s  photogenis 
Ohio Ro sefin Shiner : Notrop i s  ardens lythrurus 
Central Common Shiner : Notropi s  cornutus chrysocepha lus 
Spotf i n  Shiner : Notropi s  spi lopterus 
Northeastern Sand Shiner : Notropi s  delic iosus s tramineus 
Si lver j aw Minnow : Ericymba buccata 
Northern Fathead Minnow : Pimephales promelas prome las 
Bluntnose Minnow : Pimephales notatus 
Ohio S tonerol ler Minnow : Campostoma anomalum anomalum 

Catf ishes : Family Icta luridae 
Channel Catfi sh : Ictalurus punc tatus 
Black Bullhead : Icta lurus melas 

Troutperch :  Fami ly Percops idae 
Troutperch : Percop s i s  omi scomaycus 

Blackba s se s , Crappies , Sunfish : Fami ly Centrarchidae 
White Crappie : Pomoxis annular i s  
Northern Rockbas s : Amb lopi tes rupestris rupestris 
Northern Smallmouth Blackbas s : Micropterus dolomieui do lomieui 
Green Sunfish : Lepomis c yane l lus 
Northern Blueg i l l  Sun f i sh :  Lepomi s macrochirus machrochirus 
Central Longear Sunfish : Lepomis megalotis megalot i s  

wal leye s , Perc h ,  Darters ; Fami ly Perc idae 
Blackside Darter : Perc ina maculat; 
Central Johnny Darter : Etheostoma ni grum ni grum 
Greens ide Darte r :  E theostoma b lennioide s  
Eastern Banded Darter : Etheostoma zonale zonale 
Variegated Darter : Etheo stoma variatum 
Rainbow Darter : Etheostoma caeruleum 
Northern Orangethroat Darter : Etheostoma spectab i le spectab i le 
Barred Fanta i l  Darter : Etheostoma f label lare f labellare 

Sculpin s : Family Cottidae 
Central Redfin Sculpin : cottus bairdi bairdi 

The above checkl i s t  does not inc lude f i sh stocked into private f i shing ponds . Such 
species usua l ly do not breed under such conditions and thus do not contribute to 
natural f i sh of the area . 
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A-4 AMPHIBIANS AND REPT ILES CHECKLI ST 

Sa lamanders 
Ambystomids : Fami ly Ambystomatidae 

Spotted Salamander : Ambystoma maculatum 
Marbled Salamander : 'Ambys toma opacum 
Small -mouthed Salamander : Ambys toma texanum 
Jef ferson Salamander : Ambystoma j e ffersonianum 
Blue- spotted Salamander : Ambystoma laterale 
Eastern Tiger Salamander : Ambys toma tigrinum tigrinum 

Newts : Fami ly Salamandridae 
Red- spotted Newt : Notophthalmus viridescens viridescens 
Central Newt : Notophtha lmus viridescens louisianen s i s  

Mudpuppies and Their Allies : Fami ly Proteidae 
Mudpuppy : Necturus maculosus maculosus 

Lungle s s  Salamanders :  Fami ly Plethodontidae 
Northern Dusty Salamander : Desmognathus fuscus fuscus 
Northern Two- l i ned Salamander : Eurycea b i s l ineata b i s l ineata 
Long-tailed Salamander : Eurycea longicauda longic auda 
Four-toed salamander : Henidac tylium scatatum 
Red-backed and Lead-backed Salamander :  P lethodon c inereus cinereus 
Ravine Salamander : P lethodon richmondi richmondi 
S limy Salamander : P lethodon f lutinosus glutino sus 
Northern Red Salamander : Pseudotriton ruber ruber 

Frogs and Toads 
True F rogs : Fami ly Ranidae 

Bull f ro g :  Rana catesbeiana 
Green Frog : Rana c lamitans melanota 
Wood Frog : Rana sylvatica 
Northern Leopard Fro g :  Rana pipiens pipiens 
Pickere l Fro g :  Rana palustris 

Toads : Fami ly Bufonidae 
American Toad : Bufo americanus americanus 
Fowler ' s  Toad : Bufo woodhousei fowleri 

Tree Frogs and Their Allies : Family Hylidae 
Eastern Gray Tree frog : Hyla versicolor versicolor 
Northern Spring Peeper : Hyla c ruc i fer cruc i fer 
Blanchard ' s  �ricket' Fro g :  Acris c repitans b lanchardi 
Western Chorus Frog : P seudacris tri seriata tri seriata 
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Turtles 
Snapping Tur tles : Fam i ly Che lyridae 

Common Snapping Turtle : Chelydra serpentina 

Mud and Musk Turtles : Fami ly Kinosternidae 
Stinkpo t : Sternothaerus odoratus 

Fresh Wa te r , Marsh and Box Turtle s : Family Emydidae 
Spotted Turtle : C lemmy s guttata 
Eastern Box Turtle : Terrapene caro l ina caro l ina 
Map Turtle : Malaclemys geographica 
Midland Painted Turtle : Chrysemys picta marginata 
Red-eared Turtle : Chrysemys scripta e legans 

So f tshel l  Turtle s :  Family Tronychidae 

Li zards 

Easter Spiny Softshe l l : Trionyx spiniferus spiniferus 
Mi s s i s s ippi Smooth Sof tshe l l : Trionyx muticus muticus 

Iguanids : Family Iguanidae 
Northern Fence Li z ard : Sceloporus undulatus hyac inthinus 

Skink s : Family Sc inc idae 

Snakes 

F ive- l ined Skink : Eumeces fasc iatus 
Broad-headed Skink : Eumeces laticeps 

Colubrids : Family Colubridae 
Northern Copperbelly : Natrix erythrogas ter neglec ta 
Northern Water Snake : Natrix s ipedon s i pedon 
Queen Snake : Natr ix septemvittata septemvittata 
Kirkland ' s  Water Snake : Natrix kirtandi 
Eastern Ribbon Snake : Themnophi s  sauritus sauritu s  
Northern Brown Snake : Storeria dekayi dekayi 
Hidland Brown Snake : Storer ia dekayi wrightorum 
Butler ' s  Garter Snake : Thamnophi s  butleri 
Ea stern P lains Garter Snake : Thamnophi s  radix radix 
Ea stern Garter Snake : Thamnophis s i r t a l i s  s irta l i s  
Eastern Earth Snake : Virginia valeriae valeriae 
Ea stern Hogno se Snake : Heterodon p latyrhino s 
Nor thern Ringneck Snake : D i adoph i s  punctatus edwards i 
Midwe s t  Worm Snake : Carphophis amoenux helenae 
Northern Black Racer : Coluber constrictor constrictor 
Black Rat Snake : Elaphe obsole ta obso leta 
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Eastern Milk Snake : Lampropeltis triangulum triangulum 
Southeastern Crowned Snake : Tanti l la coronata coronata 

Pit Vipers : Fami ly Vipseridae 
Northern Copperhead : Agki strodon contortrix mokasen 
Eastern Massasauga : S i s trurus catenatus catenatus 
Timber Rattlesnake : Crotalus horridus horridus 

A-S CHECKLIST OF VASCULAR FLORA 

Microphyllophyta 
Lycopodiaceae - Clubmo s s  Fami ly 

Ground Cedar or Trai ling Clubmoss : Lycopodium complanatum flabe l l i forme 

Selaginellaceae - Sel�ginella Fami ly 
Creeping Se laginella : Selagine l la apoda 

Arthrophyta 
Equisetaceae - Horseta i l  Fami ly 

Common Horsetail : Equisetum arvense 
Common or Great Scouring Rush : Equ i setum hyemale pseudohyema le 

Pterophyta 
Ophioglos saceae - Adder ' s-tongue Fami ly 

Cut-leaf Grape Fern : BotrYChium dis sec tum dis sec tum 
Oblique Grape Fern : Botrychium di s sectum obliquum 
Rattlesnake Fern : Botrychium virginianum 
Adder ' s -tongue : Ophioglossum vulga tum 

Po lypodiaceae - Polypody Family 
Maidenhair Fern : Adiantum pedatum 
Smooth C l i ff-brake : Pellaea glabe l la 
Common Po lypody : Polypodium vulgare virginianum 
Ohio Wal l  Rue Spleenwort : Asplenium ruta-muraria ohioni s 
Ebony Spleenwort : Asplenium platyneuron 
Wa lking Fern : Camptosorus rhi zophyllus 
Lady Fern : Anthyrium f i l ix- femina mi chauxii 
Bulblet Fern or Berry Bladder Fern : Cystopteris bulb i fera 
Fragi le Fern or Brittle Fern : Cystopteris fragi l i s  protrusa 
Marsh Fern : Thelypteris polustris pubescens 
Makai : Dryopteris thelypteris pubescens 
Spinulose Wood Fern : Dryopteris austriaca spinolusa 
Christmas Fern : Polysti chum acrostichoides 
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Coni ferophyta 
Taxaceae - Yew Fami ly 

American Yew or Ground Hemlock : Taxus canaden s i s  

Pinaceae - Pine Fami ly 
Bal sam F ir : Abies balsemea ( planted ) 
Hemlock : T suga canadensis (planted ) 
Norway Spruce : picea abies ( planted ) 
European Larch : Larix dec idua ( planted ) 
White Pine : Pinus s trobus ( planted ) 
Red Pine : Pinus res inosa ( planted ) 
Scotch Pine : Pinus sylvestris (planted ) 
Table-mounta in Pine : Pinus pungens ( planted ) 
Austrian Pine : Pinus nigra (planted ) 
Jack Pine : Pinus bank siana (planted ) 
Yellow Pine or Shortleaf Pine : Pinus echinata ( planted)  
Scrub Pine or Virginia pine : Pinus virginiana ( planted ) 
Douglas Fir : pseudotsuga taxi folia ( planted) 

Taxodiaceae - Bald Cypres s  Family 
Bald Cypres s : Taxodium dis tichum ( planted ) 
Pond Cypre s s : Taxodium ascendens (planted) 

Cypres s aceae - Cypres s  Fami ly 
White Cedar or Arbor Vitae : Thu j a  occidenta l i s  ( pl anted)  
Common Juniper : Juniperus communi s  depressa (planted ) 
Red Cedar : Juniperus virginiana 
Common p f itzer or pfit zer ' s  Juniper : Juniperus chinens i s  pfitzeriana 

(planted ) 

Ginkgoaceae - Ginkgo Fami ly 
Ginkgo : Ginkgo bi loba ( planted ) 

Anthophyta - Monocotyledoneae (Monocotyledons )  
Typhaceae - Catta il Fami ly 

Cattai l :  Typha lati fo l ia 

Sparganiaceae - Bur-reed Fami ly 
Giant Bur Reed : Sparganium eurycarpum 

Naj adaceae - pondweed Family 
Curly Pondweed : potamogeton cri spus 
Lea fy Pondweed : potamogeton folio sus 
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Ali smataceae - Water Plantain Family 
Water Plaintain : Alisma subcordatum 
Common Arrowhead , Wapato or Duck Potato : Sagittaria latifo_ 

Hydrocharitaceae - Frog ' s-bit Family 
Waterweed : Elodea canadens i s  
Waterweed : Anacharis canadens i s  

Gramineae - Gra ss Family 
Downy Chess : Bromus tectorum 
Hungarian or Smooth Brome : Bromus inermis 
Canada Brome : Bromus purgans 
Hairy Chess : Bromus racemosus 
Japanese Ches s : Bromus j aponicus 
Meadow Fescue : Fes tuca elatior 
Nodding Fescue : Festuca obtusa 
Fowl Mannagrass : Glyceria striata 
Annual Bluegrass or Speargrass : Poa annua 
Canada Bluegrass : Poa compre s sa 
Kentucky Bluegrass : Poa pratensi s  
Rough Bluegrass : Poa trivial i s  
Woodland Bluegrass :  Poa sylvestris 
Creeping E ragro s ti s : E ragrostis hypnoides 
Purple Lovegrass : Eragrotis spectab i l i s  
Frank ' s  Lovegrass : E ragrotis franki i  
Nees : Eragrotis pectinacea 
Stink Gras s :  Eragrotis c i l ianens i s  
American Korycarpus : Diarrhena americana 
Orchard Gras s : Dac tyl i s  glomerata 
T a l l  Redtop or Purpletop : Triodia f lava 
Quackgra ss or Cordgrass : Agropyron repens 
Wheat :  

Triticum aestivum (planted ) 
E lyrnus villosus (planted ) 
Elyrnus reparius (planted) 

Virginia Wild Rye : E lyrnus virginicus 
Bottlebrush Gra s s : Hystrix patula 
Foxtail Barley or Squirrelta i l : Hordeum j abatum 
Perennial or Eng l i sh Ryegras s :  Lo lium perenne 
Slender Wedgegras s :  Sphenophol i s  intermedia 
Oats : Avena sativa (planted ) 
Tal l  Oat Grass : Arrhenatherum e latius 
Poverty Gra ss or Common Wild Oat Gra s s : Danthonia spicata 
Redtop : Agrotis stolonifera ma j or 
Thingras s :  Agro s t i s  perennans aestiva l i s  
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Woodreed Gra s s : Cinna arundinacea 
Timothy : Phleum pratense 
Nimblewi ll : Muhlenbergia schreberi 
Wire stem Muhly : Muhlenbergia frondosa 
Sheathed Rush Gra s s  or Poverty Gras s :  Sporobolus vagini f lorus 
Cattail Gra s s : Heleochloa schoenoides 
Brachyelyrum : Brachyelytrum erec tum 
Prairie Three-awn : Aris tida o l igantha 
Goose Gras s  or Yard Grass : E leusine indica 
Tall Grama Gra s s  or S ide Oats Grama : Bouteloua curtipendula 
Reed Canary Gra s s : Phalaris arundinacea 
Rice Cut-grass : Leersia oryzoides 
Whi te Gras s :  Leersia virginica 
Large Crabgra s s : Digitaria sanguina l i s  
Smooth Crabgra s s : Digitaria i schaemum 
Vasey : Paspalum pub i florum 
Witchgra s s : Panicum cap i llare capil lare 
Fall Panicum : Panicum dichotomi f lorum 
Hairy Panicum : Panicum lanuginosum 
Hi spid Panic Gras s :  Panicum clande s tinum 
Broad-leaved Panic Grass : Panicum latifol ium 
BO sc ' s  Panic Gra s s : Panicum boscii 
Forked Panic Gras s :  Panicum dichotomum 
Barnyard Gras s :  

Echinochloa crusga l l i  
Echinochloa muricata 
Echinochloa pungens 

Yel low Foxtail :  Setaria glauca 
Ital ian Mil let : Setaria ital ica 
Green Foxtai l :  

Setaria virid i s  
Setaria faberii 

Bur Bris tlegras s :  Setaria vertic i l lata 
Little Blues tem : Andropogon scoparius 
Broomsedge : Andropogon virginicus 
Mai ze or Ind ian Corn : Zea mays (planted ) 

Cyperaceae - Sedge Fami ly 
Yel low Cyperus : 

Cyperus f lave scen s poaeformi s 
Cyperus rivularis 

Michaux ' s  Cyperus : Cyperus odoratus 
Slender Cyperus :  Cyperus f i l iculmis 
Straw-co lored Cyperus :  Cyperus strigosus 
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Smal l ' s  Spike Rush : Eleochari s  sma l l i i  
Great Bulrush : Sc irpus val idus creber 
Darkgreen Bulrush : Scirpus ac trovirens 
Reddi sh Bulrush : Scirpus l ineatus 
Capil lary Beak Rush : Rhynchospora capi l l acea 
Oval-headed Sedge : Carex cephalophora 
Convol ute Sedge : Carex rosea 
Stellate Sedge : Carex rosea sensus s trictus 
Radiate Sedge : Carex radiata 
Bur Reed Sedge : Carex sparganioides 
Yel low Fox Sedge : Carex annectens 
Fox Sedge : Carex vulpinoidea 
Awl- f rui ted " Sedge : Carex s tipata 
Blunt Broom Sedge : Carex tribuloides 
Cre s ted Sedge : Carex c r i s tate l l a  
Larger Straw Sedge : Carex norma l i s  
Prairie S traw �edge : Carex suberec ta 
James Sedge : Carex j ames ii 
Bri stle-stalked Sedge : Carex lepta lea 
Black-margined Sedge : Carex mi gromarginata 
Pennsylvanic Sedge : Carex pensylvanica 
Pubescent Sedge : Carex hirti folia 
Bristle Leaf Sedge : Carex eburnea 
Woodland Sedge : 

Carex laxi flora laxi f lora 
Carex laxi f lora lati f lolia 
Carex aburs ina 
Carex lax i flora blanda 
Carex blanda 

Meadow Sedge : 
Carex granulari s 
Carex obi gocarpa 

Gray Sedge : Carex gri sea 
Hirsute Sedge : Carex complanata 
Woolly Sedge : Carex las iocarpa 
Short ' s  Sedge : Carex shortiana 
Porcupine Sedge : Carex hys teric ina 
Frank ' s  Sedge : Carex f rankii 
Shal low Sedge : Carex lurida 

Araceae - The Arum Fami ly 
Jack-in-the-pulpit : Arisaema atrorubens 
Green Dragon or D ragonroot :  Ari saema dracontium 
Skunk Cabbage : Symplocarpus foetidus 



Sweetflag : Acorus calamus 
Sweetflag : Acorus americanus 
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Leminaceae - Duckweed Family 

water Flaxseed or Great Duckweed : Spirodela polyrhiza 

Les ser Duckweed : Lerona minor 

Comme l inaceae - Sp iderwort Family 
Zigzag Spiderwort : Tradescantia subaspera 
As iatic Day flower : comme l ina communis 

Juncaceae - Rush Fami ly 

Path Rush or Slender Rush : Juncus tenu is 

Dudley ' s  Rush : JuncuS dudleyi 

Torrey ' s  Rush : JuncuS torreyi 

Sharp-fruited Rush : Juncus acuminatus 

Wood Rush : Lo zula campe stris echinata 

Gramineae - Bamboo Family 

Cane or Large Cane : Arundinaria gigantea 

L i l iaceae - Lily Fami ly 

Day Lily : Hemeroca l l i s  fulva 

Lemon Lily : Hemeroca l l i s  f l ava 

Wild Leek or Ramp : Allium tricoccum 

Wild Gar l ic : All ium canadens e  

Praire or Michigan L i ly : L i l ium michiganense 

Ye l low Adder ' s- tongue or Trout-L i ly : Erythronium americanum 

White Dog ' s- tooth Violet : Erythronium albidum 

Wild Hyacinth : Cama s s ia s c i l loides 

star-of-Bethlehem : ornithogalum umbe l latum 

Grape-hyac inth : Muscari botryo ides 

Asparagus : Asparagus o f f ic inal i s  

F a l s e  Spinard or False Solomon ' s  Seal : Smi lac ina racemose 

Big Merrybe l l s  or Be llwort : uvularia grandif lora 

Hairy Solomons Seal : polygonatum pube scens 

Large Solomons Seal : polygonatum commutatum 

Toadshade or Wake-robi n :  Trillium s e s s i le 

Large-f lowered T r i l l ium : T r i l lium grandif lorum 

Nodding Tr i l l ium : T r i l lium gleasoni 

Snow Tril l ium : T r i l l ium nivale 

Smooth Carrion Flower : Smilax herbacea herbacea 

Erect Greenbr ier : Smi lax ec irrhata 

Bristly Greenbrier : Smilax hispida 

Common Greenbrier or Sawbrier : Smi lax rotundifolia 
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Dioscoreac eae - Yam Fami ly 
Wi ld Yam : Dio scorea villosa 

Amaryllidaceae - Amary l l i s  Fami ly 
Daf fodi l :  Narc i s sus pseudo-narc i s sus (plante d )  
Ye llow S t a r  Gras s : Hypoxi s hirsuta 

Iridaceae - I r i s  Fami ly 
Dwarf Crested I r i s : Iris cri stata (planted ) 
Southern Blue F lag : Iris shrevei 
White Blue-eyed Gra s s : S i s yrinchium albidum 
Blue-eyed Gra s s : S i syrinchium angusti fol ium 

Orchichaceae - Orchid Fami ly 

Autumn Cora l root : Coral lorhi za odontorhi za 

Anthophyta - Dicotyledoneae - ( Dicotyledons )  
Saururaceae - Li zard ' s - tail Fami ly 

Common Li zard ' s-tail or Water-dragon : Saururus cernuus 

Salicaceae - Wi l low Fami ly 
Black Wi l low : Salix nigra 

interior 

Carol ina Wi l low or Ward ' s  Wi l low : Salix carol iniana 
Peach-leaf Wi l low : Salix amygdaloide s  
Sandbar Willow : S a l ix interior 
Bog Wi l l ow :  Salix pedicellar i s  
Heart-leaf Wil low : 

Salix rigida r igida 
Salix rigida angustata 

Pussy Wi llow : 
S a l ix di scolor discolor 
Salix di scolor latifola 

Si lky Wi l low : Salix serica 
Upland Wi l low : Salix humi l i s  humil i s  
Dwarf Upland Wi l low : Sal ix tristis 
Purple Osier or Basket Wi llow : Salix purpurea 
S i lver Popular or White Popular : Populus alba 
Balm-o f-Gi lead : Populus gi leaden s i s  (planted ) 
Cottonwood : Populus deltoides 
Carol ina Poplar : Populus canadens i s  ( planted ) 
Lombardy Poplar : Populus di latata ( planted)  
Bi gtooth Aspen : Populus grandidentata 
Quaking Aspen : Populus tremuloides ( planted)  
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Myr icaceae - Bayberry Family 
Bayberry : Myrica pensylvanica (planted)  

Juglandaceae - Walnut Famil y  
White Walnut , O i l  Nut or Butternut : Jugland c inera 
Black Walnut : Juglans nigra 
Pecan : Carya i l linoensi s  (planted ) 

Swamp H ickory or Bitternut Hickory : Carya cordi formis 
She llbark , White or Shagbark Hickory : Carya ovata 
Big Shel lbark or Kingnut : Carya lac iniosa 
White heart , B ig-bud or Mockernut Hickory : Carya tomentosa 
pignut Hickory : Carya glabra 
Small-fruited or pignut Hickory : Carya microcarpa 

Betulaceae - Birch Famil y  
Ha zel : Corylus americana 
Hardhack , Leverwood , Hop Hornbeam or Ironwood : Ostrya virginiana 
Water Beech ,  Hornbeam or Blue Beec h :  Carpinus caroliniana 
Swamp Birch : Betula pumi la (planted)  
White , Canoe or paper Birch : Betula papyri fera (planted ) 
Red Birch or River Birch : Betula nigra 
B lack , Cherry , Sweet or Mahogany Birch : Betula lenta 
Common Alder , Smooth Alder or Tag Alder : Alnus serrulata 

Fagaceae - Beech Fami ly 
Beec h :  Fagus grandifolia 
Che s tnut : Castanea dentata 
Chinquapin : 
White Oak : 
Engli sh Oak : 

Castanea pumila 
Quercus alba 

Quercus robur (planted)  
Post Oak or Iron Oak : Quercus s te llata 
Bur Oak , Cork Oak or MOs sy Cup : Quercus macrocarpa 
Rock Chestnut Oak : Quercus prinus 
Scrub Che s tnut Oak : Quercus prinoides 
Ye llow Oak , Che s tnut Oak , Chinquapin Sc rub Oak or Pigeon Oak : 

Quercus muhlenbergii 
Swamp White Oak : Quercus bicolor 
Red Oak : Quercus borealis or rubra 
Scarlet Oak : Que rcus coccinea 
B lack Oak , Golden Oak or Quercitron : Quercus velutina 
pin Oak or Swamp Oak : Quercus palustris 
Shingle Oak : Quercus imbr icaria 
Shumard Red Oak : Quercus shumardii 
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Ulmaceae - E lm Family 

White Elm , American Elm,  Water E lm or Swamp Elm : Ulmus americana 
Slippery Elm,  Red Elm or Moose E lm :  Ulmus rubraea or fulva 
Rock Elm,  Cork Elm,  C l i f f  Elm or Hickory Elm : Ulmus thoma sii 
Hackberry , Sugarberry , Nettle Tree or Fal se Elm : Ce ltis occ identa l i s  

Moraceae - Mulberry Fami ly 
Osage Orange or Hedge App le : Mulclura pomi fera 
Red Mulberry : Morus rubra 
White Mulberry : Morus alba (planted)  
Paper Mulberry : Broussonetia papyri fera (planted)  

Cannabinaceae - Hemp Fami ly 
Hemp or Mari j uana : Cannabis sativa 

Urticaceae - Nettle Fami ly 
Stinging Nettle� Urtica dioica 
Wood Nettle : Laportea canadens i s  
False Nettle : Boehmeria cylindrica 
C learweed : Pilea pumi la 
Pennsylvania Pel litory : Parietaria pensylvanica 

Santalaceae - Sandal-wood Fami ly 
Bastard Toadflax : Comandra umbellata 

Aristolochiaceae - Birthwort Family 
Wi ld Ginger : Asarum canadense canadense 
Robins : Asarum canadense ref lexum 
Virginia Snakeroot : Ari stolochia serpentaria 

Polygonaceae - Smartweed Fami ly 
Sheep Sorrel or Red Sorrel : Rumex aceto s sella 
Great Waterdock : Rumex orbiculatus 
Waterdock : Rumex verti c i llatus 
Sour Dock or Yel low Dock : Rumex crispus 
Pale Dock : Rumex alti s s imus 
Bitter Dock : Rumex obtusi folius 
Erect Knotweed : Polygonum erec tum 
Knotweed :  Po lygonum aviculare 
Pale Per s icaria : Polygonum lapathi fol ium 
Pinkweed : Polygonum pensylvanicum 
Water Smartweed or Dotted Smartweed : Polygonum punctatum 
Water Smartweed or Common Smartweed : Polygonum hydropiper 
Mi ld Water Peppe r :  Polygonum hydropiperoides 



A-2l 

Lady ' s  Thumb : Polygonum pers icaria 
Jumpseed : Polygonum virginianum 
Black Bindweed : Polygonum convolvulus 
Cl imbing False Buckwheat : Polygonum scandens 

Chenopodiaceae - Goosefoot Fami ly 
Lamb ' s-quarters : Chenopodium album 
Oak- leaved Goosefoot : Chenopodium glaucum 
Many-seeded Goosefoot : Chenopodium polyspermum 
Orach or Spearscale : Atriplex patula 

Amaranthaceae - Amaranth Fami ly 
Mat Amaranth : Amaranthus graec i zans 
Tumb leweed : Amaranthus a lbus 
Rough Pigweed : Amaranthus retrof lexus 
Pigweed or Prince ' s  Feather : Amaranthus hybridus 
Water Hemp : Amaranthus tuberculatus 

Nyc taginaceae - Four O ' c lock Fami ly 
Wild Four-o ' c lock or Heart- leaf Umbrel lawort : Oxybaphus nyc tagineus or 

Mi rab i l i s  nyctaginea 

Phytolaccaceae - Pokeweed Fami ly 
Pokeweed or Pokeberry : Phytolacca americana 

Ai z oaceae - Carpetweed Fami ly 
Carpetweed : Mol lugo verticil lata 

Portulacacea - Purs lane Family 
Common Purs lane : Portulaca oleracea 
Spring Beauty : Clay toni a virginica 

Caryophyllaceae - Pink Fami ly 
Forked Chickweed or S lender Anychia : Paronychia canadensis 
Common Chickweed : Stel laria media 
Sti tchwort : Stel laria graminea 
Nodding Chickweed : Cerastium nutans 
Mouse-ear Chickweed : Ceras tium vulgatum 
Jagged Chickweed : Ho losteum umbellatum 
Thyme-leaved Sandwort :  Arenaria serpy l l i folia 
White Campion : Lychni s alba 
Corn Cockle or Corn Campion : Agros temma githago 
Sleepy Catchfly : S i lene antirrhina 
Night- f l owering Catchf ly : S i lene noct i flora 
Bladder Campion : S i lene c uc ubolus 
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Fire Pink : Si lene virginica 
Soapwort or Bounc ing Bet : Saponaria o f ficina l i s  
Deptford P ink : Dianthus armeria 

Ceratophyllaceae - Hornworth Fami ly 
Coonta i l  or Hornwort : Ceratophyllum demersum 

Nymphaeaceae - Water-Lily Family 
Water Li ly : Nymphaea tubero sa 

Magno l iaceae - Magnol i a  Family 
Tulip Tree , Tulip Poplar , Yel low Poplar , White Wood , or Canoe Wood : 

Liriodendron tul ipifera 
cucumber Tree or Mountain Magnolia : Magnolia acuminata 

Annonaceae - Custard-apple Family 
Pawpaw : Asimina tri loba 

Ranunculaceae - Crowfoot Fami ly 
Goldenseal :  Hydrastis canadensis 
White Baneberry : Actaea alba 
Wi ld Columbine : Aqui legia canadens i s  
Dwarf Larkspur : Delphinium tricorne 
Marsh Marigold or " Cowsli p " : Cal tha palustr i s  
Sma l l - f lowered Crowfoot o r  Kidneyleaf Buttercup : Ranunculus abortivus 
Prairie Buttercup : Ranunculus recurvatus 
Swamp Buttercup : Ranunculus septentrional i s  
Bristly Buttercup : Ranunculus hi spidus 
Early Meadow Rue : Tha l i c trum dioicum 
Tall Meadow Rue : Thalictrum polygamum 
Purple Meadow Rue : Thal ictrum da sycarpum 
Thimbleweed : Anemone virginiana 
Canadian Anemone : Anemone canadens i s  
Wind Flower o r  Wood Anemone : Anemone quinque folia interior 
Acute-lobed Hepatica : Hepatica acutiloba 
American Hepatica or Round- lobed Liver lead : Hepatica amer icana 
Rue Anemone : Anemoella thalic troides 
Virgin ' s  Bower : Clema t i s  virginiana 
Leather Flower : Clemati s  viorna 

Berberidaceae - Barberry Family 
Mayapple or Wi ld Jalap : Podophyllum pel tatum 
Twinlea f : Jef fer sonia diphylla 
Blue Cohosh or Papoo se-root :  Caulophyllum tha lictroide s 
Japane se Barberry : Berberi s  thunbergii ( planted ) 
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Menispermaceae - Moonseed Family 
Moonseed Vine or Yel low Pari l l a : Menispermum canadense 

Lauraceae - Laure l Fami ly 
Sassafras or Ague Tree : Sas s a fras albidum 
Spice Bus h ,  Feber Bush , wi ld Allsp ice or Benj amin Bus h ;  Lindera benzoin 

Papaveraceae - Poppy Fami ly 
Bloodroot or Red Pucoon : Sanguinaria c anaden s i s  
Celandine : Che lidonium maj u s  

Fumariaceae - Fumitory Fami ly 
Dutchman ' s  Breeches :  Dicentra cucul laria 
Squirrel Corn : Dicentra c anaden s i s  

Croci ferae - Mustard Fami ly 
Black Mus tard : Bra s s ica nigra 
Field Cre s s  o r  Cow Cres s :  Lepidium campestre 
Peppergrass or Poor Man ' s Pepper : Lepidium Virginicum 
F ield Pennycres s : Thlaspi arvense 
Per fo liate Pennycres s :  Thlaspi per foliatum 
Shepherd ' s  Purse : Capsel l a  bursa-pastoris 
Spring Cre s s  or Bulb Bitter Cres s : Cardamine bulbosa 
Northern or Purple Bitter Cres s : Cardamine doug la s s ii 
Cut- leaved Toothwort : Dentaria lac iniata 
S icklepod : Arabi s  c anadens i s  
Smooth Rock Cre s s : Arabi s  laevigata 
True Watercres s : Nas turtium o f ficinale 
Common Watercres s  or Yellow Rocket : Barbarea vulgar i s  
Purple Rocket : Iodanthus pinnatifidus 
Dame ' s Rocket or Dame ' s-vio let : Hesper i s  matronal i s  
Garlic Mus tard : Alliaria of fic inali s  
Hedge Mus tard : s i s ymbrium o f f ic inale 
False F lax : Came lina microcarpa 

Cras sulaceae - Orpine Family 
Ditch Stonecrop : Penthorum sedoides 
Goldmo s s  or Mos sy S tonecrop : Sedum acre 
Live- forever or Garden Orpine : Sedum telephium 
Mountain Stonecrop : Sedum ternatum 

Saxi fragaceae - Saxifrage Family 
Bi shop ' s  Cap , Mitrewort or Coolwort : Mite l la d iphy l la 
Rock Geranium or Alum Root : Heuchera americana brevipetala 
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Mock Orange or Syringa : Philadelphus coronarius 
Wild Hydrangea : Hydrangea arborescens 
Dogberry or Prickly Gooseberry : Ribes cynosbati 
Mis souri Gooseberry : Ribes mis souriense 
Smooth Gooseberry : Ribes hirtellum 
Garden Gooseberry : Ribes grossularia ( planted ) 
Wild Black Curran t :  Ribes americanum 
Garden or.  Red Currant : Ribes sativum (planted ) 

Hamamel idaceae - Witch-ha zel Family 
Witch Hazel , Winter Bloom or Snapping Ha zel Nut : Hamamel i s  virginiana 

Altingiaceae - Sweet Gum Fami�y 
Sweet Gum , Red Gum , Star-leaved Gum or Bilster : L iquidamdar s tyrac i flua 

Platanaceae - Plane Tree Fami ly 
Sycamore , Plane Tree , Buttonball or Buttonwood : Plantus occ identa l i s  

Ro saceae - Rose Family 
Ninebark : Physocarpus opul i folius 
f.1eadowswe.et or Meadow Spiraea : Spiraea albus 
Bridal Wreath : Spiraea vanhouttei i  (planted ) 
American Wood Strawberry or Sow-teat Strawberry : Fragaris vesca 
Wild Strawberry : Fragaria virginiana 
Old-field C inquefoil : Potenti lla s implex 
Rough Cinquefo il : Potentilla norvegica 
Sul fur Cinquefoil :  Potentilla recta 
Shrubby Cinquefoil : Potentilla fruticosa 
Queen o f  the Prairie : Filipendula rubra 
Spring Avens : Geum vernum 
White Avens :  Geum canadense 
Rough Avens :  Geum laciniatum 
Dewberr y :  

Rubus flagellaris 
Rubus enslenii 

Southern Dewberry : Rubus trivialis 
Common Blackberry : 

Rubus al legheniensis 
Rubus pensilvancus 
Rubus frondosus 
Rubus recuvans 

Black Raspberry : Rubus occidentalis 
Red Raspberr y :  R�bus idaeus ( planted ) 
Agrimony : Agrimonia gryposepala 
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Woodland Agrimony : Agr imonia roste llata 
Sma l l - f lower Agrimony : Agrimonia parvif lora 
Soft Agrimony : Agrimonia pube scens 
Prairie Ro se or Cl imb ing Ro se : Ro se setigera 
Mu ltiflora Ro se : Rosa multi flora (planted)  
Sweetbrier Rose or Eglantine : Rosa eglanteria 
Dog Rose : Rosa canina ( p lanted ) 
Swamp Rose : Rosa palus tris 
Wi ld Rose : 

Ro sa carol ina 
Ro sa blanda 

Black Cherry , Cabine t Cherry or Rum Cherry : Prunus serotina 
Choke Cherry : Prunus virginiana 
Mahaleb Cherry or Perfumed Cherry : Prunus maha leb (planted ) 
Sweet Cherry : Prunus avium ( plante d )  
Sour Cherry : Prunu s cerasus (planted ) 
Wild Plum : Prunu s americana 
Chickasaw Plum :  Prunu s angustifolia ( planted ) 
Wild Goose Plum :  

Prunus munoniana 
Prunus hor tulana 

Peach : Prunus pers ica ( p lanted ) 
Pear : Pyrus communis ( planted ) 
Apple :  pyrus ma lus (planted ) 
wi ld Crab Apple :  pyrus coronaria 
Black Chokeberry : Pyrus melanocarpa 
Purple Chokeberry : Pyrus flor ibunda 
Mounta in Ash : Pyrus aucuparia (p lante d )  
Cockspur Thorn : Crataegus crus-galli 
Hawthorn , Thorn or Red Haw : 

Crataegus punctata 
Crataegus di sperma 
Crataegus intricata 
Crataegus b i l tmoreana 
Crataegus margare tta 
Crataegus macrosperma 
Cra taegus pruino sa 
Crataegus rugosa 
Crataegus pedicellata 
Crataegus mo l l i s  
Crataegus calpodendron 

F ire Thorn : Cotonea ster pyracantha ( planted ) 
Downy Serviceberry or Common Juneberry : Arne lanchier arborea 
Wa shington Thorn : Crataegus phaenophyrum 
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Leguminosae - Legume Family 
Redbud or Judas Tree : Cerc i s  canadensis 
Honey Locu st or Sweet Locus t :  Gledi tsia tr iacantho s 
Kentucky Cof fee Tree : Gymnocladus dioica 
Yel lowwood : Cladras tis lutea ( planted ) 
Black Locus t :  Robinia pseudo-acac ia 
Red Clover : Trifo lium pratense 
Whi te Clover : Trifol ium repens 
Als ike Clover : Trifol ium hydridum 
Low Hop Clover : Trifol ium procumbens 
White Sweet Clover or White Me l i lot : Me l i lotus a lba 
Ye l low Sweet C lover or Yellow Me l i lot : Me li lotus o f ficina l i s  
Black Medic or None such : Medicago lupul ina 
Al falfa or Lucerne : Medicago sativa 
Pointed-leaf T ickc lover : Desmodium glutino sum 
Few- flower T ickc lover : Desmodium pauci f lorum 
Hoary T i ckc lover : Desmodium cane scens 
Canada Tickc lover : De smodium canaden se 
Panic led Tickc lover : Desmodium paniculatum 
Del lenius Tickclover : De smodium dillen i i  
Large-bract T ickc lover : Desmodium cuspidatum 
Violet Bushclover :  Le spede za procumbens 
Japan C lover : Le spede za s triata 
Hairy Vetch : Vicia v i l losa 
Wi ld Bean or Groundnut :  Apios americana 
Hog Peanut : Amphicarpa bracteata 

Oxa lidaceae - Wood Sorrel Fami ly 
Upright Yellow Wood Sorre l : Oxa l i s  stricta 
Lady ' s  Sorrel : Oxa l i s  europaea 
Great Ye l low Wood Sorrel : Oxa l i s  grandis 
Violet Wood Sorre l :  Oxa l i s  vio lacea 

Geraniaceae - Geranium Family 
Wi ld Geranium or Wi ld Cranesbi l l : Geranium maculatum 

Rutaceae - Rue Family 
Northern Prickly Ash or Toothache Tree : Xanthoxylum americanium 
Common Hop Tree or Wa fer Ash : ptelea tri f o l ia ta 

S imaroubaceae - Quassia Fami ly 
Ailanthus or Tree of Heaven : Ai lanthus a l t i s sima 
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Euphorbiaceae - Spurge Fami ly 
Prairie Tea : Croton monanthogynus 
Three- seeded Me rcury : Acalypha rhombo idea 
Eyebane or Nodding Spurge : Euphorbia pres l i i  
Wortweed or Mi lk Pur slane : Euphorbia maculate 
F l owering Spurge : Euphorbia corollata 

Toothed Spurge : Euphorbia dentata 
Wood Spurge : Euphorbia commutata 

Anacardiaceae - Sumac Fami ly 
Po i son Ivy : Rhus radicans 
Fragrant Sumac : Rhus aromatica 
Winged Sumac : Rhus copa llinum 
Smooth Sumac : Rhus glabra 
Staghorn Sumac : Rhus typhina 
Po i son Sumac : Rhus vernix 
Smoke Tree : Cotinus coggygr ia (plante d )  

Aquifol iaceae - Ho lly Family 
American Ho l l y :  I lex opaca (p lante d )  
Wi nterberry : I lex verticil lata 

Celastraceae - Staff-tree Family 
Cl imb ing Bi tter swee t :  Ce lastrus scandens 
Orienta l Bi tter sweet : Celastrus orbiculatus (planted ) 
Wahoo or Burning Bush : Euonymus atropurpureus 
Winged Sp indle Tree : Euonymus alatus (planted)  
Running Strawberry Bush : Euonymus obova tus 

S taphyleaceae - Bladdernut Fami ly 
Bladdernut : S taphylea trifo l i a  

Aceraceae - Maple Fami ly 
Hedge Maple : Acer campe s tre (planted ) 
Sugar Map le or Hard Maple : Acer saccharum 
Black Maple or Black Sugar Maple : Acer saccharum 
Mountain Maple : Acer spicatum (planted ) 
Red Map le : Acer rubrum 

nigrum 

S i lver Map le , Whi te Maple , or Soft Map le : Acer sacchar inum 
Box Elder or Ash- leaved Maple : Acer negundo 

Hippocastanaceae - Horse -chestnut Family 
Horse Che s tnut : Aesculus hippocas tanum 
Ohio Buckeye : Aesculus glabra 
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Balsaminaceae - Touch-me-not Fami ly 
Spotted Touch-me-not or Jewelweed : Impatiens b i f lora 
Pale Touch-me -not or Jewelweed : Impatiens pa l l ida 

Rhamnaceae - Buckthorn Fami ly 
New Jersey Tea : Ceanothus americanus 
Common Buckthorn : Rhamnus catharticus 
Lance-leaf Buckthorn : Rhamnus lanceolata 
Alder Buckthorn : Rhamnus alnifolia 

Vi taceae - Grape Fami ly 
Summer Grape : Vi t i s  aestiva l i s  
Frost Grape : V i t i s  vulpina 
Riverbank Grape : Vi t i s  reparia 
Vine (no common - hame ) : Amelops i s  brevipedunculata 
Vine (no common name ) : Ame lops i s  cordata 
Virginia Creeper or Woodbine : Parthenoci ssus quinque fo lia 
Creeper : Partheno c i s sus inserta 
Fox Grape : Vi ti s labrusca 
Sweet Winter Grape : Vi ti s c inerea 

T i l iaceae - Linden Fami ly 
Bas swood or American Linden : T i l i a  americana 
White Bas swood : T i l ia heterophylla 

Ma lvaceae - Mal l ow Fami ly 
Hol lyhock : Althaea rosea ( planted ) 
Common Mal l ow : Malva neglecta 
Velvet-leaf or Piemarker : Abuti lon theophrasti 
F l ower-of-an-hour : Hibiscus trionum (planted ) 
Rose o f  Sharon : HIbi scus syriacus (planted ) 

Hypericaceae - Sant-j ohn ' s-wort Fami ly 
Common Saint-j ohn ' s-wort : Hypericum perforatum 

Hypericum punctatum 
Hypericum mutilum 

Shrubby Saint- j ohn ' s-wort :  Hypericum s pathulatum 
Saint-andrew ' s -cros s : Ascyrum hypericoides multicaule 

Violaceae - Violet Fami ly 
Meadow Violet or Common Blue Violet : Viola pap i lionacea 
Woo l ly Blue Violet : Vio l a  sororia 
Arrow-leaf Violet : Viola sagittata 
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Trilobed Violet : Viola tri loba 
Smooth Violet : Viola eriocarpa 
Cream Violet : Viola str iata 

Thyme laeaceae - Mer zereum Family 
Leatherwood , wicopy or Ropebark : Dira palustr i s  

Lythraceae - Loosestr i fe Fami ly 
Wingangled Loo sestri fe : Lythrum alatum 

Onagraceae - Evening-primrose Fami ly 
water or Marsh Purs lane : Ludwigia palustr i s  
Wi l low Herb : Epi lobium coloratum 
Evening Primro se : Oenothera biennis 
Gaura : Gaura b i ennis 
Enchanter ' s  N i ghtshade : Circaea quadrisulcata 

E laeagnaceae - Rus s ian Olive Fami ly 
Rus s ian Ol ive : Elaegnus angus tifolia (planted ) 
Goumi : Elaeagnus multif lora (planted ) 

Nys saceae - Sour Gum Family 
Black Gum or Sour Gum : Nyssa sylvatica 

Aral iaceae - Ginseng Family 
Wild Sarsapari lla : Aralia nudicaul i s  
Amer ican Spikenard : Aralia racemosa 
Ginseng : Panax quinque fol ium 
Devi l ' s-walkingstick or Hercules ' -club : Ara l ia spino sa 

Umbel l i ferae - Pars ley Fami ly 
Black Snakeroot or Sanic le : Sanicula gregaria 

Sanicula canadens i s  
Sanicula tri fol iata 

Harbinger-of-Spring : Erigenia bulbosa 
Honewort : crypto taenia canaden s i s  
Erect Hedge Pars ley : Tor i l i s  j aponica ( planted ) 
Sweet Cicely or Sweet Jarv i l : Osmorhiza c lay toni 
Sweet Ani se o r  Ani se-root : Osmorhi za longi stylis 
Wild Carrot or Queen Anne ' s  Lace : Daucus carota 
Spreading Chervi l :  Chaerophyllum procumbens 
Ye llow P impernel :  Taenidia integerrima 
Go lden Alexander s :  Z i z ia aurea 
Goutweed : Aegopodium podagraria 
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Poison Hemloc k : Conium rnaculatum 
water Hemlock or Spotted Cowbane : Cicuta maculata 
Meadow Parsnip : Thaspium trifoliatum 
Hai ry- j ointed Meadow Parsnip : Thaspium barbinode 
Purple Ange lica or Alexanders : Angel ica atropurpurea 
Cowbane : Oxypol i s  rigidior 
Parsnip : Pas tinaca sativa 

Cornaceae - Dogwood Fami ly 
F lowering Dogwood : Cornus f lorida 
Pagoda Dogwood or Alternate - leaf Dogwood : Cornus altern i folia 
Si lky Dogwood : Cornus purpusi 
Roughleaf Dogwood : Cornus drummondi 
Gray Dogwood : Curnus racemosa 
Red Osier : Cornus stolonifera 

Ericaceae - Heath Fami ly 
Indian Pipe : Monotropa uni flora 
Pinesap : Monotropa hypopithys 
Leatherlea f :  Chamaedaphne calyculata (planted)  
Dewberry or Squaw-huckleberry : Vacc i nium stamineum 
Spotted Pipsissewa : Chimaphila mac ulata ( sometimes in Pyrolaceae ) 

Primulaceae - Primrose Fami ly 
Shooting S tar : Dodecatheon meadia 
water Pimpernel :  Samolus f loribundus 
Fringed Loosestr i fe : Lys imachia c iliata 
Lance-leaf Yel low Loosestr i fe : Lysimachia lanceolata 
Moneywort : Lys imachia nummularia 
Common Pimpernel :  Anaga l l i s  arvensis 

Ebenaceae - Ebony Fami ly 
Persimmon : Diospyros virginiana 

Oleaceae - O l ive Fami ly 
White Ash : Fraxinus americana 
Green Ash : 'F raxinus pennsylvanica subintegerrima 
Red Ash : Fraxinus pennsylvanica pennsylvanica 
Pumpkin Ash : Fraxinus tomentosa 
Blue Ash : Fraxinus quadrangulata 
Black Ash : Fraxinus nigra 
Fringe Tree : Chronanthus virginicus ( planted)  
Privet : Ligustrurn vulgare ( p lanted)  
Lilac : Syringa vulgar i s  ( planted)  
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Gentianaceae - Gentian Family 
American Columbo : Swertia caroliniensis 

Apocynaceae - Dogbane Fami ly 
Periwinkle : Vinca minor 
Spreading Dogbane : Apocynum androsaemi folium 
Indian Hemp : Apocynum cannabinum 

Asc lepiadaceae - Milkweed Family 
Butterfly Weed or Pleurisy Root : Asc lepias tuberosa 
Swamp Milkweed :  Asc lepias incarnata 
Common Milkweed : Asc lepias syriaca 
Purple Milkweed : Asc lepias purpurascens 
Four-leaved Mi lkweed : Asc lepias quadrifolia 

Convolvulaceae - Morning Glory Family 
Common Morning Glory : Ipomoea purpurea 
wild Potato Vine : Ipomoea pandurata 
Field Bindweed : Convolvulus arvensis 
Hedge Bindweed : Convolvulus sepium 
Upright Bindweed or Low Bindweed : Convolvulus spithamaeus 
Gronovius Dodder : Cuscuta gronovii 

polemoniaceae - Phlox Fami ly 
Blue Phlox : Phlox divaricata 
Garden Phlox or Fall Phlox : Phlox paniculata 
Wild Sweet Wi lliam Phlox or Spotted Phlox : Phlox maculata 
Jacob ' s  Ladder or Greek Valerian : Polemonium reptans 

Hydrophyllaceae - Waterlea f Fami ly 
Large Waterleaf : Hydrophyllum macrophyl lum 
John ' s  Cabbage or Virginia Waterleaf : Hydrophyllum virginianum 
Lavender Waterleaf or Appendaged Waterleaf : Hydrophyl lum appendiculatum 

Boraginaceae - Borage Family 
Blueweed or Viper ' s  Bugloss : Echium vulgare 
Corn Gromwel l :  Li thospermum arvense 
True Forget-me-not : Myosotis scorpioides 
Hound ' s-tongue : Cynoglossum offic inale 
Wild Comfrey : Cynoglossum virginianum 
S tickseed or Beggar ' s-lic e : Hackelia virginiana 
Virginia Bluebells : Mertensia virginica 
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Verbenaceae - Vervain Fami ly 
White Vervain : Verbena urticifolia 
Blue Vervain or Simpler ' s- j oy : Verbena hastata 
Fogfruit :  Phyla lanceolata 

Labiatae - Mint Fami ly 
American Germander or Wood Sage : Teucrium canadense 
Mad-dog Skul lcap : Scutellaria lateriflora 
Small Skullcap : Scutellaria leonardi 
Cornmon Horehound : Marrubium vulgare 
Ye llow Giant' Hyssop : Agastache nepetoides 
Catnip : Nepeta cataria 
Large-flower Ground Ivy or Gill-over-the-ground : Glechoma hederacea 
Self-heal , Hea l-all or Carpenter Weed : Prune l la vulgaris 
Henbit : Lamiu� .amplexicaule 

' Purple Dead Nettle : Lamium purpureum 
Motherwort : Leonurus cardiac a 
Smooth Hedge Nettle : Stachys hispida 
Cordate Hedge Nettle : Stachys riddellii 
Basil Balm : Monarda c linopodia 
Wild Bergamot : Monarda fistulosa 
Downy Blephi lia : Blephilia c i liata 
Wood Mint or Hairy Blephi lia : Blephi l ia hirsuta 
American Pennyroyal or P udding Grass : Hedeoma pulegioides 
Slender Mountain Mint : Pycnanthemum flexuosum 
Virginia Mountain Mint : Pycnanthemum .virginianum 
Virginia Bugleweed or Virginia Water Horehound : Lycopus virginicus 
American Bugleweed or Cutleaf Water Horehound : Lycopus americanus 
American Wild Mint or Fie ld Min t :  Mentha arvensis 
Spearmint :  Mentha spicata 
Peppermint : Mentha piperita 

Solanaceae - Nightshade Family 
Ground Cherr y :  Physalis heterophylla 
Black Nightshade : Solanum nigrum 
Horse Nettle : Solanum carolinense 
Climbing Nightshade or Bittersweet : Solanum dulcamara (planted ) 
Tomato : Lycopersicon esculentum (planted ) 
Cornmon Matrimony Vine : Lyc ium halimifolium (planted ) 
Jimsonweed or Stramonium : Datura stramonium 

Scrophulariaceae - Figwort Family 
Figwort : Leucopora multi fida 
Violet Monkey Flower : Mimulus ringens 
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Sharp-winged Monkey F lower : Mimulus alatus 
Common Mul lein : Verbascum thapsus 
Moth Mul le in : Verba scum blattaria 
White Turtlehead : Chelone glabra 
Eastern Penstemon : Penstemon hirsutus 
Foxglove Penstemon : penstemon digita l i s  

Carpenter ' s  Square o r  Maryland F igwort : Scrophularia mari landica 
Butter-and-eggs : Linaria vulgaris 
Dwarf Snapdragon o r  Le sser Toadfla x :  Chaenorrhinum minus 
Culver ' s  Root :  Veronicastrum virginicum 
Thyme-leaved Speedwe l l : Veron.ica serpyl l i folia 
Neckweed o r  Purs lane Speedwe l l : Veronica peregrina 
Corn Speedwe l l :  Veronica arvens i s  
Common Speedwe l l : Veronica o f f ic inal i s  
Mul lein Foxglove : Dasistoma macrophyl la 
Large - f lowered Agalini s : Gerardia purpurea 
Common Lousewort or Wood Betony : Pedicularis canadens i s  

Bignoniaceae - Trumpet-c reeper Fami ly 
Trumpet Creeper : C��� s i s  radicans 
Northern catalpa or cigar �ree : Catalpa spec ionsa 

Orobanchaceae - Broom-rape Family 
Beechdrops :  Ep ifagus virginiana 

Acanthaceae - Acapthus Fami ly 
Smooth Rue l l ia : Rue l l i a  strepens 
Dense-flowered Water Willow :  Justicia americana 

Phymaceae - Lopseed Family 
Lopseed : Phryma leptostachya 

Plantaginaceae - Plantain Family 
Rugel P lantain : P l antago rugel i i  
Engli sh P lantain or Ribgraas :  Plantago lanceolata 

Rubiaceae - Madder Fami ly 
Partridgeberry : Mitchella repens 
Buttonbush : Cepha lanthus occ identa l i s  
Goosegras s  or Spring Cleavers :  Galium aparine 
Wild Licorice : Gal ium circaezans 
Sweet-scented Bedstraw : Galium tri florum 
Pretty Bedstraw : Gal ium concinnum 
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Capr i foliaceae - Honeysuckle Fami ly 
Black Haw , Stag Bush or S loe : Viburnum prunifolium 
Southern Black Haw : Viburnum rufidulum 
European Cranberry Bush : Viburnum opulus ( planted ) 
Mapleleaf Viburnum or Arrowwood : Viburnum aceri folum 
Downy Arrowwood : Viburnum ra finesquianum 
Nannyberry or Blackthorn : Viburnum lentago 
Common Elder , Elderberry or Sweet Elder : Sambucus canadensis 
Red-berried Elder : Sambucus pubens 
Japanese Honeysuckle : Lonicera j aponica (planted ) 
Wi ld Honeysuckle : Lonicera dioica glaucescens 
Grape Honeysuckle : Lonicera prolifera 
Coralberry or Indian Current : Symphoricarpos orbiculatus 
Common Horse Gentian : Triosteum per foliatum perfoliatum 

Valerianaceae - Valerian Family 
Corn Salad or Lamb ' s-lettuce - Valer ianella radiata 

Dipsacaceae - Teasel Family 
Wild Tease l : Dipsacus sylvestris 

Cucurbitaceae - Gourd Family 
Wild Balsam Apple or Wild Cucumber : Echinocystis lobata 
Bur Cucumber : Sicyos angulatus 

Campanulaceae - Harebell Family 
Tall Be ll flower : Campanula americana 
Venus ' s  Looking-glass : Triodanis perfol iata 

Lobeliaceae - Lobelia Family 
Large Blue Lobelia : Lobelia siphil itica 
Indian Tobacco :  Lobelia inflata 
Pale-spike Lobelia : Lobelia spicata 

Compositae - Compos ite Family 
Common Sunflower : Helianthus annuus 

Helianthus hirsutus 
Paleleaf Wood Sunflower : Hel ianthus strumosus 
Jersualem Artichoke : Helianthus tuberosus 
Wingstem or Yellow Ironweed : Verbesina alterni folia 
Sunflower He liops is or Smooth Oxeye : Hel iopsis helianthoides 
Black-eyed Susan : Rudbeckia hirta 
Showy Coneflower : Rudbeckia speciosa 
Brown-eyed Susan : Rudbeckia tri loba 
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cutleaf Coneflower : Rudbeckia laciniata 
Prairie Coneflower : Ratibida pinnata 
Nodding Bur Marigo ld : Bidens cernua 
Swamp Bur Marigo ld : Bidens tripartita 
Black Beggar-ticks or Sticktight : Bidens f rondosa 
Tal l  Beggar-ticks or Sticktight : Bidens vulgata 
T ickseed Sunflower : Bidens coronata 
Sma l l - f lower Leafcup : polymnia canadensis 
Cup Plant : S i lphium perfoliatum 
Whor led Rosinweed : S ilphium tri f o l iatum 
Giant Ragweed : Ambrosia tri fi da 
Common Ragweed : Ambrosia artemis i i fo l ia 
Cocklebur : Xanthium s trumarum 
Common Dogfenne l or Mayweed : Anthemis cotula 
Common Yarrow or Milford : Achil lea mil lefo lium 
Oxeye Dai sy : Chrysanthemum levacnthemum 
Common Tansy or Golden Buttons :  Tanacetum vul gare 
Sweet Wormwood : Artemisia annua 
Round-leaved Groundse l : Senec i s  obovatus 
Go lden Ragwort or Squaw-weed : Senec i s  Aureus 
F ireweed or Pi lewort :  Erechtites hieracifolia 
Pale Indian P lantain : Cacalia atriplicifolia 
Z ig- zag Goldenrod : So lidago f lexicau l i s  
Wreath Goldenrod or Blue-stem Go ldenrod : S o lidago caes i a  
Roughleaf Goldenrod : Solidago patula 
Elmleaf Go ldenrod : Solidago ulmi folia 
Canada Go ldenrod : Solidago canadens i s  
Bush Fragrant Go ldenrod : Solidago graminifolia 
Common Blue Wood Aster : Aster Cordifolius 
Arrowlea f Aster : Aster sagittifo lius 
New England Aster : Aster novae-angliae 
Purple-stem Aster : Aster puniceus 
Smooth Aster : Aster laevis 
Crooked-stem Aster : Aster prenanthoide s  
Heath Aster or Hairy Aster : Aster p i lo sus 
White Woodland Aster or Starved Aster : Aster lateri f lorus 
Panic led Aster : Aster s implex 
Robin ' s  Plantain or Snowy F leabane : Erigeron pulche llus 
Philadelphia F leabane : Erigeron philadelphicus 
Daisy F leabane or White Top : Erigeron strigo sus 

Erigeron annuus 
Horseweed : Conyz a  canaden s i s  
P lanta in-lea f  P u s s y  toes o r  Everlasting : Antennaria p lantagini folia 
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Spotted-s tem Joe-pye Weed : Eupatorium maculatum 

Purple-s tem Joe-pye Weed : Eupatorium purpureum 
T a l l  Thoroughwort : Eupatorium alti s s imum 
Common Boneset or Thoroughwort : Eupatorium per fol iatum 
Whi te Snakeroot :  Eupatorium rogosum 

Tall Ironwood : Vernonia a l t i s s ima 
Common Burdock : Arc tium minus 

Bull Thi stle or Common Thi s tle : Cirs ium vulgare 
Field Thi stle : C i r s ium discolor 
Tall Thi stle : C i r s i um a l t i s simum 
Canada Thi s tle : C i r s ium arvense 
Ta l l  Rattlesna�e Root , Gal l  o f  the Earth : Prenanthes a l t i s s ima 

Hawkweed : H i erac ium scabrum 
Common Dande lion : Taraxacum o f f i c inale 
Common Sow Thistle : Sonchus o leraceius 
Spiny-leaved Sow Thi stle : Sonchus asper 
Tall Yel low Lettuce : Lac tuca c anaden s i s  
Prickly Le ttuce :  Lactuca serriola 
Florida Lettuce : Lac tuca f lo ridana 
Common Chicory or Blue-sai lor s : Cichorium intybus 
Goatsbeard : Trogopogon praten s i s  

The foregoing checkl i s t  l i s ts species exis ting in the Miami Va l ley . Agriculture food 
c rop and ornamental spec ies excepting trees are no t entered on thi s  l i s t .  Certain 
spec ies are indicated a s  " planted . "  These particular entries indicate spec ies which are 
cons idered a s  " escaped from cul tivation " or rai sed as ornamental trees . It should be 
noted that only two conifers , the Ground Hemlock (American Yew ) and the Red Cedar , are 
native to the Miami Va l l ey . All o ther conifers l i s ted have been planted and propagated 
in the area . 
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APPENDIX B 
ATMOSPHERIC D I SPERS ION CALCULAT IONS 

All calculations of atmospheric dispersion are based on a Gauss ian Di spers i on Plume 
model a s  sugge s ted by Pasqui ll ( 1 9 6 1 )  and mod i f ied by Gi f ford ( 1 9 6 1 ) . ( 1 )  The 
equation used i s  

X ( x ,  y ,  z ;  H )  

where X 
x , y , z  

H 

concentration ( Ci/m 3 ) 
rectangular c oordinates downwind , transverse 
(hori zonta l ) , and vertical with the origin at the 

base o f  the s tack (m)  
e ffective s tack height , �h + h,  where h represents the stack height 
and �h is the plume r ise , 3Wo D/u , calculated on the basi s  o f  the simp le 
expres s ion sugges ted by Briggs , ( 2 )  where 
Wo S tack f low (m/sec ) 

D s tack diameter (m)  
u wind speed (m/sec ) 

Q = emi ss i on rate (Ci/sec ) 
O y , oz =  s tandard deviations o f  p lume concentration d i s tr ibution in the 

hor i z ontal and vertical plane s , respectively . The values o f  both 
O y and O z  are evalua ted in terms o f  the downwind distance , x .  

I f  the c oncentration i s t o  be c alculated a long the centerl ine and a t  ground level , 
i . e . , y = 0 and z = 0 ,  the equation s impli fies to : 

The di spersion c omputation can be mOdified for the s i tuation where a s table layer o f  
a i r  will have the e ffect o f  restricting the vertical di f fusion : 

X (x ,  0 ,  0 ;  H )  Q 
-V'2TIOy Lu 

from any z from 0 to L for x > 2 ;  Oz 

the stable layer of air . 
0 . 4 7L ,  where L i s  the height (m ) to the base o f  

Graphical solutions t o  the se equations for a l l  categori e s  are pre sented in Figures B-1 
to B- 6 .  
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DISTANCE k. 

F I G U R E  B - 1  _ x u / Q  w i t h  d i s t a n c e  f o r  v a r i o u s  h e i g h t s  of e m i s s i o n ( H )  a n d  l i m i t s t o  

v e r t i c a l  d i s p e r s i o n  ( L ) , A s t a b i l i ty .  
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F I G U R E  B - 2  - xu / Q  w i t h d i s t a n c e  f o r  v a r i o u s  h e i g h t s  of em i s s i o n ( H )  a n d  l i m i t s to 

v e r t i c a l  d i s p e r s i o n ( L ) , B s t a b i l i ty . 
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F I G U R E  B - 3  - x u / Q  w i t h  d i s t a n c e  f o r  v a r i o u s  h e i g h t s  of e m i s s i o n ( H )  a n d  l i m i t s t o  

v e r t i c a l  d i s p e r s i o n ( L ) , C s t a b i l i ty ,  
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v e r t i c a l  d i s p e rs i o n ( L ) , E s t a b i l i ty .  
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v e r t i c a l  d i s p e r s i o n ( L ) . F s t a b i l  i ty .  



C-l 

APPEND IX C 
CALCULATIONS FOR RADIONUCL IDE UPTAKE 

I .  Methodology and As sumptions utili zed for Dose Commitment Calculations a s  a Result 
o f  Acute Uptake o f  a Radionuc lide 

Assumptions 

1 .  An individual remains a t  the point o f  maximum ground lev7 l c oncentration for 
the duration of the release . 

2 .  An individual breathe s at a rate of 2 . 0  x 1 0 4 ml/min . 
3 .  Lung depo s ition i s  based on the model suggested by the T a sk Group on Lung 

Dynamics . ( 1 )  
4 .  Duration o f  l i fetime i s  7 0  year s . 
5 .  Tritium oxide i s  a s s imilated through the lungs a t  a rate o f  about 1 0  �Ci of  

tritium absorbed per minute per �Ci o f  tr itium per l iter o f  ambient a i r . ( 2 )  
6 .  The quantity o f  e lemental tr itium a s s imi lated through the lungs i s  based on 

the fol lowing equation . ( 3 )  

where K 
C 
V 

Ci a s s imi lated 

concentration (Ci/m 3 ) 

t = period o f  exposure (min) 

7 .  The amount o f  tritium absorbed through the skin i s  equa l to the amount 
absorbed through the lungs . 

Calculations 

The integrated dose commitment was arr ived at by the fol lowing : 

D � 

where D o  
q 

l:EF ( RBE ) n  

5 1 . 1  q [ l: EF ( RBE ) n ] f 2 ( 1  _ e-Xt ) Am 

integrated dose ( rem) 
body burden ( � C i )  
e f f ec tive energy term (E  i n  MeV ) 

f 2 fraction in organ of reference of that in total body 
A = e f fective decay constant = 0 . 6 9 3/T 

( 1 )  

( 2 )  
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T effective half life (days ) * 
m ma ss o f  organ ( grams ) 
t = period o f  exposure (days ) 

The values of the parameters used in the calculations are presented in Table 1 .  

Table 1 

VALUE OF PARAMETERS " 

Organ of Mass Effec tive 
IsotoEe i: EF ( RBE ) n Reference � T !l. 
Pu- 2 3 8  5 7  Lung 1 0 0 0  2 4 0 5 1 

H- 3 0 . 0 0 5 7 6 Whole Body 7 0 0 0 0  1 2  1 

I I . Methodology and AssumEtions Uti lized for Dose Commitment Calculations as a Resul t 
of a Chronic uEtake of a Radionuc lide 

The integrated dose an individual would receive from the observed concentrations o f  
tritium in the environment was computed b y  a direct c ompari son with the Radiation 
Concentration Guide . 

where D = dose ( rem/year ) 
X = observed average concentration ( �Ci/ml ) 

RCG Radiation Concentration Guide ( �Ci/ml ) 

( 3 )  

DRCG dose re sulting from an exposure to a radionuc lide at a concentration 
equal to the RCG (rem/year) . 

The dose resulting from exposure to tritium was reduced by a factor of 1 . 7  to 
ref lect an RBE o f  one . 

The dose equivalent to the lung resulting from continuous inha lation o f  airborne 
plutonium- 2 3 8  was calculated by : 

D ( t )  5 1 . 1  C ra t fa f r i: EF (RBE ) X  
Am ( 1  - 1 - e-X  [ 

At ( 4 )  

*The effective half ljfe i s  a combination o f  the b iological and radioac tive ha lf lives 
of the ingested material and , by definition , is (T�Tb ) / (T � + T b )  where Tb and T � are 
the biological and radioactive half l ive s , respectively . 
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where D (t )  dose equivalent delivered to the lung i n  3 6 5  days o f  continuous 
exposure to plutonium- 2 3 8  in a i r , rem/yr 

C average airborne concentration , �Ci/ml 
I a average air intake = 2 x 1 0 ' ml/day 
t = time exposed , 3 6 5  days 
f a frac tion o f  inhaled mater ial reaching organ o f  interes t  

pulmonary region ( 1 )  
0 . 7  (max . ) 

frac tion o f  pulmonary depos i tion undergo ing long-term retention 
= 0 . 6  for ac tinide (class Y )  ( 1 )  

LEF ( RBE ) X  
A 

m 

e ffec tive energy depos ition per disintegration 5 7  
e f fective decay rate , 0 . 0 0 1 4  day- l for actinides (c lass Y )  f rom the 
pulmonary region ( 7 )  
lung mas s ,  1 0 0 0  g 

The dose equiva lent to bone resulting from continuous inhalation o f  airborne 
plutonium- 2 3 8  was ca lculated by : 

D ( t )  5 1 . 1  C I f t L EF (RBE ) X ( 1  - 1 - e -A t ( 5 )  
Am At ) 

where f 0 . 2  ( Re f .  1 )  
L EF ( RBE ) x 2 8 4  ( Ref . 1 )  

m 7 x 1 0 3 g ( Ref . 1 )  
A 3 x 1 0 - 5 day- l ( Ref . 1 )  
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APPENDIX D 
PLUTONIUM TOXICITY 

The following discuss ion of health e f fects of exposure to plutonium has been adapted 
for application to Mound Faci lity operations from a review of transuranium exposure 
heal th e f fects by R .  C .  Thompson and W .  J .  Bai r of the Battelle , Pacific Northwes t  
Laboratory , Richland , washington . [ 1 ]  

Prediction o f  the human health consequences attributable to the release of p lutonium 
to the environment is necessarily indirect and highly uncertain . There is a lack o f  
any posi tive information o n  effects o f  this element in either man o r  experimental ani­
mal s at the very low exposure levels anticipated . There also is a lack o f  understand­
ing of the mechanisms by which such e ffects occur . This understanding , i f  avai lable , 
would aid in ·the extrapo lation of data obtained at much higher expo sure levels . Data 
.relevant to such predictions are cons idered in this Appendix under four general head­
ings : ( 1 )  experience with transuranic elements in man , ( 2 )  experience with natural 
radi ation in man , ( 3 ) data from animal experiments on plutonium toxicity , and ( 4 )  data 
on e ffects of other types of radiation on man . Cons ideration is given to the general 
problems o f  extrapo lation from animal to man , and extrapolation from the exposure leve l s  
producing observable effects , to the very much lower exposure leve l s  predicted to re­
sult from Mound Faci lity operations . The controversy regarding the inf luence o f  spatial 
di stribution of dose on resultant biological effects is also addresse d .  

The general approach fol lowed i n  this appendix i s  that o f  Appendix II . G  o f  the LMFBR 
Environmental S tatement [ 2 ]  with modifications reflecting the newer information now 
avai lable . 

D . l EXPERIENCE WITH TRANSURANIC ELEMENTS IN MAN 

No serious health cons eq�ences have been observed in man attributable to the trans­
uranic e lements . Evidence of effects at t�e cellular leve l ( e . g . , histo logically ob­
served e ffects surrounding a plutonium-contaminated wound [ 3 , 4 ] and possible increases 
in chromosome aberrations fo l lowing acc idental exposure [ 5 ]  cannot be related to expo­
sure levels in any manner useful to predictive analysis . Cons ideration must therefore 
be l imited to the kind and magni tude of expo sures that have occurred without evidencing 
effects . Such exposures arise from two principal sources :  the world-wide plutonium 
fallout from atmo spheric testing of nuclear weapons and other devices , and the acci­
dental exposure o f  plutonium workers . 

Expo sure to Fallout P lutonium 

As the re sult o f  atmospheric testing o f  nuclear weapons , an estimated 3 2 0  kilocuries 
. 

o f  long- lived p lutonium isotopes have been deposited on the surface o f  the earth , o f  
which about 2 5 0  kilocuries i s  deposited on the northern hemi sphere and 1 6  kilocuries 
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on the Uni ted S tates [ 6 , 7 ] . Measurements of this p lutonium in the air , in soil , in 
foods , and in man constitute a " natural" experiment o f  pertinence to the estimation 
of the b io logical behavior of transuranic elements in general and speci f ically for 
pluton ium released from the Mound Facil ity . 

Es timates o f  human organ burdens and do ses resulting from fallout plutonium have been 
made by Bennett , employing the ICRP lung model and the data on New York City plutonium 
air concentration s (measured since 19 6 5  and es timated prior to that date by analogy 
with measured s trontium-9 0 )  [ 8 ] . Assuming no intake subsequent to 1 9 7 2  and calculating 
do se commitment to the Year 2 0 0 0 , Bennett arr ived at the e s timates given in Table D- l .  
These e stimates assume no intake by ingestion and involve a cumulative inhalation in­
take from 1 9 5 4  to 19 7 2  o f  4 2  picocuries ( 1  picocuries = 1 0- 1 2 cur ie s )  per person , or 
8 mi l l icuries total for a present U .  S .  population of about 2 x 10 8 • For comparison , 
Table D-l also l i sts the 2 3 -year dose commitments estimated to result from Mound Facil­
ity operations from 1 9 7 7  cumulative to the Year 2 0 0 0  a s s uming the plutonium airborne 
concentration in the metropo litan area remains cons tant to the Year 2 0 0 0 . 

Direct measurements have been made o f  fallout plutonium in autopsy samples .  Because 
the plutonium leve l s  are at the lower l imits of analytical capabil ities , many of the 
earlier values reported were highly uncertain . The best availab le data are those re­
ported from the Los Alamo s S c ientific Laboratory on samples from Colorado and New 
Mexico [ 8 , 9 ] . These determinations employed larger tis sue samples than have usually 
been available , and improved analytica l procedures .  The measured organ burdens are 
compared in Tab le D- 2 with calculated organ burdens based on the New York plutonium air 
concentrations and the ICRP lung model .  The agreement i s  quite good , except for lymph 

Table D-l 

ESTIMATED RADIATION DOSE TO THE MIAMI SBURG METROPOLITAN AREA POPULATION 
FROM FALLOUT PLUTONIUM AND FROM MOUND FACILITY OPERATIONS TO THE YEAR 2 0 0 0  

Lung 

Bone 

L iver 

Dose Equivalen� 
from Fallout Pu 
( mi l l ion man-rem) 

0 . 0 2 1  

0 . 0 4 6  

0 . 0 2 3  

Dose Equivalent from b Mound Routine Operations 
( mil lion man- rem) 

0 . 0 0 1 3  

0 . 0 0 2 5  

0 . 0 0 0 4  

aper capita estimate o f  Bennett , based o n  New York City air concen­
trations , multiplied by 1 , 3 3 0 , 0 0 0  population ( e s timated average ) 
for the Miamisburg me tropoli tan are a .  [ 8 ]  

bAssumes an incremental increase in population from 1 9 7 7  to the 
Year 2 0 0 0  ( 1 9 8 0  = 1 , 1 2 6 , 0 0 0 ;  1 9 9 0  = 1 , 3 7 7 , 0 0 0 ; and 2 0 0 0  = 1 , 5 6 4 , 0 0 0 . )  
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Table 0- 2 

FALLOUT PLUTONIUM IN MAN 
( Co lorado and New Mexico , 1 9 7 0 - 19 7 8 )  

P lutonium in Organ ( 10 - 1 2 cur ies) 
Number o f  Calculated f rom 

Measured New York Air Concentrationa Organ S amEles 

Lung 9 6  0 . 3  0 . 3  

Bone 9 6  1 . 4  0 . 9  

Liver 8 8  1 . 4  0 . 8  

Lymph Nodes 7 3  0 . 0 3 0 . 6  

Kidney 7 3  0 . 1  

Total 3 . 2  2 . 6  

aCalculated by Bennett using ICRP lung mode l .  ( 8 )  

nodes . The low measured value in lymph nodes may reflect a greater so lub i l i ty o f  fall­
out plutonium than assumed in the mode l . Proportionate ly larger amounts of plutonium 
are observed in the lymph nodes o f  experimental animal s  and plutonium workers expo sed 
to insoluble plutonium oxide . 

Although the se data on fallout p lutonium in man cannot be l inked to any measured e f fects , 
they do sugges t that e f fects in the general population around the Rocky Flats s ite from 
material deposited in man as a result of Rocky F l ats operations would be ins ign i f icant 
compared to the e ffects f rom fallout plutonium . S ince the depos ition of f a l lout plu­
tonium in the population in Ohio would be s imilar to that calculated for New York and 
measured in autopsy material from Colorado and New Mexico , because o f  equal lati tudinal 
distribution of p lutonium fal lout i t  can be s tated that the e ffects of Mound ' s  pluton­
ium operations on the surrounding population would also be ins ign i f i cant as compared to 
fallout s ince the amount o f  plutonium released f rom Mound operations has been less than 
that from the Rocky F l ats P lant operations .  

OccuEational EXEo sure 

More than 9 , 0 0 0  per sons have been speci fically identified as having been employed in 
operations that might lead to s ignificant plutonium expo sure ( Table 0 - 3 ) . [ 10 ]  The 
total number of potentially exposed persons is considerab ly l arger . About 3 , 0 0 0  o f  the 
more than 9 , 0 0 0  per sons have shown some measurable evidence o f  internal plutonium depo­
sition . Oata on employeees of contractors operating AEC-owned fac i lities are summar­
i zed for the period 1 9 5 7 - 1 9 7 0  in Table 0-4 , which l is ts the numbers o f  persons with 
estimated plutonium depo s i tions in exce s s  o f  1 0  nanocuries ( 1  nanocurie = 10- 9  curie s )  
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Table D-3 

STATISTICS ON OCCUPATIONAL EXPOSURE FROM THE U . S .  
TRANSURANIUM REGISTRY - OCTOBER 1 9 7 5  [ 10 )  

Number o f  Persons for Whom Re�istrl Has : 
Specific Release o f  Health Physics Authority 

Location I denti fication and Medical Health Data For AutoEsl 

Hanford 2 3 6 7  2 17 4  5 3 3  

Rocky Flats 17 7 2  1 6 1 1  1 7 3  

Los Alamos 3 0 2 4  2 5 7  1 2 7  

S avannah River 1 5 6 7  0 0 

Mound 

Oak Ridge 

Total 

3 3 3  8 9 

0 0 0 

9 0 6 3  4 0 5 0  8 4 2 

Table D- 4 

USAEC CONTRACTOR EMPLOYES WITH ESTIMATED PLUTONIUM DEPOS IIIONS IN 
EXCES S  OF 1 0  NANOCURIES FOR THE PERIOD 1 9 5 7  - 1 9 7 0  

Number of Persons DeEo s i tion Ran�e ( 10 - 9 C i )  

1 1 8  1 0  - 2 0  

3 5  2 0  - 3 0  

1 3  3 0  - 4 0  

1 5  4 0  - 8 0  

1 5  8 0  - 2 0 0  

7 2 0 0  - 4 0 0  
2 0 3  

aData from Re ference 11  supplemented b y  more recent data from the 
ERDA Divis ion of Operational and Environmental S a fety . 

Autopsy 
Performed 

1 4  

3 4  

3 

0 

1 

1 

5 3  

grouped according to depo s i tion level [ 1 1 ) . I f  all per s ons are assumed to contain the 
minimum o f  their range , the total depos i tion in these 2 0 3  persons is about 5 micro­
curies ( 1  microcurie = 1 0 - 6 curies ) .  Thi s  may s t i l l  be too high a value , s ince es ti­
mates o f  individual depos ition , based on urine as say , are almo s t  always high . However ,  
i f  one cons iders the much larger number o f  persons with deposits o f  less than 10 nano­
curies , the persons expo sed prior to 1 9 5 7  and after 1 9 7 0 , and the exposed l icensee 
employees not tabulated , then it seems reasonable to conclude that at least 5 micro­
curies o f  plutonium are depo s ited in approximately 3 , 0 0 0  workers . 
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The U .  S .  Transuranium Regi s t ry w a s  estab l ished in 1 9 6 8  t o  obtain information from 
these occupationally expo sed persons . I t  i s  operated by the Hanford Environmental 
Health Foundation , with cooperation from Pac i f i c  Northwest Laboratory , Lo s Alamo s 
S c ient i f i c  Laboratory , the Rocky F lats P lant and Mound Fac i l i ty .  The Reg i s try seeks 
to identify potent i ally exposed workers , obtain the i r  health physics and medical rec­
ords , and their permi s s ion for pos t-mortem samp l i ng . Permi s sion for po s t-mortem 
s ampling and for acce s s  to medical records i s  at the worker s '  discretion . Reg i s try 
operations are summar i zed in Table 0- 3 ( 10 ] . The accumulating autopsy data are in 
general agreement with data on the distr ibution of p lutonium in exper imental anima l s , 
and thus support the extrapolation o f  anima l tox i c i ty data to man . 

One group o f  expo sed per s ons i s  o f  particular interest because of their early expo sure , 
their relatively high level o f  exposure , and the thoroughn e s s  o f  the followup studie s .  
[ 1 2 ]  These 2 5  laboratory wo rkers were exposed during 19 4 4  and 1 9 4 5  whi le working . at 

what is now the Lo s Alamos Sc ientific Laboratory , unde r conditions that would be j udged 
crude and unacceptab le by today ' s  s tandards . The i r  individual body burdens are esti­
mated to r ange from 5 to 4 2 0  nanocuries , tota l i ng , in the aggregate , about 2 . 5  micro­

curie s .  The se burdens have now been retained for more than 3 0  year s . One o f  the 2 5  
died o f  a coronary occ lusion at age 3 3 ,  and another died a s  the result o f  an automobile 

acc ident .  None have s hown medical findings attr ibutable to interna lly depo s i ted plu­
ton ium . 

Another group of plutonium workers o f  particul ar intere st are the 2 5  worker s with 
initial lung burdens greater than 0 . 0 4 microcuries who were exposed dur ing the Rocky 
F l ats P lant f i re of 1 9 6 5  [ 1 3 ] . As ide from the cytogenetic e f fects noted be low , there 
have been no detectable medical e f fects observed in the se workers .  

An increased inc idence of chromo some aberrations in lymphocyte culture i s  a very sen s i­
tive indicator o f  radiation exposure . An increased incidence of such chromosome aber­
rations has been repor ted in plutonium-exposed Ro cky Flats P lant employe s [ 5 ] . Even 
though continuing s tudies on these worker s  indicate a l inear dos e-response relation­
ship between systemic plutonium burden and aberration frequency , the results do not 
appear to be useful for predicting ultimate health ef fects . An increased incidence o f  
chromosome aberrations was a l so observed i n  Eng l i sh plutonium workers , but could not 
be dif ferenti ated from pos s ible e ffects of external irradiation [ 1 4 ] . In any case , 
the occurrence of these chromo some aberrations in cultured lymphocytes i s  not known 
to relate , in any way , to ultimate b io logical e ffects inf luencing survival . 

I n  view o f  the relatively small number o f  per sons with s i z able p lutonium depo s i t ions , 
it seems unl ikely that stati s t ically valid inferences with regard to toxic effects 
will ever be made . Thi s  would no.t be true , however ,  i f  p lutonium were markedly more 
toxic than is currently bel ieve d .  Thus , the 2 . 5  microcur ies presently retained by 
the Los Alamos sub j ects must have amounted to about 10 microcuries original ly 



D-6 

depo s ited , which , after 30 years , should have shown s igni f i cant e f fects i f  the cancer 
risk were as high as postulated by Tamplin and Cochran [ 1 5 ] . Thi s  point was convincing­
ly made in a paper by Cave and Freedman [ 1 6 ] . 

D . 2  EXPERIENCE WITH NATURAL RADIATION IN MAN 

Experience with transurani c  elements in man i s  l imi ted to the present generation . Other 
alpha-emitting elements , however , are a na tural part o f  man ' s  environment .  He has 
l ived with the se internal l y  depo s i ted radioelements and with radiation from other natur­
al sources throughout the his tory of the specie s .  A compari son of the radiation doses 
from these natural sources with tho se predicted to result from Mound Fac i l i ty operation s 
should be ins tructive . 

Tab le D- 5 summari zes data from a recent NCRP Report on natural background rad iation in 
the uni ted S tates [ 1 7 ] . Also shown in Table D- 5 are e s t imates of radiation exposures 
due to Mound Fac i l i ty ' s routine oper ations . Whether one compares the maximum exposed 
individual or the average Miami sburg area res ident , Mound Fac i l i ty ' s  contribution i s  
a very small fraction of the background expo sure . 

Tab le D- 5  

NATURAL BACKGROUND RADIATION EXPOSURE COMPARED WI TH 
ESTIMATED EXPOSURE FROM ROUTINE MOUND FACILITY OPERATIONS 

Annual Dose E�uivalent (mrem/Eerson) 

Source Sur face 

Natural Backgrounda 

Cosmic radiation 

Co smogenic radionucl ides 

Externalterre s trial 

Inhaled radionucl idesb , c  

Radionucl ides in bodyc 

Total 
6 0  

1 2 0  

10und Fac i l i ty Routine Operations 
Maximum I nd ividuald 

Average Metropo l i tan Are a 
Re s identg 

2 8  

0 . 8  

2 6  

( 4 4 )  

Bone 
Marrow Lung Liver 

2 8  2 8  

0 . 7  0 . 7  

2 6  2 6  

1 0 0  ( 1 0 0 )  

2 4  ( 8 )  2 4  ( 4 )  
8 0  1 8 0  

0 . 11 0  0 . 0 1 3  

0 . 0 1 0  0 . 0 0 1  

�un ited S tates average ; data from Tables 4 3 ,  4 4 , and 4 5  of  Re ference 1 7 . 
Almo s t  entirely alpha emitter s .  �Alpha component in parentheses , ba lance i s largely due to 4 0K . 

eTaken from Tab le 3 - 1 9 . 
fAverage bone dose . 

Total body dose . gCalculated average do se commitment to a l l  individuals in the Miami sburg 
Metropo l i tan area ( approximately 8 8 0 , 0 0 0  peop le) . 

Gonad 

2 8  

0 . 7  

2 6  

2 7  ( 8 )  
8 0  
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D . 3 EFFECTS OF TRANSURANIC ELEMENTS IN EXPERIMENTAL ANIMALS 

Direct information on the toxicity of transuran ic e lements i s  avai lable only from 
s tudie s in experimental animals . The radiobiological l i terature s ugge s ts that the 
biological e f fects observed in such animal experiments will at least qual itative ly 
approximate those that would occur in man expo sed under the s ame conditions .  For thi s  
reason , i t  i s  important to lOOK to the extensive results o f  animal experimentation for 
guidance in es timating the health risks f rom expo sure to transuranic elements . 

The acute toxicity of i n j ected plutonium i s  due pr imar i ly to des tructive e f fects on the 
blood - forming system , re's ulting from irradiation of the bone marrow by plutonium de­
pos ited on bone surfaces , or released from the se sur faces into the marrow [ 1 8 , 19 ] . 

In the case of inhaled plutonium , acute death in experimental animal s  results from 
pulmonary edema , hemorrhage , and inflanroatory de s truction of the functional t i s sue of 
the lung [ 1� , 2 0 ] . 

Acute toxicity i s  conventionally expres sed in terms of an " LD 5 0 " dose ; i . e . , the dose 
required to kill 5 0 %  of the animal s within s ome specif ied per iod of time , usually 3 0  
days . For intravenous ly inj ected tetravalent plutonium- 2 39 c itrate , i n  rats , the 
LD5 0 / 3 0  is about 70 mi crocuries per ki logram . A s imilar value was observed for mice . 
A somewhat lowe r value , 2 0  microcuries per kilogram was observed in dog s ; however ,  this 
was with inj ected hexavalent plutonium . The LD 5 0 / 3 0  for inhaled plutonium in rats and 
dogs was not very d i f ferent from the values for i n j e cted plutonium . Al l of the se do se 
values will vary somewhat depending on the compound adminis tered and the valence s tate 
of the plutonium . It seems unl ike ly , however , that acute death would result from an 
internal ly depos ited do se of l e s s  than 10 microcur ies per kilogram , which trans lates 
to 700  microcur ies for a 7 0-kilogram man . This amounts to about 1 0  mill igrams of plu­
tonium- 2 3 9 , or about 4 0  micrograms o f  plutonium- 2 3 8  [ 1 9 ] . 

Long- term e f fects occur at very much lower exposure level s  than those required to pro­
duce acute death , and it is the s e  long-term e f fects that are the only concern at the 
very low exposure leve l s  that might result from Mound Faci l ity releases . The inc idence 
of cancer appe ars to be the mos t  sensitive measure of the se long-term e ffects . The 
organs in which plutonium is retained in h ighe s t  concentrations are the bone , l iver , 
lung , and lymph nodes . In all of these organs , tumor formation has been observed in 
animal �  as a result of plutonium depo s ition , mos t  s igni f i cant ly in bone and lung . 

Ef fects in Bone 

An in formative experiment on the toxic e ffects of plutonium in bone is the beagle study 
in progre s s  at the Univer s ity of Utah . This experiment was initiated in 1 9 5 2  and was 
de signed to compare the long- term e f fects of intravenous ly inj ected plutonium and rad­
ium . The compari son with radium is of particular interest because extens ive data are 
avai lable on the toxicity of rad ium in man . 
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Tab le D- 6 shows the s tatus o f  the pluton ium- in j ec ted anima l s  in thi s  exper iment . [ 2 1 ]  
I n  the ear l i e s t  injected groups , a l l  anima l s  are now dead . In a l l  o f  the se groups , 
there was a ve ry subs tantial inc idence o f  bone cancers . With decreas ing do s e �  the 
time to tumor appearance increased unti l ,  in the lowe s t  do se group , the average l i fe 
span was not s ign i ficantly d i f ferent from that o f  the contro l s . Addi tional groups at 
lowe r dose leve l s  were exposed beginning in 1 9 6 4 ;  nearly all of these an ima ls are s t i l l  
al ive . 

O f  more intere s t  than ab so lute cancer incidence f igures , is the finding in the Utah 
s tudies that pluton ium- 2 3 9  is radio log ically 16 time s more toxic than radium- 2 2 6 , on 
the bas i s  of the same to tal energy del ivered to bone [ 2 1 ] . Thi s  dif ference is attrib­
utable to the more ha z ardous loca l i zation o f  plutonium on bone surfaces , near the c e l l s  
from which bone tumors or iginate . 

Numerous long-term s tud ies in rodents have also po inted to bone cancer as the mo s t  
sen s itive indicator of the to xicity o f  i n j ected p lutonium . Cancer inc idence data 
from some of the se s tudies are summar ized in Tab le D-7 . These data were selected from 
a more extens ive tabulation by Bair , [ 2 2 ]  and include only experiments or experimental 
groups meeting the fo l lowing crite r ia : ( 1 )  radiation do se to bone was evaluated in 
the study , ( 2 )  more than one exposure leve l was s tudied , ( 3 ) cancer inc idence did not 
exceed 5 0  percent , and ( 4 )  l i fe shorten ing was not exce s s ive . These c r i teria should 
help to exclude results showing a mi sleadingly low cancer inc idence due to saturation 
e ffects or early de ath f rom other cause s .  

Table D- 6 

PLUTON IUM- INDUCED B ONE CANCERS IN UTAH DOG STUDY [ 2 1 ]  

Dogs with Bone Cancer 
Inj ected Dose Dose to SkeletonD 

( IlCi/kc;J) a Tumor Inc idence Years to Death ( rad) ( remj 

2 . 9  7 / 9  7 8 %  4 . 1  4 7 1 0  2 3 5 , 5 0 0  

0 . 9  1 2 / 1 2  1 0 0 %  3 . 6  1 4 1 0  7 0 , 5 0 0  

0 . 3  1 2 / 1 2  1 0 0 %  4 . 5  5 8 1  2 9 , 0 5 0  

0 . 1  1 0 / 1 2  8 3 %  7 . 2  2 3 1  11 , 5 5 0  

0 . 0 5 1 0 / 1 4  7 1 %  8 . 9  1 3 5  6 , 7 5 0  

0 . 0 1 6  4 / 1 4  2 9 %  9 . 9  5 5  2 , 7 5 0  

Control s  0 9 . 9 ( for a l l  
control dog s )  

aAdditional 
0 . 0 0 2 , and 

s tud ies are in progre s s  at dose 
0 . 0 0 0 6  microcurie per kilogram . 

leve l s  o f  0 . 0 1 6 , 0 . 0 0 6 , 

b l '  Cumu atlve do se to one year before death . 
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Table D-7 

PLUTONIUM- INDUCED BONE CANCERS IN EXPERIMENTAL ANIMALS [ 2 2 ]  

Bone Do se 
Admini stration ESIu ivalent Bone Cancer Incidence 

S:eecies Com:eound Route ( rem) Frac tional Per rem 

Mouse Citrate I ntravenous 2 0 0 0  0 . 0 3 9  2 . 0  x 10 - 5  
4 2 0 0  0 . 0 8 1 . 9  x 1 0 - 5  
6 5 0 0  0 . 1 8 0  2 . 7  x 1 0 - 5  

2 0 0 0 0  0 . 4 3 0 2 . 2  x 10 - 5  

Rat C itrate I nhaled 8 3 0  0 . 0 1 3  1 . 6  x 10 - 5  
1 6 4 0  0 . 0 5 6  3 . 4  x 10 - 5  
3 8 2 0  0 . 0 2 5  0 . 7  x 10 - 5  
6 7 0 0  0 . 0 3 2  

1 2 2 0 0  0 . 1 1 0 . 9  x 10 - 5  
1 7 8 0 0  0 . 19 1 . 0  x 1 0 - 5  

Rat Citrate Oral 1 6 5 0  0 . 0 3 1 . 8  x 10 - 5  
2 8 5 0  0 . 0 7 4  2 . 6  x 1 0 - 5  

Rat Ci trate Intra- and 2 6 0 0  0 . 0 4 1 . 5  x 10 - 5 
Subcutaneous 2 5 6 5 0  0 . 2 5 1 . 0  x 10 - 5  

Rat Carbonate I nhaled 1 8 0  0 . 0 1 5 . 6  x 10 - 5  
3 2 0  0 . 0 11 3 . 4  x 10 - 5  

12 6 0  0 . 0 3 1  2 . 5  x 1 0 - 5 
6 0 0 0  0 . 12 2 . 0  x 1 0 - 5 

Rat Nitrate Intratracheal 2 5 6 5  0 . 0 16 0 . 6  x 10 - 5 
5 8 5 0  0 . 0 4 0 . 7  x 10 - 5  

2 0 9 0 0 0 . 0 9 0 . 4  x 1 0- 5  
4 4 0 0 0 0 . 1 3 0 . 3  x 10 - 5 

Doga Citrate Intravenous 2 7 5 0  0 . 2 9 10 . 5  x 1 0 - 5 
6 7 5 0  0 . 7 1  10 . 5  X 10 - 5 

1 1 5 5 0  0 . 8 3 7. 2 x 10 - 5 

aDate of Reference 2 2  altered to re f lect more recent data reported in Reference 
2 1 .  

I t  should be noted that calculation o f  the rem do ses l i s ted in Table D-6 invo lve s the 
use of a . qua l i ty factor of 10 and a d i s tribution factor of 5 ;  rem dos e s  are therefore 
5 0  time s the rad doses .  The bone cancer incidence per rem shows rather close agree­
ment , both within and between experiments . This suggests that cancer incidence i s  an 
approximately linear function o f  radi ation dose to bone over the ranges s tudied ; that 
it i s  not greatly influenced by the compound or route o f  admini s tration ; and that mice , 
rats , and dogs show a s imi lar sensitivity , although dogs appear to be more sens itive 
than rodents . These simi larities o f  behavior lend confidence to the use o f  the se 
numbers for the estimation of e ffects in man . 

E ffects in Lung 

The toxi c i ty o f  inhaled plutonium may be i l lu strated with data f rom an experiment con­
ducted at Pac i fic Northwes t  Laboratory , involving the inhalation of 2 3 9 PU02 by beagle 
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dogs [ 2 3 ] . This experiment was initi ated in the late 1 9 5 0 ' s ;  i t  involved some 6 5  dogs 
the last of which died in 1 9 7 3 .  O f  the 2 1  dogs that survived more than 4 . 5 -years post­
exposure , 2 0  had mal ignant lung tumors . Tumor incidence f i gure s are there fore o f  
l ittle help in interpreting the se results . Li fe- sho rtening , howeve r ,  showed a dose­
e f fect re lationship , as indicated in Figure 0- 1 .  Each point in this f igure represents 
a dog .  Mos t  o f  the dogs died early , with in a year o r  two fol lowing p lutonium expo sure , 
with symptoms o f  respiratory di stre s s  occas ioned by severe pulmonary f i bro s i s . There 
appears to be about a 3-year minimum latency period be fore a lung cancer can develop ; 
a longer latency period i s  associated with sma ller do ses . A line fitted to a l l  o f  
these po ints intersects the normal l i fe span o f  the beagle dog a t  a depo s i tion o f  about 
5 nanocuries per gram o f  lung . Th is extrapo lation is very uncertain , however .  I f  
one draws the best l ine through the closed c ircles ( the tumor-bearing animals ) ,  a 
steeper s lope is obtained . Clearly , more data are needed f rom dogs exposed at lower 
leve l s . Experiments to obtain these data are in progre s s  [ 2 3 ] . 

The uti l ity o f  the Pac i f i c  Northwe s t  Laboratory beagle data i s  l imited because o f  the 
re latively few animals i n  the s tudy and the high expo sure leve l s , which resulted in 
es sential ly 1 0 0 %  lung cancer incidence . These data are included only to i l lustrate 
the re lationship between latency prior to the appearance of lung tumors and the quan­
tity of plutonium inhaled - a relationship which suggests that at lower concentration 
leve l s , the latency per iod may exceed the normal l i fe span of these animals . 

Data on the induction o f  lung tumors in rats that inhaled compounds o f  plutonium or 
americ ium were recently reviewed by Bair and Thomas [ 2 4 ] . Their conclusions are sum­
mari zed in Table 0-8 . The rem doses for lung are 1 0  time s the rad dose s , re f lec ting 
a qual i ty f actor of 10 , but no dis tribution facto r .  The incidence per rem i s  subs tan­
tial ly h igher for lung tumors in rats than for bone tumors in rats ( Tab le 0-7 ) . 

E f fects in Other Organs 

In terms of plutonium content and radiation do se received , liver is in the same c l a s s  
with bone and lung . Howeve r ,  the l iver seems les s radio sensitive than bone and lung . 
Malignant l iver tumors were the primary cause o f  death in two o f  9 6  plutonium dogs in 
the Utah experiment [ 2 5 ] . Smal l ,  benign , b i le duct tumors were incidental f indings 
at autopsy in eight other dogs , but such tumors were a l so seen in contro l s  at ' a  some­
what lower incidence . The liver tumors showed a typically long l atent period , which 
suggests that at lower do se levels and lower incidences of bone and lung tumors , liver 
tumor s  might become more important relative to bone and lung tumors . 

Lymph nodes draining the lung , or s i tes o f  intramuscular plutonium depo sition , may 
accumul ate plutonium concentrations many times higher than concentrations seen else­
where in the body . Various histopatho logic changes have been observed in the tracheo­
bronchial lymph nodes of dogs that inhaled plutonium ,  but these change s were not 
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Table 0- 8 

LUNG CANCER IN RATS FOLLOWING INHALATION OF ALPHA-EMITTING 
PLUTONI UM OR AMERICIUM COMPOUNOSa 

Chemical Form 
Inhaled 

" so luble" 

" insolub le" 

Cancer I ncidence Per Rem 
Mean Maximum MinimumD 

8 X 10 - 5 1 0  X 10 - 5  6 X 1 0 - 5 

1 6  X 10 - 5  2 0  X 10- 5  1 3  X 10 - 5 

aOata f rom Reference 2 4 .  
b 9 5 %  conf idence interval .  

obviously detrimental .  Tumors have been seen only rarely , and their re lationship to 
plutonium exposure is uncertain . I ndirect e f f ects on immune capab i l i ty o r  on lymph 
drainage are considered mos t  unl ikely at the low levels of exposure pro j ec ted [ 2 2 , 2 3 ] . 
The ICRP , whi l e  recogn i z ing the higher burdens and dose commitments in the lymph nodes 
re lative to the lungs , skeletal system , and liver , has not cons idered the thoracic 
lymph node s to be a critical organ [ 2 6 ] . 

E f fects on the production or survival o f  the various types o f  b lood c e l l s  have been 
studied in many of the experiments on plutonium tox i c i ty .  A variety o f  such e ffects 
are noted at high exposure level s  [ 19 ] . The mos t  sen s i t ive o f  thes e  e f fects i s  prob­
ably the reduction in b lood lymphocytes following depos i tion of plutonium in the lung . 
[ 2 3 ]  One cannot rule out the pos s ib i l ity o f  a re lationship between thi s  e f fect on 
lymphocytes , lymph node patho logy , decreased immunological capabil i ty , and the patho­
gene s i s  o f  plutonium- induced lung tumors . 

Since p lutonium on bone surfaces will irradiate portions o f  the bone marrow , concern 
has been expres sed that leukemia might be an important de layed e f fect o f  plutonium ex­
posure . Although l eukemias have , in rare instances , been reported to result from plu­
tonium expo sure , they have occurred only following rather large do ses , and at a much 
lower incidence than bone tumors [ 1 8 , 2 7 ] . 

E f fects in tes tes or ovaries at the cel lular or t i s sue leve l have been observed only 
following p lutonium doses much h igher than the doses which would have resulted in 
o ther evidence s  of toxicity . [ 2 8 , 2 9 ]  Although studies o f  multi-generation genetic 
e f fects have not been performed , an inve s t igation of cytogenetic e f fects in the testes 
of hamsters showed no s ignif icant increase in the frequency of chromosome aberrations 
after calculated radiation doses of 1 and 4 rads . [ 3 0 ] . The expo sures employed in 
thi s  s tudy would re sult in s igni f icant life shortening and cancer- induction , suggest­
ing that genetic r isks are small compared to somatic risks . S tudies o f  chromosome 
aberrations in the germ c e l l s  of male mice after protracted exposure to 2 3 9 pU ,  with 
doses ranging from 1 4  to 4 4  rads , showed s igni f icant e f fects , in agreement with 
predictions based on previous s tudie s with gamma ray and neutron exposures and 
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assumed radiobiological e f fectivenes s  ( RBE)  and d i s tribution factors . [ 3 1 ]  Recent 
s tudies in mice have indicated that the critical spermatogonial s tem cel l s  of the 
tes t i s  may receive a 2 to 2 . 5  time s  higher dose from depos ited plutonium than the av­
erage for the tes ti s , due to i nhomogeneties of d i s tribution . [ 3 2 ]  However , the total 
depo s it ion of plutonium in the gonads is  low , in all animal species s tudied , so that 
even allowing for preferential exposure of s tem cell s , the dose to these c e l l s  would 
not be expected to exceed the total body average . [ 3 3 ]  

0 . 4  EFFECTS OF OTHER TYPES OF RADIATION IN MAN 

In the absence o f  data on the e f fects o f  transuran i c  elements in man , some inferences 
regarding the se e f fects may be drawn from observations of the e f fects from other forms 
o f  ion i z ing radiation in man . S uch inferences would be b ased on data derived from 
medical , occupational ,  accidental , or wartime exposure o f  humans to dif ferent radia­
tion sources : extern a l  X radiation , atomic-bomb gamma and ,neutron radiation , radium , 
radon and radon daughters , etc . S uch information was recently summari zed by the 
National Academy of S c iences - National Research Coun c i l  Committee on the Biological 
E f fects o f  Ion i z ing Radiations [ 3 4 ]  and by the United Nations S ci enti fic Committee 
on the E f fects of Atomic Radiation ( UNSCEAR) . [ 3 5 ]  Both groups arrived at comparable 
risk estimates for the expected mortality from radiation-induced cancer . The NAS-NRC 
document , common ly referred to as the BEIR report , presents these estimates in a form 
that is conveniently app l i cab le to the estimation of r i sks in populations that in­
c lude the normal age d i s tribution , and w i l l  be used here as a source document for can­
cer risk estimates . The BEI R  report w i l l  a l s o  be employed to derive genetic risks 
that might be attributed to a retained burden o f  transuranic elements in the gonads . 
Risk estimates derived in the BE IR report are a l l  l inearly extrapolated from human ex­
perience at relatively high dose rates and total do ses ; the validity of such extrapol a­
tions wi l l  be d i s cussed later in th is Appendix . 

Cancer E f fects 

The extens ive human data cons idered in the BEIR report w i l l  not be reviewed here ; i t  
should b e  noted , however ,  that e f fects o f  irradia tion from external rather than in­
terna l  sources , in particular the data from Japanese atomic bomb s urvivors and irrad­
iated spondylitics , were heavily weighted in arriving at risk estimates . The BEIR 
report makes estimates of both ab solute r i sk and re lat ive risk and for each of these 
assumes e i ther a 3 0 -year or a duration-of - l i fe interval following the latent per iod , 
during which r i sk remains elevated . Thi s  leads to four ri sk estimates . Only the two 
estimates which lead to the lowes t  and the highest predictions o f  cancer mortality are 
cons idered here ; the lowes t  being the abso lute r i sk mode l with a 3 0 -year plateau , re­
ferred to as the " absolute mode l , "  and the highes t  being the relative risk model with 
a l i fetime plateau , re ferred to as the " re lative mode l . " Each o f  these models makes 
separate risk e s timates for the in utero , 0 - 9  years , and 1 0 +  year s  age periods , 
ref lecting age dif ferences in the sensitivity to irradiat i on . The derivation o f  these 
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r i sk es timates and their appl ication t o  the U .  s .  population is  summari zed in tables 
on pages 169  and 171 o f  the BEIR report , [ 3 4 ]  where the exce ss deaths due to cancers 
other than leukemia for the U .  s .  population , per 0 . 1  rem , per year , are predicted as 
1 , 2 1 0  by the " absolute mode l "  and 8 , 3 4 0  by the " re lative mode l . "  

The fraction o f  the se non-leukemia cancers that are bone cancers is  given as 0 . 0 4 , and 
the fraction that are lung cancers is given as 0 . 2 6 .  No fraction is g iven for l iver 
cancers , which fall in the BEIR repor t ' s " GI including s tomach" category , wh ich is 
0 . 2 0 of the non- leukemia cancer s .  I t  is as sumed that the se cancers will be induced in 
direct proportion to the ir inc idence in the H iroshima-Nagasak i  survivors , where pri­
mary l iver cancers accounted for about 0 . 0 8 of  the GI cancers . Therefore , 0 . 0 1 6  ( the 
product of 0 . 0 8 and 0 . 2 0 )  is cons idered the fraction of the to tal non- leukemia risk 
that is attributed to l iver cancers . 

Tak ing the fract ion o f  the predicted non- leukemia cancers attributable to each cancer 
type and converting population dose to a man-rem bas i s , one arr ives at the risk esti­
mates shown in Table D-9 . Leukemi a risks were not estimated because dose to bone 
marrow f rom bone-depo s i ted trans uranic elements is smal l compared to the do se to other 
organs , and because leukemia has been rarely seen i n  animal experiments with plutonium 
[ 1 8 , 2 7 ]  . 

The cancer risk from irradiation of thoracic lymph nodes was also neglected , even 
though these nodes , in experimental anima l s , receive a radiation dose from plutonium 
that is higher than the do se to any other organ . [ 2 2 ]  The incidence o f  lymphosarcoma , 
re ticulos arcoma , Hodgkin ' s  disease , and/or mul tiple myeloma has been ob served to be 
increased in Japanese atomic bomb survivors ,  [ 3 6 - 3 8 ]  in patients rece iving radiotherapy 
for ankyl o s ing spondy l iti s , [ 3 9 ]  and in radio logi sts who entered practice in the day s 
preceding current re strictions on occupational expo sure . [ 4 0 ]  For this reason , the 
lymphoid and reticular tis sues were cla s s i f ied by the ICRP Task Group [ 4 1 ]  as being 
" apparently " high in susceptibi l ity to the carcinogenic e f fects o f  radiation ; however , 
it was noted by the Task Group that at least some of the neopla sms inc luded in thi s  
group ( e . g . , mul tiple mye l oma) appear t o  arise in the bone marrow . Whether ,  i n  fact , 
any of the se neoplasms i s  attributab le to trans formation o f  ce l l s  in lymphoid t i s sues , 
as opposed to transformation o f  precursor cel l s  in the bone marrow , i s  debatab le in 
l ight o f  current concepts of cel l population kinetics in the lymphatic and reticular 
sys tem . At present , there fore , in the absence . o f  evidence that locali zed irradiation 
of lymphatic tis sue is carcinogenic in human or animal populations , i t  seems in appro­
priate to attempt to e s timate such cancer r i sks . 

Engl and ' s  Medi cal Re search Council (MRC ) , considering nearly the same information 
covered in the BEIR and UNSCEAR reports , arrived at somewhat d i f ferent , s ingle e s t i ­
mates o f  fatal cancer ri�k from irradiation of the tissue s  of con�ern . [ 4 2 ] The MRC 
risk es timate for lung was 2 5  x 10 - 6 per man-rem , which fal l s  betwe en the two BEIR 
e stimates li sted in Table D-9 . The MRC risk e stimate for bone was 5 x 10 - 6 per man-rem , 
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Table 0- 9 

DERIVATION OF CANCER MORTALITY RISK ESTIMATES 
FROM BEIR REPORT ESTIMATES 

2 3 

Fraction 
o f  Non-

Risk Leukemi a 
Mode la Cancersb 

4 

Predic ted 
Exce s s  Deaths 

per Year per 0 . 1  Rem 
per Year Continuous 

Exposure of u . S .  
pOEu lationc 

5 

Predicted 
Exces s  Deaths 

per d Man-Rem 

Non-leukemi a "Abso lute " l . 0 1 , 2 1 0  
8 , 3 4 0  

Lung 

Bone 

Liver 

" Re lative " l . 0  

" Absolute" 0 . 2 6 
" Relative " 0 . 2 6 

"Absolute " 0 . 0 4 
" Re l ative " 0 . 0 4 

"Absolute" 0 . 0 1 6  
" Re lative " 0 . 0 16 

3 1 5  
2 , 16 8  

4 8  
3 34 

19  
1 3 3  

1 6  X 1 0 - 6 
1 1 0  X 10 - 6 

2 X 1 0 - 6 
1 7  X 1 0 - 6 

1 X 10 - 6 
7 X 1 0 - 6 

a"Absolute " re fers to BE IR report abso lute risk model with 3 0 -year plateau 
fol lowing latent period during which risk rema ins e levated . " Relative " 
refers to BEIR report relative risk model with l i fetime p lateau . 

bFractions given in BEIR report ( p . 1 7 1 )  for age 10 or more assumed to 
apply to a l l  categorie s .  Fract ion for l iver cancers i s  not given in 
BEIR report , but e s t imated as explained in text . 

cNon-leukemia deaths taken from BEIR report ( p .  16 9 ) . Othe rs c a lculated 
by app l i cation of fract ions l i s ted in Co lumn 3 .  

dCalculated from numbers in Co lumn 4 by multiply ing by 1 0  ( converting to 
rem bas i s )  and dividing by 2 x 10 8 ( U . S .  population total employed in 
derivation of Co lumn 4 number s ) . 

which also falls between the two BE IR estimates l i s ted in Tab le 0-9 . The MRC cons id­
ered its bone r i s k  est imate as pos s ib ly " much too large . "  The MRC risk e s t imate for 
liver was 2 0  x 1 0- 6 per man-rem , which is sub stantially higher than e i ther of the esti­
mates l i s ted in Table 0-9 . This l iver risk estimate was based upon recently summar­
i zed data on the induction o f  l iver cancer by " Thorotras t , "  a preparation o f  thor ium 
dioxide . [ 4 3 ]  As pointed out by the MRC , these data are of uncertain relevance because 
of the large quantities ( grams ) of thor ium involved , which might be chemically carcino­
genic ,  and which might reduce the e ffective radiation dos e  because of s e l f - ab sorption . 

Also o f  interes t  are recently accumulated data on the carc inogenicity of rad ium- 2 2 4  in 
human bone . [ 4 4 , 4 5 ]  The s e  data are particular ly relevant to risks from plutonium s ince 
radium- 2 2 4  has a very short hal f- life ( 3 . 6 2 days ) and , because of this , irradiates only 
the surface layer of bone , in much the same manner as pluton ium .  When adminis tered re­
peatedly , as it was to a large number o f  German patients shortly a fter the Second World 
War , the resultant exposure of bone should c losely mimic that received from plutonium .  
Based o n  these data , Mays , e t  al . ,  estimate a bone cancer risk o f  4 x 10 - 6 per man-rem 
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and present convincing arguments for conc luding that , at the high dos e  leve l employed , 
this estimate cannot be too high or too low by more than a factor o f  ten . [ 2 1 ]  

Genetic E f fects 

The genetic risks cons idered in the BE IR report inc lude the full spectrum of genetic 
defects seen in the U .  S .  and other Wes tern nations . The i r  e f fects upon the carrier 
may range from a lethal action occurr ing at any time of life ( from before birth until 
death ) , to minor me tabol ic consequences that may be nearly undetectable . The genetic 
spectrum ranges from dominant s ingle gene mutants whose e ffects may be categorically 
recogni zed , to subtle genetic contributions to di sease conditions that are predominant­
ly of environmental or non-genetic origin . As a consequence , it is not appropriate to 
compare or equate estimates of genetic risk directly with cancer risks , where case in­
cidence and case mortality are substantial ly one- to-one . 

The BEIR report ( pp .  5 4 - 5 7 ) - ' surnrnari z e s  its risk e stimates for genetic defects in terms 
of a 5 rem per generation do se to a population of one mi ll ion . [ 3 4 ]  Converting these 
numbers to a man-rem bas is , one obtains the risk e stimates o f  Table D-1 0 .  The range 
of these estimates ref lects a 1 0 - fold uncertainty in the value of the mutation rate 
doubl ing dos e , which is as sumed to lie in the range of 2 0 - 2 0 0  rem . There is a further 
uncertainty with regard to the magnitude of the genetic component of the defects with 
complex etio logy . 

Table D- 10 

DERIVATION OF GENETIC DEFECT RISK ESTIMATES FROM BEIR REPORT ESTIMATES 

1 

Type o f  Risk 

S pecific genetic 
Defects 

Defects with Complex 
Etiologyd 

2 
Predicted 

Defects per Mi ll ion 
Persons per 5 Rem 
per Generation at 

Equi libriuma 

2 5 0 - 2 5 0 0  

5 0  - 5 0 0 0  

�alues taken f rom Table 4 ,  page 5 7  o f  BEIR report . [ 3 4 ]  
bEqual to value s  o f  Column 2 divided by 5 x 10 - 6 • 

3 

Predicted 
Defects PEr 

Man-Rem 

5 0  X 10 - 6 
to 

5 0 0  X 1 0- 6 

1 0  X 10 - 6 
to 

1 0 0 0  X 10 - 6 

cInc ludes dominant di seases , chromosomal and reces s ive d i sease s . 
dIncludes congenital anomolies , anomo l ie s  expres sed later , constitutional 

and degenerative d i seases . 
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An additional catego ry o f  genetic risk di scussed in the BEI R  report i s  that concerned 
with general " il l  health" of uncertain genetic determinat ion . This risk was conserva­
tively e s timated as a 0 . 5  to 5 . 0  percent increase in the equi librium incidence of i l l  
health per 5 rem per generation . Thus , for the total U .  S .  population , 10 9 man-rem 
per generat ion would increase i l l  health by 0 . 5  to 5 percent . 

Many uncertaint ies are involved in the se genetic risk estimates , as r e f lected in the 
fol lowing statement from page 5 9  of the BEIR report : [ 3 4 ]  

" I t i s  clear that the se estimates are sub j ect to great uncertainty . 
The range s of plaus ible value s  are broad , and there is no assurance 
that the true value s  are within the se range s .  We are well aware 
that future informat ion will nece s s i tate revis ions . The es timates 
are pre sented , not as accurate scient i f i c  information ( as scientists 
we would pre fer to de fer j udgment until the information is  solid) , 
but as reasonable value s based on current knowledge which , crude 
and uncertain as they are , may serve as a better guide to rational 
uses of radiation than no e stimate s at all . "  

Some of the uncertainty referred to above would seem to have been resolved by recent 
data gleaned from the vital s tatistics records of the Canadian province of British 
Columb ia . [ 4 6 ]  The se exceptionally we ll-organi zed stat i s tics cover ing two mi l l ion 
people indicate an incidence of s imple dominant heredi tary disease of 0 . 0 8 percent as 
compared to the 1 percent incidence employed in obtaining the BEIR report risk e sti­
mate s .  Newcombe has argued per suas ively that " the bulk o f  the mo st direc t ly pert i­
nent experimental studies thus fail to demonstrate any important e f fect o f  irradiation 
on the irregularly inherited diseases , or on general health and we l l  being , "  and con­
c lude s that only the dominant heredi tary diseases " are likely to increase in direct 
proportion to the mutat ion rate . . . .  " [ 4 7 ]  On the bas i s  of these newer data , Newcombe ' s  
e s timate o f  total genetic r i sk is  1 0  x 1 0 - 6 per man-rem .  [ 4 7 ]  

0 . 5  ESTIMATION OF THE EFFECTS OF TRANSURANIC ELEMENTS IN MAN 

Data relevant to the estimation o f  he alth e f fects in man have been pre sented in the 
preceding sections o f  thi s  Appendix . The se data , or for that matter , any exper imen­
tally obtainable data , are not adequate for the prec ise pred iction of such po ss ible 
health e f fects . Many assumpt ions must be employed , and the conc lusions that are 
reached are meaningful only in the light o f  these assumptions . Particularly critical 
are the as sumpt ions invo lved in the var ious extrapolations required and the as sumptions 
involved in reducing plutonium exposure to the common denominator of radiation dose . 
A di scus s ion o f  the se prob lems is presented in this section , fol lowed by the conclu­
sions employed in evaluation of health e f fects in th is Environmental S tatement . 

Extrapo l ation from Animal to Man and to Very Low Exposure Leve ls 

E stimat ion of the human r i sks a s soc iated with the uptake o f  very low leve l s  o f  trans­
uranic e lements involve s several kinds of extrapo lation . Whether based on observations 
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i n  experimental animals o r  man , there is the prob lem o f  extrapo l ating t o  much lower 
exposure leve l s  than are covered by the data . The available human data are for types 
of radiations that do not inc lude internally deposited transuranic e lements ; one mus t 
extrapolate , based largely on experience with external i rradiation . Exper imental ani­
mal data are available for transuranic element toxicity , but one, must extrapolate from 
animal to man . 

The extrapolation o f  toxic i ty data from animal to man is the most fami l i ar o f  these 
extrapo lation proces ses . That such extrapo l ation can be j us t i f ied i s  an underlying 
assumption of mo st toxicological re search . Where data from several animal species are 
in reasonable agreement , it is assumed , in the absence o f  conf l ict ing evidence , that 
man will behave s imi larly . This as sumption is mo re conf idently made in the case o f  
acute e f fects . F o r  long-term e f fects , species di f ferences have more opportuni ty to 
manifest themselves ,  and di f ferences in l i fe span may be o f  s igni f icance . 

Fortunately , for the case o f  bone-depos ited alpha-emi tters , one can make some direct 
comparisons between human and experimental animal toxicity dat a .  Tab le 0 - 1 1  compares 
data on radium toxicity in man and in experimental animal s .  [ 2 1 , 4 8 ]  In most studies , 
the incidence o f  bone cancers per rad i s  higher i n  animals than in man . For radium , 

- the extrapolation erro r ,  f rom animal to man , would thus result in a conservative over­
estimate of e f fect in man .  Although such a conclus ion cannot be conf idently assumed 
to apply to the case of trans uranium elements , the agreement in radium data for man i s  
a t  least enco urag ing . 

As noted in the previous section , the data on the e f fects o f  radium- 2 2 4  in man are the 
mo st applicable data for the es timation o f  plutonium e f fects in man .  This i s  because 
radium- 2 2 4 ,  with its short ha l f - l i fe ( 3 . 6 2 day s ) , i rradiates only the sur face layer o f  
bone , a s  does plutonium . [ 2 1 ]  

Aside from the human radium data , exper ience with a lpha-emi tter s i n  man i s  o f  l ittle 
help in these evaluations . Data on alpha-radiat ion- induced lung tumors in uranium 
miners , and l iver tumors in thorotrast patients , suf fer f rom inherent do s imetric com­
plexities that seriously l imi t the ir use fulnes s .  Recent studies have shown no s igni­
f icant excess of lung cancer in uranium miners in the do se range of 1 2 0  Working Level 
Months . [ 3 4 , 49 ]  Thi s  dose of 1 2 0  WLM has been various ly re lated to doses ranging from 
60 rad [ 3 4 ]  to 1 , 8 0 0  rad [ 5 0 ]  to the basal cell layer of the respiratory epithe lium ,  
with 2 4 0  to 8 4 0  rad o ften being the range sugge s ted . [ 4 9 , 5 1 ]  The uranium miner data 
were , neverthe les s ,  cons idered as one source of input in the derivation of BEIR report 
r isk e s t imates for radiation induced lung cancer . 

The thoro trast-inj ected patients do show an increased l iver cancer and leukemia inci­
dence ; however ,  this incidence re sults f rom the very inhomogeneous depo s i t ion o f  
about 5 grams o f  thorium i n  the l iver , which bears l ittle do s imetric relationship to 
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Table D-ll 

COMPARISON OF RADIUM TOXICITY DATA IN EXPERIMENTAL ANIMALS AND MAN 

Bone Cancer Incidence !2er 
Male Female 

Radionuc l ide Mice Mice 

2 2 6 Ra 7 7 a 7 0 a 

4 3 0 b 

2 2 8 Ra 

2 2 6 + 2 2 8 Ra 

2 2 4 Ra 7 3b 1 2 0 0b 

aData s ummari zed in Reference 2 1 .  
bData summar i zed in Reference 4 8 . 

� 
3 2 0 a 

1 3 0 0b 

10 6 Bone-Rad 

Man 

6 - 5 3 a 

1 0 0  - 2 0 0 a 

a p lutonium depo s ition . The BEIR report does not give risk estimates for radiation­
induced l iver cancer ; the MRC report derives an inc idence estimate of 20 x 10 - 6 per 
man-rem , based on the thorotras t data . 

All observat ions on radiat ion e f fects , whether in animals or in man , have been made for 
total radiation doses , and for radiation dose rate s  that are much higher than the av­
erage t i s s ue doses and dose rates that might result from releases o f  plutonium from 
Mound Fac i l i ty .  The low incidence of e f fects that might s ti l l  be of concern when 
applied to large populations are s imply unmeasurab le in e ither animal experiments or 
human epidemiological studies . It is neces sary , there fore , to interpo late between the 
doses from which data on e f fects are avai l ab le and zero dose , where zero ef fect can be 
assumed . For the estimates of health ef fects made in this Statement , we have based 
this interpolation on an as sumed linear do se-e ffect re lationship . The BEIR report 
( p age 9 7 )  j usti fies such a procedure in the fo l lowing words : [ 3 4 ]  

" In view o f  the gaps in our understanding o f  radiation carcinogene s i s  
in man , and i n  view o f  i ts more conservative impl ications , the linear , 
non-threshold hypothes is warrants use in determining public po licy on 
radiation protection ; however , expli c i t  explanation and qua l i f ication 
o f  the assumptions and procedures involved in such risk estimates are 
called for to prevent their acceptance as scienti fic dogma . Further­
more , the l inear hypothes i s  is the only one which permits the selec­
tion o f the mean accumulated tis sue dose to characteri z e  the radi ation 
exposure of a group under conditions of nonun i form expo sure and expo­
sure rate . The mean accumulated ti s sue dose is the only practical 
quantity that can be used to estimate the risk of cancer in such popu­
lations unt i l  the i n f luence of the many interacting variables can be 
better speci fied . "  

While agreeing wi th the practical uti l i ty of this procedure , it is  mo st important 
that the results not be accepted as " scientific dogma . " I t  i s  not the obj ective o f  
this Environmental S tatement . to " determine pub l i c  policy o n  radiation protection . "  
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I t s  objec tive i s  to present all the evidence , so that public po l icy , as eventual ly 
determined , may ref lect all rel evant risks and bene fi ts . In thi s  l ight , i t  mus t  be 
emphasi zed that the interpo lated risk e s t imates do rest on conservative assumptions , 
and that there i s  no direct experimental evidence on which to base a cho ice between 
thes e  estimates and an estimate of z ero e f fect . 

Pertinent to the assumption o f  a l inear do se-effect relationship i s  the recent caution 
voiced by the NCRP : 

" The NCRP wishe s. to caution governmental pol icy-making agenc ies o f  
the unreasonab lene s s  o f  interpreting o r  as suming " upper limit" esti­
mates o f  carcinogenic risks at low radiation leve l s , derived by 
l inear extrapo lation f rom data obtained at high do se s and dose 
rate s , as actual r i s k s , and of bas ing unduly restrictive pol i c i e s  
on such a n  interpretation or assumption . "  [ 5 2 ]  

Because there i s  cons i derable experimental evidence to indicate that low-dose-rate ex­
posures are less damaging , _ rad- for-rad , than high-do se-rate exposures , it has o ften 
been suggested that l inearly extrapolated estimates o f  e f fects at very low dos e  rates 
should be corrected by some " do se-e f fectivenes s  factor . "  Such an approach was taken 
in the Reactor Safety S tudy [ 5 3 ]  ( Rasmus sen Report) , where it was recommended that at 
dose rates of les s than 1 rem per day , or at tota l doses of less than 10 rem , the 
� f fect es timated by linear extrapo lation should be reduced by a factor of f ive . The 
credib i l ity of thi s  approach is supported by an Advisory Group on Health E ffects , in­
c lud ing among its 17 members , five who also served on the BEIR Committee . 

Appl ication o f  the " ri sk-effectivenes s  factor" as employed in the Rasmus sen Report was 
not limited to low-LET ( linear energy trans fer) radiation . Most of the experimental 
support for the concept ,  however ,  derives f rom s tudies with low-LET radiation . From 
theory , one may argue convincingly that the high 'LET o f  alpha radi ation , and consequent 
lack o f  repair o f  c e l lular e f fects , demands a linear relationship at low dose between 
cel l s  k i l led or damaged and alpha particles travers ing the tis su� . Thi s linear rela­
tionship would not necessari ly apply to the total proces s  of carcinogene s i s , however , 
s ince there i s  no accepted theory ( linear or nonlinear) which des cribes the process by 
which dead or damaged c e l l s  lead to the production o f  cancers . Because of thi s  uncer­
tainty in the i r  appl icab i l i ty to high-LET radiation , risk e ffectivenes s facto r s  have 
not been employed in thi s  Environmental S tatement . The probab le conservati sm o f  thi s 
approach must be kept in mind . 

Spatial Averaging of Doses 

Throughout this Environmental S tatement , each estimated radiation dos e  has been calcu­
lated as a spati ally averaged value for the total organ . S uch dos e s  are , in fact , not 
uni formly d i s tribured throughout the organ . In particular , the transuranic e lements 
are inhaled and depo s i ted in the lung as parti cles exhibi ting a distribution o f  s i zes 
and shape s , which leads to an obvious ly nonun i fo rm d i s tribution o f  dos e . 
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The valiJ� ty o f  thi s  spatial averaging o f  do se has been the sub j ect o f  recent contro­
versy , s t imulated in lar ge part by a petition from the Natural Resource s Defense Coun­
c i l  ( NRDC ) to the Atomic E nergy Commi ss ion and the Environmental Protection Agency . 
Thi s  petition requested a reduction o f  the maximum permi s s ible concentration o f  plu­
tonium in air by a factor of 1 1 5 , 0 0 0  when this plutonium was present in the form o f  
" hot particles . "  [ 1 5 ]  The petition was presented i n  F ebruary 1 9 7 4 ; i t  was denied by 
the Nuclear Regul atory Commi s s ion , as succes sor to the Atomic Energy Commi s s ion , in 
Apr i l  1 9 7 6 . [ 5 4 ]  I n  their denial of the NRDC petition , the Nuc lear Regulatory Commis ­
s ion expres sed the fol lowing conclus ions with respect to the val idity o f  averaging 
organ doses : 

" In summary , the uni form do se model i s  generally recogn i z ed by the 
s c ienti fic community and supported ' by experimental evidence as a 
conservative bas is for standards for personnel protection . The NRC 
finds , in agreement with the recommendations o f  the organ i z ations 
quoted , that avai lab le data support the use of the uni form do se 
as sumption as an appropriately conservative approach . That i s , the 
available data ind icate that while the biological r i sk from a uni­
form lung dose o f  1 5  rems per year i s  low , an equivalent dose de­
l ivered in a nonuni form manner is at least as low . There fore , 
standards for inso lub l e , alpha-emitting radionuclides , as based 
on a uni form dose a s s umption , are bel ieved to be adequately con­
servative . "  [ 5 4 ]  

As noted in the above quotation , [ 5 4 ]  s everal organ i z ations have studied the " hot par­
ticle" problem and have , without exception , conc luded that the NRDC proposal is without 
mer i t . [ 5 5 ]  The ICRP has given the problem repeated consideration ; [ 4 1 ]  the NCRP has 
pub l i shed a recent report on the sub j ect , [ 5 6 ] as have also the National Radiological 
Protection Board [ 5 7 , 5 8 ]  and the Medical Research Counci l  [ 4 2 ]  in England . The con­
clusions of all these groups were reviewed by the Nuc lear Regulatory Commi ss ion and 
are summari zed in the i r  denial of the NRDC petition . [ 5 4 ]  

As ide from the highly . pub l ici zed " hot particle hypothe s i s , "  other ques tions have been 
raised concerning the conservati sm of exposure limits , or health risk es timates , based 
on average organ do s e .  Martel l  has argued that naturally occurring , very sma l l , alpha­
emitting , insoluble particles , in the 1 0 - 1 6 to 10 - 1 8 curie activi ty range , are respon­
s ib l e  for the carcinogenicity of tobacco smoke . [ 5 9 ]  By analogy , he concludes that 
very smal l  p lutonium parti c les should have a s imi lar e f fect , and ha s proposed a reduc­
tion in plutonium" • • •  air concentration and lung burden standards by a factor of be­
tween 1 0 0  and 1 0 0 0  . . .  " [ 6 0 ]  Thi s  highly speculative hypothes i s  is supported by no ex­
per imental or c l inical ver i fication of sub s tantial accumulation of such radioact ive 
particles in radiosensitive regions o f  the lung , and upon no evidence o f  a casual re­
lationship between such particles and human lung cancer . It  is opposed by cons ider­
ab le evidence for the involvement of o ther carcinogens known to be present in tobacco 
smoke . 

Go fman has po stulated a greatly enhanced carcinogenicity for plutonium in cigarette 
smokers , who se impaired c i l iary clearance mechani sms wi l l , he contends , re sult in a 
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greatly increased dose to the radiosen s itive bronchial epithelium .  [ 6 1 , 6 2 ]  Again , thi s  
speculation is supported by no relevant experimental or c l inical evidence , and i s  
opposed by spec i fic data attesting t o  the sl ight e ffect o f  c igarette smoking on clear­
ance from the lun g .  [ 6 3 , 6 4 ]  

Recent suggestions by Morgan for reduction o f  plutonium exposure l imits , seem appro­
priately con sidered at this point , s ince they are , in part , concerned with ques tions 
of spatial distribution of dose . [ 6 5 ]  Morgan sugges ts a 2 4 0 - fold reduc tion in per­
m i s s ib le plutonium burden , based on four factors which he argues imply a greater hazard 
to bone than is  envis ioned by present standards . The first o f  these factors re lates to 
new information on the relative toxicity o f  plutonium- 2 3 9  and radium- 2 2 6  in dogs . As 
noted in S ection 0 . 3 ,  this toxic ity ratio , on the basis o f  average dose to bone , is  
16 , whereas current standards are based on a ratio o f  five [ 2 1 ]  Morgan does not con­
s ider the fact that current standards are based on an as sumed 9 0  percent depo s i tion o f  
systemic plutonium i n  bone , rather than ICRP ' s  presently pre ferred estimate o f  4 5  per­
cent depo s ition . [ 2 6 ] The net e f fect o f  these two changes would be a 1 . 5 - fold reduc­
tion in the permi s s ible body burden based on bone as critical organ , rather than the 
factor o f  three propo sed by Morgan . 

Morgan ' s  second reduction fac tor , with a value o f  two , is based on his conclusion 

that n • • •  the surface-to-volume ratio for the trabecular bone of the dog . • •  is about 
twice that for man . Thus the same amount of plutonium-2 3 9  in man would have twice the 
concentration of plutonium-2 3 9  near the trabecular surface as that in the dog . " [ 6 5 ]  
There i s ,  in fact , no present bas i s  for defending a s igni f icant d i f ference in thi s  
parameter between man and dog .  Lloyd and Hodges have reported data that would �upport 
Morgan ' s  contention , [ 6 6 ]  but more recent data of Spiers and Whitwell show es sentially 
identical ratios in man and dog . [ 6 7 ]  

Morgan ' s  third reduction facto r ,  with a value o f  1 0 , i s  based on the es timate o f  & 

l a - fo ld h igher rate o f  turnover o f  surface depos ited plutonium in dog bone as com-
pared to human bone . Accepting thi s  uncertain estimate , it does not fo llow that the 
same initial concentration o f  surface-depos i ted plutonium should be 1 0  times as haze 
ous in man as in the dog . The haz ard i s  assumed to result from a l i fetime o f  exposure , 
and man has f ive times the l i fespan o f  the dog . A l a - fold higher abso lute turnover rate 
in the dog there fore decreases the re lative l ifespan turnover rate , compared with man , 
by only a factor o f  two . The s ituation is more complex than this , however . The same 
proces ses that bury plutonium o n  bone surfaces will also bury radium on bone surfaces ; 
and these same turnover processes will release .plutonium and radium to redepo s i t  on 
other sur faces . These complex interactions have been estimated by Marshal l and Lloyd 
to increase the rel ative haz ard of plutonium to radium in man , as compared to dog , by 
a factor of three ( not 10 as c laimed by Morgan) . [ 6 8 ]  Spiers and Vaughan , on the o ther 
hand , proceeding from human dosimetri c  considerations , without relation to the dog , 
conclude that the present permis s ible body burden for plutonium fI • • •  is not in need o f  
maj or revis ion in respect, t o  bone . "  [ 6 9 ]  
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Morgan ' s  f ourth reduction factor , with a value o f  four , i s  based o n  a presumed f our­
fold greater radiation sens itivity o f  man relative to dogs . Thi s  presumption he de­
r ive s f rom a prel iminary report of results from PU0 2 inhalation s tudies in baboons . 
[ 7 0 ]  These results involved acute e f fects in lung and are there fore hardly applicable 

to cons iderations of long-term e f fects in bone . Moreover , the early obs ervations have 
not been conf irmed and the baboon now appears to be less sensi tive than the dog to 
the induction of lung tumors by plutonium . [ 7 1 ]  

Morgan ' s  overall factor o f  2 4 0  would there fore , more real i s tically , be re-evaluated as 
something between one and f ive . His is , moreover , only a partial approach to the eval­
uation of p lutonium haz ards ; many other f actors might be cons idered . All such factors 
are under continual review by national and international bodies charged with the re­
spon s ib i l i ty for such evaluations . Whi le some changes in plutonium exposure standards 
may be expected to result from the continuing accumulation of better data , there i s  
no present indication that such changes w i l l  b e  large . 

Conc lus ions 

The more relevant dose-ef fect re lationships discus sed in previous sect ions of this 
Appendix are summari zed and compared in Table 0-12 . I n  view o f  the extreme uncertainty 
in a l l  o f  the se estimates , as applied to very low- leve l irradiation o f  man , only the 
two extreme BEIR Report es timate s have been employed in this s tatement . This cho ice 
is based on the s tature of the BE IR Committee and the widespread employment of these 
numbers in other Envi ronmental S tatements , and on the rather c lose agreement between 
all of the tabulated est imates . It should be noted that l iver r i sks may be relative ly 
underestimated by the number indirectly derived f rom the BEIR report , and the genetic 
de fects may be gro s s ly overe s timated i f  Newcombe ' s  conclusions are accepted . 

The BEIR risk es timates have been appl ied in Tab le 0- 13 to the predicted dose commit­
ment from one year ' s  routine operation of the Mound Fac i l ity . The do se commitment to 
the maximum individual leads to a risk o f  fatal cancer o f  13 x 1 0 - 9  on the high esti­
mate , or 2 x 10 - 9 on the low e s timate ; the es timate o f  genetic risk is 1 . 5  x 1 0- 9 

or 6 x 1 0 - 1 1 • Total e f fects in the exposed population are 0 . 0 0 1  fatal cancers and 
0 . 0 0 0 1  genetic defects on the high e s timate , or 0 . 0 0 0 2  fatal cance rs and 0 . 0 0 0 0 0 6  
genetic de fects o n  the low es timate . 

Tab le 0 - 1 4  presents the total health ef fects f rom operations extending to the year 
2 0 0 0 .  Even over this 2 3 -year period ( 1 9 7 7 - 2 0 0 0 ) , the high es timate s o f  fatal cancers 
and genetic de fects are s t i l l  less than one . 

Because the number o f  predicted health e f fects in Table s  0 - 1 3  and 0-1 4 are so smal l ,  
i t  i s  perhaps unneces s ary to stre s s  that they are based upon conservative estimates 
o f  expo sure , multiplied by conservative estimates o f  the risk from thi s  exposure , and 
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Table D - 1 2  

COMPARISON O F  TRANSURANIC HEALTH RIS K  EST IMATES 

(Tumor deaths or genetic defects per 1 0 6 organ-rem . )  

Human 
BEIR3 4  

Higha Low b 

Tumors 1 0 0  1 6  

Tumor s  1 7  2 

Risk 

MRC 4 2  

2 5  

5 

E s t imates 

Mays 4 8 , 7 2 

2 0  

4 

New­
combe4 7  

Data 
from 

Animals 

6 0 - 2 0 0 c 

1 0 - 1 0 0 d 

Liver Tumors 7 1 2 0  1 0  

Genetic De fects S O Oe S O e so g 1 0  

1 0 0 0 f 1 0 f 

aRe lative risk mode l  with l i fetime plateau ( see Table D-9 ) . 
bAbso lute risk model with 3 0-year p lateau ( see Table D - 9 )  . 
CData from Reference 2 4  ( see Table D- 8 )  . 
dData from Reference 2 1  ( see Tab le D-7 ) • 

e " Spec i f ic genetic defect s "  ( s ee Table D-1 0 )  . 
f " De fects with complex etiology" ( see Table D-1 0 )  . 
gMRC e s timate doubled to reflect irradiation o f  both parents . 

that whether the actual risk appro aches the se numbers ,  or i s  zero , can in no way be 
inferred from our present knowledge . Whether one should p lace any credence in the 
abso lute value o f  the se numbers is an arguable propo s ition . 

Of perhaps g reater validity for de ci sion making purposes aroe tho se gro ss comparisons 
o f  relative radiation exposure that require no uncertain extrapo lations and that 
make no pretense to absolute prediction . In thi s  category are the compari sons of ex­
posure s  from Mound re leases with the exposure s from natural background radiation and 
from fallout plutonium .  The predi cted expo sure of Miamisburg-metropolitan area 
res idents from Mound Facil i ty re leases is less than one- thousandth of the i r  radiat ion 
expo sure from natural background and about one-tenth o f  their exposure from fal lout 
p luton i um .  
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Table D-1 3  

HEALTH EFFECTS FROM ONE YEAR OF ROUTINE MOUND FACILITY OPERATIONS 

Maximum 
Dose Commit­
ment ( rem) c 

I ndividuala 

Ris k ( xl O- 6 ) d 
High Low 

Total Populationb 

Dose Commit- E ffectsd 
ment ( man-rem) e High Low 

Fatal Cancers 

Lung 1 . 1  x 10 -5 0 . 01 2  

Bone 4 . 4  x 1 0- 5 0 . 0 0 0 8  

Liver 1 . 3  x 1 0-5 0 . 00 0 0 5  

Total 0 . 0 1 2 8  

0 . 0 0 2  

0 . 0 0 0 1  

0 . 0 0 0 0 1  

0 . 0 0 2  

9 

3 . 5  

0 . 9  

0 . 0 0 1  0 . 0 0 0 1 5  

0 . 0 0 0 0 6  0 . 0 0 0 0 0 7  

0 . 0 0 0 0 0 3  0 . 0 0 0 0 0 1  

0 . 0 0 1  0 . 0 0 0 1 6  

Genetic E f fects 
f 

Specific Genetic 1 x 1 0- 6 0 . 0 0 0 5  0 . 0 0 0 0 5  0 . 0 0 0 0 5  0 . 0 0 0 0 0 5  
Defects 

Defects 
Comp lex 

Total 

f 
with 1 x 10- 6 0 . 00 1  
Etiology 

0 . 0 0 1 5  

0 . 0 0 0 0 1  0 . 0 8 f 

0 . 0 0 0 0 6  

0 . 0 0 0 0 8  0 . 0 0 0 0 0 1  

0 . 0 0 0 1 3  0 . 0 0 0 0 0 6  

aMaximum individual cons idered t o  b e  a t  the fence line . 
bCalculated using the average exposure to all individuals in the 

metropolitan area . 
cTaken from Table 3-19 . dBased on BEI R  risk estimates as given in Table D-12 . eTaken from Table 3-19 . Average area res ident exposure x area 

population of approximately 8 8 0 , 0 00 . 
fDose commitment to total body . 
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Table 0-1 4  

TOTAL PLUTONIUM HEALTH EFFECTS FROM MOUND FACILITY 
OPERATION TO THE YEAR 2 0 0 0a 

Fatal Cancers 

Lung 

Bone 

Liver 

Total 

Genetic Defects 

Specific Geneti c Defects 

Defects with Comp lex Etiology 

Total 

High 
Estimate 

0 . 14 

0 . 0 4  

0 . 0 0 1 4  

0 . 18 4 4  

0 . 0 3 

0 . 0 6  

0 . 0 9  

Low 
Es timate 

0 . 0 2 

0 . 0 0 5  

0 . 00 0 4  

0 . 0 2 54 

0 . 0 0 3  

0 . 0 0 0 7  

0 . 0 0 3 7  

aAnnual risks from Table 0-13 evaluated for the 
period 1 9 7 7 -2 0 0 0 . No c redit taken for improved 
methodology during 1 9 7 8 - 2 0 0 0  interval . 

" 
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APPENDIX E 
METHODS FOR CALCULATING POTENT IAL DOSE COMMITMENTS 

This section describes the methodology and assumption utili zed for determining the 
potential dose commitment an individual could receive as a result of a nuclear excur­
s ion at Mound Fac i l ity . 

Calculations were made to e stimate the radiation commitment to an individual standing 
at the point of maximum concentration due to the fission produc ts released and 
escaping from the building after the nuclear excursion . Two types of radiation doses 
were c ons idered in the analysis : external dose to the whole body ( gamma and beta 
radiation ) and the internal dose to the thyroid . 

The calculations were made assuming the following conditions : 

1 .  The total yield o f  1 0_I 8 fiss ions was assumed to occur in a few microsecond burst .  

2 .  Only fi ssion products capable o f  escaping the bui lding were cons idered . These 
inc lude noble gases , krypton and xenon , volatile iodine isotope s ,  and important 
daughter products of krypton , xenon , and iodine . Table 1 lists the fission product 

, spectrum used during the calculations . 

3 .  It was assumed that 1 0 0  percent o f  the noble gases and 5 0  percent o f  the iodine 
isotopes e scaped from the bui lding . It was , assumed that the HEPA f i lters would stop 
all  particulate fis sion products . An effective stack height of 70 m was as sumed . 

4 .  Fol lowing the instantaneous critica lity , the fission products were released 
within a period o f  3 min . 

5 .  Pa squil l  Type A meteorological conditions with a windspeed of 1 . 5  m/sec were 
assumed . This condition results in the highest "maximum downwind" concentration 
offsite a t  a di stance o f  3 4 0  m .  

6 .  An active " standard man "  breathing rate o f  2 . 0  x 1 0 �ml/min was used i n  the 
determination o f  the number of curies of radioactive iodine inhaled by the receptor . 

7 .  Primary fission product decay and production of secondary fission products were 
considered during the calculations . 

The dose an individual could receive as a result of an acute uptake of radioactive 
iodine was arrived at uti l i z ing the following formula : ( l )  

D � 5 1 .  1 q [ L EF ( RBE ) n 1 f 2 ( 1 _ e -
A t ) 

Am ( l )  
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Table 1 

SOURCE TERMS FOR CRITICALITY ACCIDENT 

Isotope 
a 3 mKr a smKr a 7 Kr a a Kr a 9 Kr 1 3 1 I 1 3 2 I 1 3 3 I 1 3 4  I 1 3 S I 1 3 3 Xe 1 3 smXe 1 3 7 Xe 1 3 a Xe 1 3 9 Xe 

E y  
(Mev) 

0 . 0 2  
0 . 2  
2 . 0  
2 . 0  
0 . 6  
0 . 4  
0 . 8  
0 . 55 
1 . 3  
1 . 5  
0 . 0 8 
0 . 5 2 
0 . 15 
0 . 4  
0 . 7 3 

( secondary· 
2 . 4  
2 . 15 
1 .  2 8  

*assumed 

Yield** 

0 . 8 3 *  0 . 0 0 2 9  
0 . 8 3 0 . 0 0 5 4  
3 . 8  0 . 00 9 1  
2 . 8  0 . 0 0 1 4  
3 . 9  0 . 0 17 
0 . 6 1 0 . 0 3 8  
2 . 1  0 . 0 5 3  
1 . 4  0 . 0 6 9  
2 . 5  0 . 0 75 
1 . 4  0 . 0 7 4  
0 . 35 0 . 0'6 9 
0 . 5 3 0 . 0 7 4  
3 . 5  0 . 0 6 5  
2 . 4  0 . 06 3  
2 . 4* 0 . 0 6 0  

fission product s )  
4 . 5  
3 . 4  
2 . 4  

* * fraction o f  isotope produced per fission 

where Do 
q 

EEF ( RBE ) n 

integrated dose ( rem) 
body burden ( �C i )  
e f fective energy term ( E  in MeV ) 

A ( sec- 1 )  

1 .  01  X 10- 4 
4 . 41 x 10- 5 
1 .  4 8  X 10- 4 
6 . 95 X 10- 5 
3 . 6 3 x 10- 3 
9 . 96 X 1 0- 7 
8 . 02 x 10- 5 
9 . 25 X 10- 6 
2 . 20 X 10- 4  
2 . 89 X 10- 5 
1 .  52 X 10- 6 
7 . 40 X 10- 4 
3 . 0 4 X 10- 3 
6 . 79 X 10- 4 
0 . 01 7 3  

(Maximum 
7 . 6 x 10- 4 . 
3 . 5  X 1 0- 4 
1 . 15 x 10- 3 

'1 (Curie s )  
( 1 0  8 fissions ) 

7 . 9  
6 . 4  

3 6 . 4  
2 6 . 3  

1 6 6 7 . 8  
1 . 0  

114 . 9  
1 7 . 3  

4 4 5 . 9  
5 7 . 8  

2 . 8  
1 4 8 0 . 0  
5 3 4 0 . 5  
1156 . 1  

2 8 0 5 4 . 0  
production � 

Same as a Kr 
Same a s  1 3 a Xe 
Same a s  1 3 9 Xe 

f 2 = fraction in organ o f  reference of that in total body 
A = effective decay constant = 0 . 6 9 3/T 
T = effective hal f  life ( days ) 
m mas s  of organ ( grams ) 
t period of exposure ( days ) 

Parameters utili zed for the various radioisotopes o f  iodine are presented in Table 2 .  
Table 3 i s  a summary o f  the dose commitment . 

Table 2 

VALUE OF PARAMETERS 

Organ o f  Mas s  Effective 
I sotope EEF (RBE ) n Reference � T !L 

1 3 1 I 0 . 6 9 Thyroid 2 0  7 . 6  0 . 2  
1 3 2  I 0 . 74 Thyroid 2 0  0 . 0 9 7  0 . 2  
1 3 3 I 0 . 5 4 Thyroid 2 0  0 . 8 7 0 . 2  
1 3 4 I 0 . 5 2 Thyroid 20 0 . 0 3 5  0 . 2  
1 3 5 I 0 . 5 2 Thyroid 20 0 . 2 7 0 . 2 
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Table 3 

THYROID DOSE AT 3 4 0  METERS 

Interna l Dose 
I sotope (rem) 

1 3 11 0 . 0 1 5  
1 3 21 0 . 0 2 4  
1 3 31 0 . 0 2 3  

1 3 41 0 . 0 2 3  

1 3 51 0 . 0 2 3  

Total Dose 0 . 10 8  

The whole body integrated dose commitment resulting from submersion in a c loud o f  
beta-emitting radionuclides wa s arrived a t  through the use of the following formula : ( 2 )  

where .. : D 
X 
E 
PI 
Pa 
t 

5 1  X If P I t 
P a  

;:: Integrated Dose (rem) 
Concentration of radionuc lide ( �Ci/ml ) 
Average energy (MEV ) 
Relative Mas s  s topping power for tissue 
Density of air ( g/cm 3 ) 
Exposure time (days ) 

( 2 )  

The dose in roentgens delivered per day from submersion in a c loud o f  gamma-emitting 
radionucl ide was calculated uti lizing the fol lowing formula : ( 3 )  

dt 

where : dr 
at =  Dose 

� 1 
(R/day) 

Q - Concentration ( �Ci/ml ) 
E Effec tive Energy (MEV ) 
� = Total Linear absorption coefficient (m- 1 )  
as Scatter in9 Coeffic ient (m- 1 )  
� 1 ;:: Linear Absorption Coefficient (m- 1 )  
t Exposure T ime (day s )  
� l  = Radius o f  Cloud (m) 

Table 4 is a tabulation of the resulting whole body exposure . 

( 3 )  
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Table 4 

RADIATION WHOLE BODY DOSE AT 3 4 0  METERS 

Gamma Dose Beta Do se Total Dose 
I soto2e ( rem) ( rem ) ( rem)  

B 3 m Kr 0 . 0 0 0 0 3 2  0 . 0 0 0 0 2 7  0 . 0 0 0 0 6 4  
B 5 m Kr 0 . 0 0 0 0 1 5  0 . 0 0 0 0 2 3  0 . 0 0 0 0 4  
B 7 Kr 0 . 0 0 0 7 2 0 . 0 0 0 5 5  0 . 0 0 1 4  
B B Kr 0 . 0 0 0 5 2  0 . 0 0 0 2 8  0 . 0 0 0 8 7  

B 9 Kr 0 . 0 0 5 5  0 . 0 2 7  0 . 0 3 3 2 
1 3 1 I 0 . 0 0 0 0 0 1 9  0 . 0 0 0 0 0 2 5  0 . 0 0 0 0 0 4 7  

1 3 2 I 0 . 0 0 0 4 0  0 . 0 0 1 0  0 . 0 0 1 4 5  

1 3 3 I 0 . 0 0 0 0 4 5  0 . 0 0 0 0 9 6  0 . 0 0 0 1 4 7  

1 3 .. I 0 . 0 0 2 2  0 . 0 0 0 4 5  0 . 0 0 2 9 5  

1 3 5 I 0 . 0 3 3  0 . 0 0 0 3 3  0 . 0 3 7 3  

1 3 3  Xe 0 . 0 0 0 0 2 4  0 . 0 0 0 0 0 3 7  0 . 0 0 0 0 0 6 4  

1 3 5 mXe 0 . 0 0 8 4  0 . 0 0 3 2  0 . 0 1 2 7  

1 3 7  Xe 0 . 0 0 4 4  0 . 0 7 6  0 . 0 8 1  

1 3 e Xe 0 . 0 0 4 9  0 . 0 1 1  0 . 0 1 6 6  

1 3 9 Xe 0 . 0 0 5 1  0 . 2 7 4  0 . 2 7 9 8  

( secondary fis sion produc ts ) 

B 9 Rb 0 . 0 19  0 . 0 16  0 . 0 3 8  

1 3  B C S 0 . 3 4 0 . 0 0 2 2  0 . 0 0 6  

1 3 9 C s  0 . 3 2 0 . 3 0 3  0 . 6 6 3  

Total Dose 0 . 4 0 7 0 . 7 1 5  1 . 1 2 2  

REFERENCES 
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3 .  op . c i t . , pp . 4 3 -4 4 . 
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APPENDIX F 
PROPERTY LOSSES , LOST TIME INJURIES AND RADIATION EXPOSURES 

REPORTED THROUGH CY- 19 7 7  

Table F - l  l i sts a l l  property losses and decontamination co sts ( re s ulting from an acc i­
dental contamination) in exce s s  o f  $ 5 0 0 0  that have occurred at Mound F ac i l i ty s ince i t  
became operation a l  i n  1 9 4 8 . 

The personnel s afety record compi led at Mound Facil ity through CY- 1 9 7 7  was the be st o f  
a l l  DOE faci litie s .  Eight di sabl ing inj uries occurred a s  l i s ted in Table F - 2  s ince 
ope rations began in CY- 19 4 8  through CY- 1 9 7 7 . A comprehens ive s afety program has been 
responsible for l imit ing the number o f. disab ling inj uries to the employe s .  

Radi ation expo sure to an employe may occur from external and/or internal sources . 
Health physics programs at Mound F a c i lity are des igned and operated to detect , measure , 
and document . any radiation exposure to an emp loye . Exposures to external radiation 
are detected and measured by a radiation- sen s i tive badge worn on the upper front por­
tion o f  the body o f  each employe who i s  in any area where the employe may be expo sed 
to radiation . These b adges are calibrated for various types of radiation . Results 
recorded on the badges are reported in rem units . The e s tabli shed maximum permi s s ible 
expo sure leve l for radiation is 5 ( N- 1 8 )  rem* where N equals the employe ' s  age . This 
maximum l imit has never been exceeded by any exposure experienced a t  the Mound Fac i l ity . 
Tab le F - 3  tabul ates the external radiation exposures o f  employes s ince CY- 19 6 0  as de­
termined from f i lm badge data . 

Radi ation expo sure s to personne l reported as required by regulations are l i sted 
according to extern al exposures , sy stemic body burden es timate s of plutonium , and 
positive whole body counte r ( lung) cases . 

Expo sure s re sulting from an uptake o f  a radioactive substance ( internal)  are deter­
mined by urine bioassay and by who le body counting . Urine bioas say determine s an em­
p loye ' s  systemic burden by meas ur ing the amount o f  a radio active s ub s tance remain ing 
in the employe ' s  body . Each Urine sample from an individual i s  used in conj unction 
with a l l  the previous s amples from that individual . A systemic burden i s  calculated 
as a percent of the maximum permi s s ible systemic burden (MPSB) . For examp le the MPSB 
for p lutonium i s  0 . 0 4 microcurie s .  

The number o f  active and former employe s in each maj or category o f  expo sure according 
to sys temic burdens for plutonium i s  tablulated in Table F- 4 .  

* S tandards for Rad i ation Protection , ERDAM , Chapter 0 5 2 4 , U .  S .  Department o f  Energy . 
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Table F-l 

PLANT PROPERTY LOSSES EXCEEDING $ 5 0 0 0  
( CY- 1 9 4 8  through CY- 1 9 7 7 )  

During the years encompassed , property losses and cost as sociated with incidents have 
been held to a minimum and we ll be low leve ls accepted by DOE ( formerly the AEC and 
ERDA) loss criteri a .  In 2 9  years , losses totaled $ 2 4 0 , 6 8 0 ;  this loss was as soc iated 
with nine ( 9 )  inc idents .  

Calendar 
Year 

19 6 0  

1 9 6 4  

1 9 6 9  

1 9 7 0  

19 71.  

1 9 7 3  

1 9 7 4  

1 9 7 4  

1 9 7 7  

$ Los s 

3 1 , 3 6 0  

3 5 , 9 2 2  

4 0 , 0 0 0  

11 , 0 0 0  

1 5 , 0 0 0  

2 3 , 0 0 0  

1 8 , 0 0 0  

1 4 , 0 2 1  

5 2 , 0 7 7  

Inc ident 

Decontamination cost associated with radio i sotope 
cleanup fol lowing a s p i l l  in a laboratory . 

Proper ty and decontamination losses associ ated with 
the rupture o f  a container contain ing a radioactive 
material in a laboratory . 

Decontamination cost as sociated with a release o f  
minute quantities o f  radio�ctive materials from a 
leak in a tran s fer pipe for radioactive liquids . 

Property loss and decontamination cost associated 
with an accidental release o f  a radioactive i sotope 
in a fume hood . 

Decontamination cost as sociated with a spi l l  o f  a 
radioac tive material in a laboratory . 

Property loss as soc iated with a structural fai lure 
of an operat ing centr ifuge . 

Property loss associated with exposure o f  inprocess 
products to oxidiz ing gas . 

Decontamination co s t  as sociated wi th leak o f  a 
was te material trans fer container ons ite . 

Property los s resulting from severe winter free z ing 
damage such as ruptured sprinkler pipes and dome stic 
water pipes . 

The whole body counting program began in CY-19 6 4 .  The equipment used measures gamma 
ray energies ( penetrating radi ation) originating within the body . Gamma ray energies 
from pluton ium- 2 3 8  and plutonium- 2 3 9  are insuf f i c i ent for measurement within the sen­
s i tivity requi red . S ince plutonium- 2 3 8  ( ha l f  l i f e  - 8 7 . 4  yr) decays to uran ium- 2 3 4 , 
the penetrating radiat ion from the uran ium�2 3 4  i s  measured . On the bas i s  o f  the time 
lapsed s ince the uranium- 2 3 4  was removed chemi cally from the plutonium- 2 3 8 ,  the quan­
tity of uranium- 2 3 4  found can be used to calculate the p lutonium- 2 3 8  present in the 
body . To calculate plutonium- 2 3 9 , the radi ation from the americium- 2 4 1  present in the 
plutonium- 2 3 9  is measure d .  The ratio o f  the americium- 2 4 1  to plutonium- 2 3 9  in the 
pluton ium- 2 3 9  i s  determined by analytical techniques and used to ca lculate the plu­
tonium- 2 3 9  presen t .  Who le body counting technique s can be used to measure the quantity 
o f  plutonium o r  other radioactive material in the body ( chest reg ion) . Inhaled dusts 
usually leave the lung s through the normal e l imination proce s s . The amount of material 
in the lungs ( body burden) will there fore decrease with time . 



Date 
Calendar 

Month Year 

March 19 4 8  

Apri l  19 5 4  

December 1 9 5 6  

October 19 5 7  

S eptember 19 6 2  

December 19 6 4  

June 19 6 6  

August 19 6 6  
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Table F-2 

DISABLING INJURIES TO EMPLOYES 
( CY- 19 4 8  through CY- 197 7 ) * 

Inj ury 

Broken co llar bone during training of a security guard 

Broken knee suf fered by a heavy equipment operator 

Back inj ury suffered by a heavy equipment operator 

Ligament damage to finger after laceration suf fered by a 
machinist 

Amputation o f  first j oint o f  one finger of a carpenter 

Fracture of both wri sts by a carpenter 

Fracture of wrist and compres sion of vertebra by an e lec­
trician as a result o f  a fall 

Flash burns to both eyes o f  a re search chemist using 
plasma torch 

This was the last di sabling inj ury recorded at Mound under 
the American National S tandards Institute (ANS I )  system 
until that system was retired at the end of CY-1977 . From 
August 16 , 19 6 6 , through December 3 1 ,  19 77 , Mound accumu­
lated 4 2 , 2 8 1 , 4 80 manhours without a disabling inj ury . Also 
during this period MRC-Mound was named the safest chemical 
laboratory in the world by the National S afety Counci l .  At 
the retirement of the record on December 3 1 ,  1 9 7 7 , Mound 
held the position of the safest plant in Monsanto and the 
DOE . 

* Disabling injuries li sted were c lassified under the guidelines outlined in 
American National S tandard Institutes Code Z 16 . 1 . 
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Table F- 3 

EXTERNAL RADIATION EXPOSURE OF EMPLOYES 

Total 
Employes Number of Employes in Dose Range* 

CY Badg:ed 0-1 1-2 2 -3 3-4 4-5  5-6 6 -7 7-8 8 -9 9 -10 10 -11 11-12 > 1 2  

19 6 0  4 54 4 2 6  19  5 2 2 0 0 0 0 0 0 0 0 
1 9 6 1  5 5 6  5 2 3  19 8 3 2 1 0 0 0 0 0 0 0 
1 9 6 2  5 9 9  5 6 9  2 3  7 0 0 0 0 0 0 0 0 0 0 

1 9 6 3  7 3 1  6 12 7 5  2 7  8 3 4 0 2 0 0 0 0 0 
1 9 6 4  9 4 2  5 9 6  1 4 5  6 8  4 3  2 6  1 9  12  9 7 6 10 1 0 
1 9 6 5  9 8 4  6 5 6  112 6 6  3 4  2 3  2 0  1 6  1 4  1 8  1 7  6 2 0 

1 9 6 6  12 8 4  8 4 6  2 0 3  7 1  5 7  3 8  2 4  2 3  16 5 1 0 0 0 
1 9 6 7  1 3 5 9  1137  130 50 14  9 8 4 3 4 0 0 0 0 
1 9 6 8  1 4 06 12 6 3  9 2  2 5  16  10 0 0 0 0 0 0 0 0 

1 9 6 9  1 4 8 9  1 4 1 5  6 5  9 0 0 0 0 0 0 0 0 0 0 
1970  1508  1 3 9 5  82  24  6 1 0 0 0 0 0 0 0 0 
1 9 7 1  1 4 2 0  1 3 4 6  5 0  16  7 1 0 0 0 0 0 0 0 0 

1 9 7 2  1409  1 3 8 1  1 9  9 0 0 0 0 0 0 0 0 0 0 
1 9 7 3  1 4 0 9  1 3 9 3  11 5 0 0 0 0 0 0 0 0 0 0 
1 9 7 4  1 3 2 1  1 3 0 7  1 2  1 1 0 0 0 0 0 0 0 0 0 

1 9 7 5  1 4 4 5  1 4 3 9  3 2 1 0 0 0 0 0 0 0 0 0 
1 9 7 6  1449  14 3 8  9 2 0 0 0 0 0 0 0 0 0 0 
1 9 7 7  1 5 10 1 5 0 0  8 2 0 0 0 0 0 0 0 0 0 0 

*Dose range in rem 

Table F- 4 

SYSTEMIC BURDEN ESTIMATES OF PLUTONIUM 

Employe Total EmEl0;ies in EXEosure Categ:or;i* 
S tatus Number 10- 2 5 %  2 5 -5 0 %  5 0 -100% > 10 0 %  

Active 6 4 1  3 0  2 4  11 6 

Former 8 1 4  3 7  1 9  7 6 

* Percent o f  maximum permissible systemic burden . 

Table F-5 shows year-end body counting results ( lungs)  at Mound Facility since CY-19 6 9 . 
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Table F-5 

POSITIVE BODY COUNTER CASE S  

> 10 0 \  MPLBA 50-100\  MPLB < 5 0 \  
CY Activeb FormerC Active Former Active 

1 9 6 9  

1 9 7 0  

1 9 7 1  

1972 

1 9 7 3  

1 9 7 4  

1 9 7 5  

1 9 7 6  

1 9 7 7  

2 

1 

1 

1 

1 

2 

l. 

aMPLB : Maximum_ Permissible Lung Burden 

1 

,bActive : . Employe is currently at Mound Facility 
cFormer : Individual has terminated employment at Mound 

4 

MPLB 
Former 

2 
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APPENDIX G 
GLOS SARY 

Absolute F i lter A f ire-re s i stant , high e f f ic iency type f ilter that is at least 
9 9 . 9 5 %  e f f ic ient for 0 . 3  microme ter partic le s . (Also des i gnated as HEPA f ilter . )  

ALAP As low as technically and economically practicable . 

Alpha Particle A pos i t ively charged partic le emitted by certain radioactive 
material s . I t  i s  made up o f  two neutrons and two protons bound together , hence is  
identical with the nucleus o f  a he l ium atom . I t  i s  the least penetrating o f  the three 
common type s of radiation ( alpha , beta , gamma) emitted by radioactive materials , and 
can be s topped by a sheet o f  paper . I t  i s  not dangerous to plants , animal s  or man 
unles s  the alpha-emitting sub s t'ance has entered the body . 

Beta Particle An e lementary partic le emitted from a nucleus during radioactive 
de cay , with a s ingle e lectrical charge and a mas s  equal to 1/1 8 3 7  that of a proton . 
A negatively-charged beta part i c le i s  identical to an e lectron . Beta radiation may 
cause skin burns , and beta emitters are harmful i f  they enter the body . Beta 
partic le s  are eas i ly s topped by a thin sheet of metal , however .  

Body Burden The amount o f  radioactive material present in the human body . 

category I Bui lding S tructures in which s igni ficant quantities of radioactive 
materials are proce s sed or handled outs ide of shipping containers or encapsulation 
systems or in which there is a potential for release of radioactive material from a 
containment system . 

Contamination The presence of unwanted radioact ive matter . Depo s ition o f  
radioactive material in any place where i t  may result in a dose commitment to people 
through external radiation or by inge stion , invalidate experiments , or make product s  or 
equipment unsuitable or uns afe for some spec i f ic use . Also radioactive material found 
on the wall s  of ve s s e l s  in used fuel pro ce s s ing plant s , or radioactive material that 
has leaked into a reactor coo lant . O ften re ferred to on ly as contamination . 

Cosmic Radiation Radiation of many sorts but mostly atomic nuclei ( proton s )  with 
very high energie s , originating outs ide the earth ' s  atmosphere . Cosmic radiation i s  

part o f  the natural background radiation . S ome cosmic rays are more energetic than 
any man-made forms of radiation . 

Critical Organ The body organ receiving the radionuc lide that results in the 
greate st overall damage to the body . Usually , but not nece s sarily , it is the organ 
rece iving the greate s t  concentration or the organ rece iving the greatest damage . 
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criticality A term used in weapon and reactor physics to describe the state of 
a given fis sion sys tem when the specified conditions are such that the mass o f  active 
material present in the system is precise ly a critical mass . Thu s , the fi ssion neutron 
production rate is a constant and is exactly balanced by the total of neutron loss and 
utili zation rate , and the neutron population remains constant . The word " c riticality" 
alone is often used improperly to describe the degree o f  criticality o f  a sys tem which 
is a re lative term describing a variable physical property of the fissionable as sembly . 
The degree o f  criticality i s  expre ssed in terms o f  the effective neutron multiplication 
factor ( Keff ) .  A " j ust" critical system has a Ke f f  o f  one . 

Curie The basic unit to describe the intensity o f  radioactivity in a sample of 
material . The curie is equal to 37 billion disintegrations per second , which is 
approximately the rate of decay o f  1 gram of radium . A curie is also a quantity of 
any nuclide having 1 curie o f  radioactivity . Named for Marie and Pierre Curie , who 
discovered radium in 1 8 9 8 . 

Ci Symbol for curie 

Decontamination The removal of radioactive contaminants from surfaces or equip­
ment , as by c leaning and washing with chemical s .  

Disintegration Process of spontaneous breakdown o f  a nucleus of an atom resulting 
in the emi ssion o f  a particle and/or a photon . The rate o f  disintegration of a quanti ty 
o f  any radioactive nuclide i s  the product o f  the number o f  atoms present and a dis inte­
gration or decay constant characteristic of the nuclide concerned . 

D . O . T .  Department o f  Transportation 

Dose A quantity ( total or accumulated ) of ioni zing ( or nuc lear ) radiation 
absorbed . The term " dose"  is o ften used in the s ense of the exposure dose , expre ssed 
in roentgens which is a measure o f  the total amount of ioni zation that the quantity 
o f  radiation could produce in air .  This should be distinguished from the absorbed 
dose , given in rep or rad , which repre sents the energy absorbed from the radiation 
per gram of spe ci fied body tissue . Further , the biological dose , in rem , is a 
measure o f  the bio logical e f fectivene ss of the radiation exposure . 

Dose Rate As a general rule , the amount of ioni zing (or nuc lear)  radiation to 
which an individual would be exposed or which he wo.uld receive per uni t of time . It 
is usually expres sed as roentgens , rad , or rem per hour , or in multiples or sub­
multiples of these units , such as milliroentgens per hour . The dose rate is commonly 
used to indicate the level o f  radioactivity in a contaminated area . 
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Element A pure substance which cannot be broken down into a simpler s ubstance by 
a chemical change or reaction , but which will disintegrate into simpler particles by 
physical decomposition when they are exposed to drastic bombardments with high-energy 
particles . 

F i s s ion The process whereby the nuc leus of a particular heavy element splits 
into two ( generally)  nuc lei o f  lighter elements , with the relea se of substantial 
amounts of energy . The mos t  important fissionable materials are uranium- 2 3 5  and 
p lutoniurn- 2 3 9 . 

Fiss ion Products The nuc lei ( fission fragments ) formed by the fiss ion o f  heavy 
elements , plus the nuc lide s  formed by the fission fragments ' radioac tive decay . 

FRC Federal Radiation Counc i l  

Fusion (Thermonuclear reaction) A nuclear reaction characterized b y  j o ining 
together of l ight nuc lei to form heavier nuc lei , the energy for the reactions being 
provided by kinetic energy derived from violent thermal agitation o f  partic le s  at very 
high temperatures .  I f  the cOlliding partic les are properly chosen and the agitation 
is violent enough , there will be a release of energy from the reaction . The energy 
of the s tars is bel ieved to be derived from such . 

Gamma Rays (or radiation ) Electromagnetic radiations o f  high energy originating 
in atomic nuclei and accompanying many nuc lear reactions ; e . g . , f i s s io n ,  radioactivity , 
and neutron capture . Phys ically , gamma rays are identica l with X-rays of high energy , 
the only es sential difference being that the X-rays do not originate from atomic nuc lei 
but are produced in other ways . 

Half-Li fe , Biological The time required for the body to eliminate hal f  of the 
material taken into the body by natural biological means . 

Ha lf-Li fe , E f fect ive The time required for a radioactive element fixed in the 
tissues of an animal body to be diminished 5 0  per cent as a result o f  the combined 
action of radioactive decay and bio logical e l imination . It is related to radioactive 
hal f - l i fe (Tr ) and biological half-life ( Tb ) by the equation : 

T Abgreviation : 
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Hal f-Life , Radioactive T ime required for a radioactive substance to lose 5 0  
percent of its activity b y  decay . 

Health Physics A term in common use for that branch o f  radiological science 
deal ing with the protection of personne l from harmful e f fects o f  ioni z ing radiation . 

ICRP International Committee on Radiological Protection . 

Ioniza tion The process of adding one or more e lectrons to , or removing one or 
more electrons from , atoms or molecules ,  thereby creating ions . High temperature 
electrical discharges or nuc lear radiations can cause ioni zation . 

Isotopes Forms o f  the same element having identical chemical properties but 
di ffering in their atomic masses (due to different number of neutrons in their 
respective nuclei )  and in the ir nuclear properties ;  e . g . , radioactivity , fission , e tc . 
For example ,  hydrogen has three isotope s , with masses o f  one , two and three atomic mas s  
uni ts . 2 H and 3 H are commonly called deuterium and tritium respectively . The first 
two o f  these are stable ( nonradioactive ) ,  but the third ( tritium )  is a radioactive 
isotope . Other examples are the common isotope s of uranium , with masses of 2 3 5  and 2 3 8  
units , respectively , which are radioactive , emitting alpha particles , but their hal f  
lives are di fferent . Further ,  uranium- 2 3 5 is fissionable by neutrons o f  all energies , 
but uranium-2 3 8  will undergo fi ssion only with neutrons of high energy . 

keY An abbreviation for kilo-electron-volt . The symbol for 1 0 0 0  e lectron volts . 

Microcurie A one-millionth part of a curie . 

Mi llirem A one-thousandth part of a rem . 

Mi lliroentgen A one-thousandth part of a roentgen . 

Moderator A material , such as ordinary water , heavy water or graphi te , used in 
a reactor to slow down high-ve locity neutrons , thus increasing the likel ihood of 
further fission . 

Monitoring Periodic or continuous determination of the amount of ioni z ing 
radiation or radioactive contamination present in an occupied region , as a safety 
measure , , for purposes for hea lth prote ction . Area Monitoring : Routine monitoring of 
the level o f  radiation or o f  radioactive contamination o f  any particular area , building , 
room or e quipment . Usage in some laboratories or operations di stingui shes between 
routine monitoring and survey activities . Personne l Monitoring : Monitoring any part 
of' an individual , his breath or excretions , or any part of his c lothing . 

NCRP Nationa l Committee on Radiation Protection and Measurement . 
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Neutron A neutral particle ( i . e . , with no electrical charge ) present in all 
atomic nucle i , except those o f  ordinary (or light ) hydrogen . Its rest mass i s  
1 . 0 0 8 9 3  amu ,  which i s  approximate ly the same a s  ordinary hydrogen .  Neutrons are 
used to initiate the fi s s ion proce ss and are produced by both fission and fusion 
reactions . 

Nuc lear Fission A special type o f  nuclear trans formation characterized by the 

splitting of a nucleus into at least two other nuclei and the release of a re latively 

large amount of energy when compared to that of a fusion reaction . Two or three neu­

trons are usually released during this type of trans formation . 

Nuc lear Weapons A collective term for atomic bombs and hydrogen bombs . Any 

weapons based on a nuc lear explosive . 

Nuclide A general term referring to any nuclear species , both stable ( about 2 7 0 )  

and unstable ( about 5 0 0 ) , o f  the chemical elements . 

Organ Organ i zed group of tis sues having one or more definite functions to per­

form in an animal body . 

Person Rem This is a unit o f  collective dose equivalent and is a term used when 
the radiation exposure involves the whole body of the exposed persons and equals the 
sum of the exposures (do se commitme nt ) of al l the people in the group spec ified . For 
example , i f  there are 1 million people in the 5 0 -mile radius and each pe rson receive s  
a dose commitment of 0 . 1  mrem , the annual do�e commitment would equal 1 0 0  person rem .  
The larger the population involved , the larger the person rem value becomes . 

Plutonium-2 3 8  ( Symbol , 2 3 8pu)  A heavy , radioactive "man-made " metallic element 
with atomic number 9 4 .  This isotope i s  produced by the irradiation o f  neptunium- 2 3 7  
i n  a nuclear reactor . Plutonium- 2 3 8  has a half-life o f  8 7 . 4  years . This i s  in con­
trast to plutonium- 2 3 9 , with a hal f-l ife of 2 4 , 3 9 0  years, that is produced by the 
irradiation of uraniurn- 2 3 8  in a nuclear reactor . 

P rimary Explos ive An explosive that is sensitive to friction , blows , shock , or 
heat . 

Quality Factor The linear-energy-trans fer-dependent factor by which absorbed 
doses are multiplied to obtain a quantity that expresses - on a common scale for all 
ioni zing radiations - the e ffectivenes s  o f  the absorbed dose . 

Rad ( Acronym for radiation absorbed dose ) . The bas ic uni t  o f  absorbed dose of 
ionizing radiation . A dose of one rad means the absorption of 100 ergs o f  radiation 
energy per gram of absorbing material . 



G-6 

Radiation 1 .  The emi ss ion and propagation of energy through matter or space 
by means of e le ctromagnetic disturbances which di splay both wave like and particle­
like behavior ; in this context the "particles " are known as photons . 2 .  The energy 
so propagated through space or through a material medium as waves . 

The term has been extended to inc lude streams o f  fast-moving particles ( alpha and beta 
particles , free neutrons , cosmic radiation , etc . ) .  Nuclear r adiation is that emitted 
from atomic nuc lei in various nuclear reactions , including alpha , beta and gamma 
radiation and neutrons . 

K� �ioactivi ty The spontaneous decay or dis integration of an unstab le atomic 
nucleus , usually accompanied by the emission of ioni z ing radiation . 

Radioactivity Concentration Guide See RCG 

Radionuc lide A radioactive nuclide . 

RCG Radioactivity Concentration Guide is the concentration of radioactivity in 
the environmental pathways , such as air and wate r ,  which is determined to re sult in 
radiation dose commitments to particular human organs or the whole body equal to the 
radiation protection s tandard applicable to the specific organs or the whole body . 
(Forme rly called Maximum Permissib le Concentration) 

Raffinate A liquid product resulting from extraction o f  a liquid with a solvent ;  
als o ,  the less solub le res idue that remains after extraction . 

Rem An abbreviation for the term , " Roentgen Equivalent Man (or Mammal ) . "  A uni t  
o f  biological dose of radiation where the number of rem of radi ation is equal t o  the 
number o f  rad absorbed multiplied by the qual ity factor of the given radiation ( for a 
speci fied e f fect) . 

Roentgen A uni t  o f  exposure to ioni zing radiation . I t  is that amount of gamma 
or X-rays required to produce ions carrying 1 e lectrostatic uni t  of e lectrical charge 
(either posi tive or negative ) in 1 cubic centime te r  of dry air under s tandard condi­
tions . Named after Wi lhe lm Roentgen , German scienti s t  who discovered X-rays in 1 8 9 5 . 

Roentgen Equivalent , Man The quanti ty of ioni zing radiation o f  any type which , 
when absorbed by man ,or other manu,,:,-l , produces 'a phys iological e ffect equivalent to 
that produced by the absorption of 1 roentgen of X-rays or gamma rays . 

S ealed S ource Radioactive material that is encased in and i s  to be used in a 
container in a manner intended to prevent leakage of the radioactive material . 

Shielding Material 'used to absorb radiation from a source and thus protect 
ind ividuals from exposure to radiation . 
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Source Discrete amount o f  radioactive material or radiation producing equipment . 

Tri tide A chemical compound in which hydrogen ( l H )  i s  replaced by its isotope 
tri Hum (3 H )  • 

Tritium 3 ( S ymbol , H )  
one proton in the nucleus . 

A radioact ive isotope o f  hydrogen with two neutrons and 

Was te , Radioactive Normal ly applied to dry was te material containing non­
re coverable quantities of radioactive material re leased by Nuclear Operations for 
o f f site disposal by burial . 

*U.S. GOVERNMENT PRINTING OFFICE : 1979 0-281-704/69 




