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SUMMARY SHEET 

Draft Environmental Impact Statement 
Long-Term Management of Defense High-Level Radioactive Was te s  

(Selection of  a Strategy for Long-Term Management of  t he Wastes ) 
Idaho National Engineering Laboratory 

Idaho Fal l s ,  Idaho 
DOEjEIS-0074 

U. S .  Depa rtment of  Energy 

1 )  This  draft environmental impact  statement (EI S )  has been p repared 
in comp liance with the National Environmental Policy Act of  1969 to 
analyze the environmental implications of the p roposed selection of 
a s t rategy for long-term management of the high- level radioactive 
wastes generated a s  part of the national defense effort at DOE's 
Idaho Chemical Process ing Plant (I CPP) a t  the Idaho National Engi
neering Laboratory (I NEL) . Prio r to maj o r  decisions impl ementing 
the sel ected long-term management strategy, appropriate additional 
environmental  documents will  be p repared and cons idered . Thes e  
decis ions w i l l  include,  if  appropriate, the choice of  p rocesses  to 
be used to immobilize the waste (waste form s e lection) , the mode of 
waste shipment , and the location and design of  one o r  more federal 
geologic repos itories . 

2 )  Alte rnatives that a re a s s es sed i n  this s tatement include ( 1 )  leave 
the existing was te in p la ce (No-action alte rnative ) ; ( 2 )  retrieve , 
modify the calcine and dispose a t  the l NEL ;  ( 3 )  retrieve , modify 
the calcine , and dispose offs ite ; (4 ) retrieve , s eparate the 
a ctinides , dispose of the actinides offs ite , and dispose of the 
actinide-depleted calcine at the l NEL ; and (5 ) delay retrieva l , 
modify the calcine , and dispose offs ite . 

3 )  The envi ronmental impacts o f  current was te management ope rations at 
the l NEL were a s s e s s ed in ERDA- 1 536 (September 1 9 77 ) . ERDA- 1 5 36 
covered interim sto rage of the high- level was tes  in subsurface 
tanks and bins . While  this interim s to rage· mode has been demon
s trated to be safe , a lternative strategies for long-term management 
of the was tes  are being developed . 

4) The announcement of the availabi lity of this  statement will  be 
publ ished in the Federal Registe r .  

5 )  Comments on thi s s tatement are invited and mus t  b e  received by 
December 1 1 ,  198 1 . Additional information regarding this  s tatement 
can be obtained from , and comments sent to , J .  B. Whitsett , U. S .  
Depa rtment of  Energy , 5 5 0  Second Street , Idaho Fal l s , Idaho 8340 1 , 
telephone (208 ) 526-1 70 9 . 



FOREWORD 

The U.  S .  Depa rtment of Energy (DOE) is  respons ible for devel oping 

and implementing methods for the safe and environmenta l ly acceptable 

disposal  of high- level radioactive was te s . In a ccordance with this 

responsib i l i ty ,  the DOE i s  cons idering the selection of a s t rategy for 

the long-term management of  high- level was te stored at the Idaho Chemi

ca l Proces sing Plant ( I CPP) a t  the Idaho National Engineering Laboratory 

( I NEL) . These  was tes  have been generated at the l NEL from defense and 

test programs s ince about 1953 . Initial ly ,  the was te was s to red as a 

l i quid and al lowed to decay . Since 1963 , l iquid wa stes have been con

verted to cal cine , which is a s olid , more compact , and les s  mobile was te 

form . The current mode of de fense waste confinement a ssumes continued 

ma intenance of fa cil ities and active surveillance to a ssure that the 

was te poses no s ignificant threat to public  health and sa fety . 

DOE intends to s e lect a s trategy for the long-term management of 

the defense high-l evel wastes a t  the ICPP . To a s s i s t  in this decision , 

this  dra ft environmental impact s tatement (EI S )  des cribes the environ

mental impacts of a lternative strategies . These  a lternative s trategies 

include leaving the calcine in its  present form at the l NEL , o r  retriev

ing and modifying the calcine to a more durable wa ste form and dispos ing 

of it either at the l NEL or in an offs ite federa l repos itory .  The 

s tra tegy selected should p rovide flexibility so that the long- range plan 

may be a ltered a s  improved technology o r  new information becomes 

ava ilable, 

The selected strategy and the procedures used to identify that 

s trategy will  conform to federa l statutory and regulatory requirements . 

In addition to environmental requirements ,  other criteria such a s  the 

s afety of was te-management workers , coordination with the nationa l 

radioactive-wa ste management program , and cos t s  will  be cons idered in 

s trategy s election . A record of the DOE's decis ion will  be  ava ilable to 

the public  after approva l and distribution of the final  EIS . 
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Appropriate environmental documents will be prepared and considered 

prior to decisions on i mplementation of the adopted long-term management 

s trategy. These  decisions will  include , if appl i cable , the choice o f  

p ro cesses t o  be used f o r  i mmobi lizing the waste (waste form selection) , 

the mode o f  waste shipment , and the location and design o f  one or  more 

federal geologic repositories . 

This EIS addresses onl y the alternatives for a program to manage 

the high- level waste generated at the I CPP . Management programs for 

other types of lNEL waste and wastes gener ated at other s ites are be yond 

the s cope of this document . 
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SUMMARY 

Statement of Purpose  and Need 

At the Idaho Chemi cal Pro ce s s ing Pl ant ( ICPP) , ove r 6 million 

gal lons of l i quid high-level was tes have been p roduced from the p ro

ces s ing of  nuclear fue l s  used in United States defense p rograms . In the 

l ate 1940 ' s ,  the deci s ion was made to manage these  was tes  by s toring the 

liquid was te as an acidic solution in s tainless  s teel tanks within 

underground reinforced concrete vaults . 

In the l ate 1950's , a deci sion was made to convert the l i quid was te 

to a solid  form . In 1963 , the Was te Cal cining Faci l i ty began operating 

as a demons tration p l ant for solidification of liquid was te into a pro

duct called cal cine . Since that time , the Was te C al cining Faci l i ty has 

proces sed 4 mill ion gal lons of l i quid was te into 7 3 , 000  cubi c  feet  o f  

calcine . A s  of October 1980 , app roximately 2 . 5  million gal lons of  

high- level liquid was te were s tored at the ICPP awaiting cal cination . A 

new cal cining faci l i ty i s  s cheduled to begin proce s s ing l i quid was te in 

1982 . The calcine is s to red in s tainles s  s teel b ins within reinforced 

concrete vaults whi ch have an expe cted life of at leas t  500 years . 

Paral leling thi s  was te solidifi cation p rogram is  an ongoing p rogram to 

develop the te chnology ne cess ary to re trieve the calcine fro m s torage 

and modify i t  into a more durab le , les s  dispersible was te form . 

A s trategy i s  needed for the long-term management of  the I CPP 

defense high- level was te s .  The s trategy mus t  be consi s tent with the 

p rincipal obje ctive of the national was te management program: to 

i s o l ate radioactive was te from the biosphere in a manner that i s  s afe 

and environmentally acceptable . 

This environmental impact s tatement (El S )  analyzes  the environ

mental effe cts of proceeding with al ternative s trategies for the long

term management of the l CPP high-level was tes . These  environmental 

e ffe cts will  be cons idered in the selection of the s trategy .  
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Neither a spe cific waste fo rm nor a spe cific dispos al s i te is  to be 

chosen at this time . If appl i cable , these  decisions wil l  be made l ater 

in the course of implementing the adopted s trategy. Appropriate en

vironmental do cumentation wil l  be cons idered in decis ions for each phase  

of the implementation process .  

Alte rnatives 

Five long-term management alternatives are eval uated in this  do cu

ment . Included are the effects of was te disposal at the Idaho National 

Engineering Laboratory ( INEL )  and disposal at an offsite federal geo

logic repos itory.  Consideration is given to leaving the waste calcine 

in place , del aying cal cine retrieval and p roce s s ing , and separating the 

long - lived actinides from the general l y  shorter-lived fiss ion products . 

Several waste 

establish the 

forms have been used for i l l ustrative purposes to 

range of environmental effe cts that would res ult  from 

implementing a final waste management strategy. The environmental 

effe cts o f  disposal at the I NEL are based on s ite-specific inves tiga

tions . The effe cts at a federal geologic reposito ry are based on a 

generic site as des cribed in the final environmental impact statement on 

the long-term management of commercially gene rated radio active waste . 

The alternatives selected for eval uation are 

Alternative 1 .  Le ave - in-Place ( No-Action Alternative ) ; 

Alternative 2 .  Retrieve , Modify the Cal cine , and Dispose at the 

I NEL ; 

Alternative 3 .  Retrieve , Modify the Calcine , and Dispose Offs ite ; 

Alternative 4 .  Retrieve , Sep arate the Actinides , Dispose of the 

Actinides Offs i te , and Dispose of the Actinide

Depleted Cal cine at the lNEL ; and 

Alternative 5 .  De lay Retrieval , Modify the Calcine , and Dispose 

Offs ite . 
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Affe cted Environment 

The ICPP is located at the INEL on the eastern Snake River Plain in 

southe astern Idaho . The semiarid region is  underlain by  a Bucce s s io q  of 

b as altic l ava flows . No seismic activity has been identified in the 

i mmedi ate vicinity of the INEL ; however ,  vol cani c  activity is recurrent 

throughout the region . There is no s urface water at the ICPP.  All s ur

face water entering the INEL either evaporates or recharges the Snake 

River Plain Aquifer whi ch flows through fractured and porous b as al t  

about 450 feet  bene ath the ICPP . 

The t ype of soil , rainfal l , and extended drought periods severely 

l imit the growth of vegetation at the INEL . Wildlife on or  ne ar the 

INEL i s  characteristic of open western rangel and . Land use at the INEL 

is  limited to the controlled graz ing of cattle and sheep . 

Air quality at the INEL meets the national secondary air quality 

standards . Particulate levels  are exceeded occas ional l y  in the region 

primarily be cause of agricultural activities . The water of the Snake 

River Plain Aquifer i s  of high quality and i s  used for i rrigation and 

drinking purposes . The area  i s  general l y  devoid  of cultural artifacts . 

The popul ation within approximately 50 miles of the ICPP was about 

1 30 , 000 in 1970  and includes portions of the Fort Hall  Indian Reserva

tion . Tourism and agri culture are maj o r  sectors of the local economy. 

Environmental Consequences  

The environmental consequences of imp lementing the alternatives 

eval uated i Ii  this EIS are discussed in terms of short- and long-te rm 

effe cts . Short-term effe cts  occur during the period of institutional 

control , which is  ass umed to continue for 100 ye ars . Short-te rm effects 

result from facility construction , operations , waste shipment , and 

deco ntamination and de commi s s ioning of the p roce s s ing facilities . Long

term effects occur in the disposal phase  after the period of insti

tutional control i s  as s umed to  ce as e .  Radiological effe cts  are cal cu

lated for the time period extending one million ye ars into the future . 
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The e ffects are further divided into categories o f  e ffe cts which 

are certain to occur and e ffects o f  abnormal events whi ch are no t 

expe cted to occur . Each category is  divided into radiological and 

nonradiologi cal e ffects . 

The method used to determine envi ronmental effects was to develop a 

series of  s cenarios for e ach phas e  o f  al ternative implementation . The 

s cenarios are based on conservative 

operations , hypothetical accidents , 

natural phenomena. 

Nonradiologi cal E ffects 

as sumptions and include routine 

and abnormal or unpredi ctable 

No significant short- term nonradiologi cal e ffe cts were identi fied 

for any of  the al te rnatives .  Long- te rm effe cts would be primarily the 

nonradiological e ffe cts o f  toxic chemicals disposed at the lNEL . The 

was te contains cadmium and mercury which are toxi c  when inges ted . Under 

extreme conditions no t expe cted to happen at the Iepp,  federal and s tate 

drinking water s tandards for cadmium and mercury could be exceeded for 

about 5 miles downgradient o f  the d i s charge point unti l chemi cal 

reactions and dispers ion in the aquifer reduce the concentrations to 

harmle s s  leve l s . E ffects of  cadmium and mercury are as so ci ated with 

Alte rnatives 1 and 2 (pellets ) . E ffe cts o f  cadmium are as so ci ated with 

Alte rnative 4 s ince mercury is  removed during actinide s ep aration . 

During the cons truction phase  o f  Alte rnatives 2 ,  3 ,  4 ,  and 5 ,  the 

mos t  s ignifi cant commi tment o f  resources  would be s tainle s s  s teel 

required for fabrication o f  e quipment from spe ci al ty alloys , and diesel 

fue l . The maximum consump tion o f  diesel fue l  would occur in Al te rna

tive 4,  which re quires 1 . 1  million gal lons . This  amount is  about 

65 percent of the diesel fue l  used at the lNEL in 1978 . 

Nonradiological e ffe cts o f  facil i ty operation would be minimal . 

Airborne emis s ions would be wel l  within app licable s tandards at all s i te 

boundaries . Was tewater dis charges would be wi thin drinking wate r 

s tandards . Minimal socioeconomic e ffe cts would result from any o f  the 
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alternative s since construction and operating work force requirements 

would be within current lNEL employment fluctuations. 

Modifying the waste form by vitrification o r  pel letization would be 

moderately energy intensive . The maximum energy demand i s  e stimated to 

be 1 . 60 megawatts (Alternative 4 ) , whi ch i s  37  percent of the 1 9 80 

electrica l  demand at the I CPP . Thi s  i s  equiva lent to the electri cal 

demand of 250 house s. The maximum diese l  fuel required for waste ship

ment [2 . 7  mi l lion gal lons, Alternative s 3 (glass) and 5 ]  would heat 5400 

houses in I daho Fa l l s ,  Idaho for one yea r .  

Continued use o f  the sub surfa ce a rea for wa ste confinement would 

not p reempt foreseeab le alternative use s  of the land . No minera l s ,  o i l , 

o r  natura l gas deposits have been identi fied at the I NEL . I ncremental 

impacts of I CPP wa ste disposal  at an offsite geo logic repository would 

be minima l because of the sma l l  disposa l  a rea required for I CPP wastes 

compared to the a rea required for dispo sal  of  commercial wa stes.  

Radiologi cal  Effects 

The short-term radiological  effect s  are genera l l y  ve ry low for any 

alternative . The y are wel l within the fluctuation of background radia

tion for routine operations, wa ste shipment , decontamination and deco m

missioning , and disposal . The ma ximum dose commitment for an individua l 

from routine operations i s  cal culated to be 3 x 1 0-6 rem [Alternative s 2 

and 3 (glass)] . The ma ximum dose commitment for an individual  in the 

short-term period resul � from an a ircraft impa ct at the I NEL in 1990 

(5 . 20 rem) . Associated health effects ( cancer deaths) are e stimated to 

be in the range of 5 . 54 to 17 . 0 .  The p robability that such an event 
-7 would occur i s  very low (2 . 0  x 1 0  event/ yea r) . 

Waste management workers,  including t rain crews, would be exposed 

.to radiation , but e xposure from routine operations would be within the 

allowable occupationa l l imit of 5 rem per yea r .  
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The effects of decontamination and decommissioning of retrieval and 
processing facilities required to implement Alternatives 2 ,  3 ,  4 ,  and 5 
would be minor compared to effects of current ICPP operations . Addi
tional nonradioactive solid waste and low-level radioactive waste would 
be disposed at the INEL . 

In the long-term period , radiological effects of certain-to-occur 
events would not be significant . Alternative 1 would cause the highest 
radiation dose to the exposed population due to waste migration into 
groundwater . Maximum health effects ( cancer deaths ) 3 miles 
down-gradient of the discharge point are estimated to be in the range of 
2 . 36 x 1 0-4 to 7 . 24 x 1 0-4 (Alternative 1 )  in 2500 . Other events whi ch 
could occur in the future after the waste disposal bjns have disinte
grated would cause a higher range of health effects ( cancer deaths ) in 
the individuals exposed but fewer people would be affected . Intrusion 
into the waste by a prospector or an archaeologist in 2500 is estimated 
to cause maximum health effects in the range of 0 . 033 to 0 . 10 (Alterna
tive 1 ) .  Living at the contaminated s ite in 2500 is estimated to cause 
maximum health effects in the range of 0 . 020 to 0 . 06 1  (Alternative 1 ) . 
The most probable number of health effects from these events is zero . 

The effects of abnormal events postulated to occur in the long-term 
period would be greatest for alternatives that involve onsite disposal . 
A severe geologic disruption of the waste is estimated to result in 146 
to 449 health effects ( cancer deaths ) in a population of 206 , 000 people 
(Alternatives 1 and 2 )  i f  the event occurred in 2 100 . Land use at the 
lNEL would be restricted until the extent of contamination was 
determined and , if  necessary ,  decontamination was complete . Should the 
event Occur several hundred years in the future , radiological effects 
would be reduced about ten times ; if the event were to occur several 
thousand years in the future , radiological effects would be reduced 
about 100 times . However ,  the occurrence of such an event during the 
1-million-year period of evaluation is speculative . 
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Mitigative Measures 

Application of mitigative measures would ensure compliance with 
state and federal regulations and standards . Environmental monitoring 
is a continuing activity at the lNEL . The monitoring program includes 
air  quality monitoring , collection of water and soil samples , detection 
of moisture in subsurface soils , and monitoring of animal populations at 
the lNEL . This program would indicate the effectiveness of pollution
control measures used in alternative implementation and indicate whether 
improved measures would be required . 

During construction , procedures to control wind-generated dust and 
to reduce disturbance of vegetative cover would be used to minimize air 
quality effects . Wastewater generated during construction would be 
treated before discharge to the environment . Nonradiological construc
tion hazards would be minimized by adherence to occupational safety 
regulations . 

The environmental effects of calcine retrieval and waste form modi
fication would be minimized by employing state-of-the-art pollution con
trol technology . State-of-the-art technology would be used to ensure 
maximum energy efficiency . All solid waste would be disposed at the 
lNEL in landfills that conform to applicable regulations . The use of 
radiation shielding during shipment of the waste would reduce the radia
tion dose rates to levels below those specified by transportation regu-
lations . All activities would be conducted to ensure that radiation 
doses remain as low as practicable . 

Comparisons of the Alternatives and Conclusions 

The waste management alternatives are compared in several different 
ways . The short-term and long-term effects of implementing the a lter
natives are divided into effects that are certain to occur , effects that 
are not certain to occur , and factors that are d·�fficult to quantify . A 
preliminary cost estimate is included and the environmental trade-offs 
are discussed for each alternative . 
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There are relatively few differences in short-term effects between 
alternatives . Waste form modifi cation would significantly reduce the 
effects of a waste shipment accident . Alternatives that involve offsite 
disposal (Alternatives 3 and 5 )  are the most  expensive to implement . 
Actinide separation would require the most  facil ities and expose the 
largest  number 6f waste management workers to radiation , but implementa
tion costs would be about half  the cost of  the other alternatives whi ch 
involve offsite waste disposal . Radiological effects of·routine opera
tions and waste shipment for all alternatives are minor in comparison 
with background radiation and applicable regulations . 

Long-term nonradiological effects that are certain to occur are the 
most  significant in terms of  estimated health effects . Onsite waste 
disposal lAlternatives 1 ,  2 (pellets ) , and 4J could cause contamination 
of the Snake River Plain Aquifer by cadmium and mercury within about 
5 miles downgradient of the Iepp in an area about 5 miles wide until 
chemical reactions and dispersion in the aquifer reduce the concentra
tions to harmless levels . The aquifer is a significant source of drink
ing and irrigation water. 

The most  s ignificant potential radiological effects would result 
from a severe geologic disruption of the waste . Land use at the INEL 
would be restricted until the extent of contamination was determined 
and , i f  necessary , decontamination was complete . However ,  the prob
abili ty of such an occurrence in the long-term period is specula ti ve . 

Selection of the Preferred Alternative 

The selection of a preferred alternative in this draft EIS has been 
deferred so that analysis of the many trade-offs by the public and other 
responsible government agencies can be incorporated in the decision . 
The basic  trade-off is onsite versus offsite disposal . Onsite disposal 
involves certain long-term risks . These risks are groundwater contami
nation , which is considered certain to occur , and an aircraft impact and 
a severe geologic disruption which are only potential risks . Offs ite 
disposal is  associated with short-term effects such as worker doses , 
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energy use , and high implementation cost . The question implicit in 
evaluation of these trade-offs and selection of a preferred alternative 
is , what human effects , resource use , and economic cost should be 
expended now as a premium to insure against future risks? It is antici
pated that public comment will  provide considerable guidance in select
ing the preferred alternative . Therefore , the DOE will  designate a 
preferred alternative in the final EIS after giving careful considera
tion to the comments received on the draft EIS . 

Actions Subsequent to Decision 

Subsequent to selection of a strategy for long-term management of 
the Iepp defense high-level wastes , DOE will orient its research and 
development priorities and expenditures in support of the selected 
strategy and will concentrate its planning on that strategy . This 
planning will include consideration of conceptual design of process ing 
facilities and evaluation of waste forms for the selected strategy . 
Before making decisions with respect to waste form , construction of a 
processing plant, or geologic repository media , location , or design, DOE 
will first complete and consider the appropriate environmental 
documentation . 

Appendixes 

The projected environmental effects presented in this EIS are based 
on a series of assumptions and calculations . The assumptions and the 
methods used to calculate the effects are explained in greater detail in 
the accompanying appendixes . The appendixes also refer the reader to 
other supporting technical documents . 
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SECTION 1 
Statement of Purpose and Need 





1 . 0 STATE MENT OF PURPOSE AND NEED 

1 . 1  Introduction 

The Idaho Nationa l Engineering 

Laboratory ( I NE L) is a gove rnment

owned , contractor-operated labora

tory where expe rimental nuclear 

reactors a re bui l t , operated , and 

tes ted . It is adminis tered by the 

Depa rtment of Ene rgy (DOE ) . The 

s e mi - a rid 8 9 4- s quare - mi le tract of 

comprising the I NEL is  located west  

IDAHO 

of Idaho Fa l l s , Idaho , a long the northern edge of  the eastern Sna ke 

River Plain . No permanent res idents l ive on the s i te . The eastern 

Snake River Plain Aqui fer l ies 450 feet below the I CPP . (A gene ra l map 

i s  shown in Figure 3- 1 .) 

The ICPP is  located in the s O,uth central part of the I NEL. The 

purpose of this fa c i l ity is to recover usable uranium in spent nuc lear 

fue ls  gene rated by nationa l defense progra ms .  The recovery proce s s  

begins by dis solving the spent fuel  i n  acid. The l i quid rema ining after 

uranium re mova l is cha racterized by relatively high leve ls of heat and 

penetrating radiat ion. After be ing al lowed to cool through radioactive 

decay in underground sta inless steel tanks , the liquid waste i s  con

ve rted to a solid through a process  c a lled calc ination. During the 

calc ination proces s ,  as the liquid is evaporated , the d i s solved mate ria l 

s o l idifies to form calc ine , a dry material with a sand - l i ke texture . 

The calc ine , which a mounts to 12-15 percent o f  the origina l  l iquid 

vo lume , conta ins nea rly a l l  of the inert and radioactive material that 

was present in the l i quid was te . It is s tored in l a rge stainless s teel 

bins located in underground reinfo rced conc rete vaults . As of 

October 1 9 80 , 4 mi l l ion ga l lons of the high- leve l l iquid waste had been 

converted to about 7 3 , 000 cubic  feet of cal cine. App roximately 2.5 

mi l l ion ga l lons of l i quid waste remain in storage awa i ting calcination. 
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The calcining process used at the Iepp has proved to be a safe , 

effective means o f  managing the radioactive waste . The stainless steel 

bins and underground concrete vaults are expected to retain their 

integrity for at least 500 years . The adequacy of  the present 

management strategy was confirmed in the final environmental impact 

statement on waste management operations at the INEL (ERDA , 1 977d ) . 

However ,  the waste contains certain actinide elements and other 

radionucl ides that will remain radioactive for an extended period of 

time . I f  future generations a re to be protected from this potential 

hazard , it wil l  be necessary to ensure that the waste is effectively 

isolated from the biosphere until it has decayed to harmless levels . 

Since the 1 95 0 ' s ,  the DOE and its p redecessor agencies have 

considered a variety of  means for HLW disposal. An extensive program to 

develop immobile waste forms for HLW is being conducted . 

1 . 2  Scope of  This Document 

This statement p rovides the environmental  input to a decision on 

selection of  a strategy for the long-term management of  defense high

level wastes at the lNEL . Two of the alternatives involve ons ite 

disposa l ;  three involve offs ite disposal . For offs ite disposal ,  

nine disposal options a re further cons idered . Subsequent p lanning and 

development activi ties will be concentrated on the selected strategy . 

Decisions on how the selected strategy is  to be implemented wi l l  be 

made late r .  These decisions will include , depending on the alternative 

sele cted , the choice o f  the waste form , the p rocess required to produce 

the waste form , the mode of transportation , and the design and location 

of a federal repos itory .  For all decisions with environmental 

implications , appropriate environmental documentation wi ll  be prepared 

and considered . The decis ion process wi ll  be open in order to ensure 

broadly based participation by the public in accordance with the 

requirements of  the Nationa l Environmental Policy Act (NEPA) . 

1-2 



In cases where future implementation decisions would be requi red , 

generic information on a range of  effects has been used for i llustrative 

purposes . For example , the effects of HLW disposal at a federal 

geologic repository a re based on a generic site (DOE , 1980 ) . Several 

waste forms have been used for i llustrative purposes to establish the 

range of environmental effects that would result from the alternatives . 

Defense HLW is also generated at the fuel reprocess ing plants on 

the Hanford Reservation near Richland , Washington , and at the Savannah 

River Plant near Aiken , South Carolina . It  is not believed des irable to 

ship raw waste from one site to another for process ing . Moreove r , the 

waste at the different sites has different properties .  The Hanford , 

West Val ley (Nuclear Fuel Services ) , and Savannah River high-level 

wastes are the most s imilar because they are all  alkaline wastes . 

However , they were generated from diffe rent fuels and by different 

separation processes . The ICPP wastes and commercia l wastes are 

intrinsically different acid wastes . These differences in waste 

properties require development of  spec ific processes for each type of 

waste . For these reasons , separate environmental analyses are being 

prepared for the defense HLW at each of the three defense s ites . This  

document does not include consideration of the HLW at other defense 

sites , and decisions on ICPP wastes will not foreclose options available 

at other s ites . 

Low-level and transuranic wastes produced at  the INEL are not dis

cus sed in this document because they are in different initial forms from 

the high-level  waste and are likely to be disposed in different final 

forms . Therefore , separate programs must be developed to handle each 

type of waste . Alternatives for long-term management of  the transuranic 

wastes at the INEL are discussed in separate documents currently under 

review by DOE . 

1 . 3  Need 

The Department of Energy ha s the responsibility to develop 

technologies for the management and di sposal of  high-level radioactive 
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wa stes which are generated as a result of  DOE ' s  mandate for the produc

tion of nuclear defense materials . The primary obj ective for the 

long-term management of  these wastes is to isolate them from the 

biosphere so  that they pose no signi ficant threat to public hea lth and 

safety .  

Recognizing the DOE's commitment to an early and success ful 

solution to the nation ' s nuclear waste disposal problem,  this EIS  

provides the environmental data necessary to help select a long-term 

waste management strategy for the waste located at lNEL .  

1 . 4 Background 

1 . 4 . 1  Department of  Energy Defense High-Level Waste Management 
Program 

The DOE is undertaking activities which wil l  lead to the technology 

necessary to isolate high-level wastes in the United States . These 

activities are 

• selecting a realistic alternative(s ) for dispos ing of defense 

HLWj 

• developing candidate waste disposal forms and processes in 

order to pro vide data on which to base design of full-scale 

fa cilities ; and 

• constructing and operating the fa cilities necessary to 

immobil ize and dispose of the wastes . 

All of  these activities will overlap as the plan is implemented .  The 

selection o f  a strategy for the long-term management of  Iepp HLW is one 

component of this federal program . 
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1 . 4 . 2 Rel a ted Program Documenta tion 

The DOE and i ts p redecessor  agencies have pub l ished several docu

ments regarding HLW disposal .  These documents have helped to fac i l ita te 

the deci s i onmaking process in a stepwise manner .  Comments received at 

each stage in the process have been cons idered in the preparation of 

s ubsequent studies . 

The f i rs t  volumes to be pub l i shed in the high- level waste 

management dec i s ions proce s s  were the fina l  environmenta l impact state

ment on waste management operations at the l NEL (ERDA , 1 9 7 7d)  and the 

defense waste document (DWD ) prepared in 1 97 7 . Evaluations attempted to 

narrow the number of pos s ible disposal  options and to determine cost 

parameters . A DWD was p repared for high- level waste at each o f  the DOE 

s ites at Savannah Rive r , South Carolina (ERDA , 1 9 7 7 c ) , Hanford , 

Washington (ERDA , 1 9 7 7 a ) , and the ICPP (ERDA , 1 9 7 7b ) . These statements 

enume rated and analyzed many of the a lternatives avai lable for was te 

management with respect to requ i red techno logies , pub l i c  risks , and 

prel imina ry costs . The DWDs also  provided a technical bas is for further 

study of the a lternatives for long-term HLW management. Each DWD was 

distributed to the pub l i c  and to governmental agencies for comments.  

Comments received on the ICPP DWD a re addressed in s ubsequent s ections 

of this EIS and are summar ized in Appendix C .  

1 . 4 . 3 Des cription o f  ICPP High-Level Was te 

1 .4 . 3 .1 Phys ical  Description 

As s tated previous ly , HLW at the ICPP re sults primar i ly from the 

chemical processes  that separate uranium from' other materials  after 

nuclear fuel is  dissolved . Additional l i quid waste is gene rated by 

routine activities such a s  the chemical  analys i s  o f  proce s s  streams and 

the decontamination o f  process ing equipment . The l iquid was te is sto red 

in large stainless steel tanks ins ide concrete vaults unt i l  it  can be 

conve rted to a s o l id. During calcination , l i quid waste i s  sprayed into 

a heated ves sel c onta ining hot , calcined waste particles  whi ch a re 
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agitated by an upward-flowing hot air stream . The water in the liquid 

evaporate s ,  leaving solids , including the radioactive material , coated 

on the particles in the vess el . The solid material ( calcine) , is con

tinuous ly withdrawn from the calciner vessel and stored in large stain

less steel bins inside vented concrete vaults . Air circulated around 

the bins removes the decay heat. This air is monitored for radioactive 

contamination . 

Fo r this EIS , it is as sumed that by the year 2020 , fuel rep rocess

ing will have been dis continued , and all liquid waste , both the present 

inventory and the waste p roduced up to that date , wil l  have been con

verted to calcine . As of October, 1 980 , 4 mil lion gallons of liquid 

waste had been converted to about 73 , 000 cubic feet of calcine . I t  is 

estimated that by the year 2020 , the volume of calcine wil l  be about 7 . 5 

times the present volume , as shown in the accompanying bar graph . 
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Bas ed o n  c o r ro s io n  s tudies of s amples o f' th e bin material , th e 

s tainl es s s teel bins ar e ex pec ted to r etain th eir integrity fo r as lo ng 

as s ever al thous and years . For th e c alcul atio ns c o ntained in this E IS ,  

a bin l ife o f  500 years h as been as s umed.  Th e bins and vau l ts p rovide 

temp o r ar y  s to r age that h as k ep t  the o l des t cal c ine dr y and is o l ated fo r 

1 7  years . It is exp ec ted th at they will c o ntinu e to do s o  fo r as l o ng 

as th e c al c ine r em ains in the bins . An il lus tratio n o f  th e bin-vau l t  

c omp l ex is shown in F igu r e  1 - 1 . 

C al c ine r es embl es a mix tu r e  

o f  tal cum powder and s and- l ik e  

spher ic al p ar ticl es , as shown in 

th e ac comp anying p ic tu r e. 

Exam inatio n o f  th e s to r ed 

c al c ine in th e bins shows that 

it h as no t c ak ed du r ing s ever al 

years o f  s to rage; thus it 

app ears that r emoval from th e 

bins wou l d  s til l be p o s s ibl e 

after an ex tended s to rage time. 

Pr el iminar y tes ts indic ate that 

such r emoval may be p o s s ibl e 

us ing a vacuum- typ e transport 

s ys tem . 

The c al c ine p ar tic l es have been found to be quite po rous and thes e, 

in c ombinatio n with th e fine powder , p r es ent a ver y  l ar ge surfac e ar ea. 

This al l ows fo r ex tens ive dis s o l u tio n from th e c al c ine o f  s ome o f  th e 

r adio ac tiv e and no nradio ac tiv e compo nents in th e p r es enc e o f  water . Th e 

fine powder is al s o  eas il y dis p ers ed by w ind o r  tr affic if exp o s ed to 

th e environment. 

Ano th er impo r tant charac teris tic o f  the c al c ine is th e p r o duc tio n 

o f  heat. Th e fis s io n  p ro du c ts and oth er r adio ac tive mater ial p r es ent in 

th e c al c ine mixtu r e  under go a p r o c es s  c al l ed r adio ac tiv e dec ay ( s e e  

Subs ec tio n 1 . 4 . 3 . 3) .  H eat generated du r ing th e dec ay p ro c es s  r es u l ts in 
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elevated temperatures in the stored ca lcine. The heat generation rate 

drops as the short-l ived radionuclides decay to nonradioactive elements . 

The heat generation rate decreases by a fa ctor of  app roximately 100 

during the first 50  years of storage . See Appendix A for a more detai led 

description of ca lcine . 

1 . 4 . 3 . 2  Chemica l Description 

Cal cine is 

zirconium oxide , 

come from the 

composed primarily of nonradioactive aluminum oxide , 

and ca lcium fluoride . These nonradioactive materials 

fuel element j ackets (cladding) , meta ls alloyed with 

uranium , chemica ls used to dissolve the fuel , chemica ls added to permit 

safe storage of the highly corros ive liquid wastes , and chemica ls added 

to contro l fluoride volatility during ca lcination . These compounds make 

up about 90 percent by weight of the ca lcine , depending on the 

compos ition of the cladding . The oxides and fluorides are relatively 

stable chemi ca ls and are not expected to react with the bin material 

(sta inless steel ) , the vault material (concrete) ,  or soil , should 

conta ct be made . See Appendix A for more deta iled information on the 

chemical compos ition of calcines . 

Calcine from certain processes contains mercury ( 0 . 3  percent by 

weight of tota l calcine by 2020 ) , and future calcine wi ll  conta in 

cadmium (up to 9 percent by weight of tota l ca lcine by 2020 ) . As long 

as the ca lcine remains in the storage bins , cadmium and mercury do not 

pose a threat to the environment . In the conservative groundwater 

migration scenario eva luated for this EIS , cadmium and mercury 

concentrations in hypothetical wells  are shown to exceed the levels 

al lowed by drinking water standards . A discus s ion of  the groundwater 

migration scenario is  provided in Appendix A and Section 4 of this EIS 

and contains additional details  on the toxiCity of cadmium and mercury . 

At present , the ca lcine has no known commercial va lue . The low 

nitrate content 0-3 percent) makes it unsuitable for other purposes 

such as ferti lize r .  Thus it does not appea r that ca lcine would have any 

intrins ic  value to individuals in future generations . 
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1 . 4 . 3 . 3  Radiological Description 

An important property of the calcine for the purpose of envi ron

mental impact evaluations is its radiological composition . Key points 

about the radiological compos ition are given here ; more detail  is found 

in Appendix A .  

By the year 2020 , the total activity of  the waste will be about 

6 . 5  x 1 0
8 curies ( Gi ) . Although a variety of  radionuc lides is present , 

the maj or radionuclides are ces ium (Cs ) and strontium (Sr)  as shown in 

the p ie diagram . 

Sr-90tY-90·300,OOO,OOO Ci 

YEAR 2020 
650,000,000 Ci 

Cs-137·Ba-137M:310,OOO,OOO Ci 

Pm-147=19,OOO,OOO Ci 

1 - 1 0  

Misc. Fission Products=19,OOO,OOO Ci 

Actinldes:2,OOO,OOO Ci 



Cesium and strontium are maj or  emitters of gamma and beta 
radiation . In addition , the actinides , p lutonium-239 and plutonium-238 , 
a re maj or emitters of alpha radiation . 

Because a lpha radiation cannot penetrate the skin , it is not harm
ful to people if the exposure is external .  However ,  the situation is 
different if the radioactive material is  inhaled or  ingested . Once in 
the body , the material may be concentrated and retained in a specific 
organ resulting in prolonged radiation exposure . Inhalation is gen
era l ly the most important pathway for exposure to radiation from 
actinides because the a lpha particles they emit directly irradiate the 
lung tissues . Subsequently , a portion of the inhaled material is 
carried by the blood stream and the lymphatic system to other organs , 
such as the bone and liver . 

Beta and gamma radiation are of concern because they are more pene
trating than a lpha radiation . They can penetrate the body of a person 
who approaches  the radiation source . Consequently , beta and gamma 
radiation contribute s ignificantly to the whole-body dose . Beta- and 
gamma-emitters can a lso  be harmful if ingested . They can concentrate in 
parts of the body where they continue to irradiate body tissues . Organs 
that are at risk from a lpha radiation can also be affected by beta and 
gamma radiation . 

The problems with process ing and handling HLW, and the potential 
environmental effects of radionuclide 
because radiation given off by the 
changes with time . 

releases , wil l  change with time 
waste during radioactive decay 

During the first several hundred years , the waste emits primarily 
beta and gamma radiation . The beta-gamma radiation from strontium and 
ces ium overshadows the a lpha and beta-gamma radiation from the actinides 
present . The high radiation levels necess itate the use of heavy 
shielding during waste processing and transportation . 
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After severa l hundred years , strontium and ces ium will have decayed 
s ignificantly , leaving predominantly alpha radiation from the actinides . 
While there is  some beta-gamma radiation from actinides and from other 
residual short-lived radionuclides , the impact is much less than the 
effects of beta-gamma radiation emitted during the first several hundred 
years . The shielding required for worker protection and during 
transportation is reduced . However ,  the waste must still  be contained 
to prevent the radionucl ides from es caping to the environment . 

During the time ces ium and strontium· are undergoing radioactive 
decay , other radionuclides not initial ly present in the waste in 
s ignificant quantities wil l  increase to more s ignificant levels . This 
results from decay processes in which a radionuclide decays to form 
another radionucl ide not initial ly present in the waste . An example is  
the decay of plutonium-238 , which , after several decay steps , forms 
radon-222 , a radioactive gas . The effects of radon emis s ions are 
evaluated in Appendix A and described in Section 4 . 5 . 2 . 2  for the time 
period 2 100 to 1 , 000 , 000 . 
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2 . 0  ALTERNATIVES 

2 . 1  Introduction 

This section des cribes the alternatives for long-term waste manage
ment of high- level waste at the INEL evaluated in this EIS . More 
detailed descriptions appear in supporting documents (ERDA , 1977a ; 
DOE , 1980b ) . 

The long-term waste management a lternatives include disposal of 
modified calcine onsite at the Idaho National Engineering Laboratory 
( INEL) and disposal offsite at a federal geologic repository . Oth',r 
alternatives include the delayed implementation of calcine retrieval and 
proces s ing , and the separation of the long-lived actinides from the 
generally shorter-l ived fiss ion products in the waste . 

Subsection 2 . 3  provides a description of  each alternative , a flow 
diagram of the operational steps required to implement each a lternative , 
a conceptual design of the facilities required to implement each alter
native , and a graphic illustration of each treatment process . 

The status of the required technology , the descriptions of required 
facili  ties , the decontamination and decommissioning (D&D) of calcine 
retrieval and processing fac ilities , and the measures to mitigate 
adverse environmental effects of the alternatives are summarized . The 
shipping mode , transportation effects and effects at the repository are 
discussed . 

In evaluating the waste management a lternatives , it is as sumed that 
implementation would begin in 1990 and would be co�plete by 2020 , except 
in Alternative 5 ,  which extends to the year 2500 . The purpose of 
Alternative 5 is to evaluate the effects of radionuclide decay . Conse
quently , . 100- , 300- , and SOO-year delay periods have been selected for 
evaluation . In Alternative 5 ,  the period of operation is  as sumed to be 
the same as that in the other a lternatives , and the ca lcine is a s sumed 
to be modified by converting it to glass . It is as sumed that ca lcine is 
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the initial waste form for each alternative . However ,  for Alterna
tive 4 ,  the initial waste forms are calcine and the defense high-level 
liquid waste which had not been converted to calcine at the beginning of 
processing . 

Selected environmental effects projected for each alternative are 
compared in summary tables at the end of this section . These tables are 
based on the environmental data presented in Section 3 and on the 
description of environmental effects discussed in Section 4 .  

The content o f  this EIS and supporting appendixes i s  organized in 
the following manner .  Supporting information and strategy alternatives 
eliminated from further study are discussed in Section 2 .  Mitigative 
measures for construction , operational ,  and disposal activities are also 
discussed in Section 2 .  A description of the affected environment is 
provided in Section 3 .  An analys is of the environmental consequences of 
implementing each alternative is given in Section 4 .  The consequences 
are discussed in terms of their short- and long-term effects , effects 
that result from events that are certain to occur , and effects that re
sult from abnormal events that are unlikely to occur . A summary of the 
effects by a lternative is p rovided . 

Described in Appendix A is the methodology used to calculate the 
radiological dose commitments and health effects discussed in Sections 2 
and 4 .  The methodology used to calculate the nonradiological contami
nant concentrations in air and water is also presented in Appendix A .  
Waste releases are postulated to occur in a series of s cenarios . An ex
ample of each type of calculation performed in this EIS is included in 
the description of each s cenario . 

Appendix B consists of a series of tables . These tables contain 
the results of the radiological dose calculations for each of the 
s cenarios and the a lternatives to which the s cenario appl ies . Data in 
Sections 2 and 4 are taken from the tables in Appendix B .  

Appendix C presents the substantive comments received on the Idaho 
Defense Waste Document considered in the preparation of this E IS . 
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Discussed in Appendix D are the waste form parameters used to eval
uate the environmental impacts of  the va rious strategy a lternatives . 

In this EIS , the flow of information is presented as fol lows . A 
summary and comparison of the health effects for the s cenarios which 
cause the most significant effects are presented in Section 2 .  Whole
body equivalent doses and health effects for routine operations and 
abnormal events are presented in Section 4 .  Appendix A describes the 
calculational methodology and presents a sample calculation for the dose 
commitments and health effects resulting from each s cenario . Appendix B 
presents complete dose commitment data . Individual organ doses that 
contribute to the whole-body dose equivalents a re given in Appendix B .  

2 . 2  Selection of Alternatives 

2 . 2 . 1  Strategy Alternatives 

The waste management alternatives evaluated in this EIS include 
offsite disposal and onsite disposal at the INEL . These alternatives 
a re : 

• Alternative 1 .  
• Alternative 2 .  

• Alternative 3 .  

• Alternative 4 .  

• Alternative 5 .  

Leave-in-Place (No-Action Alternative ) ; 
Retrieve , Modify the Calcine , and Dispose 
at the INEL ; 
Retrieve , Modify the Calcine , and Dispose 
Offsite ; 
Retrieve , Separate the Actinides , Dispose of 
the Actinides Offs ite , and Dispose of the 
Actinide-Depleted Calcine at the INEL ; and 
Delay Retrieval ,  Modify the Ca lcine , and 
Dispose Offsite . 

A compos ite of the a lternatives is il lustrated in Figure 2- 1 . 
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Various offsite disposal technologies were evaluated in the final 
environmental impact statement on the management of commercial ly gener
ated radioactive waste (GElS ) (DOE , 1980 ) . Although defense waste was 
not explicitly treated in the GElS , and environmental  studies resulting 
from disposal of that waste were not included , a conclusion was reached 
that systems that can adequately dispose of commerical radioactive 
wastes can reasonably be expected to adequately dispose of defense 
wastes , s ince the p roces sed wastes from the national defense program 
produce less heat and lower radiation intensities than do wastes from 
the same quantity of similarly processed commercial fuel . A comparison 
of ICPP waste with commercial waste supports this conclusion . 

The defense waste processed at the lCPP differs from the commercial 
waste di scussed in the GElS  in that it produces less heat and conse
quently has a lower disposal temperature and lower radiation intens ities 
than a similar quantity of commercial waste . 

Les s uranium has been fissioned in defense fuel , so that the 
quantity of fi ss ion p roducts is les s .  Because of the lower quantity of 
fiss ion products in lCPP waste , the decay heat is much less than in 
commerical waste . Als o ,  the entire fuel element is dissolved during 
reprocess ing at the lCPP , leading to a more dilute waste than results 
from commercial fuel where only the fuel pellets are dissolved during 
reprocess ing . 

2 . 2 . 2  Disposal  Options 

The a lternatives selected for evaluation in this EIS include the 
disposal of ICPP defense waste in a deep mined geologic repos itory . 
This and other disposal options covered in the GEl S  are discus sed in 
this section . 

2 . 2 . 2 . 1  D eep Mined Geologic Disposal 

It was estimated in the GElS  that about 1 80 , 000 canisters (900 , 000 
cubic feet of high-level waste ) will  be generated by the commercial 
program through the year 2040 . Each canister will have a heat generation 
rate of about 3 . 2  kilowatts , totaling each 576 , 000 kilowatts . It is 
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assumed that the high-level waste reprocessed at the I epp will total 
about 20 , 000 canisters (as glass ) ,  totaling about 800 , 000 cubic feet by 
2040 . However ,  each canister will  have a heat generation rate of  about 
0 . 35 kilowatt , totaling only about 7 , 000 kilowatts . Based on a heat 
load{ng criterion , the defense waste could be disposed in approximately 
one-tenth the area required for the same volume of commercial waste . I f  
the delay alternative is selected , an  even smaller repos itory area is 
required . This  area could be larger , however , if a repos itory criterion 
other than heat loading is selected . 

Thus , repository loading criteria generally would be les s stringent 
( in terms of quantities of waste per unit area)  for ICPP wastes than for 
commercial waste . Also , since the I epp waste contains a lower con
centration of fiss ion products , the environmental consequences will  be 
less from dispersion of the I epp waste than from dispersion of an equal 
amount of commercial waste . Because of the difference in the amount of 
uranium consumed before process ing and the di lution from dissolving the 
entire fuel element , the Iepp waste contains only about one-tenth the 
activity that is present in the same volume of commercial waste . 
Because of this , accidents involving the same quantity of wastes will 
have less severe consequences for the defense waste . An ana lys is of the 
commercial waste , as given in the GElS , therefore applies to the Iepp 
defense waste s ince the waste is well within the boundaries of the 
commercial waste in all  pertinent parameters . 

2 . 2 . 2 . 2  Very Deep Hole Waste Disposal Concept 

A very deep hole concept has been suggested that involves the 
placement of nuclear waste in holes as much as 6 miles deep in geologic 
formations . Desirable site characteristics for this type of repos itory 
include crysta lline and sedimentary rocks located in areas o f  tectonic 
and seismic stability . 

Both spent fuel and high- level waste canisters could be disposed in 
very deep holes . However ,  it is not economically feasible to dispose o f  
high-volume wastes [ e . g . , transuranic (TRU) waste] in  this manner . 
There is some question as to whether holes of the required s ize and 
depth could be dril led . 
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The principal advantage of the very deep hole concept is  that cer
tain (but not all )  wastes can be placed farther from the biosphere in a 
location where it i s  believed that circulating groundwater is  unlikely 
to communicate with the biosphere . Development of this technology would 
take 12 to 25 years . 

2 . 2 . 2 . 3  Rock-Melt Waste Disposal Concept 

The rock-melt concept for radioactive waste disposal calls for the 
direct placement of liquids or s lurries of high-level wastes , or of di s 
solved spent fuel (with the pos s ible addition of  small quantities of  
other waste s ) , into underground cavities . After the liquid has evapo
rated , the heat from radioactive decay would melt the surrounding rock .  
It is  postulated that the melted rock would form a complex waste form by 
reaction with the high-level waste . During a period of about 1000 

years , the waste-rock mixture would resolidify ,  trapping the radioactive 
material in what i s  bel ieved would be a relatively insoluble matrix deep 
underground . S ince so lidification takes about 1 000 years , the waste is  
most mobile during the time the fiss ion products present the greatest 
hazard . 

Wastes from reprocess ing activities ,  such as  hulls , end fi ttings , 
and TRU wastes remaining after dis solution , a re not bel ieved to be 
suitable for rock-melt di sposal ; therefore , some other disposa l method 
would have to be used in conj unction with the rock-melt disposal con
cept . 

2 . 2 . 2 . 4  I s land-Based Geologic Disposal Concept 

Is land-based disposal involves the emplacement of wa stes in deep , 
stable geologic formations in much the same way as  in the conventiona l ly 
mined geologic di sposal concept . In addition , thi s disposal method 
relies on a unique hydrologic system as sociated with is land geology . 
I s land-based disposal would accommodate all forms of waste as would a 
conventiona lly mined geologic repos itory ;  however ,  additiona l 
facilities and additiona l transportation steps would be required . 

port 
Re-

motenes s  of the probable candidate is lands has been c ited as  an advan
tage in terms of i solation . 
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2 . 2 . 2 . 5  Subseabed Disposal Concept 

It has been suggested that wastes  could be isolated from the bio
sphere by emplacement thousands of yards below the ocean ' s  surface in 
sediments which have been deposited on the ocean floor over a period of 
millions of  years . Laboratory experiments have shown that these sedi
ments have high sorptive capacity for many radionuclides that might 
leach from breached waste packages . The water column is  not cons idered 
a barrier ; however ,  it would inhibit human intrusion and could contri
bute to dilution by dispersal of radionuclides that might es cape the 
sediments . 

Subseabed disposal is an attractive alternative disposal technique , 
at least for high- level waste and spent fuel , because it appears techni
cally feasible that the waste can be placed in areas of relatively high 
stabili ty . I f  at some point all  of the barriers were to fail , the 
ocean ' s  great dilution capacity and s low current movement should retard 
the return of radionuclides in biologica lly significant concentrations 
to the human environment . It is estimated that the research needed 
prior to implementation of subsea bed disposal would not be as costly or 
time consuming as research for some of the other alternatives . However , 
in comparison to mined repositories on the continent , the subseabed 
concept , l ike island-based geologic disposal , has the disadvantages of 
requi ring special port facilities and additional transportation steps . 

While subseabed disposal is bel ieved to be technologically feas i
ble , implementation would require favorable resolution of international 
and domestic legal problems . Studies have not yet fully determined 
whether subseabed disposal can provide isolation of wastes equal to that 
of deep geologic repositories . It is estimated that development of this 
technology will take 12  to 15 years . 

2 . 2 . 2 . 6  I ce Sheet Disposal Concept 

Disposal in continental ice sheets has been suggested as a means of 
isolating high-level radioactive waste . Past studies have specifically 
addressed the emplacement of waste in either Antarctica or  Greenland . 
The a l leged advantages of ice sheet di sposal , which are disposal in a 
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cold , remote area and in a medium that should isolate the wastes from 
man for many thousands of years , cannot be proven on the basis of 
current knowledge . 

Proposals  for ice sheet disposal of high-level waste and/or  spent 
fuel suggest three emplacement concepts . (Present concepts for waste 
disposal in ice sheets call for TRU reprocess ing waste to be placed in 
mined geologic waste repos itories . )  1 )  Passive , slow-descent concept : 
waste is emplaced in a shallow hole and the waste canister melts its own 
way to the bottom of the ice sheet . 2 )  Anchored emplacement concept : 
similar to pas s ive s low-descent but an anchored cable limits the descent 
depth , a llows retrieval of the canister , and prevents movement to the 
bottom of the sheet . 3 )  Surface storage concept : storage facility is  
supported above the ice sheet surface and eventually melts into the 
sheet . 

Regardless of whi ch emplacement concept is selected , ice sheet 
disposal would offer the advantages of remoteness , low temperatures , and 
isolation provided by the ice for thousands of years . However ,  
transportation and operational costs would be high , ice dynamics are 
uncertain , and adverse global climatic effects as a result of melting 
portions of the ice are a remote possibility . The Antarctic Treaty now 
precludes waste disposal in the Antarctic i ce sheet . The availabil ity 
of the Greenland i ce sheet for waste disposal would depend upon 
acceptance by the governments of Denmark and Greenland . 

A great deal 6f research appears ' to be needed before the potential 
of ice sheet disposal is determined . Even though the appa rent 
bowl-shaped ice cap of Greenland would allow wastes to melt to the 
bottom of the bowl where they might remain permanently , the consequences 
of release of radioactive decay heat to the ice are uncertain . Because 
ice sheets are located in areas where weather and environmenta l 
conditions are extreme , it can be anticipated that transportation of the 
wastes to the s ite , waste emplacement , and s ite characterization would 
be difficult . 
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2 . 2 . 2 . 7  Well-Injection Disposal Concepts 

Two methods of well-inj ection have been suggested : 
liquid inje ction and shale/grout inj ection . 

deep-well 

Deep-well liquid injection involves pumping acidic liquid waste to 
depths of 3300 to 16 , 000 feet in porous or  fractured strata that are 
isolated from the biosphere by relatively impermeable overlying strata . 
The waste is expected to remain in liquid form and may therefore p ro
gress ively disperse and diffuse through the host rock .  Unless limits of 
movement are well defined , this mobility within the porous host forma
tion would cause concern about eventual release to the biosphere . 

In the shale/grout inj ection method , the shale is fractured by 
high-pressure inj ection and then the waste , mixed with cement and clays , 
is  inj ected into fractured shale formations at depths of 1000  to 1600 

feet . There it is allowed to solidify in a set of thin , solid disks . 
Shale has very low permeability and p redictably good sorption pro
perties . The formations selected for inj ection would be those in which 
it can be shown that fractures would be created parallel to the bedding 
planes and in which the wastes would be expected to remain within the 
host shale bed . This requirement is expected to limit the inj ection 
depths to the range stated above . 

This alternative is applicable only to reprocess ing wastes or to 
spent fuel that has been processed to l iquid or  slurry form . Therefore , 
not all wastes generated could be disposed by the shale/grout injection 
method , and a suitable additional technique would be required . 

2 . 2 . 2 . 8 Transmutation Concept 

In the transmutation concept , spent fuel would be reprocessed to 
recover uranium and plutonium (or in cases where uranium and plutonium 
are not to be recycled , proces sed to obtain a liquid high- level waste 
stream) . The rema ining high- level waste stream would be separated into 
two streams : an actinide waste stream and a fiss ion product stream . The 

2- 10 



fission product stream would be concentrated , sol idified , and disposed 
at a mined geologic repos itory . The waste actinide stream would be 
combined with uranium or  uranium and plutonium , fabricated into fuel 
rods , and reinserted into a reactor . In the reactor , about 5 to 7 
percent of  the recycled waste actinides would be transmuted to stable or 
short-l ived isotopes . These isotopes would be removed during the next 
recycle step for disposal in the repository . Numerous recycles would 
result in nearly complete transmutation of the waste actinides ; however ,  
additional waste streams would be generated with every recycle . Trans
mutation provides no reduction in the quantities of long-lived radio
nuclides (such as technetium-99 and iodine- 129 ) in the fis sion product 
stream that is shipped offsite for geologic disposal . This concept is a 
variation of the actinide-separation process (Alternative 4 )  discussed , 
in this document . 

2 . 2 . 2 . 9  Space Disposal Concept 

Space disposal has been suggested a s  a unique option for perma
nently removing nuclear high-level wastes from the earth ' s  environment . 
In the reference concept , high- level waste i s  formed into a ceramic
metal matrix and packaged in special flight containers for insertion 
into a solar orbit where it would be expected to remain for at least one 
million years . The National Aeronautics and Space Administration has 
studied several space disposal options since the early 1970 ' s .  The con
cept involves the use of a special space shuttle that would carry the 
waste package to an orbit where a transfer vehicle would separate from 
the shuttle and place the waste package , along with another propulsion 
stage , into an earth-escape traj ectory .  The trans fer vehicle would 
return to the shuttle , and the remaining rocket stage would insert the 
waste into a solar orbit . 

Space disposal is  of interest because once the waste is placed in 
orbit , its potential for environmental impacts and human hea lth effects 
is judged to be nonexistent . However ,  the degree of risk of launch pad 
accidents and orbit fa ilures has not been determined . 
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The space disposal option appears feasible for selected long-lived 
waste fractions of  radionuclides , such a s  iodine- 129 , o r  even for the 
total amount of reprocessed high-level waste that will be produced . 
Space disposal of unreprocessed fuel rods and other high-volume wastes 
does not appear to be either e conomically feasible or  practical because 
of the large number of flights that would be required . 

2 . 2 . 2 . 10 Conclus ions 

The principal obj ective of the disposal of radioactive waste is to 
provide reasonable assurance that these wastes , in biologically s ignifi
cant concentrations , will be permanently isolated from the human 
environment . In evaluating the various technologies available for 
permanent offs ite disposal of the high-level wastes at ICPP , this 
document relies heavily on the analysis  and conclus ions reached in the 
final environmental impact statement for the long-term management of 
commercially generated radioactive waste (GElS )  (DOE , 1 980 ) . This 
reliance is based on the determination that the characteristics of the 
defense waste at ICPP are comparable to those commercial high-level 
wastes analyzed in the GElS . The defense waste at ICPP produce less 
heat and lower radiation intensities than a s imilar quantity of 
commercial waste . The repository space requirements of defense wastes 
at  the ICPP are substantially less than those considered in the GElS , 
and therefore , should not materially affect repository requirements .  

All waste disposal technologies were evaluated in detail in the 
GElS . Factors which were cons idered regarding each di sposal method 
included : ( 1 )  radiological effects during the operational period , 
( 2 )  nonradiological effects , ( 3 )  compliance with existing national and 
international law , (4)  independence for future development of the 
nuclea r industry , and ( 5 )  potential for corrective or mitigating 
actions . 

A mined geologic repository is the preferred disposal  option based 
on the distinct advantages in minimizing radiological effects during the 
operation period ; the advanced status of development ; and the ability 
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(ease) and corrective or  mitigative actions (e . g . , retrievability) if 
waste isolation from the human environment is threatened . With respect 
to the other evaluation factors , the only category in which an 
alternative technology might offer an advantage would be the 
radiological effects during the postoperational period for which space 
disposal has an advantage . However ,  this is considered a long-term 
advantage and would be more than offset by near-term disadvantages . 

From consideration of technical feasibility ,  only two of the 
a lternative waste disposal methods appear to warrant further study : 
subseabed and very deep hole . For subseabed , the DOE has decided to 
continue studies of the environmental , technical , lega l ,  and 
institutional feasibility of isolating wastes within the sedimentary 
geologic formations of the deep seabed . This concept is  considered a 
longer-term supplementary disposal method to mined repositories . The 
DOE also feels that very deep hole disposal warrants some additional 
study as a poss ible backup for high-level waste disposal .  Further 
development of the very deep hole concept wil l  emphas ize the capability 
to take corrective or mitigating actions . 

The other disposal  methods (is land , transmutation , rock melt , ice 
sheet , and well  inj ection) were found to have no clear advantages over 
mined geologic disposal and to provide no additional complementary 
function . In some cases , these other technologies appeared clearly less 
desirable . For instance , in the rock melt disposal concept , the waste 
is  expected to be liquid for the first 1 000 years , and , thus , is  most 
mobile during the period of greatest fis sion product hazard . 

In summary , there appear to be no environmental issues that would 
reasonably preclude pursuit of a program strategy favoring disposal of 
high-level defense wastes in deep geologic repos itories . Thus , if a 
decis ion were reached to retrieve the high-level wastes at the ICPP and 
dispose of it offsite , the use of deep mined geologic repos itories is  
the preferred a lternative . 
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2 . 2 . 3  Other Parameters Considered in Evaluation of Strategy 
Alternatives 

As indicated , appropriate environmental documents will be prepared 
and considered pr:ior to decis ions on waste form and the processes by 
which it i s  produced . However ,  to analyze the environmental impacts of 
strategy alternatives , it is  necessary to assume certain waste forms and 
processes so that calculations can be performed which show the range of 
environmental  effects that can be expected from the alternative 
strategies .  The three waste forms used in this EIS for this purpose are 
stabil ized calcine , pellets , and glas s . The existing waste form , 
calcine , i s  also used to evaluate the "no-action" alternative 
(Alternative 1 ) .  These  waste forms are used in this EIS only to provide 
representative parameters for pur:poses of analyzing alternative 
strategies . Appendix D compares the characteristics of a variety of 
waste forms and presents the data basic to the selection of calcine , 
pellets , and glas s  in this  EIS . I t  i s  expected that the environmental 
impacts from whatever waste form is finally selected for ICPP wastes 
will not exceed those  described in this EIS and will not invalidate the 
overall strategy selected at this time . 

In order to perform a comparative evaluation of the alternatives 
described in this statement , it was necessary to postulate a mode of 
waste shipment ( railroad) and the use of specific shipping containers . 
However , the final decis ions on the various components of the transpor
tation element will  be made later . They will be based on the results of 
ongoing testing programs and the deliberations of other governmental 
agencies such as the U .  S .  Department of Transportation and the U .  S .  
Nuclear Regulatory Commiss ion . Furthermore , before any waste i s  
shipped , detailed analysis of transportation hazards will be completed . 
However ,  the environmental impacts of the final waste shipment system 
are expected to be no greater than those described in this  statement . 
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For the purpose of this EIS , a 1500-mile , (maximum probable 
distance ) one-way route by rail to a federal repository is assumed . 
Conceptual rail cask design provides for the transport of three 
stainless  steel waste canisters in a single cas k .  A conceptual canister 
is 15 feet long with a diameter adequate (assumed to be 2 feet)  to keep 
the radiation level within the limit permitted by federal regulations 
(49 CFR 1 73 . 393) . It  has been estimated that a 3-canister cask loaded 
with vitrified ca lcine would weigh about 92 tons . 

In estimating the maximum and minimum radiological effects of 
routine shipping operations , waste was as sumed to be shipped to the 
repository along a maximum population route .  The route follows maj or 
rail lines , pa ssing through urban , suburban , and rural areas . Distances 
through urban , suburban , and rural areas were estimated to be 37 , 5 3 ,  
and 1 , 410 miles , respectively . 

A decision concerning the host rock (geologic media ) and location 
of a federal repos itory will also be made later . Evaluations of various 
geologic media , a search for suitable respository locations , conceptual 
des ign activities , and safety analyses are underway in a national 
program (see Subsection 1 . 4) .  For the comparative evaluations in this 
EIS , a mined repository in a deep geologic formation was as sumed . 
Aga in , the environmental impacts at the respository which is finally 
selected are expected to be no greater than those analyzed in this 
statement . 

2 . 3  Description of Alternatives 

The description of the retrieval and calcination facilities for the 
. 

alternatives described in this section are based on preconceptual and 
conceptual des igns (Parsons , 1 9 76 and 1 9 7 7 ) . 
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2 . 3 . 1 Leave-in-Place - Alternative 1 

The process ing steps required to implement Alternative 1 a re shown 
in the following illustration • 

H I G H-LE V E L  

L I Q U I D  WA STE 

• 
W A ST E  C A LC I N A T I O N  

F A C ILITY 

• 
C A L C I N E  DISPOSAL 

A T  I N E L  

In Alternative 1 ,  waste process ing as it exi sts today at the INEL 
is continued . The defense high-level liquid waste is removed from 
storage tanks at the ICPP and calcined in the waste calcination 
facility .  The calcine is  then stored in stainless steel bins in a 
reinforced concrete vault at the ICPP as shown in Figure 2-2 . Construc
tion of additional bins will be requi red until all high-level liquid 
waste has been solidified . The effects of calcination have been 
evaluated in another envi ronmental document (AEC , 1 9 74) . Since 
Al ternative 1 involves the continuation of present operations , thi s 
alternative constitutes  the "no-action" alternative . The evaluation of 
the "no-action" alternative is  required by CEQ regulations 
(40 CFR 1500) . 

2 . 3 . 1 . 1  Facility Description 

The storage faci lities consist of verti cal stainless steel bins 
that are housed in reinforced concrete vaults anchored on bedrock . 
There are currently four calcine storage faci lities at the ICPP . Three 
of these are in use . The first and second of these bin sets are filled . 

The first bin set cons ists of four bins ( 12 feet in diameter) ,  each 
with three concentric tanks . The spaces between the bins are for con
vective air  cooling . The second and third bin sets consist of seven 
cylindrica l bins approximately 1 2  feet in diameter and 43 to 60 feet 
tall . The fourth facility has three cyl indrical bins but is es sentially 
the same as  the second and thi rd bin sets . The fourth fa cility will be 
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available for use when the new waste calcining facility begins 
operation . The fifth and s ixth bin sets will have annular bins . The 
concrete vaults for the fifth and s ixth bin sets will be cylindrical , 
without earth berms , similar to the fourth bin set . The first storage 
facility is not equipped with an access port to retrieve the calcine . 
The other facilities have retrieval ports and all  a re equipped to allow 
detection of contamination in the vault exhaust stack or accumulation of 
water on the vault floor ( see Figure 2-2 ) . 

Convective air circulation in the vaults is provided by air inlet 
ducts extending to the bottom of the vaults and by short exhaust stacks 
from the top of the vaults . The des ign provides for the installation of 
fans to increase air  circulation , dampers to control or stop air  
c irculation , and mountings that could be used for the installation of 
high efficiency particulate air  (HEPA)  filters in the vault stacks , 
should the need arise . A radiation monitor is installed on each vault 
stack downstream of the location provided for HEPA filters . 
Thermocouples are located in the bins , on the bin wall s ,  and in the 
vaults for temperature monitoring . A small  sump in the floor of each 
vault is  equipped with a liquid-level monitor and a steam j et for 
removing any liquid collected . 

The fi lled bins are connected to the ICPP stack through the waste 
calcining facil ity cell vent system and atmospheric protection system 
CAPS ) . The cell vent system discharges through a· line to the APS . The 
APS has two components : a deep-bed graded fiberglass prefi lter and a 
HEPA filter . Emiss ions are ca refully analyzed for radionucl ide content . 

The total capacity in the first three bin sets is  about 7 7  , 000 
cubic  feet . As of October 1980 , they contained 73 , 000 cubic  feet of 
calcine . A new facility of about 35 , 000-cubic-foot capacity will be 
required every 2 or 3 years based on the proj ected schedule of waste 
calcining operations (see Subsection 1 . 4 ) .  Bin sets having a capacity 
of 240 , 000 cubic feet will be needed when process ing is  as sumed to begin 
in 1990 . Twelve additiona l bin sets will be insta lled as needed through 
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2020 when calcine production is  as sumed to terminate . These future 
faci lities will  have an annular des ign similar to the fifth and s ixth 
bin sets (see Figure 2-2) . 

An artist ' s  rendition of the completed disposal complex required 
for Alternative 1 is shown in Figure 2-3 .  The complex is built to meet 
applicable federal requirements (ERDAH , 1 9 7 7 ) . This means that an 
earthquake registering X on the modified Mercalli  s cale ( 7 . 75 on the 
Richter scale)  and centered 15 miles from the disposal site is not 
expected to cause damage to the calcine bins that results in calcine 
release . The facil ities are also des igned to res ist 1 75-mile-per-hour 
winds . The estimated maximum tornado damage would be the loss of the 
exhaust stack and the instrument station on top of a vault . No maj or  
damage to  the bins resulting in  calcine release is expected . 

Even though it is as sumed that surveillance would be dis continued 
after 100 years , the disposal complex would provide waste containment 
for at least 500 years . No new technology would be developed for the 
"leave- in-place" alternative . Any improvements in the technology of 
environmental monitoring would be adopted as developed . 

For decommissioning and disposal , the space within the vault sur
rounding the bins will be filled with a concrete-l ike substance as 
illustrated in Figure 2-4 . The volume of this  filler  is  about four 
times that of the bin volume . Encapsulation would provide additional 
protection against intrus ion , damage to vaults from seismic activity , 
and surface water entry into the vault . 

2 . 3 . 1 . 2 Future Decis ions 

No future decisions on waste management strategy would be requi red 
for the no-action alternative . 
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2 . 3 . 2  Retrieve , Modify the Calcine , and Dispose at the INEL -
Alternative 2 

The p ro ce s s ing s teps required to implement Alternative 2 a re s hown 

in the illustration on page 2-21 . 

The i l lustration shows that in Alternative 2 ,  calcine from the 

ca lcine s torage bin s ets at the ICPP would be retrieved from the s tain

less  s teel bins and the was te form modi fied for dispos a l  ons ite . Con

currently , high- l evel liquid waste from tanks at the ICPP would be 

calcined , and the calcine would be modified and disposed at the INEL . 

In Alternative 2 ,  ons ite disposal of the was te i s  evaluated . The 

was te forms cons idered are pelletized calcine and vitrified calcine . 

Both a re more s table and less  dispers ible than the calcine . The impacts 

resulting from these  two forms , and from the unmodified calcine in 

Alternative 1 ,  repres ent the range of impacts that could result from any 

was te form . 

CALCINE 
STORAGE 

HIGH-LEVEL 
LIQUID WASTE 

I II 
CALCINE � 

RETRIEVAL 

WASTE 
CALCINATION FACILITY 
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2 . 3 . 2 . 1 Calcine Retrieval 

In o rder to modify the calcine and provide a more stable waste 

form , the calcine p roduced befo re 1990 must  be removed from the storage 

bins . Thi s i s  accomplished by vacuuming the particles from the bins . 

The cal cine retrieval facility , illustrated in Figure 2-5 , cons ists  of a 

movable  shielded room that can be p laced over the calcine s torage 

facility to be emptied . Remotely controlled manipulators and mechanical 

devices would be used to lower and d i rect a pneumatic suction nozzle 

into a bin . Shielded underground ducts would direct the calcine to a 

receiving hopper in the waste modification fac i l ity . Retrieva l air  

would be cooled , filtered , and recycled during retrieval operations to  

reduce the amount of offgas requiring treatment before monitoring and 

relea s e  to the atmosphere . 

2 . 3 . 2 . 2  Calcine Pelletization 

In the pelletization p roces s  shown in Figure 2-6 , the calcine is  

mixed with solid binders , such a s  metakaolin , s i l icates , borates , or  

hydrated lime . The mixture is  fed onto a rotating disc  pelletizer where 

it is wetted by a spray of acidic l iquid binder , such as phosphoric or 

nitric acid . The materials combine to form pellets about 1/8- to 

1/4-inch in diameter .  The pellets a re heat treated to p roduce ceramic 

pel lets which a re abras ion res istant , leach res i s tant , sub stantially 

free of fine particles , free flowing , and stable up to about 1475° F 

(Lamb , 1979 ) . The cooled pellets are returned pneumatically to the 

calcine storage bins for disposal .  Pelletization would requi re about 

5 0  percent more disposal  volume than the original calcine . 

2 . 3 . 2 . 3  Calcine Vitrification 

Calcine is  converted to a gla s s  in a process  called vitrification . 

The vitrified p roduct i s  produced by melting calc ine with ground glass  

(glas s frit )  in  an  electric furnace at 2000 to 22000F . The gla s s  could 

be p roduced in various forms . For this E I S , it is  a s sumed that the 

vitri fied product would be poured into a meta l cylinder , approximately 

2 feet in diameter and 15  feet long for a total  volume of 40 cubic feet 
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(Figure 2 -7 ) .  The glas s  i s  s imila r to certa in natura l rocks such a s  

obs idian� I t  i s  highly leach res is tant and , o n  impa c t ,  res i s ts s hat

tering into respi rable-s ized particles ( Cole , 1980 ) . The volume of the 

vitri fied product is approximately 50 percent greater than the volume of  

the original ca lcine . 

The fil led canisters would be allowed to cool s l owly to reduce the 

chance of the gla s s  cracking because of therma l shock . A cap would be 

we lded over the canis ter opening , the canister would be surveyed for 

contamination and , if necessary ,  decontaminated . The canisters would 

then be tested for leaks . Canisters that do not pa s s  inspection would 

either be repaired or overpacked with another caniste r , or the gla s s  

would b e  removed and reca s t .  Canisters that p a s s  inspection would be 

pla ced in an air-cooled room . When sufficiently coo l , the canisters 

would be loaded into shielded shipping casks and transported to an 

underground facil ity near the ICPP fo r disposal . The disposal fa cil ity 

would cons ist  of s teel-lined cyl inde rs fitted with concrete plugs at the 

top and bottom (ERDA , 1 9 7 7b ) . 

2 . 3 . 2 . 4  Facil ity Des cription 

The ca lcine retrieva l facil ity is described in Subsection 2 . 3 . 2 . 1 .  

The proposed loca tion for the was te modification fac i lity for a l l  

wa ste forms would be approximately 250 feet s outheast  of the new was te 

cal cination fac i lity at the ICPP . This  location would be in acco rdance 

with s ite s e lection crite ria ( 10 CFR 100) . Figures 2-8a and 2-8b i l lus

trate fa cilities required to implement Alternative 2 at the I CPP : 

Figure 2-8a i l lustrates the disposal of pel letized calcine ; Figure 2-8b 

il lustrates the disposal of  gla s s . 

Pe lletization Faci l ity 

The ca lcine pel letization building would be approximately rec

tangular in form with maximum outs ide dimensions of 84 feet wide by 

248 feet long . The bui lding would be a two- and three-s to ry ,  reinforced 
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concrete-mat- foundation s t ructure designed to withstand any credible 

natura l phenomenon , including ea rthquakes and tornadoes (ERDAM , 1 9 7 7 ) . 

The conc rete roof s lab would be supported by hollow p recast  box girders 

which clear-span the proce s s  cell s , the loft , and ope rating corridors . 

The cell system would be located in the core of the facil ity 

surrounded by operating corridors on three s ides with the fourth s ide 

adj oining the offgas treatment system . All ventilation a i r  flow would 

be from an area of lower potential contamination to an area of higher 

potential contamination . 

The pelletization building would also  include a control room , 

office s , an a i r  conditioning system , Ha lon fire extinguishing system , 

electrical substations , raw material storage , a proce s s  maintenance 

area , loft crane , and decontamination fac i l ities . The cells would be 

lined with sta inless  s teel , and both proce s s  cells  and the decontamina

tion cell would have hot sumps and drains . 

Vitrification Facility 

The calcine vitrification building would be approximately rectan

gular in form with maximum outs ide dimens ions of 78  feet wide by 2 1 0  

feet long . This  building would b e  a two- and three- story ,  reinforced 

concrete-mat- foundation structure de s igned to withstand any credible 

natura l phenomenon , including ea rthquakes and tornadoes (ERDAM , 197 7 ) . 

The concrete roof s lab would be supported by hol low precast  box girders 

which clear- span the proces s  cell s , the loft , and operating corridors . 

The cell  system would be located in the core of the fa cility ,  

surrounded by operating corridors on three s ides , with the fourth s ide 

adj oining the offgas treatment system . All ventilation a i r  flow would 

be from an a rea of lower potential contamination to an area of  higher 

potential contamination . 

The vitri fication building would also  include a control room , 

offices , an a i r  conditioning system , electrical substation , Ha lon fire 
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extinguishe r  system , raw material  sto rage , a p roces s  maintenance a rea , 

loft crane , decontamination facilities , and canis ter receiving-shipping 

bay . The bay would be capable of accommodating either ra i l  ca rs or 

trucks . The cells  would be l ined with s tainles s  steel . Both process 

cells  and decontamination cells  would be equipped with hot sumps and 

d ra ins . 

A subsurface s to rage a rea , capable o f  handl ing approximately one 

week ' s  p roduction of vitrified ca lcine , would be p rovided cons isting of 

la rge-diameter piping . The base of  the pipe would conta in a grate of 

energy-absorbing honeycomb s tructure that could s upport the weight of '  

one cani s te r . The honeycomb structure would permit the passage of  

cooling a i r  over the containers . The top portion of the pipes would be  

mounted in the concrete floor  of the sto rage area and fitted with a 

shielding p lug . A plenum beneath the sto rage area floor would conduct 

cool ing a i r  to the base of the support pipe . 

Pol lution Control System 

Al l proces s ing facil ities would be equipped with an appropriate 

offgas t reatment system and atmospheric p rotection system CAPS ) . In  the 

offgas treatment sys tem , pa rticulate matter and volatile gases are re

moved from the proce s s  air stream . A typical sys tem conta ins a series 

of coolers , s c rubbers , separators , mist el iminators , and HEPA filters . 

The system would be des igned to remove contaminants from each specific  

offgas stream . 

The APS is a series of two filters : a deep-bed graded fibergla ss  

prefilte r ,  and a HEPA filter  designed to remove 99 . 9 7 percent of 0 . 3-
micrometer particles in the ga s that leaves  the facility stack . The APS 

s e rves a s  a back-up protection system . 

2 . 3 . 2 . 5  Status of  Technology 

A p rototype ca l cine retrieva l sys tem is  under construction near the 

I CPP . Samples of  calcine have been retrieved from I epp storage bins 
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(Westra , 1 9 79 ) . These samples  have not s intered or  caked after storage 

for 12  yea rs (Staples , 1979 ) . This  indicates that retrieval by a vacuum 

system would be pos s ible even a fter an extended storage time . 

The pelletization p roces s has been demons trated on a p ilot plant 

s ca le (Priebe , 1980 ) . Further development of the retrieval and pelleti

zation pro ces ses would be required before implementing Alternative 2 .  

The vitrification process has been verified on a laborato ry s cale  

us ing s imulated ICPP calcine (Gombert , 1980 ) . Further testing wi ll  be 

conducted on a p i lot plant s ca l e . 

2 . 3 . 2 . 6  Decontamination and Decommis s ioning 

For Alternative 2 ,  the calcine bin sets , calcine retrieva l and 

pneumatic transport system , and the was te form modi fication facility 

would requi re decontamination and decommis s ioning (D&D ) . 

All wa ste proce s s ing facilities would include features that facili

tate D&D at the completion of process ing activities . Included would be  

s uch features a s  the use  of  eas i ly decontamina ted surfaces , equipment 

des igned for dismantling into eas i ly handled components , and a pro

cess ing building des i gn that would promote s imple and inexpens ive D&D . 

The D&D would be expected to last about 2 yea rs for each of the bin 

sets and would be completed by the yea r 2 100 . The interior surfa ces of 

the buildings that became contaminated during operations would be 

cleaned , but equipment that could not be decontaminated would be dis

posed either at the INEL or  shipped to an  offsite federal geologic re

pos itory .  

The technology for D&D i s , in general , well e s tablished . Current 

resea rch and development in the field will improve remote control 

cutting techniques and the vo lume reduction and handling techniques re

quired for contaminated materia ls . 
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2 . 3 . 2 . 7  Disposal a t  the lNEL 

Space is  available  near the ICPP for near-surface disposal  o f  

modified calc ine . Disposal  of  pelletized calcine a t  the lNEL would 

require an additional 4 acres to accommodate the 22 new bin sets that 

would be required to contain the increased volume of pellets . 

Existing calcine storage b ins would not a ccommodate the vitrified 

calcine . A ISO-ac re area , approximately twice the s ize o f  the existing 

ICPP site , would be required for the disposal o f  the estimated 20 , 000  

gla s s - fi l led caniste rs . 

2 . 3 . 2 . 8 Future Decis ions 

I f  disposal at the lNEL (Alternative 2) is selected as the wa ste 

management strategy for ICPP-gene rated calcine , other decis ions wil l  be 

required in the future . These  decis ions wi ll  include the choice of 

was te form , the p rocess required to p roduce the waste form ,  and the 

disposal  location and method if a gla s s - l ike was te form is s elected . 

Each o f  these  decisions wi ll  be based on future environmental reviews . 

2 . 3 . 3  Retrieve , Modi fy the Ca lcine , and Dispose Offs ite - Alternative 3 

The proce s s ing steps required to imp lement Alternative 3 a re shown 

in the i l lus t ration on next page . 

The i l lustration shows that in Alternative 3 ,  calcine from the 

calcine storage bin sets at the ICPP would be retrieved from the bins 

and the waste form modified for disposal offs ite . Concurrently , 

high- level liquid waste from tanks at the I CPP would be calcined , and 

the calcine would be modified and shipped o ffs ite for disposa l . 

Dispos ing the calcine offs ite in a federal geologic repos itory is 

eva luated in this a lternative . The was te forms considered a re stabi

l ized calcine and vitrified calcine . Stabilized calcine has a rela

tively higher leach rate and is  more dispersible than vitri fied calcine . 
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Therefore , thes e  forms incorpora te the range of envi ronmenta l e ffects 

expected to result from any was te fo rm that might fina lly be selected 

for disposal in a fede ral repos itory .  

2 . 3 . 3 . 1 Ca lcine Retrieva l  

The calcine retrieval p roce s s  would b e  the same a s  des cribed in 

Subsection 2 . 3 . 2 . 1 .  

2 . 3 . 3 . 2  Ca lcine Stabilization 

Ca lcine s tabilization is  a p roce s s  in which the calcine is  heated 

to a temperature high enough to drive off res idua l ni trates  and wate r 
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that remain a fter calcination . Without s tabilization , the I CPP calc ine 

would contain sufficient concentrations of nitrates and water to cause 

concern should a fire occur a fter a shipping accident . In the event of 

fire , the was te could be exposed to very high temperature s , thereby re

leas ing the res idual nitrates and caus ing internal pressure which could 

breach the canisters . Another concern is that excess  water and nitrates 

could cause an increas e  in the internal caniste r  pressure during the 

long-term period of disposal . Stabil ization would les sen the proba

bil ity of  canister breaching a fter dispos a l . However ,  s tabilization 

would not alter the leachability and dispersibil ity of  calcine . 

Calcine would be s tabilized a fter it  is  retrieved from the s to rage 

facil ities and transported pneumatically to the s tabi l ization facility .  

The res idual nitrates would b e  decomposed and res idual water driven from 

the calcine at elevated temperatures .  The water vapor and oxides of  

nitrogen would be treated by the offgas t reatment system . The stabili

zation process  would be monitored continuous ly by  measuring nitrogen 

oxides in the offgases . A process diagram is  shown in Figure 2-9 .  

The 

inspected 

either be 

that pas s  

filled canisters would b e  welded shut , decontaminated , and 

for leaks . Canisters that did not pass  inspection would 

repaired or provided with an overpack canister .  Canisters 

inspection would be placed in shielded s hipping casks for 

transport to an offs ite federa l geologi c repos i to ry .  

2 . 3 . 3 . 3 Calcine Vitrification 

The calcine vitrifica tion proce s s  is  described in Subsection 

2 . 3 . 2 . 3 . 

2 . 3 . 3 . 4  Facility Des cription 

The calcine retrieval facil ity is described in Subsection 2 . 3 . 2 . 1 ;  
the vitrification facility is described in Subsection 2 . 3 . 2 . 4 .  
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Stab i lization Facility 

The fac i l ities required to implement Alternative 3 at the ICPP are 

i llustrated in Figure 2- 10 . Facility location would be in accordance 

with s ite selection criteria ( 1 0  CFR 100) . The proposed location of the 

calc ine stabilization building would be approximately 250 feet southeast 

of  the new wa ste calcining facil ity and would be app roximately rectan

gular in shape with maximum outs ide dimens ions of 80 feet wide by 

200 feet long . This building would be a two- and three- story , 

reinforced concrete-mat- foundation s tructure designed to withstand any 

credible natural phenomenon , including earthquakes and tornadoes (ERDAM , 

1 9 7 7 ) . The concrete roof s lab would be supported by hol low preca s t  box 

gi rde rs which clear-span the proces s  cel l s , the loft , and operating 

corridors . 

The cell system would be located in the core of the facil ity , 

surrounded by operating corridors on three s ides , with the fourth s ide 

adj oining the offga s treatment system . Al l ventilation air  flow would 

be from an a rea of lower potential contamination to an area of higher 

potential contamination . 

The s tab il ization bui lding would also  inc lude a control room , of

fices , an air  conditioning system , electrical substation , Halon fire 

extinguisher system , a p rocess maintenance area , loft crane , decontami 

nation facilitie s , and cani ster rece iving- shipping bay . The bay would 

be capable of a ccommodating eithe r  rail  cars or trucks . The cel l s  would 

be lined with s tainles s  s teel . Both p roce s s  cel l s  and decontamination 

cel ls  would be equipped with hot sumps and dra ins . Storage fa c i l ities 

s imilar  to those  des cribed in Subsection 2 . 3 . 2 . 4  would be provided . 

Al l offga s and venti lation a i r  from the retrieval and wa s te modifi

cation fa c i l ities would pa s s  through a treatment sys tem a s  discussed in  

Subsection 2 . 3 . 2 . 4 .  
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2 . 3 . 3 . 5  Status o f  Technology 

The status o f  the technology for calcine ret rieval and vitrifica

tion i s  discussed in Sub section 2 . 3 . 2 . 5 .  

S tabilization o f  calcine by heating in a fluidized bed has been 

performed on a pilot p lant scale (Pomiak ,  1980) . Further development is  

required to veri fy the p ro ce s s  and to  determine optimum conditions and 

p roces s ing equipment . 

2 . 3 . 3 . 6  Decontamination and Decommis sioning 

For Alternative 3 ,  decontamination and decommis s ioning would be re

quired for the calcine retrieval and transport sys tems , the waste form 

modification facility , and the empty ca lcine s to rage bins . Typical D&D 

ope rations a re discussed in Subsection 2 . 3 . 2 . 6 .  

2 . 3 . 3 . 7  Dispo s a l  a t  a Federa l Geologic Repos itory 

Suitable s ites for a federal geologic repos itory are being investi

gated . A typica l  repository ,  and the effects a s s ociated with its con

s t ruction and operation , a re des cribed in deta i l  in other environmental 

impact s tatements . Geologic media available for location of a federa l 

repository include s a lt , granite , tuff , and basa l t . The conceptual 

repos itory i s  constructed in a room and p i l la r  arraIJ.gement us ing conven

tiona l mining techniques .  Acces s  to the subsurface a rea i s  by shafts 

which a re used during waste emplacement and mining operations . Was te is  

received at  the surface facil ities and trans fe rred to subsurface rooms 

for emplacement . The was te canisters are placed in holes in the floor 

of the emplacement room . The rma l criteria control caniste r  spa cing and 

limit heat output of individual was te cani s ters . During the initial 

period of operation ( a s sumed to be about 50 yea rs ) , the canis ters a re 

cons idered to be retrievable . 

During the initial  period , the integrity o f  the repos itory is  

evaluated . After repos itory performance has been adequately veri fied , 
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the waste would no longer be emplaced in a readily retrievable manner .  
All rooms would be filled with waste , backfilled , and the remaining 
underground areas would be decommissioned . Repository decommissioning 
is  completed by decontaminating , and perhaps dismantling the surface 
facilities , and monitoring the repository location (Section 5 . 3 ,  

DOE , 1980b ) . 

The space required for disposal of either stabilized or  vitrified 
calcine would be approximately 1 75 acres . This  area is  less than 10 
percent of the area estimated for a conceptual geologic repository 
(2000 acres ) .  

2 . 3 . 3 . 8  Future Decisions 

If disposal at an offsite federa l  repository (Alternative 3 ) is 
selected as the waste management strategy for ICPP-generated calcine , 
other decis ions wi ll be required in the future . These decisions wi ll 
include the choice of waste form , the process required to produce the 
waste form , the mode and route for waste shipment , and the design and 
location of a repository . Each of these decisions will be based on 
future environmental reviews . 

2 . 3 . 4  Retrieve , Sepa rate the Actinides , Di spose of Actinides Off site , 
and Dispose  of Depleted Calcine at the INEL - Alternative 4 

The processing steps required to implement Alternative 4 are s�own 
in the following illustration . 

The illustration shows that in Alternative 4 ,  the calcine would be 
retrieved from the storage , bins at the ICPP , dissolved , combined with 
high-level liquid waste from tanks , and the actinide fraction separated . 
The actinide-depleted solution containing most of the fi s s ion products 
would be recalcined and returned to the bins at the ICPP for disposal .  
The actinide fraction would be mixed with undis solved calcine from the 
dissolution step , then dried ; the waste form would be modified ( a ssumed 
to be glas s ) , and shipped offsite for disposa l .  
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2 . 3 . 4 . 1 Actinide Separation 

In order to separate the actinides from the waste , the calc ine 
would be retrieved from the bins using the process described in Sub
section 2 . 3 . 2 . 1 .  After transport to the actinide dissolution facility ,  
the calcine would b e  dissolved in nitric a cid . For evaluation purposes 
in this  EIS , it has been assumed that 2 percent of the calcine would re
main undissolved and would be combined with the actinide fraction for 
vitrification and offsite disposal . The undissolved calcine would 
consist mainly of nonradioactive compounds . 

A flow diagram of the calcine dissolution process is  shown in Fig
ure 2- 1 1 .  Liquid waste produced after 1 990 would not be calcined prior 
to the actinide removal step . Instead , it would be combined with the 
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dissolved calcine , and the actinides would be removed from solution by 
the organic solvent extraction process shown in Figure 2- 12 . The organ
ic chemical , dihexyl-N , N-diethylcarbamylmethylenephosphonate (DHD ) , 
would be used . 

The separated actinide fraction would be solidified and combined 
with any undissolved calcine that remained after calcine dissolution . 
The solidified actinide waste would be combined with glass frit , 
vitrified in small-batch-s ize equipment and shipped to an offsite 
geologic repos itory for disposal . The remaining actinide-depleted 
solution would be calcined and returned to the storage bins for disposal  
at the ICPP . Cadmium and mercury present in  the waste prior to actinide 
separation would remain at the ICPP . Cadmium would be disposed with the 
waste calcine . Mercury would be treated separately . 

2 . 3 . 4 . 2  Facil ity Description 

The calcine retrieval facility is described in Subsection 2 . 3 . 2 . 1 .  

Calcine dissolution , a ctinide separation , and calcination of the 
actinide-depleted waste fraction would be accomplished in separate 
facilities . Facility location would be in accordance with site 
selection criteria ( 10 CFR 100) . ·  An artist ' s  description of the ICPP 
and facil ities required to implement Alternative 4 is shown in 
Figure 2 - 1 3 . 

The proposed location for the calcine dissolution building would be 
approximately 70 feet east of the third calcine storage vault . The 
building would be 74 feet wide and 1 12 feet long at its extreme outside 
dimensions . The building would be a two- and three-story ,  reinforced 
concrete-mat- foundation structure designed to withstand any credible 
natural phenomenon , including earthquakes and tornadoes (ERDAM , 1977 ) . 
The concrete roof s lab over the cells would be supported by hollow 
precast box girders . 
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The cell system has an operating corridor on one s ide and the 
offgas treatment system on the opposite side . The two ends are part of 
the outside wall . All ventilation air flow would be from an area of 
lower potential contamination to an area of higher potential 
contamination . 

The calcine dissolution building would also include a control room , 
offices , an air conditioning system , e lectrical switchgear , Halon fire 
extinguishing system , a process maintenance area , loft crane , decontam
ination facilities , and canister receiving-shipping bay . Transport of 
waste between the calcine dissolution and actinide separation buildings 
would be by enclosed pipeline . The cells would be lined with sta inless  
steel . Both the process cells and the decontamination cell would be 
equipped with hot sumps and drains . 

The actinide separation building would be located approximately 
125 feet north of the northeast corner of the new waste calc ining 
facili ty . The building containing the hot cells , where the actinide 
separation process would be located , would be 84 feet wide and 1 00 feet 
long . The building would include administrative offices , a control 
room , locker room , and health physics facilities . The area above the 
cells would extend approximately four stories upward and the rest of the 
building would be a two-story structure . The building would be a 
reinforced concrete-mat- foundation structure designed to withstand any 
credible natural phenomenon , including earthquakes and tornadoes (ERDAH , 
1 9 7 7 )  . The concrete roof s lab over the cells would be supported by 
hollow precast box girders . 

The cell system would have an operating corridor on one long side 
and the offgas treatment system on the opposite s ide . The �wo short 
ends of the building would be part of the outside wal l .  All ventilation 
air flow would be from an area of lower potential contamination to an 
area of higher potential contamination . 

The actinide separation building would also include an air  
conditioning system , e lectrical switchgear ,  Halon fire extinguishing 
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system , a proces s  maintenance area , loft crane , and decontamination 
facilities . The cells would be lined with stainless steel . Both the 
process cells and the decontamination cell would be equipped with hot 
sumps and drains . 

A separate calcination facility would be required to proces s the 
a ctinide-depleted waste . This calcination facility ,  located approxi-
mately 1 00 feet northwest  of the new waste calcining facil ity ,  would be 
similar to the present waste ca lcining facility building and would be 
constructed to accommodate the increased waste volume requiring calcin
ation . 

Al l offgas and ventilation air  from the retrieva l and process ing 
facilities would pass through a treatment system as discussed in Sub
section 2 . 3 . 2 . 4 .  

2 . 3 . 4 . 3  Status of Technology 

Actinide separation has been achieved in laboratory and pilot s cale 
tests (Maxey , 1 980 ) . Preliminary calcine dissolution laboratory tests 
indicate that about 98 percent of the solid zirconium calcine and 99 
percent of the plutonium present can be dissolved in nitric acid . 
Large-scale experiments a re needed to verify and improve upon the pre
liminary results . The use of the organic  solvent DHD has been verified 
on a laboratory s cale (Maxey , 1980 ) . 

The status of vitrification technology is discussed in Subsec
tion 2 . 3 . 2 . 5 .  

2 . 3 . 4 . 4  Decontamination and Decommissioning 

for Alternative 4 ,  D&D would be required for the calcine retrieva l 
and transport system , the calcine disso lution fac ility ,  the actinide 
separation facility , a supplemental actinide-depleted waste calcining 
facility ,  and a waste form modification facility .  Typical D&D opera
tions are described in Subsection 2 . 3 . 2 . 6 .  
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2 . 3 . 4 . 5 Disposal 

Both onsite and offsite disposal would be required to implement 
Alternative 4 .  The vitrified actinides would be approximately 2 percent 
of the original volume of calcine and les s than 1 percent of the volume 
of calcine produced from uncalcined defense high-level liquid waste . 
The reduced volume of actinides would be shipped to a federal geologic 
repository for disposa l .  Les s  than 1 acre of space would be required in 
the repository .  The remaining actinide-depleted waste , approximately 
1 10 percent of  the original calcine volume , would be disposed at the 
ICPP . In addition to the 8 original calcine storage bin sets , 1 4  new 
bin sets would be required . 

2 . 3 . 4 . 6  Future Decis ions 

If actinide separation (Alternative 4) is selected as the waste 
management strategy for ICPP-generated calcine , other decisions will be 
required in the future . These decis ions will  include the choice of 
waste form for the actinide fraction , the process required to produce 
the waste form , and the mode and route for waste shipment . In addition , 
decis ions on the design and location of an offsite federal geologic 
repository will be required . These  decis ions will be based on future 
environ�ental reviews . 

2 . 3 . 5  Delay Retrieval , Modify the Calcine , and Dispose Offsite -
Alternative 5 

The process ing steps required to implement Alternative 5 are shown 
in the illustration on next page . 

The illustration shows that in Alternative 5 ,  process ing of high
level liquid waste in the waste calcination facility and the storage of 
the calcine product in stainless steel bins would be completed at the 
ICPP as in Alternative 1 .  After a delay period of 100 , 300 , or 
500 years , the calcine would be retrieved , the waste modified , and 
shipped offsite for disposal . 
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The process ing required to implement Alternative 5 is the same as 
that for Alternative 3 (Subsection 2 . 3 . 3 ) . The waste form is  as sumed to 
be glas s . Calcine retrieval from the storage bins would be delayed for 
either 100 , 300 , or 500 years . The purpose  of the delay is to permit 
decay of the short-lived radionuclides and thereby simplify waste treat
ment and handling procedures . In Alternative 5 ,  retrieval is assumed to 
begin either in the year 2090 , 2290 , or 2490 . Institutional control is  
assumed during the interim storage period in order to effectively evalu
ate the consequences  of delayed retrieva l .  Sho'uld institutional control 
cease during the delay period , Alternative 5 would be equivalent to 
Alternative 1 .  For Alternative 1 ,  the lifetime of the bins has been 
conservatively estimated to be 500 years which is consistent with the 
maximum 500-year delay period as sumed for the purposes of thi s evalua
tion . 

This alternative has several advantages . Time would be al lowed for 
development of new and perhaps better technology .  The reduced future 

2-49 



radiation levels could allow the construction of less expensive 
p ro cessing facilities and reduce the requirements for remote handling 
techniques . Les s  shielding of the shipping canisters would be required , 
thereby reducing shipping costs: Because of the decrease in heat 
generated during the decay process , far less space would be required for 
the disposal of the canisters and repository costs could be reduced . 
However , the waste storage area at the ICPP would be as large as the 
area required for Alternative 1 .  Delaying waste retrieval would al low 
the same chance for intrusion into the waste as for Alternative 1 should 
institutional control cease . 

Although periods of 100 to 500 years were evaluated as limiting 
cases for the delay alternative , significantly shorter delay periods may 
have advantages .  Delay for 1 0  to 20 years , for example , would allow 
improvement in status of waste form development and could allow waste 
forms to be selected which would minimize potential waste form/ rock 
interactions in the geologic repository . 

2 . 3 . 5 . 1 Calcine Retrieval 

The calcine retrieval process would be the same as described in 
Subsection 2 . 3 . 2 . 1 .  

2 . 3 . 5 . 2  Calcine Vitrification 

The calcine vitrification proces s is described in Subsection 
2 . 3 . 2 . 3 .  

2 . 3 . 5 . 3  Facility Description 

The calcine retrieval facility is described in Subsection 2 . 3 . 2 . 1 ;  
the vitrification facility is described in Subsection 2 . 3 . 2 . 4 .  An 
artist I s description of the facilities required to implement Alterna
tive 5 is shown in Figure 2 - 14 . 
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Q E x lstlng Facilities D R equired for A lternative 

Figure 2- 14 . Facilities for Alternative 5 (Delay Retrieval , Modify the Calcine , and Dispose  
Offs ite ) . 



2 . 3 . 5 . 4 Status of Technology 

The status of '  the technology for calcine retrieval and vitrifica
tion is discussed in Subsection 2 . 3 . 2 . 5 .  

2 . 3 . 5 . 5 Decontamination and Decommiss ionins 

For Alternative 5 ,  decommissioning of the storage vaults would be 
accomplished prior to delayed retrieval by encapsulating the bins within 
each vault as described in Subsection 2 . 3 . 1 . 1 .  Decontamination and de
commiss ioning of the calcine retrieval and transport systems , the waste 
form modification facility , and the empty calcine storage bins would be 
required . Typical D&D operations are discussed in Subsection 2 . 3 . 2 . 6  

2 . 3 . 5 . 6 Di sposal 

Disposal would be in a federal geologic repos itory as discussed in 
Subsection 2 . 3 . 3 . 7 .  The area required for disposal  within the reposi
tory is dependent primarily on the heat generated by the waste . 
Consequently , less than 20 acres would be required after a delay of 
1 00 years ; less than 1 acre would be requi red after delays of 300 and 
500 years . 

2 . 3 . 5 . 7  Future Decis ions 

Future decis ions required if delayed retrieval (Alternative 5) is 
selected a s  the waste management strategy for ICPP-generated calcine are 
dis cussed in Subsection 2 . 3 . 3 . 8 .  

2 . 4  Mitisative Measures 

Appropriate mitigative measures for each a lternative would be taken 
during �onstruction and operation . Corrective or mitigating action is 
frequently taken to reduce environmental effects and maintain as low 
radiation levels as pos s ible . Mitigative measures taken during con
struction would generally involve special procedures such as eros ion 
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control techniques . Most measures taken during the operations and D&D 
phases would involve special des ign provis ions such a s  pollution control 
systems . The application of mitigative measures would ensure compliance 
with state and federal regulations , standards , and licens ing require
ments . Environmental monitoring would be conducted to evaluate the 
performance 
operation . 

of the · mitigative measures 
Monitoring procedures are 

2 . 4 . 1  Construction Phase 

used during construction and 
discussed in Subsection 3 . 5 .  

During construction , air quality effects would be minimized by 
using dust suppressants in appropriate areas , limiting the disturbance 
of vegetative cover to those areas necessary for the construction of 
facilities , and using erosion control and restorative procedures to 
minimize wind-generated dust . Wastewater would be treated before dis
charge . Potential surface eros ion from runoff water would be minimized 
by restoring the disturbed area through approved erosion-control tech
niques . All s ites (not committed for facil ities ) disturbed by construc
tion activities would be restored to their natural state where pos sible . 

Routine hazards to construction workers would be minimized by 
adherence to the regulations of the Occupational Safety and Health 
Administration and other construction safety regulations . 

The lNEL operating procedures prescribe measures for ensuring the 
protection of antiquities and historic sites a s  required by federal and 
state regulations . The regulations require , at a minimum , s ite recon
naissance before construction to determine the presence of antiquities . 
During construction , a qual ified archaeologist would be on call to eval
uate any unforeseen finds . 

2 . 4 . 2  Operations Phase 

Maintenance and surveil lance would be continued during the 
operations phase of the leave-in-place alternative . Moni toring would 
indicate whether additional mitigative measures for waste confinement 
are needed . 
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Many mitigative measures would be used in implementing the waste
processing , alternatives . Adverse environmental effects would be mini
mized by adherence to all  applicable federal and state regulations . Air 
pollution and releases of  radionuclides would be controlled by using 
state-of-the-art technology in the offgas treatment and ventilation 
systems . Environmental  monitoring would be conducted to detect any 
radiological and nonradiological effects of operations and D&D activi
ties . Faci lities and equipment would be designed to facilitate D&D 
activitie s . Restoration and rehabilitation , during and after D&D 
activities , would help mitigate potentially adverse effects . To 
minimize fos sil  fuel consumption , alternative energy sources would be 
used where feasible . State-of-the-art technology would ensure maximum 
energy efficiency . 

All nonradioactive solid waste would be disposed at the INEL site 
in sanitary landfills operated in compliance with all  applicable federal 
and state regulations . Low-level solid waste would be sent to the 
Radioactive Waste Management Complex for disposal . 

During shipment , special des ign provisions would reduce the 
radiation levels from the beta- and gamma-emitting waste below the 
limits specified in shipping regulations . 

2 . 4 . 3  Di sposal Phase 

Impacts of disposal at the INEL would be mitigated by careful faci
lity design and monitoring procedures . Waste stored or disposed at the 
INEL would be in near-surface facil ities . Institutional control is 
a ssumed to cease in the year  2 100 . Prior to this time , a s  a preventive 
measure , the space between the bins and vaults would be filled with a 
concrete-like substance . The mitigative measures employed to reduce the 
environmental  effects at the offsite federal repository are discussed in 
the Ertvironmental Impact Statement for Commercially Generated 
Radioactive Waste (Section 6 . 2 ,  DOE , 1980b ) . 
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The probability of  waste containment failure at a geologic reposi
tory would be minimized by careful design ,  thorough assessment of 
repository performance , and provision of  redundant systems . A form of  
corrective a ction is  the proposed requirement that waste containers be  
retrievable for 50  years following termination of  waste emplacement 
operations . Following repository closure , remote instrumentation could 
be installed to detect unexpectedly high radionuclide concentrations . 
Should system failure occur , mitigating actions could include re
stricting public a ccess to contaminated aquifers and evacuation of 
affected a reas . 

2 . 5 Comparison of Alternatives 

2 . 5 . 1  Approach 

The purpose of this subsection is to compare the effects of each 
alternative . Throughout this subsection an effort is made to measure 
any effects resulting from the proposed alternatives against certain 
recognized standards and measures , such as federal and state pollutant 
standards , existing background levels of contaminants , and commonly 
recognized health effects . 

Many of the radiological calculations in this document are based on 
assumptions and s cenarios that only approximate what might happen in a 
specific situation . For instance , the fraction of a spill that becomes 
a irborne , the actual stability of the atmosphere at the time of release , 
the wind direction , and the time a person remains within a region where 
a radionuclide release has occurred are all  approximated . To compensate 
for the lack of precise data , health effect calculations are based on 
conservative upper-limit models to ensure that a predicted consequence 
will not be understated . 

Environmental trade-offs are discussed in several approaches to 
comparing alternatives .  One approach i s  to compare the extent of ef
fects that are certain to occur . No matter which alternative is selec
ted , certain effects , such as construction impacts and resource commit-
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ments , will definitely occur . The magnitude of these effects may differ 
very l ittle from alternative to alternative , or differences between 
alternatives may be s ignificant . For example , effe cts of routine opera
tions are es sentially the same for all alternatives , whereas the effects 
of waste migration on the Snake River Plain Aquifer are different in 
Alternatives 1 and 3 .  

In addition , regardless  of which alternative is chosen , incidents 
which could potentially occur are inherent in each alternative . These 
events have varying probabilities of occurrence and include a s evere 
geologic disturbance (with an extremely low probability of occurrence) 
and an a ircraft impact at the INEL . These uncertain effects are com
pared by analysis of their occurrence probabilities so that uncertain 
effects can be compared quantitatively to effects of events that are 
certain to occur . 

A second way to evaluate the wide range of effects of each alter
native is to examine the impacts on this generation compared to the 
impacts on future generations . For example , the risk to workers of re
trieving and modifying the calcine in the near  future , while the calcine 
is  still very radioactive , is  weighed against the smaller risk to 
workers and the population of delaying retrieval until the calcine has 
had up to 500 years to decay . 

A thi rd way to consider the effects of each alternative is to 
examine the trade-offs of effects as they relate to individuals , popu
lations , and workers . For example , the leave-in-place alternative 
(Alternative 1 )  would affect workers least because it requires the least 
handling of the waste . However , the leave-in-place alternative presents 
a greater risk to the public than some other alternatives because of the 
potential contamination of the Snake River Plain Aquifer or potential 
dispersal of the waste by a severe geologic disruption . 

Tables 2 - 1  through 2-9 compare the environmental and other effects 
of the candidate waste management a lternatives . The effects have been 
compiled from those  discussed in Section 4 .  Footnotes to the tables 
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provide clarifying information for the selected entries . Information 
is presented so that direct comparisons can be made among the alterna
tives in relative terms . 

From among the many proj ected consequences identified in Section 4 
only those j udged most pertinent to the decisionmaking process are 
discussed in the comparative study in this subsection . Many of the 
effects that were evaluated in Section 4 are not included in the tables 
in this section because the effects are the same for each alternative or 
the differences among the alternatives are very small . In some cases , 
an effect , such a s  hydrocarbon emis sions during construction , is not 
included because it is not significant . (All emissions during con
struction would be below the detection limits of the instruments used to 
determine their concentrations . )  However , minor effects have been 
included in the comparative study if they are the most significant in 
the categories of environmental impacts that were evaluated . 

Some effects of implementing the alternatives can be estimated and 
compared quantitatively. Examples are radiological emissions , the num
ber of worker inj uries from industrial accidents , and costs . Some of 
the quantifiable effects are certain to occur , either in the short term 
(up to 100 years ) or  in the long term (from 100 to 1 million years ) .  
Other effects are not certain to occur ; for these ,  where feasible , 
occurrence probabilities are cited . The short-term effects from events 
certain to occur are discussed for each phase of the proj ect ( construc
tion , routine operations , D&D , and disposal)  so that alternatives may be 
compared in relative terms for each phase .  

Some effects cannot b e  quantified but are nonetheless important . 
An example is the reversibility of a waste management action . For each 
alternative , a qualitative assessment of the difficult-to-quantify 
factors is given in order to provide a clear rationale for the selection 
of the environmental ly preferred alternative . 

No alternative is without some negative effects . The certain 
effects in the short and long terms are compared with the risks of the 
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uncertain effects which may be caused by events that have different 
p robabilities of occurrence . 

2 . 5 . 2  Short-Term Effects 

Short-term effects are defined as the effects that would occur 
during the period of institutional control . Institutional control is 
as sumed to continue until 2 100 , which is consistent with the 
Environmental Protection Agency ' s  p roposed radioactive waste management 
criteria (EPA , 1 9 7 8 ) . In order to evaluate the effects of radionuclide 
decay in Alternative 5 ,  institutional control is as sumed to continue for 
100 , 300 , or 500 years . 

2 . 5 . 2 . 1  Short-Term Effects of Events Certain to Occur 

Certain short-term environmental  and other effects will occur when 
various alternatives are implemented .  These obvious effects include 
energy consumption by construction equipment and waste modification 
operations . They also include inevitable routine exposure of workers to 
l imited amounts of radiation during waste handling procedures . Other 
short-term impacts , such as the dispersal of radioactive contaminants as 
a result of an aircraft impa ct at the INEL , may never occur . Short-term 
effects of events that are certain to occur are clearly identified in 
this subsection to differentiate them from other effects which may never 
occur . It is the criterion of inevitability that was used to cons ider 
effects in this subsection . 

2 . 5 . 2 . 1 . 1  Short-Term Effects of Events Certain to Occur During the 
Construction Phase  

The effects created during the construction phase do  not differ 
s ignificantly from alternative of alternative . Effects are similar to 
the nonradiological effects created during the other phases of alterna
tive implementation . Airborne emiss ions and wastewater �is charges are 
not s ignificant when compared with applicable standards . 
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Compared effects a re shown in Table 2- 1 .  The effects reported a re 

the mos t  s ignificant of the effects evaluated . Effects of  other a i r  

contaminants and effects o n  water and land u s e  are discussed in 

Section 4 .  

From Table 2 - 1  i t  can be seen that , i n  general terms , Alternative 1 

would create the fewes t  short- te rm effects because it  requires  the leas t  

additional construction activity .  Alternative 4 would require the 

greatest  number of proce s s ing facilities , the largest construction work 

force , and the longes t  period for construction . Thus , the most  diesel 

fuel consumption and the large s t  socioeconomic impact on surrounding 

communities during the construction phase  would occur in Alternative 4 .  
However ,  the maximum number o f  construction workers (about 600 ) i s  

within the routine fluctuation o f  the INEL construction work force . 

Consequently , the socioeconomic impacts of  the maximum construction . work 

force have a lready been accommodated by loca l community infrastructures .  

The maximum diesel fuel use would be about 65 percent of the diesel fuel 

used at the INEL in 1978 . The maximum fuel use during construction 

would heat 2 , 230 homes in Idaho Falls during one winter . Impacts on air  

qual ity would be undetectable . The INEL i s  located in  a Cla s s  I I  area 

that is in compliance with all applicable ambient air qua lity standards . 

In conclus ion , there a re no s ignificant short-term environmenta l e ffects 

from the construction phase . 

2 . 5 . 2 . 1 . 2  Short-Term Effects of Events Certain to Occur During the 
Routine Operations Phase  

Depending on  the was te management a lternative selected , routine 

operations could include was te calcination , storage , retrieva l , modifi

cation , actinide separation , and dispos a l  at the INEL or at an offs ite 

geologic repos itory .  These operations require transport of calcine , 

modified calcine , and products  of the a ctinide s eparation proce s s  from 

one facility to another and shipment from the INEL to an offs ite repos

itory . 
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TABLE 2- 1 

SUMMARY OF SHORT-TERM EFFECTS CERTAIN TO OCCUR 
CONSTRUCTION PHASEa 

Alternative 

1 .  Leave-in-Place 

2 .  Retrieve , Modify Calcine , 
Dispose  at the INEL 

Pelletize Calcine 
Convert Calcine to Glas s  

3 .  Retrieve , Modify Calcine , 
Dispose Offsite 

Stabilize Calcine 
Convert Calcine to Glass  

4 .  Retrieve , Separate Actinides , 
Dispose of Actinides Offsite , 
Dispose of Depleted Calcine 
at the INEL 

5 .  Delay Retrieval , Modify Calcine , 
Dispose Offs ite 

100 Years 
300 Years 
500 Years 

Particulate Concentration 
( l-Ig/m3 ) Aboge 
Background 

0 . 04 

0 . 07 
0 . 07 

0 . 04 
0 . 04 

0 . 20 

0 . 04 
0 . 04 
0 . 04 

a .  Includes resources committed to repository construction . 

Additional 
Manpower 

(Man-Yr) 

800 

2 , 000 
1 , 000 

1 , 300 
1 , 300 

2 , 755  

1 , 1 10 
1 , 005 
1 , 005 

Diesel Fuel 
Use 

( 103 Gal )  

375 

275 
575  

875  
940 

1 , 1 15 

445 
395 
395 

b .  The national ambient air quality standard i s  60 I-Ig/m3 (40 CFR 5 0 )  which i s  often 
exceeded by blowing dust and agricultural activities in the area . 



In the course of these operations , releases of radiological and 
nonradiological  pollutants would routinely occur to the atmosphere , 
soil , and water in stack emiss ions , waste water ,  and solid waste . Heat 
discharges would also occur . Releases from routine operations both at 
the ICPP and during waste shipment would comply with all  applicable 
state and federal standards . Maximum worker doses from radiological 
exposure would be controlled under a strict radiation control program 
and would be within occupational exposure l imits . 

Short-term effects of routine operations and waste shipment are 
summarized in Table 2-2 . Effects included in the table were selected 
for comparison in this  section because they are the most representative 
of the potential environmental effects . 

Effects of current calcining operations are not included in 
Table 2-2 because each alternative is a ssumed to begin with calcined 
waste , and the effects would be the same for each alternative . The 
following brief summary is provided for the reader ' s  information and is 
based on past operating experience . Current ICPP operations result in 
slightly elevated emissions of nitrogen oxides and carbon monoxide at 
the southern INEL boundary ; however these increases are below instrument 
detection limits . The calculated average annual increase in nitrogen 
oxides concentration is 0 . 80 micrograms per cubic  meter and the 
calculated average hourly increase in carbon monoxide concentration is 
0 . 42 micrograms per cub ic meter . Water use is  1000 gallons per minute . 
The maximum energy demand at the ICPP has been 4 . 3  megawatts which is 
equivalent to the electrical demand of 675  households . 

About 500 employees are exposed to radiation as a result of all  
ICPP activities which results in an annual whole-body equivalent dose 
that ranges from 375 to 650 man-rem . Each worker receives an average 
annual dose of 1 rem . The population ( 1 65 , 000 ) within 50 miles of the 
ICPP receives an annual whole-body equivalent dose of about 0 . 005 

man-rem from I CPP activities . This is an extremely low dose compared to 
the annual dose received from background radiation of 24 , 750  man- rem . 
It is  estimated that a population dose of 0 . 005 man-rem per year would 
cause 3 . 8  x 10

-7  to 1 . 2  x 10-6 health effects . 

2-61  



N I 0\ 

Alterna t i ve 

1 .  Leave-in-Place 

2 .  Ret rieve , Hodi fy Calc ine , 
Di spose at the INEL 

Pelletize Ca l c i ne 

Conve rt Calcine to Glass 

3.  Ret rieve , Hodify Calcine ,  
Di spose Offs i te 

Stab i l i ze Calc ine 

Convert Ca l c i ne to Glass 

Energy Demand 
(Hegawat t s )  

o 

1 . 45 

1 .  1 5  

0 . 57 

1 .  15 

TABLE 2-2 

SUMMARY OF SHORT-TERH EFFECTS 
CERTA IN TO OCCUR IN THE OPERATIONS PHASE 

Add i t ional 
Labor Force 
(Han-Yea r s )

a 

o 

800 

1 , 250 

5 , 050 

5 , 200 

N i t rogen Oxides 
Concentra t ion 

b 
Above Backtround 

(lJg/m ) 

o 

1 . 0  

0 . 44 

0 . 40 

0 . 44 

Operat ions 
and Waste 

Shipment Cost
C 

( $ 1 06 ) 

NA 

1 . 5 

50 . 5  

299 

709 

Rad i a t ion 
Dose to 
Workers 

(Han-Rem)
a 

o 

800 

1 , 250 

1 , 220 

1 , 370 

Population 

From 
d 

Operat ions 

NA 

-6 
1 .  79 )( 10.6 

to 
5 . 49 )( 10 

-6 
1 .  79 )( 10_6 

to 
5 . 49 )( 10 

-2 
1 .  78 )( 10_2 

to 
5 . 46 )( 10 

-2 
2 . 72 )( 10_2 

to 
8 . 34 )( 10 

Hea lth E f fects (Deaths ) 
From From 

Backgroun� Al l Causes 
Radiat ion of Cancer 

3-7 3 3 , 400 

3-7 33 , 400 

3-7 33 , 400 

4- 1 2  54 , 400 

4- 1 2  54 , 400 

N 
4 .  Retrieve , Separate Act i n ides , 

Dispose of Act inides Offs i t e ,  
D i spose o f  Depleted Ca lcine 
at the INEL 

5 .  Delay Retrieva l , Hod i fy Ca l c i ne , 
Dispose Offs i te 

100 Yea rs 

300 Years 

500 Yea rs 

1 . 60 

1 .  1 5  

1 .  1 5  

1 .  1 5  

4 , 4 1 0  

4 , 340 

4 , 2 1 0  

4 , 2 1 0  

2 . 3  1 2 7  1 , 727 

0 . 44 709 885 

0 . 44 709 5 3 1  

0 . 44 709 1 7 7 

a .  Includes add i t iona l labor force for ope ra t i ons a t  I CPP , wa ste sh ipment ,  and operations a t  the repos i to ry .  

b .  The nat ional ambient a i r  qua l i ty standa rd f o r  n i t rogen oxides i s  1 00 IJg/m
3 

( 40 CFR 50 ) .  

c .  Costs ( 1 980 do l l a rs )  a re reported fo r  ma t e ri a l s ,  can i s te r s , and f re i ght cha rges . 

-4 
9 . 37 )( 10_3 

to 
2 . 8 7  )( 10 

-2 
3 . 67 )( 10_ 1 

to 
1 . 03 )( 10 

-2 
3 . 67 )( 10_ 1 

to 
1 .  13 )( 10 

-2 
3 .  67 )( 10 

- 1  
to 

1 . 1 3 )( 10 

4- 12 54 , 400 

9-26 1 2 7 , 000 

1 1 -32 15 1 , 000 

1 1 -32 15 1 , 000 

d .  Population a f fected i n c l udes those peop le res i d i ng w i t h i n  50-m i l e  r.� d i us o f  t he JCPP and a l ong the waste s h i pment route ; worke rs a re not inc l uded . 
Based on 50-year dose co ... i tment frOUl I year of exposure in 1 990 for A l te rnat ives I ,  2 ,  ) ,  and 4 ;  f o r  Al terna t i ve 5 ,  in the yea rs 2090 , 2290 , 2490 . 



AJ:, s een 

Alternative 1 
in 

a re 

Table 2-2 , 

zero because 

sho rt - te rm 

they a re 

operationa l e ffects 

included in the e ffects 

for 

of 

current ICPP activities discussed above . Bes ide the comparatively sma l l  

diffe rences i n  radiological exposures t o  workers i n  a lternatives 

involving calcine p ro ce s s ing , the main difference in e ffects among 

a lternatives during the operations phase is created by shipment of the 

waste offs ite to a federal repository .  

Alternatives 3 and 5 ,  which involve wa ste shipment , would cause the 

highest  population exposures to radiation . In Alternative 5 ,  the in

c rea sed population along the shipment route would cause the population 

dose commitments to be higher than in Alternative 3 ,  even though the 

wa ste has had a longer period to decay . 

Alternative 4 would cause the most  energy use , socioeconomic , and 

nonradiological e ffects during operations because a ctinide separation 

requires the most proce s s ing facilities , the larges t  permanent operating 

work force , and the longest  period o f  time to accomplish . However ,  the 

nonradiological e ffects a re not s igni ficant when compared to applicable 

standards or background pollutant levels . Both ons ite and offs ite 

disposa l  a re required . 

Alternative 4 would require fewer was te shipments because the 

actinide fraction is only a sma l l  percentage of the tota l wa ste . Fewer 

shipments would result in lower population exposures than in Alte rna

tives 3 and 5 .  Actinide separation would requi re less disposa l space in 

the repos itory with the exception of retrieva l delayed 300 to 500 yea rs . 

Alternative 5 would postpone the effects of Alternative 3 for 100 , 

300 , o r  500 yea rs . Doses  to workers would be diminished because radio

activity would have decreased during the decay process .  Delaying 

retrieva l 300 or 500 years would a l low radioactive decay to 

s ignificantly reduce space requi rements in a repos ito ry .  

Routine radiologica l and nonradiological a i rborne emi s s ions , was te 

water effluents , solid waste , and heat dis charges would be insigni ficant 

compa red to state and federal standa rds . 
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2 . 5 . 2 . 1 . 3 Short-Term Effects o f  Events Certain to Occur During the 
Decontamination and Decommiss ioning Phase  

All waste proces s ing facil ities would require decontamination and 

decommis s ioning (D&D) . The technology is genera l ly ava i lable to ade

quately accomplish D&D . The facilities would be des igned to fac i l itate 

D&D and e ffects would be mino r .  Quantifiable effects would be about 

1 percent o f  the e ffects from routine operations and thus a re not 

significant . Encapsulation o f  the bins (Alternative 1 )  is as sumed to 

have no environmental  impact . Actinide separation (Alternative 4)  would 

require the greatest amount of D&D due to the greater number o f  

facil ities , and thus would c reate the greatest radiological exposure to 

wo rkers and the population ; however ,  the magnitude of even this exposure 

is not s igni ficant . A summary of sho rt-term e ffects certa in to occur 

during D&D is  given in Table 2-3 . 

2 . 5 . 2 . 1 . 4 Short-Term Effects o f  Events Certain to Occur During the 
Disposal  Phase  

The activities requi red to  construct waste dispos a l  facilities and 

to place the was te in those faci l ities a re covered in Subsec

tions 2 . 5 . 2 . 1 . 1  through 2 . 5 . 2 . 1 . 3 .  For the short term , there are no 

events which are ce rtain to occur a fter the was te is placed in the 

disposal  fac i lity . Abnorma l events which may occur are discussed below .  

2 . 5 . 2 . 2  Short-Te rm Effects o f  Abnorma l Events 

Unl ike events that a re certa in to occur , abnormal events have only 

the potential to occur and many of these  events have a very low proba

bility of occurrence . Thus , in evaluating the alternatives and s elec

ting a pre ferred a lternative , it  is  impo rtant to keep in perspective the 

fact that abnorma l events probably will not occur . 

Accidents postulated to occur from routine operations would cause 

effects that would be indistinguishable from the e ffects o f  background 

radiation . Events ana lyzed inc lude a calc ine spill , an extraction 
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N I 

Alternative 

I .  Leave- in-Place 

2 .  Retrieve , Hodi fy Ca lc ine , 
Dispose at the lHEL 

Pel leti ze Ca l c ine 

Convert C a l ci ne to Glass 

3.  Retrieve , Hodi fy Ca l c i ne ,  
D i spose Offs ite 

Stab i l ize Calc ine 

TABLE 2-3 

SUMMARY OF SHORT-TERH EFFECTS CERTAIN TO OCCUR 
DUR I NG DECONTAMI NATION AND DECOMM I S S I ON I NG PHASE 

a 

Popu l a t i on Hea l t h  Ef fects (Deaths ) 
Wo rker 

Dose 
(Han-Rem) 

o 

25 

50 

50 

Workers 
Exposed 
(Number )  

o 

1 3  

25 

25 

From
b 

D&D 

o 

-9 
9 . 63 x 10_8 

to 
2 . 95 x 10 

-9 
9 . 63 x 1 0_ 8 

to 
2 . 95 x 10 

- 1 1  
2 . 29 x 10_ 1 1  

to 
7 . 02 x 10 

From 
Background 
Radiation 

4- 1 1  

4- 1 1 

4- 1 1  

4- 1 1  

From 
All Causes 
of Cancer 

50 , 900 

50 , 900 

50 , 900 

50 ,900 

� Convert Ca l c i ne to Glass 50 25 
-9 

9 . 63 x 10_8 
to 

2 . 95 x 10 
4- 1 1  5 0 , 900 

4 .  Retrieve , Sepa rate Act inides , 
Dispose of Act inides Offsite , 
D ispose of Depl e ted Calc ine 
at the lHE L  

5 .  Delay Ret rieva l ,  Hodi fy Ca l c ine , 
Di spose Offs i te 

1 00 Yea rs 

300 Yea rs 

500 Years 

75 

30 

1 8  

6 

38 

30 

30 

30 

- 1 1  
2 .  76 x 1 0_ 1 1  

to 
8 . 47 x 10 

- 1 2  
3 . 1 8 x 1 0_ 1 2  

t o  
9 . 75 x 10 

1 . 68 x 1 0:! ;  to 
5 . 1 5 x 10 

- 1 4  
8 . 33 x 1 0_ 1 3  

to 
2 . 55 x 10 

a .  DecontAmina t i on and decommi s s i on i n g  a re as sumed to requ i re 2 yea rs . 

4- 1 1  5 0 , 900 

8-23 1 09 , 200 

8-23 109 , 200 

8-23 109 , 200 

b .  Popu l a t i on a f fected i s  w i t h i n  50-mi le rad i us o f  the I CPP ; wo rkers a re not i nc l uded . Based on 50-ye a r  dose 
commi tment f rom 1 yea r of exposure in 202 0 .  



s olvent fire , a decontamination s olution spi ll , an accident during wa ste 

s hipment , and a canister drop during di sposal  operations at the federal 

repos itory . 

Worker inj uries  and fatalities and hypothetical a ccidents postu

lated to occur in the short term a re p resented in Table 2-4 . Even 

though thes e  e ffects would not occur routinely and perhaps not at a l l , 

they were s elected for analysi s  because they a re the worst e ffects  that 

could be postulated to occur . 

The mos t  s ignificant e ffect would result from an a i rcraft impact at 

the INEL disposal s ite . The p robability o f  this occurrence i s  very low 

(2  x 1 0- 7  events per yea r) . The a i rcraft impact at the INEL would 

result in about 10 times the hea lth e ffects caused by background 

radiation , but the hea lth e ffects would be so  sma l l  that they would be 

indistinguishable from the hea lth effects from a l l  causes estimated to 

occur in the population surrounding the INEL . 

E ffects from an a ccident during waste shipment would be the mos t  

s igni ficant operationa l a ccident . Individual s  at the accident s cene and 

the population in the area would receive a 1 0- rem dose commitment 

(Alte rnative 4 ) . A waste shipment accident that resulted in release o f  

radionucl ides  would have the highest  p robabil ity of occurrence in 

Alternative 3 because of  the greater number of  was te shipments .  The 

mobi lity of the wa ste form would a ffect the amount of radioa ctive 

materia l that would become airborne . Thus , the cal culated doses from 

vitri fied calcine are about one one-hundredth o f  the doses  from s tabi

l i zed calcine . 

2 . 5 . 3  Long-Te rm E ffects 

2 . 5 . 3 . 1  Long-Term Effects of  Events Certain to Occur 

In this  s ubsection the most  s ignificant radiological and nonradio

logical long-term e ffects of events certain to occur are evaluated and 

compa red in s ummary form by examination of the s cenario which gives the 

maximum e ffects . 
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SUKHARY OF SHORT-TERM ABNORftAL EFFECTS (ACCIDENTS )a 

Construction Disposal Population 
Phase Qi>erat ions ______ W_a���t _______ D&D Pha • ., Phase H.,a lth Eff.,ct. (Draths) 

Work.,r -W-;'-rk�-r- Fr_ Work.,r Popu lation c Work.,r Injuries/ H"a I th Effects I nj u r i .,s/ 

Popu l a t i on d 
H.,a l th E f f  .. cts Injur i es/ 

Populat ion 
I n j u r i es/ H.,a lth EH.,ct." Backlrounf 
Fatal i t i .,s (Drath. ) RadiatiqD Al t., rnat i y., Fata I i  t i es (Deaths ) 

I .  Lray.,-in-Plac., 1 1/0 . 2 NA 

2 .  R.,tri.,y." Nodify Calcin." 
Dispos., at th., lNEL 

P.,ll.,tiz., Calcin., � I /O . �  
-2 9 . 79 x 10_ 1 to 3 . 00 x 10 

CODy.,rt Ca lciD" to Glas. 23/0 .2  -2 9. 79 x 10_ I to 
3 . 00 x 10 

3 .  R.,tri.,y." Kodify Calcin." 
Dispo • ., Of hit., 

Stabiliz., CalciD" ��/ 1 
-2 

9. 79 x 10_ I to 
3 . 00 x 10 

Cony.,rt Calcin., to Gla.s ��/ I 
-2 

9 .  79 x 10_ I to 
3 . 00 x 10 

4 .  Retrieve , Separate Actinides . 
Dj.pos., of Actinid.,. Off.it." 
Dispos., of Depl.,t.,d Calcin., -2 at the INEL 78 . 2/0 .8 9 . 79 x 10_ 1 to 

3 . 00 x 10 

� .  Delay Retri.,Ya l ,  Hodify Calcin." 
Dispo • ., OUsil., 

100 y.,an 1 �/0 .2 -2 1 . 1 1 x 10_2 to 
3 . 40 x 10 

300 y.,an 1 1 .2/0 . 1  
-3 1 . 29 x I O_

3
to 

3 .. 9� x 10 

�OO y.,a .. 1 1 . 2/0 . 1  -4 8 . 3 1 x 10_3 to 
Z . �� x 10 

a .  Based on 50-year dose co .. itM@nt fro. 1 yea r o f  exposure . 

b .  Includ.,s .,ff.,cts at the repos i to r y .  

Fata l it i.,s 

0 . 4/0 . 00 1  

20/0 .07 

3 1 /0 . 1 

24/0 .09 

28/0 . 1 

44/0 . 2 

37/0 . 1 4  

37 /0 . 14 

37/0 . 1 4  

(Dea ths ) 

NA 

NA 

NA 

- I  3 . 6 7  x 10 to 
I .  12 

-3 4 . 76 x 10_2 to 1 . 46 x 10 

3 . 7� x 10- 1  to 
I .  I� 

-3 1 . �4 x 10_3 to 
4 . 73 x 10 

-4 4 . 2 7 x 10_3 to J . 3 1  x 10 

-4 2 .0� x 10_4 to 6 . 29 x 10 

"'ata l i t ies 

NA 0 . �/0 .006 

NA 0 . 8/0 .009 

NA 2/0 .02 

4/0 . 3  2/0 .02 

�/0 . 4 2/0 .02 

0 . 2/0 . 0 1  3/0 .03 

�/0 . 4  2/0 . 02 

�/0 . 4  2/0 .02 

�/0 . 4  2/0 . 02 

c .  EH.,cts l i.t.,d ar" for d.,contal1lina t ion s o l ut i on s p i l l  scena rio i n  yea r  2020 (Table 4- 1 7 ) wh i c h  has a prohab i l i ty o f  10- 1 

� . �4 to 1 7  

� . �4 to 1 7  

� . �4 to 1 7  

� . �4 t o  1 7  

� . �4 t o  1 7  

� . �4 to 1 7  

6 . 22 to 1 9 .  I 

2 . 06 to 6 . 32 

0 . 99 to 3 . 04 

d. EH.,ct. l isted a r., for "as t e  s h i pnrent a c ,· j d  .. nt i n  1990- 2000 (Table 4 - 1 8 )  wh i " h  has a p ro"�" i I i J ty o f  7 x 1 0
-8 f o r  A I t  .. rn� t i vt' 4 .  

e .  EH.,cts l i sted are for a i  rc ra ft iIBpact scena r i o  i n  y .. ar 19'10 (TaM .. 4-20) wh i ch has a p ro"a" i I i t y  o f  2 x 10- 1 , 

2-4 

2-4 

2-4 

2-4 

2-4 

2-4 

3-8 

3-8 

3-8 

Fr_ 
All Cau • .,. 
of Canc.,r 

11,000 

18 ,000 

18 ,000 

18,000 

18,000 

18,000 

38,600 

38,600 

38 ,600 

f .  Hea l th e f fects (cance r c1f"a l h s )  f rom haC"kground raft i at i OIl and a l l  C"aust"s of l�aJlCf"r a rt� hasetl un the ,JOpu l a t  i on in tht' �O-.. i I f'' rad i us of t hf' I NF. •. : 
107 ,000 in 1990 , and Z30, OOO i n  Z I OO , 2 :100 , a,ut Z�OO . 



Maximum radiological and nonradiological  e ffects at the INEL s ite 

would occur from groundwater contamination . In Section 4 ,  the param

eters are discus sed in detail  for waste migration into groundwate r ,  

intrus ion into the was te ,  and l iving a t  the s ite contaminated by pre

vious intruders . Thes e  s cena rios are compared in this  subsection and 

sununa rized in Table 2-5 . This  analys is is p rovided because ,  although 

the p robab i l ity that these  events wi ll  occur is difficul t to predict , 

they can be expected to occur at some time during the one million years 

eva luated in this  study . 

The long-term e ffects of events certain to occur apply only to 

wa ste disposal  at the INEL . Dispos a l  at the offs ite federal geologic 

repos itory (Alternatives 3 ,  4 ,  and 5 )  would c reate no inevitable long

term e ffects because this reposito ry will p rovide isolation of the wa ste 

in deep geologic formations for which there is only the potential , not 

certainty , for entry into the biosphere . 

The most serious long-term effect would be groundwater contam

ination by cadmium and mercury as the result of waste migration into 

groundwater a fter dis integration of the was te bins . Federa l and state 

drinking water standa rds could be exceeded in Alternatives 1 and 4 fo r a 

distance o f  about 5 miles downgradient o f  the dis charge to the aqui fer .  

Adverse health e ffects would result from ingestion o f  contaminated 

drinking water and food grown with contaminated irrigation water until 

chemical reactions within the aquifer sys tem reduced the concentration 

of toxic chemica l s  to ha rmless  leve l s . The radio logica l e ffects of 

waste migra tion 

nonradiological 

nuc l ides decay . 

into groundwater would  be much less  s evere than the 

effects and would decrease  with time a s  the radio

The other two s cena rios , intrus ion into the bins by 

individua l s , and occupation and fa rming o f  contaminated land near  the 

waste bins , would not create hea lth e ffects in the general population 

tha t would be distinguishable from the effects of background radiation . 
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TABLE 2-� 

SUKKARY OF LONG-TERM EFFECTS CERTAIN TO OCCURa 

I .  

2 .  

Alternati ve 

Leave-in-Place d Groundwater Migration 

Intrusion into Waste 

Living at Conta.inated Site 

Retrieve . Modify Calcine . 
Dispo.e at the INEL 

Pel letize Calcine d Groundwater Migrat ion 

Intru.ion into Waste 

Living at Conta.inated Site 

Convert Calcine to Glasa 
Groundwater Migration 

Intrusion into Waste 

Probab i I i  ty 
of Occur rence 
(Event/Yea r) 

I )( 10
-6 

I )( 1 0
-2 

I )( 10
-2 

)( 1 0
-6 

)( 10
-2 

)( 10
-2 

Livin. st Conta.inated Site 

1 )( 10
-6 

1 )( 10
-2 

1 )( 10
-2 

3 .  Retrieve . Modify Ca lcine .  

4 .  

Dispose OHsite 
Groundwater Migration 
Iutru8ioo ioto Waste 
Livin. at Conta.inated Site 

Retrieve , Separate Actinides. 
Dispo.e of Actinides Offsite. 
Di spose of Depleted Calcine 
at the lNEL d Groundwater Migration 

Intrusion into Waste 

Living at Conta.insted S i te 

� .  Delay Retrieva l .  Modify Ca lc ine . 
Dispose OHaite 

Groundwater M i g r a t i on 
Intrusion into Waste 
Living a t  Conta.inated S i te 

NA 
NA 
NA 

1 )( 10-6 

1 )( 10 -2 

I )( 10
-2 

NA 
NA 
NA 

Popul a
t ion b 

Exposed 

� 

10 

� 

� 

10 

� 

� 

10 

� 

NA 
NA 
NA 

� 

10 

� 

NA 
NA 
NA 

Maxi .... 
Ind i v i dual Popu l a t ion 

Dose Dose b 
____ -= ______ �Popu l a t ion Hea l t h  E f fects <,De�a�t�h�a�)� ____ -= ____ �� ___ 

From b From b F rom b From Background Fro. All �L !!!an-R� Rad i a t� Cadmium Mercury Radia t ionc Csuses of Cancer 

6 . 30 )( 1 0
- 1 

3 . 1 5 2 . 36 )( 1(� 
7 . 24 )( 10_2 3 . 28 )( 10_

1 1 . 0 1  )( 10_
2 1 . 99 )( 10_
2 6 . 1 1  )( 1 0  

43 . 8  4 . 38 )( 102 

� . 3 1 )( 1 0 1 2 . 6� )( 1 02 

6 . 3  )( 10
-3 

1 . 0� )( 10 1 

8 . 08 

- 2 -6 
3 . 1 � )( 10 2 . 36 )( 10_6 

7 . 24 )( 10 
1 . 0� )( 10

2 7 . 87 )( 1 0=� 
2 . 4 1  )( 10 

4 . 04 )( 10 1 3 . 03 )( 10:� 
9 . 29 )( 1 0  

to 

to 

to 

to 

to 

to 

1 . 39 )( 1 0
-6 6 . 9� )( 1 0

-6 � . 2 1  )( 
1 . 60 )( 

6 . 80 )( 1 0
- 1 6 . 80 � . 1 0 )( 

1 . �6 )( 

10
- 1 0  

10
-9 to 

10
-4 

10
-3 

10
-3 

10
-3 7 . 7� 3 . 88 )( 10

1 
2 . 9 1 )( 

NA 
NA 
NA 

NA 
NA 
NA 

6 . 20 )( 10
- 1 3 . 1 2 

8 . � 1  8 . � 1 )( 10
1 

2 . 70 )( 1 0 1 1 . 3� )( 102 

NA 
NA 
NA 

NA 
NA 
NA 

8 . 9 1  )( 

NA 
NA 
NA 

2 . 34 )( 1(� 
7 . 1 8 )( 10_

3 6 . 38 )( 10_
2 1 . 96 )( 10_ 2 1 . 01  )( 10_ 2 3 . 1 0 )( 1 0  

NA 
NA 
NA 

to 

to 

to 

to 

to 

� 

NAe 

NA 

� 

NA 

NA 

o 
NA 

NA 

NA 
NA 
NA 

� 

NA 

NA 

NA 
NA 
NA 

� 

NA 

NA 

� 

NA 

NA 

o 
NA 

NA 

NA 
NA 
NA 

� 

NA 

NA 

NA 
NA 
NA 

0 . 00006-0 . 0002 

0 . 0001 -0 . 0004 

0 . 00006-0 . 0002 

0 . 00006-0 . 0002 

0 . 0001 -0 . 0004 

0 . 00006-0 . 0002 

0 . 00006-0 . 0002 

0 . 000 1 -0 . 0004 

0 . 00006-0 . 0002 

NA 
NA 
NA 

0 . 00006-0 . 0002 

0 . 000 1 - 0 . 0004 

0 . 00006-0 . 0002 

NA 
NA 
NA 

2 

2 

2 

NA 
NA 
NA 

2 

NA 
NA 
NA 

a .  Events apply t o  onsi te di sposa l o n l y .  Ai rborne concentra t i ons o f  cadm i um  a nd .ercury a re not a hea l th hazard .  Pol l u t ion fra. cad.iu. and ... rcury 
appl ies only to t he groundwa l e r  m i g ra t i on scena r i o .  

b . E f fec t s  resul t from each occurr�nc� of the event . Event cou l d  occur sev�ra l t imes in the l ong term .  

c .  Fro. 1 yea r of exposu rp. t o  ha("kground rad i a t ion . 

d .  The event i s  a s s UBlf"d t o  occur d u r i ng t he onf"-lR i  L I  j on-year pe ri od o f  eva l ua t ion . 

p .  NA , not app l i c.lh l e .  



2 . 5 . 3 . 2  Long-Term Effects of  Abnormal Events 

Effects of abnormal events at the lNEL and at an offs ite federal 

geologic repos i to ry a re given in Table 2-6 . 

It  is  difficult to p redict with great accuracy what s ignificant 

changes will occur to the earth over the period of  time discussed in 

this EIS . Geologic studies  show that maj or changes occur to the surfa ce 

of  the earth a s  ice ages come and go , glaciers form new lakes , eros ion 

occurs , and volcanoes and earthquakes change surfa ce features . Certa in 

formations below. the surface , however , a re known to have remained 

relatively unchanged throughout very long periods of time . 

Because of  the uncerta inties a s sociated with geologic changes on 

the surfa ce of  the earth , it is  impos s ible to determine a l l  the effects 

on the was te that could occur if  it is  left in near-surface dispos a l . 

Unforeseen changes in geologic conditions could cause ea rthquakes and 

vo lcanic activity which would destroy waste conta inment and disperse the 

ca lcine . Rather than attempt to evaluate thes e  many potential s cenar

ios , one maj or abnorma l event is  analyzed to determine the maximum 

potentia l effects of any abnormal event . To estimate the effects of  a 

severe geologic dis ruption at the lNEL , the event i s  assumed to have the 

s ame probability of occurrence a s  a volcano exploding up through the 

was te . The occurrence probability of a volanco e rupting through the 

was te is 1 x 10-8 . S ince the purpose of evaluating a s evere geologic 

d i s ruption is  to determine the worst effects of waste dispers ion , the 

event is a ssumed to occur at the beginning of the long-term period when 

the waste would have had only a short time to decay . This provides a 

conse rvative (high) estimate . The health effects of  was te dispers ion 

for the year 2 100 a re given in Table 2-6 . 

The effects of  radon gas on members of future generations who might 

move onto the lNEL a fter ins titut ional control has ceased a re evaluated 

in the l iving-over-the-was te s cena rio . The effects of radon are caused 

by inha lation of radon trapped in buildings . Since radon exposure would 

be l imited to people who might build houses  on lots directly over the 
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Probabi l i ty 
Of Occur rence 

Al !!!.na tiv .. (Ev .. nt/Yea r) 

1 .  Leav .. -in-Plac .. 
1 . 0 )( 10

-2 Living OV .. r Waate 

S .. vere Geologic Diaruption 1 . 0 )( 10
-8 

2 .  R .. tri .. ve . Kodify Calcine. 
Dispoa .. at the IHEL 

p .. l letize Calcin .. 
1 . 0 )( 10

-2 Living OVer Waate 

Severe Geologic Disruption 1 . 0  x 10
-8 

Conv .. rt Ca lcine to Gla.a 
1 . 0 x 10

-2 Livins OVer Waate 

Severe Geologic Disruption 1 . 0 x 10
-8 

3 .  R .. tri .. ve . "odify Calcine. 
Diapoae Offaite 

N Stabil ize Calcin .. 
1 . 0 )( 10

-6 
I Solution tlinins 

....., 
2 . 0  )( 1 0

- 1 3  .... Fault and Flooding 
EIploratory Drillins 5 . 0 )( 10

- 7  

Convert Calc in .. to Gla.s 
1 . 0  x 10

-6 Solution tlinins 

Fault and FloodinS 2 . 0  )( 1 0� 1 3  

Eaploratory Drilling 5 . 0  x 10
- 7 

4 .  Retri .. v .. .  Separat .. Actinid ... . 
Dispoae of Actinide. Offsite . 
Diapoae of Depleted Calcin .. 
at th.. IHEL 

Dispose of Actinid .. s Off. it .. 
1 . 0 )( 10

-6 Solution tlinins 

Fault and Flooding 2 . 0  )( 10
- 1 3  

Exploratory Drilling 5 . 0  x 10
- 7 

Dispose of Depleted Calcin .. at 
at the IHEL 

Living OV .. r Waste 1 . 0 )( 10
-2 

S .. vere Geologic Disruption 1 . 0 )( 1 0
-8 

TABLE 2�6 

SUKHAMY OF LONG-TERn ABNORMAL EFFECTSa ,
b 

ttaxiDlWD 
I ndi vidua l 

Popul ation Dose 
Exposed (Rem) 

5 1 . 10 )( 10
- 1 

206 .000 1 . 58 )( 10 1 

5 9 . 20 )( 10
-2 

206 , 000 1 . 58 )( 10 1 

5 1 . 50 )( 10
-2 

206 . 000 1 . 58 x 10 1 

40 . 000.000 I .  71 x 1 0
-2 

I .  78 

Popu lation 
Dose Frail 

(tlan-Rem) Rad id t i on 

4 . 1 2 )( IO:� 5 . 50 )( 10
- 1 

1 . 95 )( 106 
1 . 26 x 10

2 1 . 46 )( 10
2 4 . 49 )( 10 

4 . 60 )( 10
- 1 3 . 45 )( 10=� 

1 . 06 x 10 
1 . 95 )( 10

6 
1 . 46 )( 10� 

. 4 . 49 )( 10 

7 . 50 )( 10
-2 5 . 62 x IO:� 

1 . 95 )( 10
6 I .  72 )( 102 1 . 46 x 10

2 4 . 49 )( 10 

6 . 84 )( 10
5 5 . 1 3 )( 10! 

1 . 5 7  x 10 

--�- . .  _--_. __ ._--
I'�u l a t i on Hea l th E f fects (n..aths ) 

Fro. 
.' rom Frail Background 

Cadmium tI .. rcury Radiation 

to NA NA 0 . 00006-0 . 0002 

to NA NA 3-8 

to NA NA 0 . 00006-0 . 0002 

to NA NA 3�8 

to NA NA 0 . 00006-0 . 0002 

to NA NA 3-8 

to 0 0 390- 1 . 200 

0 0 20-60 3 . 56 x 10� 2 .000 .000 2 . 67 to 8�!9 
25 2 . 36 5 . 90 )( 10 4 . 42 x 10_

2 
to NA NA 0 . 0003-0 . 0009 

1 . 36 )( 10 

1 .  7 1  )( 10
-2 6 . 84 )( 105 5 . 1 3 x 10! 40 . 000 . 000 to 0 0 390- 1 . 200 

2 . 000 . 000 1 .  78 x 10
-4 

3 . 56 
1 . 57 x 10_4 0 0 20-60 2 . 67 )( 10_4 to 
8 . 19 x 10 

25 1 . 55 3 . 87 )( 10 1 2 . 9 1  )( 10
- 3  to NA NA 0 . 0002-0 . 0008 

8 . 9 1  )( 1 0
-3 

1 .  7 1  )( 10
-2 

6 . 84 )( 105 5 . 1 3 )( 10! 40 . 000 . 000 to 0 NA 390- 1 . 200 

2 . 000 . 000 1 .  78 )( 10
-6 3 . 56 )( 10

-2 
1 . 5 7  x 10_6 0 NA 20-60 2 . 67 )( 10_6 to 

25 2 . 7 1  )( 102 6 . 78 x 103 
8 . 19 )( 10_ 1 

NA NA 0 . 0002-0 . 0008 5 . 08 )( 10 to 
I .  56 

5 2 . 20 )( 10
-3 I .  10 )( 10

-2 8 . 25 x I(� to NA NA 0 . 00006-0 . 0002 

1 . 1 1  x 10 1 I .  37 )( 10
6 2 . �3 )( 10, 

206 . 000 1 . 03 )( 10:- to NA NA 3-8 
3 . 16 x 10

2 

From 
A l l  Caus .. s 
of Cancer 

34.600 

34.600 

34 .600 

6 . 720 .000 

;)36. 000 
5 

6 . 720 .000 

336. 000 

5 

6 . 720 . 000 

336.000 

34 . 600 
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TABLE 2-6 

SUMMARY OF LONG-TERM ABNORMAL EFFECTS
a , b 

(conc luded ) 

HaxilRum Po�ulat ion Health [ffects (Deaths) 
Probabi l i  ty I nd ividual Populat ion Fro. FrOil 

Of Occurrence Popu lat ion Dose Dose From Fro .. F ro. Background Al l  Causes 
Alternative (Event/Yea r) Ex�osed ( Rem) (Man-Rem) Radi a t i on Cadmium Mercu!! Radiation of Cancer 

5 .  Delay Retrieval� Modi fy Ca l cine , 
D ispose Offs ite 

1 00 yea rs 
1 . 0 x 10

-6 
1 . 45 x 10

-2 
5 . 80 x 1 0

5 
4 . 35 x 1 0� Solut ion Minin8 40 , 000 , 000 to 0 0 390- 1 , 200 6 , 720 , 000 

Fau l t  and Flooding 2 . 0  x 1 0
- 1 3  

2 , 000 , 000 1 .  78 x 1 0
-4 

3 . 56 
1 . 33 x 10_4 

0 0 20-60 336 , 000 2 . 67 x 10
_ 4 

to 

Exploratory D r i l l ing 5 . 0  x 10
- 7 

25 1 .  1 3  2 . 82 x 10
1 

8 . 19 x 1 0_3 
NA NA 0 . 0002-0 . 0008 5 2 . 1 2 x 1 0_ 3 

to 
6 . 50 x 10 

300 years 
1 . 0 x 1 0

-6 
1 . 06 x 1 0

-2 
4 . 24 x 10

5 
3 . 18 x 1 0! Solution Mining 40 , 000 , 000 to 0 0 390- 1 , 200 450- 1 , 380 

Faul t  and Flooding 2 . 0  x 1 0
- 1 3 

2 , 000 , 000 1 . 78 x 1 0
-4 

3 . 56 
9 . 75 x 1 0

_4 
0 0 20-60 336 , 000 2 . 67 x 1 0_4 

to 

5 . 0  x 1 0
- 7 

9 . 65 x 10
- 1 

2 . 4 1 x 1 0
1 

8 . 1 9 x 10_3 
Exploratory D r i l l ing 25 1 . 8 1  x 1 0_3 

to HA HA 0 . 0002-0 . 0008 5 
5 . 55 x 10 

500 years 
1 . 0  x 1 0

-6 
7 . 8  x 1 0

-3 
3 . 1 x 10

5 
2 . 4  ·x 1 0! Solution Mining 40 , 000 , 000 to 0 0 390- 1 ,200 450- 1 , 380 

Fau l t  and Flooding 2 . 0  x 1 0
- 1 3  

2 , 000 , 000 1 . 8 x 1 0
-4 

3 . 56 
7 . 2  x 10_4 

0 0 20-60 336 , 000 2 . 7  x 10_4 
to 

5 . 0  x 1 0
- 7 

8 . 80 x 10
- 1 

2 . 20 x 1 0
1 

8 . 2  x 1 0  
Exploratory D r i l l ing 25 1 . 65 x l O:� to HA HA 0 . 0002-0 . 0008 5 

5 . 06 x 10 

a.  HA, not app l i cable . Cadmium and mercury a re d isposed at the I NEL in Alte rnatives 1 and 2 .  Mercury is di sposed at the INEL in Al te rnative 4 . Ai rborne 
concentrations of cadmium and .ercury a re not a hea l th haza rd . Cadmium i s  d isposed at the INEL in Alte rnat ive 4 .  

b .  Effects a re based on 1 yea r  o f  exposure for the yea rs spec i fi ed :  Living over the waste , 2500 ; Seve re geo l ogic disruption , 2 1 00 ;  Solution .iniDI , 2500 
(Alternat i ves 3 and 4 ) , 2600 , 2800 , 3000 ( A l ternative 5 ) ;  Fau l t  and Flooding , 2600 (Alternatives 3 and 4) , 2 700 , 2900 , 3 1 00 ·· (Alternative 5 ) ; 
Expl o ratory dri l l ing 2500 (Alternat ives 3 and 4 ) , 2600 , 2800 , 3000 (Alternat ive 5 ) . 

c .  I f  the severe 8eologic d i s ruption were to occur during the period o f  delay , the e f fects o f  Alte rnative 5 wou l d  be no wo rse than the effects of 
Alternative 1 .  



bins , only a few individual s  ( 5 )  could be affected . Doses and health 

effects would be indistinguishabl e  from the effects of background radi

ation . 

Abnorma l events a s s ociated with deep geologic disposal in a fede ral 

repos itory that were analyzed include solution mining , exploratory 

dri l l ing , and fault and flooding (Alternatives 3 ,  4 ,  and 5 ) . The 

solution mining scena rio would only affect a repository located in salt  

beds . It  is  estimated that the greates t  number o f  people (40 , 000 , 000)  

to be affected by INEL wa ste would be those who consume table salt 

p roduced by solution mining at the repos itory whe re the INEL was te is  

buried . However ,  even though the health effects (5 1 - 1 5 7 )  estimated for 

solution mining are apparently significant , individua l s  would receive a 

dose  that i s  only 1 1  percent of the background radiation dose . 

The particular events chosen for evaluation a re not a s  important a s  

the hea lth effects which these hypothetical events would create . These  

effects , given in Table 2-6 , a re cons idered to  be  the wo rst effects 

imaginable over the long term fdr a l l  of the abnormal events s tudied . 

2 . 5 . 4  Unquantifiable Factors 

Difficult-to-quantify factors for both the short-term and long-term 

periods a re eva lua ted and compared in Table 2- 7 .  Proce s s  reversibility 

( the capability to convert a wa ste form to an a lternate form) and the 

degree of institutiona l control requi red to ensure i sola tion of the 

wa ste are cons idered . Proce s s  revers ibi lity i s  rated from poor to good ; 

the degree of institutional contro l requi red to ensure i solation i s  

rated from low to high for the short-te rm and long-term periods . 

Failure of institutiona l control in Alternatives 1 ,  2 ,  and 4 ,  whi ch 

involve ons ite disposa l ,  could result in contamination of the Snake 

River Plain Aquifer by toxic  chemica ls should wa ste conta inment fa i l .  

Thi s  event would cause the mos t  concern in Alternatives  1 and 4 where 

the calcine would be disposed in an unmodi fied , more eas i ly dispersed 
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N I 
...... 
� 

Alternative 

1 .  Leave- i n-Place 

2 .  Retr i eve , Modi fy Calcine , 
Dispose at the INEL 

Pel letized Cal c i ne 

Convert Calc ine to Glass 

3.  Retrieve , Modi fy Calcine ,  
Dispose Offs ite 

4 .  

Stab i lized Calc ine 

CODvert Calc ine to Glass 

Retr ieve , Separate Actinides , 
Dispose of Actinides O f fs i t e ,  
D i spose of Depleted Calc ine 
at the INEL 

Depleted Cal c i ne 

Vitri fied Act inides 

5 .  Delay Retrieva l ,  Mod i fy Ca l c i ne ,  
Dispose Offs i te 

1 00 Years 
300 Yea rs 
500 Years 

TABLE 2-7 

SUMMARY OF UNQUANTIFIABLE FACTORS 

Process Revers ib i l i ty 

Short Term 

Good 

Good 

Poor 

Good 

Poor 

Good 

Poor 

Good 
Good 
Good 

Long Tel1ll 

Good 

Good 

Poor 

Good 

Poor 

Good 

Poor 

Poor 
Poor 
Poor 

Degree of I n s t i tutiona l Control 
Requi red to Ensure I solation 

Short Tena 

High 

High 

High 

Low 

Low 

High 

Low 

High 
High 
High 

Long Tena 

High 

High 

Low 

Low 

Low 

High 

Low 

Low 
Low 
Low 



fo rm .  Should 

Alternative 5 ,  

alternative . 

institutional control cease during the delay period in 

effects would be s imilar to the leave - in-place 

As shown in Table 2-7 , the most  s table forms of calcine are the 

most  difficult waste forms to alter should the waste become valuable o r  

future technological discoveries make i t  des i rable t o  change a waste 

disposal deci s ion.  In compa ring Alternatives 2 ,  3 ,  and 4 ,  which involve 

ca lcine modification , with Alternative I and Alternative 5 during the 

delay period , the degree of wa ste form reversibil ity is a s ignificant 

factor to be cons idered . 

The degree of institutiona l contro l required to ensure wa ste isola

tion becomes s ignificant in  the long term . A IOO-year period of insti

tutional control has  been a s sumed . Longer periods of institutional con

trol in Alternatives I ,  2 ,  4 ,  and 5 would decrease  the potential fo r 

adverse environmenta l e ffects . 

Under any alternative , the degree of process revers ibility and the 

degree of institutional control required over the long term are con

flicting factors that require a trade-off . The alternatives which are 

the easiest  to reverse a re also  the ones  which require the longest  con

tinuous institutional control . 

2 . 5 . 5 Program Costs 

A comparative swrunary of program costs is  given in Table 2-8 . 
These are p re l imina ry costs bas ed on early conceptua l des igns . The data 

a re included to indicate the relative cost differences among a l ter

natives and to provide ins ight into the capital inves tment required to 

implement Alternatives 2 ,  3 ,  4 ,  and 5 .  Costs for Alternative 5 have not 

been e s ca lated because costs for ret rieva l ,  modification , shipment , and 

di sposal several hundred years in the future a re impos s ible �o predict . 

Alternatives which involve - wa s te shipment and disposal at an offs ite 

geologic repos itory (Alternatives 3 and 5) are the most  expens ive to 

imp lement . Implementation of Alternative 5 would be the most cos tly 
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TABLE 2-8 

COSTS OF IIIPLE!tElITING TIlE WASTE IWIAGEllENT ALTERNATIVES (nILLIONS or 1980 DOLLARS)a 

COD. t <uctiOD (Cal!itdl Q!rl"atioal D&D 
W •• te 

Dial!!.!.!-
Tot-A 
� 

Alte ...... ttve C •• k. Retl"ieval Proces. ioa Stol"a,t! nanpovel" Materials Canistel's [DHU Sh il!"!nt � llaterid. Re�" 

1 .  Lean-ia-Phce NA NA NA 109 NA NA NA NA NA d 
120 

2 .  Retl"ine, "odi fy Ca lcine , 
Di.po." at tbe IJlEL 

Pe l letize Cdcia .. NA 20 197 40 1 . 5 NA 1 . 4  NA 1 U 
CODYel"t Calciae to GI ••• 14 39 107 63 255 244 1 . 4  1 . 5  2 2 

d 285 d 735 

3 .  R"t<ien, IIodify Calci .... , 
Di spou Offaite 

N Stabil ize Ca l ei .... 56 39 NA 48 NA 162 1 . 4  1 3 7  2 2 
I COQYel"t Calciae to GI ••• 85 39 NA 55 255 244 1 . 4  2 10 2 2 

...... 

190 645 
190 1090 

0-- 4 .  letl"ieYt!, s.pal"ate Actinide • •  3 195 130 85 120 3 4 . 1 4 3 10 

Dispole of Actiaide. Offaite, 
560 

Di apose of �pl"t"d Cdc iDe 
at tbe IIIEL 

5 .  �hy Ret <ievd , IfodHy CalciDe, 85 39 109 70 255 244 1 . 4  2 1 0  2 19 

Dispole Off.ite 
19 1060 

a .  NA ,  Dot appl icable. 

b .  Total COlt. haye been rOUDded . 

c .  Coat. o f  dilpo.al a t  the Hil L  are incl uded i n  construction and opel"atiDI costa. 

d .  No .. iateD.ace aad lurveil 1ence COlt. are exp l i c i t l y  included .1 they would be covered by • leael'll . i t�ide prolr ••. 



because , a lthough appreciable s avings would be real ized by deferring 

modification and shipment until  after the was te had cooled , 

Alternative 5 involves the mos t  steps : construction of  additional bins 

for s to rage ; extension of  institutional controls  (monito ring) for a s  

much a s  5 00 yea rs (400  years more than for any other alternative ) ;  and , 

fina l ly ,  waste form modifica tion , shipment , and disposal at an offsite 

repos itory .  

2 . 5 . 6  Envi ronmental Trade-Offs 

The selection of  a prefe rred alternative will require difficult 

t rade-o ffs among conflicting effects . These t rade-offs nece s sitate 

decisions on whether society should pay now to avoid future effects . 

For example , it may be  asked whether it  i s  preferable to increase  worker 

exposure during actinide separation (Alternative 4) in o rder to s ave 

wa ste shipment and disposal  costs . Table 2-9  summa rizes the mo st  

s i gnificant environmental effects of the various a l ternatives . Only the 

500-year  de lay case is shown for Alternative 5 s ince it i s  most  

representative of the advantages gained from delay . Highl ighted in  

Table 2-9  a re the differences between effects which a re certain to occur 

and uncertain effects which may be caused by abnorma l events , s ince the 

principal i s sue i s  to identify what effects should be incurred now in 

o rder to avoid potential adverse effects in the future . 

As can be seen , there i s  no alternative that does not create some 

adverse effects in the short term o r  pose some risks in the long term .  

Fol lowing a re additiona l points that can be noted from examination o f  

Table 2-9 . 

• The most s ignificant environmental effect from events that are 

certain to occur is five deaths from cadmium and mercury poi

soning if  the wa ste is  disposed ons ite (Alte rna tive 1 ) . This  

estimate i s  quite conservative (high)  and a s sumes that future 

generations a re not aware of  the cadmium and mercury in the 

water supply and/or are unable to prevent was te migration away 

from the b ins . 
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TABLE  2-9 
SUMMARY OF S IGNIF ICANT ENV I RONMENTAL EFFECTS 

a , b  

EFFECTS FROM CERTA I N-TO-OCCUR EVENTS 

ALTERNATIVE 1 
• 
• 
• 
• 

• 

• 

Co s t  $1 20 m i l l i o n  

N o  energy demand 

No worker dose 

0 . 0007 24 Ca ncer death 
from g rou ndwater contam i na ted 
by rad ionuc 1 ides 

� Dea ths from g rou ndwater 
contam i na ted by cadmi um 
a nd mercury 

0 . 1 01 Cancer death every 1 00 
years from i ntru s i o n  i nto the 
wa s te 

ALTERNATIVE  2 ( PELLETS ) 

• Cost $285 m i l l i o n  

• 1 . 4 5-megawatt energy demand 

• 800 Ma n-rem rou t i ne worker dose 

• 0 . 00000549 Ca ncer death from 
rou t i ne rad i o l og i ca l rel ea se s  

• 0 . 00000724 Ca ncer death from 
grou ndwa ter contam i na ted by 
ra d i o nu c 1 i de s  

• 5 Deaths from grou ndwa ter con
tam i nated by cadm i um a nd mercury 

• 0 . 0241 Ca ncer dea th every 
1 00 years from i ntrus i on i nto 
the wa ste 

ALTERNAT I VE 2 ( GLAS S )  

• Cost $ 7 3 5  m i l l i o n  

• 1 . 1 5-Megawa tt energy demand 

• 1 250 Ma n-rem rou t i ne worker dose 

• 0 . 00000549 Cancer dea th from 
rou t i ne rad i ol og i ca l  re l eases 

• 0 . 00000000 1 6  Ca ncer death from 
g rou ndwa ter contam i nated by 
rad i onuc 1 i des 

• 0 Death from groundwater 
c ontam i na ted by cadm i um 
and mercury 

• 0 . 001 56 Cancer dea t h  every 
1 00 years from i ntrus i o n  
i nto the waste 

2 - 78 

EFFECTS FROM ABNORMAL EVENTS 

• 1 7 . 9  Worker i nj u r i es 

. '  0 . 207 Worker fata l i ty 

• 1 7  Ca ncer deaths 
from a i rc ra ft i mpact a t  0 . 0000002 
per year proba bi l i ty of event 

• 449 Cancer deaths from 
severe geo l o g i c  event a t  
0 . 00000001 per year proba bi l i ty 
of event 

• 0 . 0001 26 Cancer death 
from l i v i ng over wa s te a t  
0 . 0 1 per year proba b i l i ty 
of event 

• 7 1 . 8  Worker i nj uries 

• 0 . 57 9  Worker fa ta l i ty 

• 0 . 30 Ca ncer death from 
opera t i o n a l  acc ident at 0 . 1 0  
per yea r proba b i l i ty of event 

• 1 7  Ca ncer dea ths from a i r-
craft i mpact a t  0 . 0000002 per 
year proba b i l i ty of event 

• 449 Ca ncer deaths from a 
severe geol og i c  d i sruption 
a t  0 . 00000001 per year 
proba bi l i ty of event 

• 0 . 0001 06 Ca ncer death from 
l i v i ng over wa s te a t  0 . 01 per 
yea r  proba bi l i ty of event 

• 56 Worker i nj u r i e s  

• 0 . 3  Worker fata l i ty 

• 0 . 39 Cancer death from oper-
a t i ona l acc i dent 

• 1 7  Ca ncer deaths from a i rcra ft 
i mpac t  a t  0 . 0000002 per year 
proba bi l i ty of event 

• 449 Ca ncer deaths from severe 
geol og i c  d i s ru p t i on at 0 . 00000001 
per yea r proba b i l i ty of event 

• 0 . 00001 7 2  Cancer dea th from 
l i v i ng over wa s te at 0 . 0 1  per 
year proba b i l i ty of event 



TABLE 2-9 
SUMMARY OF S IGN I F I CANT ENV I RONMENTAL EFFECTS 

(conti nued ) 

EFFECTS FROM CERTAIN -TO-OCCUR EVENTS EFFECTS FROM ABNORMAL EV ENTS 

AL TERNAT I V E  3 ( STAB I L I ZED CALC I NE )  

• Cos t  $645 mi l l i on • 85 Worker i njuries 

• 0 . 57 -Megawatt energy demand • 1 . 14 Worker fatal i t i es 

• 1 220 Man-rem routi ne worker dose • 0 . 30 Cancer death from oper-
a t i onal acc i den t a t  0 . 10 

• 0 . 00000001 20 Cancer death from probab i l i ty of even t 
routi ne rad i o l ogical  rel ea ses • 1 . 1 2 Cancer deaths from wa ste 

• 0 . 055 Cancer death from exposure s h i pment acci dent at 0 . 00002 
d u r i n g  wa s te s h i pment per year proba b i l i ty of event 

• 17 Cancer deaths from a i rcraft 
acci dent a t  0 . 0000002 per year 
probab i l i ty of event 

• 157 Cancer deaths from sol u t i on 
m i n i ng at 0 . 000001 per year 

AL TERNAT I VE  3 ( GLAS S )  
proba bi l i ty o f  even t 

• Cost $ 1090 m i l l i on • 90 Worker i nj u r i es 

• 1 .  I S-Megawatt energy demand • 1 . 52 Worker fa ta l i ti es 

• 1 370 Ma n-rem rout i ne worker dose • 0 . 30 Cancer death from oper-

• 0 . 00000549 Cancer dea th from 
ati onal acci den t at 0 . 10 per 

rout i ne rad i o l ogical  rel eases 
year proba b i l i ty of event 

0 . 083 Cancer death from expos u re 
• . 0 146 Cancer death from • was te s h i pment acc i dent 

duri ng waste s h i pment at 0 . 00003 per year probabi l i ty 
of event 

• 17 Cancer deaths from a i rcraft 
i mpac t a t  0 . 0000002 per year 
proba bi l i ty of event 

• 157 Cancer deaths from sol uti on 
m i n i n g at 0 . 000001 per year 
probab i l i ty of event 

ALTERNAT I V E  4 

• Cost $560 mi l l i on • 1 25 . 4  Wor ker i nj ur i es 

• 1 . 60-Megawatt energy demand • 1 . 04 Worker fata l i ti es 

• 1 7 27 Man- rem rou t i ne worker dos"e • 0 . 30 Cancer death from oper-
a t i onal acci dent at 0 . 10 

• 0 . 00000001 3 5  Cancer death from per year probab i l i ty of event 
rou t i ne rad i o l og i cal rel eases • 1 . 1 5  Cancer deaths from wa ste 

• 0 . 00287 Cancer death from s h i pment acci dent at 0 . 00000007 
exposure during waste shi pmen t per year proba bi l i ty of event 

• 0 . 000718 Cancer death from • 17 Cancer dea ths from a i rcraft 
g roundwater contami na ted by i mpac t a t  0 . 0000002 per year 
rad i on u c l i des proba bi l i ty of event 

• 5 Deaths from groundwater contam- • 316 Cancer deaths from severe 
i na ted by cadm i um and mercury geol o g i c  d i srupt i o n  at 0 . 00000001 

• 0 . 0196 Cancer death every 
per yea r probabi l i ty of event 

1 00 years from i ntrus i on • 1 57 Cancer deaths from so l ut i on 
i nto the wa s te m i n i ng a t  0 . 000001 per year 

proba bi l i ty of event 

• 0 . 00000253 Cancer death from 
l i v i ng over wa ste at 0:01 per 
year proba bi l i ty of event 
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TABLE  2-9 
SUMMARY OF S IGN I F ICANT ENV I RONMENTAL EFFECTS 

( concl uded ) 

EFFECTS FROM CERTA I N-TO-OCCUR EVENTS EFFECTS FROM ABNORMAL EV ENTS 

ALTERNATIVE  5 ( SOO-YEAR DELAY ) 

• 
• 
• 
• 

• 

Cost $1 060 mi l l ion 

1 . 1 5-Megawatt energy demand 

1 7 7  Ma n-rem rou t i ne worker dose 

0 . 0000000000255 Cancer death from 
rou t i n e  rad i ol og i c a l  rel eases 

0 . 1 1 3  Cancer dea th from exposure 
d u r i n g  wa s te s h i pmen t 

• 
• 
• 

• 

5 5 . 2  Worker i nj u r i e s  

0 . 66 Worker fa ta l i ty 

0 . 00255 Cancer death from 
opera t i on a l  acc i dent at 0 . 10 
per year proba bi l i ty of event 

0 . 000629 Cancer dea th from 
wa ste s h i pment acc i dent a t  
0 . 00003 p e r  year proba b i l i ty 
of event 

• 1 7  Cancer deaths from a i rcraft 
impact a t  0 . 0000002 per yea r 
proba bi l i ty of event 

• 7 2  Cancer deaths from sol u t i on 
m i n ing at 0 . 000001 per yea r 
proba b i l i ty of event 

a For perspec t i ve .  radi ol og i c a l  effects can be compared wi th ca ncer deaths 
e x pec ted to resu l t from bac kground rad i a t ion a nd dea ths from a l l  causes 
of cancer . Hea l th effects at the INEL a re estima ted for the projected 
popu l a t i on res i d i ng in the 50-mi l e  area s urround i ng the I C P P  i n  2020 
( 303 . 000 peopl e ) . Heal th effects a t  the federa l reposi tory a re based on 
the popu l a t i on est ima ted in the envi ronmenta l impact s ta tement for com
merc i a l l y  generated rad i oac t i ve waste ( 2 . 000 . 000 peop l e )  ( DOE . 1 9S0b ) .  

Estima ted ca ncer deaths from yea r (,f ba ckground rad i a t i o n  are 

at the INEL . 3 . 4  to 10 . 5  a nd 
a t  the reposi tory. 1 9 . 5 to 59 . S .  

E s t i ma ted c a ncer death s from a l l ca u ses are 

a t  the I NEL . 50 . 900 and 
a t  the repo s i tory . 336 . 000 . 

b Numbers reported i n  thi s ta b l e  are not rounded off so tha t they ca n 
be traced from chapter to cha pter throughout the doc ument . Roundi ng 
off ( e g  1 7 . 9  to IS) wou l d  be more i nd i ca t i ve of the degree of accuracy . 

2-80 



• Alternative 4 uses about twice a s  much energy a s  the other 

p rocesses because of the extra p roce s s ing s teps of actinide 

s eparation and recalcination . The maximum energy demand i s  

e quivalent to the annual electrical demand by 250 homes in 

Idaho Fal l s . 

• Actinide removal (Alternative 4)  does not el iminate nonradi

ological ' e ffects  at the INEL because cadmium is not removed 

during the actinide s eparation p rocess and would , therefore , 

be disposed a t  the INEL in the actinide-depleted waste . 

• The e ffects which a re certain to occur from radionucl ide con

tamination of groundwater , routine releases , intrusion into 

the was te , and l iving on land contaminated by the waste 

(Alternat ives 1 ,  2 ,  and 4)  a re not s ignificant . They a re 

unl ikely to result in health effects which can be specifica lly 

related to exposure to was te radionuclides . 

• The risk to workers for all  a lternatives i s  la rger than the 

risk to the population . 

• Worker doses range from no additional dose in the case of Al

ternative 1 ,  to 1 , 728 man-rem for Alternat ive 4 ,  but in no 

alternat ive will doses  come close to exceeding any occupa

tional exposure guidel ine s . Worker doses  are not cons idered 

to be a s i gnificant detrimental e ffect for any a l ternative . 

• After decay has occurred during the SOO-year delay period in 

Alternative 5 ,  worker doses  would be reduced by about a fac 

t o r  of 1 0  compared t o  Alternative 3 ,  but institutiona l con

trols would be required throughout the delay period . 

• The potential worker inj uries and fata l ities from construction 

and ope ration of facil ities for the va rious a l ternatives are 

compa rable to o r  less  than th� �e usua l ly experienced in s imi

lar  industries . 
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• The aircraft accident caus e s  the s ame effects for a l l  a lterna

tives s ince it is  assumed to happen while the calcine i s  still  

at the INEL . The 17  cancer deaths that might be related to 

s uch an event a re certainly of concern , but the overal l  risk  

to  the public  is  not considered significant in view of the low 

probabi lity that the event wil l  happen ( 1  event every 

10 million years ) .  

• The larges t  potentia l environmenta l  impact for Alternatives 1 ,  

2 ,  and 4 would be from s evere geologic disruption of  the 

was te . Should such an event occur , it is  pos s ible that the 

e ffects of the event itself would be much greater than the 

deaths that would result from radioactive contamination . Most 

of  the dose would come from the long-lived transuranic 

elements , s o  decay would not reduce the effects very rapidly . 

The probab i lity of  such an occurrence in the next several 

thousand yea rs is a lmost zero . The probability of  such an 

occurrence in the long-term is speculative . 

• An offsite geologic repository (Alternatives 3 ,  4 ,  and 5 )  does 

not offer protection against all risks . In fact , a solution 

mining accident at the repos i to ry (in s a l t )  would have greater 

potentia l impact than the ai rcraft impact accident at the 

INEL . 

• The basic  t rade-off is  ons ite versus offs ite disposal .  Ons ite 

disposal has certain long-term risks . These risks are ground

water contamination , which is cons idered certain to occur , and 

an a i rcraft impact and a severe geo logic disruption which are 

only potential  risks . Offs ite dispos a l  i s  a ssociated with 

short-term effects such a s  worker doses , energy use ,  and high 

implementation cost . The ques tion implicit in evaluation of  

these  trade-offs and selection o f  an alternative i s , what 

human effe ct s , resource use , and economi c cost s hould be 

expended now a s  a premium to insure against future risks? 
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This draft EIS does not indicate which alternative is the preferred 
alternative . The DOE will designate the preferred alternative in the 
final EIS after it has given careful consideration to the comments 
received on the draft EIS and the analysis of the many trade-offs by the 
public and other government agencies . 
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SECTION 3 
Affected E n v i ronment 





• 

3 . 0  AFFECTED ENVIRONMENT 

this section des cribes the 

environmental setting of the Idaho 

National Engineering Laboratory 

( INEL) and of  the Idaho Chemical 

Processing Plant ( I CPP) in particu

la r .  Mo re detailed information is  

available in the environmental 

evaluations of  the INEL waste man-

agement operations (ERDA , 1977 )  . 

The INEL is located on the northwest 

ma rgin of the eastern Snake River 

Plain , a semiarid area overlain by 

recent basaltic lava flows . The INEL covers 894 square miles in 

sparsely populated southeastern Idaho . The ICPP , located in the south 

central portion of the site , lies in Butte County (see location map , 

Figure 3- 1 ) . 

3 . 1  Phys ical Envi ronment 

The obj ective of this subsection is to summarize the va rious geo

logical , hydrological , and meteo rological factors essential for conduct

ing an accurate environmental assessment for dispos ing of high-level 

radioactive waste at the ICPP . 

3 . 1 . 1  Geology 

The Snake River Plain is a crescent-shaped va lley of  19 , 260 squa re 

miles . It  is app roximately 200 miles in length , varies in width from 50 

to 100 miles , and is bo rdered on the north and northwest by the Lost 

Rive r ,  Lemhi , and Beaverhead mountain ranges . The valley consists of  

basaltic flows and interbedded sedimentary strata overlain by  success ive 

wind- and water-depos ited sediments . (Kuntz , 1978 and 1980 ; Nace , 

et al . ,  1972 and 1975 ) . 
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K E Y  
ARA .. A u x iliary Reactor Area 
CFA • Central Facilities Area 

EBR 1 = Experimental Breeder Reactor 1 
(Historical Monument) 

ICPP .. Idaho Chemical Processing Plant 
l ET = Initial Engineering Test 
LOFT = Loss-ot·Fluid Test 
N R F  .. Naval Reactor Facility 
PBF/SPERT = Power Burst Facility/Special Power 

Excursion Reactor Test 
RWMC • Radioactive Waste Management Complex 
TRA .. Test Reactor Area 
TSF .. Test Support Faci lity . 
WRRTF = Water Reactor Research Test Facility 
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Figure 3 - 1 . Lo c a tion Map o f  the lNEL . 
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The 12 , 000- foot peaks of  the adj acent mountains are in sharp 

contrast to the plain which rises gently from an elevation of 2300 feet 

in the west to 6000 feet in the eas t .  At the ICPP , the elevation is  

approximately 4 , 920 feet . 

The Snake River Plain is the product of  extens ive geologic 

activity .  The bordering mountain ranges cons ist of  Pa leozoic and 

Mesozoic rocks (63 to 600 million years old) , folded and intruded and 

later uplifted along the maj o r  faults during Bas in and Range tectonism . 

A generalized geologic map of  the eastern Snake River Plain is shown in 

Figure 3-2 . The rift zones ( see discus s ion in Subsection 3 . 1 . 2 ) in the 

Snake River Plain appear to be extens ions of the range- front faults in 

the adj oining mountains . This suggests that the Basin and Range 

structures may continue beneath the plain . Tectonic development in the 

plain , however ,  is expressed in the form of volcanic rift zones . 

3 . 1 . 2  Volcanic Activity 

Except for small  areas along the mountain fronts and three buttes 

( rhyolite domes) , the entire INEL area is underlain by a succession of 

basaltic lava flows ranging in age from 13  million years to the present . 

The basalt was formed chiefly from pahoehoe-type lavas . The flows have 

been extruded from rifts and from volcanoes whose locations are rift

controlled . The flows formed layers of  hard rock whose thickness varies 

from 10 to 100 feet . The flows are fractured and fissured , and have 

variable vertical permeability .  The phys ical characteristics and 

horizontal distribution of the flows also vary . Unconsolidated 

material , cinders , and breccia are interbedded with the basalt . The 

beds are nearly horizontal , and no significant structural deformation is  

evident . 

Volcanic occurrences on the Snake River Plain have tended to 

localize on rift zones . Rift zones and volcanic structures near and at 

the INEL are shown in Figure 3-3 . The ICPP could be affected by 

volcanic activity in the Arco Rift Zone and to a lesser extent by 

activity in the Howe-East Butte Rift Zone . 
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The Arco Rift Zone extends 30 miles southeastward from the north 

margin of the Snake River Plain at Arco to the longitudinal axis of the 

plain near Atomic City .  Located along the Arco Rift Zone are 

extens ional fractures , a graben structure , rifts , and numerous basalt 

volcanoes . The youngest basalt flows in the Arco Ri ft Zone a re 

approximately 10 , 500 to 12 , 000 years old . 

It  is inferred that these basalt rocks a re underlain by geologi

cally older volcanic and sedimentary rocks , perhaps ranging in age from 

25 to 600 million years . Rhyolitic volcanic rocks , ranging in age from 

approximately 4 to 10 million years , are exposed along the north and 

south margins of  the Snake River Plain . These rocks a re presumed to 

underlie the basalt beneath the site . 

A recent study of the Arco Rift Zone (Kuntz , 1978)  has led to the 

conclusion that the region has been volcanically active for the last 

400 , 000 years , that it has been the location of  much of the geologically 

recent volcanic activity in the Snake River Plain , and that it is likely 

to be the site of future volcanic action . 

Future volcanic occurrences are postulated to be o f  the same types 

that currently characterize the plain : shield volcanoes , fis sure 

eruptions , and lava cones . A small  but significant number of  eruptions 

in the Snake River Plain have been of the hydromagmatic type . These 

were moderately violent eruptions that occurred when the molten lava 

encountered groundwater at relatively shallow depths . Volcanic material 

ej ected from this type of  volcano was dispersed as far as 3 miles from 

its source . 

The most recent volcanic activity in the region occurred about 1500 

to 2000 years ago at the present site of  the Craters of  the Moon 

National Monument , approximately 30 miles southwest of the ICPP . This 

area l ies in the Great Rift Zone (see Figure 3-3 ) . The mean recurrence 

interval for all types of volcanic activity in the Arco-Big Southern 

Butte area (see area outlined in Figure 3-3) is suggested to be 3000 

years (Kuntz , 1978) . 
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3 . 1 . 3  Hydrology 

Surface water at the INEL consists of three streams that drain 

through mounta in valleys : Big Lost River , Little Lost River , and Birch 

Creek .  All three streams are intermittent on the INEL . These three 

drainages terminate in four playas in the north-central part of the 

INEL . No surface streams leave the site . Activities at the ICPP would 

have little effect on these water bodies . However ,  the ICPP is within 

the flood plain of the Big Lost River (Figure 3-4) . 

The Snake River Plain Aquifer 

The Snake River Plain Aquifer underlies the INEL area . The aquifer 

is approximately 200 miles _ long by 30 to 60 miles wide , comprises an 

area of about 9 , 600  square miles , and is characterized by a high degree 

of heterogeneity . It is composed of thin basalt flows with interbedded 

layers o f  sediments . Most of  the permeable zones occur along the upper 

and lower edges of  the basaltic flows which have large irregular 

fracture fissures and voids . The thickness of  the aquifer has not been 

established , but three holes drilled recently at the INEL indicate that 

the thickness of the more permeable part is between 1000 and 2500 feet . 

The depth to the aquifer at the INEL varies from 200 feet in the 

northeast corner to 900 feet in the southwest corner and is 

approximately 450 feet below the Iepp . 

Average flow rates vary due to the aquifer heterogeneity .  Studies 

conducted at the INEL indicate natural flow rates in the range of 5 to 

20 feet per day with an average near 10 feet per day (Barraclough and 

Jenson , 19 76 ; Mundorff , et al . , 1964) . However ,  these locally measured 

rates are not necessarily representative of all flow rates throughout 

the aquifer (ERDA , 197 7 ) . 

Groundwater flow is predominantly to the southwest ,  recharging in 

the north and northeastern margin of the basin and discha rging to the 
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south and southwestern areas (Figure 3-4) . The annual discharge of the 

aquifer is  approximately 6 . 5  million acre- feet (2 . 12 x 1012 gallons ) 

(Norvitch , et a1 . , 1969 ) . Most of  the discharge occurs a s  irrigation 

withdrawals and as springs nea r  Hagerman and in the region west of  

Pocatel lo . 

The aquifer not only ' provides  water for the INEL operations but 

also supplies  agriculture and other industries . Water from springs 

emerging in the Twin Falls-Hagerman area is used to raise fish com

mercially . The spring water flow of 1600 cubic feet per second 

constitutes 76 percent of the water used for the commercial production 

of fish in Idaho . 

The visitor center at the Experimental  Breeder Reactor I (EBR- I ) , 

6 miles south of  the ICPP , is  supplied with drinking water from the 

aquife r .  Monitoring of  this  wel l  for tritium indicates that the wel l  is 

relatively unaffected by current Iepp operations (ERDA , 1977 ) . Other 

withdrawals  from the aquifer downgradient from the I CPP occur at two 

wells  which serve the Central Facilities Area , 4 miles south of the 

JCPP . Atomic C ity , 1 1  miles south , depends on the aquifer for both 

domestic and irrigation water supp lies . The effects of  aquifer contami

nation which could result from the release of calcine waste a re analyzed 

for three hypothetical wells  in Appendix A and discus sed in Section 4 of  

this EIS . 

At various locations beneath the INEL site , there are zones of 

perched water above the aquifer (see Figure 3-5 ) . Recharge effects from 

the Big Lost River are very pronounced in the Snake River Plain Aquifer 

and in the perched water beneath the river . Perched water has also been 

. found beneath the I CPP . It occurs in the shallow alluvium and in the 

basalt at a depth between 340 and 420 feet (Robertson , et a1 . , 1974) . 

The U . S .  Geological Survey (USGS) routinely monitors the perched water 

for the p resence of radionuclides and chemical pollutants . 
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3 . 1 . 4 Seismology 

The INEL is located in Seismic Zone 3 ,  as defined by the Uniform 

Building Code , an area where maj or destructive earthquakes may occur 

(ERDA , 1977 ) , but no earthquake cons idered destructive [modi fied 

Mercalli s cale intensity IX or higher (approximately 6 . 8  on the Richter 

scale) ] has been recorded in the Snake River Plain . Between 1884 and 

1976 , 67 earthquakes with an intensity equivalent to a modified Mercalli  

scale intensity o f  V (approximately 3 . 8  on  the Richter scale) , or  

greater ,  have occurred in the eastern portion of  the Snake River Plain . 

Of these , 29 had epicenters in Idaho , with many of  the epicenters lying 

in o r  near the mountains surrounding the eastern Snake River Plain . 

Earthquakes at the INEL have reached a modified Mercalli intensity o f  V 

or  VI , ( 3 . 8  or  4 . 5  on the Richter scale) . The most recent large 

earthquake , accompanied by surface faulting about 100 miles northeast of  

the INEL , occurred in August 1959 . I t  did not cause any damage at  the 

INEL . 

The USGS conducted a microseism study in 1968- 1969 to determine 

whether the Arco or Howe faults located a few miles from the INEL 

boundary , or poss ib ly other faults in the region , are sources of  

microseisms . No  seismic activity was detected in  the vicinity of  the 

INEL . The absence of  microseisms , however ,  does not preclude the 

possibility that the earth ' s crust in this region contains stored 

elastic strains . Such strains might be released by slippage a long a 

dormant fault to produce an earthquake . 

Five seismographs record vertical motion at Howe Peak (northwest of  

the INEL ) , at  Taylor Mountain ( southeast of  Idaho Fal ls ) , at  Hame r ,  

Idaho (northwest o f  the INEL ) , at Cedar Butte (west of Atomic City) , and 

at Juniper Gulch (north of Monteview) . This instrument network is  

capable of  detecting microseisms from the strain accumulating along 

faults in the mountains . It  will also detect any mic roseisms that would 

precede volcanic activity in the Snake River Plain.  To date , 

microseisms have been detected in the adj acent mountains and in distant 

locations , but no seismic activity has been identified as originating 

beneath the INEL . 
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3 . 1 . 5 Topography and Soils 

The topographic s�rface of the INEL ranges in elevation from 4 , 692 

to 7 , 448 feet above sea level . The soils present at the INEL vary in 

texture and mineral composition (McBride , et al . ,  1978) . This is a 

consequence of  the types of rocks from which the soils  were derived . 

The soil at the ICPP cons ists of  clay soil and sandy gravel with lenses 

of  silty sand to a depth of approximately 40 feet . The sandy loam and 

loess generally found at the INEL are depos its derived largely from 

windblown sands . These soils have di fferent ion exchange properties and 

sorption characteristics . The clay soil tends to have a higher sorption 

rate than the sand and gravels because of its larger surface area and 

different chemical composition . Figure 3-6 indicates the i rrigation 

potential of the INEL . 

Although the soils at the INEL are classi fied as having acceptable 

eros ion rates fo r agricultural uses , other factors , such as L mited 

moisture retention and annual precipitation , severely restrict the 

potential use of  the land area for crop production (USDA , 1975 ; 

ERDA , 1977 )  as described in Subsection 3 . 3 .  

3 . 1 . 6 Meteorology* 

Temperature , wind , precipitation , evaporation , relative humidity ,  

and severe weather conditions measured at locations near the ICPP are 

discussed in this subsection . Meteorological and climatological data 

summarized in this subsection are from a monitoring program conducted by 

the National  Oceanic and Atmospheric Administration (NOAA) at the INEL.  

* This  subsection is  based on data collected from 1954 to 1966 
(Yanskey , et al . , 1966 ) . Data collected since 1966 are being 
prepared for publication . These data are generally cons istent with 
previous data . Most of the data reported in this section were 
gathered at  the INEL ' s  Central Facilities Area , approximately 
4 miles south of the Iepp . 
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3 . 1 . 6 . 1  Climate 

The climate of the Snake River Plain is characteristic of a semi

arid steppe a rea . The topographic features that affect local weather 

patterns are the northeast-southwest orientation of the plain and the 

mountain ranges . Air masses entering the Snake River Plain must first 

cross mountain barriers where much of the moisture precipitates . There

fore , rainfal l  at the lNEL site is light . 

During the 22-year period of record , temperature extremes at the 

lNEL have varied from a low of -43°F in January to a high of 103°F in 

July . During winter ,  the average maximum temperature is approximately 

31°F ,  and the average minimum is approximately 6°F . Summer data indi

cate an average maximum temperature of 83°F and an average minimum of 

about 46°F . 

Weather conditions at the lNEL include temperature invers ions . 

Winds and clouds as sociated with stormy weather may prevent normal 

nighttime invers ions . Daytime invers ions may occur during the season of 

lowest sun angle (winter)  and extend into spring if a snow cover is 

present . 

The lNEL site is in a belt of westerly winds that a re channeled by 

the terrain into a prevailing southwest-to-northeast direction . During 

the summer months , a very sharp diurnal reversal in wind direction 

occurs . Winds blowing from the southwest (ups lope) predominate during 

daylight hours , and northeasterly winds prevail  at night . A reversal 

norma lly occurs a few hours after sunrise and again shortlf after sun

set . 

The average hourly wind speed reaches a minimum of about 5 miles 

per hour in December and a maximum of 9 miles per hour in April and May . 

The greatest hourly average speed was 5 1  miles per hour from the west

southwest (measured at a 20- foot level at the Central Facilities Ar�a) .  

The highest instantaneous speed recorded at  this level was 78 miles per 

hour , with the wind from the west-southwest .  Calm conditions prevail 
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10 percent of  the time . Strong wind gusts can occur in the iDlllediate 

vicinity of thunderstorms . These gusts are usually quite localized and 

of short duration . 

One mechanism for the transport of  radionuclides at the Iepp in the 

event of a maj or  accident is the wind ; it could carry radionuclides to 

population centers and agricultural areas a round the INEL . Simultaneous 

measurements of wind velocity and direction are made at numerous loca

tions on the Snake River Plain . These data were used to determine the 

atmospheric dispers ion characteristics of  the INEL which are discussed 

in Appendix A .  

The average annual precipitation a t  the site i s  8 . 5  inches . The 

maximum precipitation occurs during May and June and the minimum in 

July . During the 22-year period of record , there have been 1 1  occasions 

when 1 . 0  inch or more of rain fell in a 24-hour period . The greatest 

rainfal l  in a 24-hour period was 1 . 73 inches in June 1954 . Only once 

has more than 0 . 5  inch of rain fallen in 1 hour ; that occurred on 

June 10 , 1969 , when 1 . 19 inches fell .  

Snowfall at the s ite ranges from a low of  about 12 inches pe r year  

to  a high of  about 40 inches per yea r ,  with an annual average of 26  

inches . Normal winter snowfall  occurs from November through April , 

a lthough occasional snow storms occur in May , June , September , and 

October .  

The potential annual evaporation from saturated ground surface at 

the INEL s ite is approximately 36 inches . Eighty percent of this 

evaporation occurs between May and October . During the warmest month 

(July) , the potential daily evaporation rate is  approximately 0 . 25 

inches/day . During the coldest months (December through February) , 

evaporation is low and may be insignificant . Actual evaporation rates 

a re much lower than potential rates because the ground surface is rarely 

saturated . Evapotranspiration by the sparse native vegetation of the 

Snake River Plain is  estimated at between 6 to 9 inches per year .  

Periods when the greatest quantity o f  precipitation water i s  availab le 

3-15 



for infiltration ( late winter to spring) coincide with periods of 

relatively low evapotranspiration rates (Mundorff , et a l . , 1964) . 

The average relative humidity at the lNEL site ranges from a 

monthly minimum of 15 percent in August to a monthly average maximum of 

89 percent in February and December . On a dai ly basis , humidity reaches 

a maximum at the time of the lowest temperature j ust before sunrise , and 

a minimum near the time of the highest temperature late in the after-

noon . 

3 . 1 . 6 . 2  Severe Weather Conditions 

An average of two or three thunderstorms occurs during each of the 

months from June through August .  The surface effects from thunderstorms 

over the Snake River Plain are usually much less severe than those 

experienced east of the Rocky Mountains or even in the mounta ins 

surrounding the plain.  Although small  hailstones frequently accompany 

the thunderstorms , damage from hail has not occurred at the lNEL . 

Since 1949 , no confirmed tornadoes have occurred within the 

boundaries of the s ite . Ten confirmed and three unconfirmed funnel 

clouds (vortex clouds that do not reach the ground) have been observed 

at the site since 1954 . Two small  unconfirmed tornadoes which caused no 

damage have touched down j ust outside the boundary . 

3 . 2  Ecology 

Extens ive surveys of the flora and fauna indigenou's to the lNEL 
have been conducted s ince before the s ite was established . The ecology 

of  the s ite , which has been des ignated as a National Environmental 

Research Park , is being investigated . Studies of the movement , 

accumulation , and effects of radionuclides on wildlife are continuing 

(Markham , 1976 and 1978) . These studies are discus sed in Subsection 

3 . 5 . 3 . 3 . 
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3 . 2 . 1 Flora 

The diversity of  the ecosystems in the lNEL a rea is due partly to 

the moderate elevation gradient of the Snake River Plain . Numerous 

vegetative complex�s or cODllluni ty types a re found . A generalized map 

depicting the distribution of the vegetation types found at the lNEL is 

shown in Figure 3-7 . The maj or types a re sagebrush (Artemisia 

tridentata ) ,  lanceleaf rabbitbrush (Crysothamnus viscidiflorus ) ,  per

ennial herbs , and a variety of grasses (ERDA , 1977 ) . 

A plant species inventory containing 389 species representing 

56 botanical families and 213 genera has been documented (Jeppson and 

Holte , 1978) . The most diversified botanical family represented is the 

sunflower family . The Big Lost  Rive r ,  Little Lost  Rive r ,  and Birch 

Creek account for the presence of some riparian vegetation . No plants 

on the federal list of endangered or threatened species have been 

observed on the site . 

3 . 2 . 2  Fauna 

Small mammals found on the s ite include chipmunks , ground 

squirrels , several species of mice , kangaroo rats , and rabbits . La rge 

mammals \nclude coyotes , bobcats , and antelope . Pronghorn antelope 

inhabit the lNEL a rea throughout the yea r ;  however ,  many of the antelope 

are migratory . The antelope occasionally fawn on the site in the spring 

as they move northward into the Birch Creek and Little Lost River 

valleys . 

Sage grouse and pheasants are the only res ident game birds in the 

lNEL area . However , hunting is not permitted . In addition to raptors 

and other indigenous and introduced species of birds , some migrant 

species pass through the area . These migratory birds include doves , 

larks , hawks , ducks , geese , and golden and bald eagles . The only en

dangered species of bird occas ionally frequenting the s ite are the 

peregrine falcon and bald eagle . Reptiles represented on the site 

include liza rds and a few species of snakes (Sehrnan and Linder ,  1978) . 
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Figure 3-7 . lNEL Vegetation Map . (Modified from McBride , 1978 . )  

3-18  



3 . 3  Land Use 

The INEL s ite is committed for energy resea rch and development , and 

is des ignated a National Environmental Research Park . App roximately 

95 percent of the 894 square miles in the research park has been 

withdrawn from the public domain . The remainder of the land is 

control led by the DOE . A series of Public Land Orders (PLOs ) , dating 

back to 1946 , has established the present uses of the s ite . Lands 

originally under the control of the Bureau of Land Management were 

withdrawn from the public domain under three principal Public Land 

Orders : PLOs 3 18 ,  545 , and 637 , dated May 13 , 1946 , January 7 ,  1949 , 

and April 7 ,  1950 , respectively . Six other PLOs pertaining to the INEL 

lands have been issued . These orders primarily concern the transfer of 

managerial responsibilities and do not a ffect the basic purpose and 

intent of the original PLOs . The ICPP lies in the area withdrawn under 

PLO 3 1 8 .  

Existing facil ities on INEL lands are widely spaced for increased 

safety . They occupy a very small  percentage of the 894 square miles of 

available land . 

Approximately 330 , oqo acres of the INEL are open to controlled 

grazing by cattle or sheep . The areas allocated for grazing at the site 

are mutually agreed on by the DOE and the Department of the Interio r ,  

and the grazing permits are administered through the Bureau o f  Land 

Management . Grazing is prohibited within 2 miles of any nuclea r 

facility and no dairy cows are allowed . The ICPP is not included in the 

grazing zone ; but it is within 4 miles of the zone . 

Other uses of the land are severely limited because of the climate , 

lava flows , and general desert soil characteristics . The only lands at 

the site suitable for farming are near  the terminations of the Big and 

Little Lost Rivers , near  the town of Howe , and to a distance of 8 miles 

southeast from Howe . Arable land with a moderate irrigation limitation 

is present on both s ides of the Big Lost  River and in the remains of the 

lake bed of prehistoric Lake Terreton (between Mud Lake and Howe ) . The 
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remainder of the INEL , approximately 65 percent of  the surface area , has 

a low water-holding capacity , is rocky or covered with basalt , or is 

class ified as having moderate to severe limitations for agricultural 

irrigation . 

The Office of Budget and Policy Planning , State of Idaho , has 

indicated that the. state does not have plans or policies specifically 

related to land use either adj acent to , or within the boundaries of , the 

INEL . The Eas t-Central Idaho Planning and Development Association 

(ECIPDA) is a regional economic planning agency serving a nine- county 

region that encompasses most of the INEL . Neither the ECIPDA nor the 

State of Idaho has any policies or plans that involve lands or 

activities near the INEL . Butte County , which encompasses most  of  the 

INEL land , is  sparsely populated . Since the county does not have a 

policy plan , comprehensive plan , or zoning ordinance , no plans or 

policies specifically related to land use are avai lable . The Bureau of 

Land Management continues to administer road and uti lity rights -of-way 

for facilities other than those at the INEL . The BLM also ha s prepared 

an environmental statement on range management for the Little Lost 

River-Birch Creek Planning Unit , which includes the northern portion of 

the INEL . 

3 . 4  Cultura l Resources 

3 . 4 . 1 Archaeological and Historical  Sites 

Management procedures in effect at the INEL prescribe measures for 

protecting any antiquities or historic sites , as required by the 

Antiquities Act of 1906 and the Hi storic Sites Act of 1936 . The 

obj ective of these procedures is to avoid loss of material that may have 

archaeological and historical value . Archaeological surveys of the INEL 

were performed during 1967- 1969 and again in 1970- 1972 (ERDA , 1977 ) . 

These surveys have uncovered evidence that man has been in eastern Idaho 

for perhaps 10 , 000 to 12 , 000 years . The locating and surveying of sites 

and the preservation of antiquities continue . 
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The Idaho Histo ric  Preservation Officer reports that EBR I ,  a 

National Historic Landmark , is the only historic site at the INEL . How

eve r ,  other sites of a rchaeological interest occur on the INEL site . A 

consulting a rchaeo logist is retained to evaluate and protect any 

cultural resources, that may be unearthed during any maj or  construction 

activity at the site . 

3 . 4 . 2  Population Characteristics and Economic Setting 

The demographic and socioeconomic characteristics ba sic to the 

evaluations in this EIS are discussed for the counties which have 

territo ry within the study area . The study area is de fined by a 

50-mile- radius circle centered at the ICPP . The Fort Hall  Indian Reser

vation lies partially in this area . The City of  Pocatello and other 

communities are j ust outside the study area but have been included in 

the population statistics because of  their proximity to the site .  

There are no permanent residents at the INEL and no populated areas 

within about a 10-mile radius of  the ICPP . The populations of the pri

mary centers surrounding the ICPP are given in Table 3- 1 .  The nearest 

permanent res idents are in  Atomic City (population 25 ) which is located 

to the southeast of the ICPP . The total population within the study 

area in 1970 was approximately 130 , 000 . The population distribution for 

the study area is shown in Figure 3-8 . 

TABLE 3-1  

PRINCIPAL POPULATION CENTERS AROUND THE ICPP 

Distance From Direction From 1970 
City the ICPP (miles)  the ICPP PopUlation 

Arco 19 West  1 , 200 

Blackfoot 37 Southeast 8 , 700 

Idaho Falls  42 East 37 , 100 

Pocatello 52 Southeast 39 , 000 
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Figure 3-8 . Distribution of the 1970 Population Around the INEL 
Centered at the ICPP . 
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The growth characteristics of the cities and towns around the ICPP 

are similar to those of the rest of the state . The pattern has been 

migration from rural to urban areas (Caldwell , 1970 ) . The . net result is 

a sustained growth of population centers , although outlying areas are 

decreas ing in population . The population growth assumption used in this 

EIS is linear growth for 150 years reaching a level five times the 1970 

census , with a constant population thereafter . This proj ection yields a 

50-mi le radius population of app roximately 199 , 000 in the year 1990 and 

a maximum population of approximately 650 , 000 by the year  2120 . 

The INEL contributes to the economic stability of the s tudy area . 

The estimated 1979 payroll  for 9 , 740 employees is $200 million . In 

June 1978 , the INEL employed approximately 9 , 400 people , about 80 per

cent of whom were working at the site ; the remaining 20 percent were em

ployed in support activities in Idaho Falls . The employment population 

of the INEL is approximately 4 , 300 during the day shift . About 950 per

sons are employed during the other rotating shi fts . There are 600 em

ployees at the ICPP during the day shift (not including construction 

workers ) ,  and about 120 employees are assigned the other rotating 

shifts . 

Most of the INEL employees come from Idaho Fa l ls , Pocatello , and 

Blackfoot in Bonneville , Bannock , and Bingham Counties , respectively 

(see Figure 3- 1 ) . A recent INEL employee survey showed that the average 

employee household size was 3 . 1  persons , of which approximately 1 . 2  were 

children . 

Socia l ,  medical ,  and recreational services are adequate for the 

present population . Some community schools  are operating at capacity 

because of recent growth in the area , and several bond issues have been 

passed to increase capacities and facilities . Excess hous ing is 

currently available in Idaho Falls . 

Idaho Falls  and Pocatello are the maj or  medical centers for south

eastern Idaho . Bannock , Bingham , Bonnevi lle , Butte , Lemhi , and Teton 
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Counties have hospitals . Each county has a health and welfare 

department that provides some basic health servi ces . 

Economic and employment statistics for counties either totally or 

partially within the study area are presented in Table 3-2 . Bonneville 

and Bannock Counties are the largest population centers in southeastern 

Idaho and consequently have the largest labor forces . They also have the 

highest per capita income and the second and third lowest unemployment 

rates , respectively . Bingham County has the third largest population 

and the fourth lowest unemployment rate , but the lowest per capita 

income . Maj or  industries in the region include agriculture , food 

processing , tourism , and phosphate mining . 

Native Americans of  the Shoshone-Bannock Tribe res ide at the Fort 

Hal l  Indian Reservation which lies partial ly within the study area . 

Employment statistics for Native Americans res iding in the study area 

are shown in Table 3-3 . Bingham County has the largest Native American 

population in southeastern Idaho (6  percent of the res idents and 

4 percent of the labor force) . Unemployment is generally very high . In 

Minidoka County , the unemployment rate for Native Americans is four 

times higher than the rate for the general population . In 1979 there 

were 63 Native Americans employed at the INEL . 

3 . 5  Envi ronmental  Qual ity �nd Monitoring Programs 

A monitoring program to measure radioactive and nonradioactive 

materials  resulting from routine and accidental releases from the INEL 

has been operational for many years . This program is carried out by the 

DOE ' s  Radiological and Environmental Sciences Laboratory ,  the USGS , and 

the National Oceanic and Atmospheric Administration . It includes the 

determination of integrated radiation exposure , air and water quality ,  

and the radionuclide content o f  foodstuffs and soils . The routine 

offsite monitoring program is l isted in Table 3-4 . 
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TABLE 3-2 

ECONOMIC AND EMPLOYMENT STATISTICS FOR COUNTIES IN THE VICINITY OF THE lNEL 

Population 
Total Within 50-Mileb Per Capi�a Labor Number Number Unemployment 

County Population a Force a a Unemployed Ratea (Percent) Radius of ICPP Income EmElo�ed 

44 , 000c I 
Bannock 63 , 622 $ 6 , 497  31 , 708 30 , 198 1 ,510  4 . 8  

Bingham 36 , 643 20 , 079 4 , 487 16 , 641  15 , 685 956 5 . 7  

Blaine 9 , 140 2 10 6 , 253 4 , 942 4 , 512  430 8 . 7  

Bonneville 62 , 790 59 , 270 6 , 503 26 , 382 25 , 222 1 , 160 4 . 4  

Butte 3 , 300 2 , 840 5 , 392 1 , 852 1 , 776 76 4 . 1 

Clark 813  3 1  5 , 090 333 302 31 9 . 3  

Custer 3 , 300 253 4 , 623 1 , 472 1 , 370 102 6 . 9  
w 

I Fremont 10 , 6 7 1  0 4 , 312 4 , 548 4 , 246 302 6 . 6  N VI 
Jefferson 14 , 07 1  3 , 2 16 4 , 500 5 , 870 5 , 515 355 6 . 0  

Lemhi 7 , 325 0 4 , 886 2 , 798 2 , 560 238 8 . 5  

Madison 17 , 685 0 4 , 232 8 , 470 8 , 126 344 4 . 1 

Minidoka 19 , 440 0 4 , 599 8 , 372 7 , 785 587 7 . 0  

Power 6 , 525 940 4 ,917  3 , 079 2, 878 201 6 . 5  --

TOTALS 225 , 325 130 , 839 $66 , 29 1  1 16 , 467 1 10 , 1 75 6 , 292 Average 6 . 3  

a .  Idaho Department of Employment , Affirmative Action Statistics 1979 , May 19 79a . 

b .  Idaho Department of Employment , Idaho Economic Indicators , Vol .  XIV , No . 4 ,  April 1979b . 

c .  Includes res idents o f  City of Pocatello , jus t  outside 50-mile radius . 



c..> • 
N 0\ 

TABLE 3-3 

EMPLOYMENT STATISTICS FOR NATIVE AMERI CANS RESIDING IN THE INEL AREA 
Idaho Department of  Employment , Affirmative Action Statistics , 1979a 

Number Unemployment 
County Population Labor Force Employed Unemployed Rate (Percent ) 
Bannock 878 285 222 63 22 . 1  

Bingham 2 , 107 686 532 154 22 . 4  

Blaine 13  132a 120 12 9 . 1  

Bonneville 245 79 69 10 12 . 6  

Butte 14 NDb 
ND ND ND 

Clark 8 Sa 5 0 0 

Custer 16 4 3 1 25 . 0  

Fremont 82 30 27 3 10 . 0  

Jefferson 198 48 40 8 16 . 7  

Lemhi 5 1  4 3 1 25 . 0  

Madison 55 26 21  5 19 . 2  

Minidoka 105 38 27 1 1  28 . 9  

Power 279 58 37 21 36 . 2  

a .  Includes all minority groups . 

b .  No data . 



TABLE· 3-4 

OFFSITE MONITORING PROGRAM SUMMARY FOR THE INEL 

Medium SamEled Type of  Anal�sis  

Air Gross  beta 
HTOa 

Specific gamma 
Pu , Am 
Sr-90 

Water Gross alpha 
Gross  beta 
HTO 

Milk 1 - 131  
Sr-90 
H-3 

Wheat Specific gamma 
Sr-90 

Lettuce Specific gamma 
Sr -90 

Soil Specific gamma 
Pu , Am 
Sr-90 

Direct radiation Thermoluminescent 
exposure dos imeter 

a .  Tritiated wate r .  

b .  One dairy is sampled weekly . 

Frequency of 
Anal�sis 

Weekly 
3 to 7 weeks 
Quarterly 1 to 
Quarterly 
Qua rte rly 

Semiannually 
Semiannually 
Semiannually 

b Monthly 
Annually 
Annually 

Annually 
Annually 

Annually 
Annually 

Biennially 
Biennially 
Biennially 

Semiannually 

Approximate 
Detection Limit 

8 x 
1 x 

10 x 
6 x 
1 x 

3 x 
5 x 
4 x 

1 x 
2 x 
4 x 

4 x 
4 x 

1 x 
8 x 

4 x 
4 x 
9 x 

5 mR  

- 15 10_ 1 1  j.JCi/ml 
10_ 15 j.JCi/ml 
10_ 18  !-,Ci/ml 
10_ 15 j.JCi/ml 
10 j.JCi/ml 

10
.9 !-,Ci/ml 

10
-9 j.JCi/ml 

10
-7 !-,Ci/ml 

10
-9 j.JCi/ml 

10
-9 j.JCi/ml 

10
- 7 j.JCi/ml 

10
-9 j.JCi/g 

10
-9 j.JCi/g 

10
-8 j.JCi/g 

10
-8 j.JCi/g 

10
-8 l-ICi/g  

10
-9 j.JCi/g 

10
-8 j.JCi/g  

The cumulative radiation exposure from background sources at the 

INEL has been monitored at toundary and distant community locations . 

The average annual exposures for both locations were found to be the 

same , 0 . 15 rem . The calculated dose rate an individual receives from 

background sources is  0 . 15 rem per year (NCRP , 1975)  and is the 

background dose  used in this EIS for comparative purposes . Additional 

details and results of the current monitoring programs a re available in 

annual reports (DOE , 1980) . 
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3 . 5 . 1  Air Quality 

Levels  of  airborne radiological and nonradiological particulates 

are monitored offs ite by a network of 10 continuous air samp lers at 

locations shown in Figure 3-9 (DOE , 1980) . The INEL is  in Air Quality 

Control Region 061 in an area that has been designated as  Class I I  by 

the State of  Idaho which means that air  pollutant levels are generally 

at or  j ust below National  Ambient Air Quality standards . Although 

standards for total suspended particulates and S02 are occasionally 

exceeded elsewhere in the region (Pocatello and Soda Springs ) , the INEL 

area meets all  applicable standards . 

Because the identity and quantity of radionuclides released from 

the INEL facilities are known from an extensive effluent monitoring pro

gram , an accurate determination of the impact of  the INEL operations on 

the environment can be made . Five-year ( 1974- 1978 ) average concentra

tions of radionuclides , as wel l  as the applicable state and federal 

standards , are presented in Table 3-5 . Airborne beta activity measured 

at onsite locations is rarely statistically different from that of dis

tant locations , both having worldwide fallout and natural ly  occurring 

radioactivity . Radionuclide concentrations were well  below the concen

tration guides established for the protection of public health and 

safety (ERDAH , 197 7 ) . 

Nonradiological air  pollutants , which are currently measured or 

calculated , are sul fur dioxide (S02) , nitrogen oxides (NOx ) , and total 

suspended particulates (TSP) . In  1972 , S02 and N02 were monitored for a 

period of  nine weeks at five ons ite locations . None of the samples had 

a concentration of S02 greater than the detection l imit of 7 . 5 I-lg/m3 . 

The highest N02 concentration measured was 4 . 3  I-lg/m3 . Because of low 

ambient concentrations , subsequent concentrations have been calculated 

from emissions data reported by the INEL Industrial Waste Management 

Information System (DOE , 1979 ) . Calculated annual average ground- level 

concentrations of S02 and NOx at the southern INEL boundary (near Atomic 

City) a re shown in Table 3-6 . The calculations utilize the MESODIF 

model (Start and Wendell , 1974) . The ICPP is  a maj or  source of  S02 and 
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TABLE 3-5 

RADIOACTIVITY CONCENTRATIONS IN AIR AT OR NEAR THE INELa 

(Annual Concentrat ion in Microcuries per Milli liter) 

lNELb . Southern Bounda� c Offsited 

Nuc l ide 5 -Ir Ava· High Cone . 5 -Ir Ava· HiBb Conc . 5-rr Avg . Hiah Conc . 

Gross beta 297 586 250 470 

(x 10-15 ) 

Gross alpha 184 2 1 6  160f 187 
(x 10- 18 ) 

Pu-238 22 31  NSSg NSS 

(x 1 0- 18) 

Pu-239-240 43 67 32 lOaf 

(x 10- 18) 

Am-241 10 10 7 7 

(x 10 - 18 ) 

Cs- 137 7 . 4  20 2 . 2  4 

(x 10- 15 ) 

Co-60 NSS NSS NSS NSS 
(x 1 0- 1 5 ) 

Sb- 125 5 . 8  1 6 . 5  1 . 8  3 

(x 10-15) 

Sr-90 3 . 1 4 . 7  NDh ND 

(x  1 0- 15 ) 

Ce- 144 33 . 3  61 . 6  27 . 3  56 

(x 10- 1 5 ) 

Zr-95 1 2 . 0  42 . 5  14 . 0  25 
(x 10- 15 ) 

Ru- 106 17 . 1  33 . 8  1 4 . 6  32 
(x 10- 1 5 ) 

• 

a .  Data are for 1974- 1978 except for Am-241 which i s  for 1975 only . 

249 

283 

NSS 

40 

1 2  

3 . 5  

NSS 

0 . 9  

1 . 9 

3 1 . 9  

1 7  . 4  

1 7  . 2  

b . Measured at the Experimental Field Station , approximately 3 miles north of the ICPP . 

530 

334 

NSS 

80 

12  

6 

NSS 

2 . 6  

4 . 0  

63 

34 

33 

c .  Measured a t  Atomic City ,  approximately 1 2  miles southeast o f  the ICPP , unless otherwise indicated . 
d .  Measured a t  Idaho Fa lls , Pocatel lo ,  and Blackfoot ; values averaged . 

Federal 
GUidel inee 

100 , 000 

20 , 000 

70 , 000 

60 , 000 

200 , 000 

500 , 000 

300 , 00 0  

900 , 000 

30 , 00 0  

200 , 00 0  

1 , 000 , 000 

200 , 00 0  

e .  ERDA Manua l Chapter 0524 , "Standards f o r  Radiation Protection , "  Appendix A ,  (uncontro l led area ) ; 10  CFR 20 , 
Appendix B ,  and State of Idaho standards are the same .  

f .  Measured a t  Arco . 

g . NSS = not statistica l ly significant at the 95 pe rcent confidence interval . 

h . . ND = no data . 
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TABLE 3-6 

NONRADIOLOGICAL AIR CONTAMINANT CONCENTRATIONS 
ON OR NEAR THE INEL SITE 

(Concentrations in Micrograms per Cubic Meter) 

Ca lculated Annua l Average Measured Annual Average Concentration 
Ground- level Concentration of Total SusEended Particulatesa 

Sulfur Nitrogen Ons ite Boundary Distant 
Year Dioxide Oxides ( 1 1  Stations ) ( 7  Stations ) (2  Stations ) 

1974  0 . 5  0 . 3  NDb ND ND 

197sc 0 . 8  0 . 4  30 - 46 60 - 69 ND 

1976 0 . 6  0 . 3  1 4  ± 14 50 ± 20 70 ± 40 

197 7  0 . 5  0 . 4  40 ± 10  60 ± 20 60 ± 20 

1978 0 . 4  0 . 7  30 ± 20 40 ± 30 80 ± 40 

Standard 80 100 60 

a .  Average ± the uncertainty at the 95 percent confidence level . 

b .  ND = no data ; no measurements o f  total suspended particulates were 
made . 

c .  Atmospheric particulate monitoring for 1975 included onsite and 
offsite locations . 

the primary source o f  NO emiss ions at the INEL . At the INEL boundary , x 
calculated concentrations of  S02 and NOx are well below the national 

primary ambient air quality standards ( 40 CFR 50)  shown in Table 3-6 . 

The a ir samplers at locations shown in Figure 3-9 are used pri

marily to detect radioactive pa rticulates . The filters are also weighed 

quarterly to estimate total suspended particulates . Results are shown 

in Table 3-6 . The average particulate concentrations at groups of  

stations occas ionally exceed the national secondary ambient air qua lity 

standard of  60 micrograms per cubic meter (40 CFR 50) . Maj or sources of  

particulates are believed to  be dust from the dry desert floo r ;  offsite 
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farming activities ; and in some locations , vehicle exhaust ,  industrial 

activity , and combustion of various fuels for heating . Comparisons of 

average concentrations of particulates at boundary and distant locations 

demonstrate no significant contribution from INEL activities to offsite 

concentrations of particulates . 

3 . 5 . 2  Water Quality 

Water samples are collected semiannually from offs ite drinking 

water production wells and from the Snake River as shown in Figure 3-9 . 

None of the offs ite water samples collected from 1974 through 1979 

contained radionuclide concentrations above the detection limits of the 

analyses . The detection limits for gross alpha , gross beta , and tritium 

(3 x 10
-9

, 5 x 1 0
-9

, and 4 x 10-7  
�Ci/ml , respectively) are about 1 0 ,  

20 , and 0 . 0 1 percent , respectively , of the concentration guides for an 

uncontrolled offs ite area (ERDAM , 197 7 ) . These detection limits are 

also below EPA community drinking water standards (40 CFR 141 ) . 

When in use ,  19 onsite water production wells are sampled monthly 

by the DOE . In addition , the USGS has over 1 00 observation wells on or 

near the site , many of which are s ampled semiannually . Locations of 

these wells are shown in the final EIS on INEL waste management 

operations (ERDA , 1 9 7 7 ) . 

Production wells from 1974 through 1979 have shown no gross  alpha 

activity . Only one sample showed gross  beta activity greater than 

detection limits . Analyses of aquifer samples show that , after 28 years 

of  disposal of low-level radioactive waste to the aquifer , tritium , the 

most mobile of the radionuclides in the aquifer ,  is  not detectable at 

any point farther than 2 miles inside the site boundary ( 7 . 5  miles from 

the point of disposal ) . The shape of the tritium plume and computer 

proj ections of the future extent of the plume are shown in the final EIS 

on INEL waste management operations (ERDA , 1977 ) . Recent s ampling for 

tritium demonstrates the actual 1980 concentrations of tritium in the 

aquifer are substantially less than those predicted by the model for 

3-32 



1980 . Tritium in drinking water at the Central Facilities Area results 

in less than 4 millirem per year total body dose equivalent to facility 

workers ; i . e . , les s than that allowed for members of  the general public 

using a community drinking water source (40 CFR 141 ) . Strontium-90 and 

iodine- 129 concentrations were above the detection limit only for those 

samples collected within 2 miles of the ICPP disposal well , or  approxi

mately 6 miles ins ide the nearest site boundary (ERDA , 1977 ; 

Barraclough , 1 98 1 ) . The detection limits for strontium-90 and 

iodine- 129 (5 x 10-9 and 2 x 10-9 �Ci/ml , respectively) are about 2 and 

3 percent , respectively , of the applicable concentration guides (ERDAM , 

1977 ) .  Cesium and actinides have been shown to be even les s  mobile in 

the aqui fer than strontium and iodine (DOE , 1980 ) . Plutonium appears to 

be retained near the point of  release (Polze r ,  et al . , 1976) . 

Nonradiological pollutants in the aquifer are monitored at the same 

group of  wells  that are used for radiological monitoring . The distribu

tion of chlorides , chromium (originating at the test reactor area ) ,  

sodium , and mea surement of specific conductance as  of 1968 are provided 

in the final EIS on lNEL waste management operations (ERDA , 1977 ) . 

These waste constituents are from disposal at the test reactor area and 

the ICPP . Rep resentations of chlorides , sodium , nitrates , and specific 

conductance in the aquifer for 197 7 , 197 7 ,  1979 , and 1978 , respectively , 

have been prepared by Barraclough ( 1981 ) .  These plumes are less ex

tensive than the tritium plume mentioned earlier . Representative con

centrations a re shown in Table 3-7 . The ICPP production wells are no rth 

of  the ICPP , well  USGS #40 is located at the ICPF fenceline southwest of  

the disposal well , well  USGS #77 is about 1 . 2  miles south of  the ICPP , 

the Central Facilities Area production wells are about 2 . 5 miles south 

of  the ICPP , and the Cerro Grande wel l  is located j ust outside the 

southern site boundary about 8 . 7  miles south of the ICPP . Production 

wells at the ICPP and Central Facilities Area were tested for inorganic 

and o rganic chemicals . Results are below the standards for community 

drinking water sys tems (40 CFR 141 ) . 
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W � 

• 

Chloride 
April 1977  

Sodium 
April 1977  

Nitrate 
January 1979 

Chromium 
April 1976 

Specific 
. Conductance 
{mho/cm) 
1976-79  
Average 
Concentration 

Production Wells 
ICPP Well  
in  Service CFA.Jl1 

8 54  

5 14  

1 1 8  

BDLb BDL 

3 . 1  x 10-4 4 . 5  x 10-4 

TABLE 3-7 

NONRADIOLOGICAL GROUNDWATER QUALITY 

USGS 
1140 

123 

36 

105 

BDL 

8 . 4 x 10-4 

Monitor Wells 
USGS 

117 7  

56 

2 1  

13 

BDL 

4 . 7  x 10-4 

Cerro 
Grande 

1 1  

8 

BDL 

2 . 7 x 10-4 

• 

Normal Aquifer 
Concentration 

9 to 10 

7 to 9 

1 to 5 

2 . 5 x 10-4 

to 
3 . 3  x 10-4 

Drinking Water 
Standarda 

No standard 

No standard 

45 

0 . 05 

No standard 

a .  EPA National Interim Primary Drinking Water Regulations 40 CFR 141 and Idaho Regulations for Public Drinking 
Water Systems (Idaho Department of Health and Welfare , 1977 ) . 

b .  BDL means below detection limit o f  0 . 008 mg/ 1 at 9 5  percent confidence limit . 



3 . 5 . 3  Other Monitoring Programs 

3 . 5 . 3 . 1  Soil  Sampling 

Surface soil samples collected from distant and boundary locations 

during the period 197 1 to 1976 were analyzed for a1pha- and gaDlDa

emitting radionuc1ides and strontium-90 . 

Background concentrations of  natural and fallout radionuclides in 

the surface soil surrounding the INEL are shown in Table 3-8 

(DOE , 19 78 ) . Data analysis indicates that radionuc1ides in the soils at 

the s ite boundary , which may have resulted from the INEL operations , 

cannot be distinguished from worldwide fal lout activity . 

3 . 5 . 3 . 2  Food Sampling 

Milk ,  wheat , and lettuce are sampled routinely . These products are 

pathways by which airborne radionuc1ides , poss ibly from the INEL 

operations , might reach the public ( see Figure 3-9 ) . 

Milk samples are collected monthly except for the Idaho Falls 

sample which is collected weekly . All milk samples are analyzed for 

iodine-13l , and for strontium-90 , and once per year for tritium. 

Results indicate that radionuc1ides , when detected , are from fallout and 

not from the INEL operations (DOE , 1980 ) . 

3 . 5 . 3 . 3  Bio logical Sampling 

Investigations of  radionuc1ides in flora and fauna on the INEL site 

have been conducted for many years . More recent studies by the 

Radiological and Environmental Sciences Laboratory are summarized in 

progress reports (Markham , et a1 . ,  1976 , 1978)  and reported in the 

technical l iterature . These studies include radionuc1ide uptake by 

plants , measurement of  radionuc1ide concentrations in animal tissue , 

determination of dose rates to animals  from exposure to radioactivity , 

and investigation o f  movements of  animals  onsite and offsite . Many of  
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TABLE 3-S 

RADIONUCLIDES IN SURFACE SOILS SURROUNDING THE INEL ( 1970 TO 1975)a 

Geoaetric Averale b 

Radionuclide Location (2Ci/S) 

Fallout 

Cs-137 Boundary 0 . S3 � 1 . 2  
Distant 1 . 14 � 1 . 3  

Sr-90 Boundary 0 . 50 � 1 . 2 
Distant 0 . 55 � 1 . 7 

Pu-238 Bounda ry 0 . 0025 � 1 . 4 
Distant 0 . 0030 � 1 . 4 

Pu-239 Boundary 0 . 018 � 1 . 2  
Distant 0 . 022 � 1 . 4  

Pu-241 Boundary 0 . 0043 � 1 . 3 
Distant 0 . 0050 � 1 . 6 

Natural 

U-238c Soutbeast 1 . 52 � 1 . 03 
Idaho 

Total Series d Southeast 21  
I daho 

Th-232e Southeast 1 . 34 � 1 . 04 
Idaho 

Total Series d Southeast 1 3  
Idaho 

K-40 Southeast 1 9 . 5  � 1 . 03 
Idaho 

a .  Soil samples collected to a depth o f  5 CII . 

(2Ci/.2x103) 

50 � 1 . 2 
66 � 1 . 3  

29 � 1 . 2  
40 � 1 . 2 

0 . 14 � 1 . 2 
0 . 18 � 1 . 3 

0 . 98 � 1 . 2 
1 . 1 7 � 1 . 4 

0 . 26 � 1 . 3  
0 . 31 � 1 . 4 

95 . 1  x + 1 . 05 

l 300 

84 . 1  � 1 . 05 

840 

1220 � 1 . 04 

Approximate 
Nuaber of Detection Limit 

Sa�les (2Ci/S) (2Ci/.2x1Q3) 

41  0 . 04 3 
IS 0 . 04 3 

36 0 . 09 10 
18  0 . 09 10 

35 0 . 002 0 . 2  
18 0 . 002 0 . 2  

35 0 . 004 0 . 3  
18  0 . 004 0 . 3  

22 0 . 004 0 . 3  
14  0 . 004 0 . 3  

1 16 0 . 04 3 

53 NA NA 

1 14 0 . 04 3 

53 NA NA 

125 0 . 05 4 

b .  Geometric average � 2 standard geometric deviations o f  the mean. If  data are 1 . 52 � 1 . 03 , then upper 
95 percent confidence level is 1 . 52 x 1 . 03 ,  and lower 95 percent confidence level is 1 . 52 ... 1 . 03 .  

c .  Based on the Pb-214 activity. 

d .  Secular equilibriua assu.ed . Does not account for radon di ffusion . 

e .  Based on the Ac-228 activity . 
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the past and continuing s tudies seek to characterize the environment of  

the lNEL s ite . 

Some investigations of flora and fauna have pertained specifically 

to radionuclides released by the ICPP . Thyro ids of  pronghorn antelope 

have been analyzed for iodine-l31  (Markham , et a1 . ,  1980a) and rabbit 

thyroids have been analyzed for iodine-129 (Bowman , et al . , 1976) .  

Mourning dove (Markham , et a l . , 1976) , sage grouse (Connelly and Ball , 

1978 ) , raptors (Craig ,  et al . ,  1979 ) , and antelope (Markham et al . ,  in 

press)  have been examined for the presence o f  a wide variety of  

gamma-emitting radionuclides . Antelope bone has been tested for 

strontium-90 (Markham , et al . ,  1980b) . Although detectable concen

trations of these radionuclides have been found , there is no s ignificant 

health hazard to the animals s ince annual doses are substantially less 

than those allowed for the general human population . Nor is  there a 

health hazard to any human who might consume game animals which have 

detectable levels o f  these radionuclides . Hunting is  prohibited on the 

lNEL . The maximum annual dose to a person eating meat from an animal 

c ontaminated by present I CPP activities would be 4 millirem, o r  

3 percent o f  background radiation (DOE , 1980) . 
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SECTION 4 
Env i ronmental Consequences 





4 . 0  ENVIRONMENTAL CONSEQUENCES 

4 . 1  Introduction 

This section summarizes the environmental effects of imp lementing 

the alternatives evaluated in this document . Mo re detailed information 

about environmental effects is available in supporting documents 

(ERDA , 1977b ; DOE , 1980a) and in Appendixes A and B .  

The method used to determine environmental effects o f  the candidate 

alternatives was to develop a series of scenarios for the construction 

phase , operations and waste shipment phase , decontamination and decom

mis sioning phase  (D&O) , and disposal phase of each alternative . The 

scenarios are based on conservative assumptions and cons ider both events 

that are certain to occur if an alternative is implemented and abnormal 

events that are not expected to occur . Consequently , the environmental 

impacts discussed in this section should not be exceeded by the impacts 

of the a lternative finally selected for implementation . 

A pictorial diagram is included for each scenario to he lp the 

reader visualize what happens . Calculations were performed to estimate 

environmenta l effects for the as sumed conditions of the scenario . For 

example , in case of  an accident during operations , the cause of  the 

release i s  depicte d ;  the benefit of the atmospheric protection system is 

described by showing that the plume of radioactive material would exit 

through the facility ventilation system ; the maximum individual (the 

individual exposed to the greatest concentration of contaminants )  is 

located at the Idaho National Engineering Laboratory (INEL )  boundary in 

the path of the p lume ; and the affected population is shown to be 

located in the plume ' s  path at a greater distance from the INEL . 

The scenarios are grouped so  that the discus s ion of  effects focuses  

both on events that are certain to occur and events that are  not ex

pected to occur in the short and long term . Certain-to-occur events 

include construction activities and routine operations as wel l  as was te 

migration into groundwater and individual intrus ion into the waste a fter 

institutional control has cease d .  Events that are not expected to occur 
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include operational accidents and events of nature that severely disrupt 

the waste containment or isolation . 

In this section , the assumptions and methodology used to determine 

environmental effects are stated . The concepts of risk and health 

effects are des cribed to give perspective to the radionuclide and toxic 

chemical exposures postulated to occur from the release scenarios . 

Significant environmental effects are identified and grouped in two 

ways . They are first discussed by effect (Subsection 4 . 5 )  and then 

summarized by alternative (Subsection 4 . 6) . The environmental effects 

are discussed in deta il .  A comparative analysis is provided in 

Section 2 . 

4 . 2  Assumptions and Methodology 

4 . 2 . 1  Evaluation of Release Scenarios 

In order to estimate the environmental effects of implementing the 

waste management alternatives evaluated in this EIS , a series of 

s cenarios that describes releases of toxic chemicals and radionuclides 

was developed . The purpose of the s cenarios is twofold : 1 )  by applying 

the same scenario to each alternative , a consistent comparison of 

alternatives is achieved ; thus , even though the calculated effects are 

only as accurate as  the assumptions , the differences between the 

alternatives should be valid ; and 2 )  by basing the scenarios on 

conservative assumptions , the effects of toxic chemical and radionuclide 

releases from implementing the alternative finally selected should be 

less than the effects described in this EI8 . 

In order to select a waste management strategy based on a thorough 

understanding of the environmental consequences , it is necessary to 

consider several scenarios for waste releases at the ICPP and at an off

site federal repos itory. Every effort has been made to consider all 

conceivable types of radionuclide releases and exposure pathways , and 

then choose representative or bounding cases on which to base the 

calculations . Release s cenarios have been evaluated for all phases of 

alternative implementation. Nonradiological and radiological effects 
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have been cons idered for each phase of alternative implementation . The 

release scenarios evaluated in this EIS are described briefly below .  

More detailed desc riptions appear in Subsection 4 . 5  and Appendix A .  

Construction activities would cause only nonradiological effects . 

Air qual ity effects would result from vehic le exhaust and fugitive dus t .  

Some operational releases would cause radiological e ffects . Dose 

commitments are calculated for routine operations and accidents 

postulated to occur during waste process ing and decontamination and 

decommiss ioning of the process ing faci l ities . Operational and was te 

shipment phase waste releases are postulated to occur from the fol lowing 

scenarios : 

• routine operations , 

• routine waste shipment exposure , 

• waste shipment accident , 

• calc ine spi l l , 

• aircraft impact that strikes the bins , 

• decontamination solution spill , and 

• extraction solvent fire during actinide removal .  

Disposal phase waste releases at the INEL are postulated to occur 

from the following scenarios : 

• waste migration into groundwater after bin dis integration , 

• intrusion into the bins by an archaeologist or prospector , 

• living on the contaminated site while consuming food grown in 

soil that has been contaminated by prior intrusions , 

• living over the bins after containment failure , and 

• severe geologic disruption that disperses the was te . 
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Environmental effects of construction and routine operation of the 

federal repository are addressed in detail in the EIS for commercially 

generated radioactive was te (DOE , 19808 ) . Repository effects will occur 

regardless of the disposal of lNEL waste at the repository . However ,  

the fraction of repos itory effects due to disposal of lNEL waste have 

been calculated and included in the effects of alternatives that involve 

offsite disposal . Several accident scenarios postulated for the federal 

repos itory have been modified in order to evaluate the effects of acci

dents resulting from disposal of lNEL waste . Calculations of effects at 

the repository due to disposal of lNEL waste are based on the inventory 

of lNEL waste within the repos itory . The s cenarios evaluated at the 

geologic repos itory are 

• waste canister dropped down a mine shaft which ruptures the 

canister and disperses radioactive waste , 

• fault and flooding of  the repository which leaches and 

disperses radioactive waste , 

• exploratory drilling which penetrates a waste canister and 

brings the waste to the surface , and 

• solution mining for recovery 

containers have dis integrated .  

of table salt after waste 

(This s cenerio is applicable 

only in a repos itory located in a salt formation . ) 

The effects of radionuclides released in the s cenarios are depend

ent on how the public is exposed to radiation. Potential exposure 

pathways for airborne releases are shown in Figure 4- 1 .  The pathways 

include external exposure to direct radiation and internal exposure 

resulting from inhalation and ingestion of radionucl ides . The ingestion 

pathway includes the consumption of contaminated foods as  well a s  

consumption of contaminated drinking water . There are no operational 

waterborne releases of radionuclides from implementation of the waste 

management alternatives . 
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The exposure pathways are identified for each scenario in 

Table 4-1 . Also summarized in Table 4- 1 are the persons affected by 

exposure to radionuclides from the release scenarios . Some of the 

pathways result in exposure to only a single or a few individuals . 

These individuals are considered to be members of the total population 

and the exposures are included in the population totals . However ,  

occupational exposures are not included in the population totals . 

4 . 2 . 2  Definition of Radiological Terms 

Calculated radiological effects on the public for a hypothetical or 

"routine release of radioactive material are reported in this EIS using 

the terms "dose commitment , It "maximum individual dose , I t  "population 

dose , "  "population risk ,  I t  and "health effects . "  Definitions of these 

terms follow: 

• Dose commitment* is the integrated dose that results from an 

intake of radioactive material when the dose is  evaluated from 

the beginning of intake to a later time . 

• Maximum individual dose ( rem) is that dose commitment incurred 

by an individual located in an unrestricted area at the s ite 

boundary who receives the maximum possible dose commitment as 

a result of the release of radioactive material .  

• Population dose , (man-rem) is  that dose commitment incurred by 

the population in the 50-mile radius study area as a result of 

the release of radioactive material .  

• Whole-body equiva lent dose (rem) is the summation of the 

weighted dose commitments for all  organs within the body that 

result from intake of radioactive material .  

* The dose commitment cited in this EIS is a 50-year dose commitment . 
It is based on 1 year of exposure to radioactive material of an adult 
population with a 50-year life expectancy . The term "dose" is often 
substituted for "dose commitment . "  
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TABLE 4- 1 

MODES OF EXPOSURE 

Affected Party 

Scenario 
Exposure 

a Pathway Individual Population
b Worker 

At the ICPP 

Routine Releases 

Routine Was te Shipment 
Occupationa l Exposure 
Calcine Spill  

' 

Decontamination Solution Spill 
Extraction Solvent Fire 
Waste Shipment Accident 
Living Over the Waste 
Waste Migration into Groundwater 
Intrusion into the Waste 
Living at Contaminated Site 

Aircraft Impact 
Severe Geologic Disruption 

At the Repository 

Was te Canister Drop 
Fault and Flooding 
Solution Mining 
Exploratory Drilling 

Inhalation , ingestion , direct 
radiation 

Direct radiation 
Direct radiation 
Inhalation , ingestion 
Inhalation , ingestion 
Inhalation , ingestion 
Inhalation 
Inhalation 
Ingestion 
Inhalation , direct radiation 
Inhalation , ingestion , direct 

radiation 
Inhalation 
Inhalation , ingestion 

Inhalation , ingestion 
Ingestion 
Ingestion 
Inhalation , ingestion , direct 

radiation 

x x 
x x 

x x 
x x 
x x 
x x 
x x 
x x 
x 

x x 
x x 
x x 

x x 
x x 
x x 

x 

a .  Pathways listed are shown by calculation to be the dominant contributors to the radiation dose . 

c 
x 
x 
c 

c 
x 

c 
c 

x 

b .  Some of the scenarios do not result in widespread population exposures , but in exposure to only a few 
individuals . These scenarios at the ICPP are Living Over the Waste , Intrusion into the Waste , and Living 
at Contaminated Site ; at the repository,  Exploratory Drilling . 

c .  Any worker exposure is included in the occupational exposure . 



• Population risk (man-rem per year) is  obtained by multiplying 

the population dose cODUllitment for a given release  by the 

expected frequency of the release (events per year) . 

• Health effects are obtained by multiplying the population dose 

commitment for a given release by appropriate weighting fac

tors recently updated by the Nationa l Academy of Sciences 

COllllllittee on the Radiological Effects of Ionizing Radiation* 

(NASNRC , 1980 ) . 

The maximum individual is as sumed to res ide at the point of maximum 

ground-level air concentration of radionuclides at the INEL boundary . 

This point is located approximately 8 miles south of the ICPP . For 

routine operational releases , individuals in the population within 

50 miles of the ICPP receive an average dose that is calculated to be 

4 percent of the maximum individual dose . 

Potential radiation doses for each exposure pathway have been cal

culated for the time period extending 1 million years after 2100 . Doses 

have been calculated for the short-term period of institutional contro l ,  

which i s  assumed to �ease in 2100 . For the delay alternative (Alterna

tive 5 ) , institutional control is assumed through the year 2500 . Doses 

have been calculated for operational releases and for accidents pos 

tulated to occur during the operations , waste shipment , and D&D phases 

of was te management activities .  Doses have also been calculated for 

abnormal events of nature postulated to occur after disposal and after 

institutional control is assumed to have ceased . The long-term period 

assumes potential radiation exposure until the waste has decayed to 

harmless levels . Decay products , such as radium-226 , continue to 

increase until they reach their highest radiation level about 

200 , 000 years after 2100 . 

* l iThe National Commission on Radiation Protection wishes to caution 
governmental policy-making agencies of the unreasonableness  of 
interpreting or assuming ' upper limit I estimates of  carcinogenic 
risk at low radiation levels a s  actual risks , and of basing unduly 
restrictive policies on such an interpretation or assumption" 
(NCRP , 1975 ) . 
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The dose commitments calculated for this EIS are compared with 
those delivered by background radiation . The annual dose a person 
receives from background radiation in southeastern Idaho is about 
0 . 15 rem for the whole body (NCRP , 1975 ) . The annual background dose at 
the federal repository is assumed to be 0 . 13 rem (DOE , 1 980a) . 

Dose-limiting recommendations have been proposed by the National 
Council on Radiation Protection and Measurements (NCRP , 1975 ) .  These  
values are  the bas is of the Nuclear Regulatory Commiss ion (NRC) 
regulations as published in the Code of Federal Regulations and of the 
DOE guidelines published in Chapter Manuals  (ERDAM , 1977)  that must be 
observed at federal facilities . The 0 . 5- rem dose limit published in 
these regulations for an individual member of the public is cited in 
this EIS to give pe rspective to discussions about dose commitments . 

4 . 2 . 3  Guidelines for the Evaluations 

The radionuclide inventory upon which the dos e  calculations are 
based is given in Appendix A .  Radionuclide concentrations in calcine 
have been estimated from the expected composition of high-level liquid 
waste before calcination . No iodine- 129 or carbon- 14 is present in the 
calcine . The concentration of fission products and daughters is based 
on estimates of the radionuclide content of future fuels to be processed 
at  the ICPP . Actinide concentrations are based on the ICPP high- level 
liquid waste in 1978 . Uranium isotope concentrations a re based on the 
ratios of the nuclides in the ICPP waste . Liquid high- level waste is 
assumed to be cooled 3 years prior to calcination . 

Demographic  data for the area within 50 miles of the s ite include 
populations that are outside the study area but very c lose to the study 
a rea boundary . Thus , the populations of Pocatello , Rexburg , Rigby , and 
American Fall s  have been included as though they were located within 50 
miles of the ICPP . It  i s  assumed that population growth is linear for 
150 years from 1970 , reaches a level S times the 1 970 census of 1 30 , 000 , 
and remains constant thereafter at 650 , 000 . The population along the 
waste shipment route i s  assumed to double in 150 years . The slower 
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growth rate is assumed because the transportation route passes through 

primarily rural areas where a more rapid population increase along the 

railroad lines would not be expected . The population along the waste 

shipment route is estimated to be 125 , 000 in 1 990 , reach 250 , 000 in 

2 140 , and . remain constant thereafter .  The population at the federal 

repository is  assumed
' 

to remain constant at 2 million people (DOE 

1980a ) . 

Several other assumptions are used to determine environmental con

sequences . Institutional control over the was te i s  assumed to continue 

for 100 years in accordance with proposed EPA criteria (EPA , 1978 ) . 

Since proces sing i s  a ssumed to begin in 1990 and be complete by 2020 , 

institutional control is assumed to end in the year 2100 , except for 

Alternative 5 .  In Alternative 5 ,  in order to evaluate the effects of 

radionuclide decay , institutional control is  assumed to continue for 

100 , 300 , or 500 years . 

Nonradiological effects are compared with applicable standards and 

regulations . The State of Idaho s tandards for ambient air quality 

( Idaho , 1979)  and public drinking water systems (Idaho , 1977 )  are con

sistent with the respective Environmental Protection Agency (EPA) stand

ards for air quality (40 CFR 50)  and the national primary drinking water 

regulations (40 CFR 141 ) . 

The geologic changes that might occur at the INEL (see Subsec

tion 3 . 1 ) throughout long time periods a re unknown. Since predictions 

of maj or geologic changes would only be speculative , the land in the 

s tudy area is  assumed to remain habitable and arable for the entire 

period of evaluation . However ,  to account for a major geologic change 

or event that could disperse the waste , the effects of a severe geologic 

disruption are considered . The event is assumed to have the same 

probability of occurrence as a volcano exploding up through the was te . 

Sabotage is  not specifically addres sed as  an event that would cause 

exposure to radionuclides . Other accidents that would cause similar 

exposures (aircraft impact and a waste shipment accident) have been 

evaluated . Because large quantities of radionuclides are concentrated 
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at the ICPP , the ICPP is a potential target for sabotage ; however ,  the 

remoteness of the site and the small surrounding population d iminish its 

appeal as a target . Even if the calcine were released from the bins by 

an act of sabotage , most of the waste would be diffused and/or depos ited 

prior to reaching nearby population centers . Operations at the INEL are 

designed to protect against sabotage : access is controlled , surveillance 

is maintained, personnel and materials are monitored . The physical s ize 

and strength of the calcine bins and shipping casks make sabotage 

unlikely. 

The source terms and calculational methodology used to calculate 

doses and health effects are given in Appendix A .  Included in Appen

dix A are inventories of radionuclides and toxic chemicals , meteorologi

cal data and dispersion factors , demographic data , accident assumptions , 

mathematical models ,  a description of the scenarios for which normal and 

abnormal waste releases are postulated , and a sample calculation for 

determining dose commitments and concentrations of nonradiological pol

lutants in air and water . Results of the calculations are given in 

Appendix B .  

4 . 3  Health Effects 

To promote understanding of the radiological dose commitments cited 

in this EIS , health effects that might result in the exposed population 

have been estimated . Health effects are the probable cancer deaths 

predicted to occur in a population group that receives a specific dose 

of radiation . Health effects in humans have been measured directly only 

at acute doses near 100 rem or higher . At the level of exposure 

considered in this EIS , the health effects are almost impossible to 

separate from s imilar effects caused by background radiation and other 

causes . Consequently , the reader is cautioned that health effects of 

low-level radiation are predicted only as possibilities rather than as 

certainties . 
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There are several other health effects such as  genetic and nonfatal 
malignancies that can result from exposure to radiation . However ,  cal
culating these effects is  not necessary to perform the comparative 
evaluations required in this s tatement . 

Health effects that result from ingestion of  toxic chemicals pre
sent in the waste are also discus sed . Health e ffects of cadmium and 
mercury are the number of deaths that would occur from chronic consump
tion of drinking water containing cadmium and mercury levels  that exceed 
federal  and state standards and the consumption of foods grown from this 
wate r .  

4 . 3 . 1  Exposure to Nonradiological Chemicals 

The methodology used to evaluate the effects of toxic chemical 
migration is the same as that used for radionuclides . The approach is 
considered to be conservative because cadmium and mercury would tend to 
precipitate and remain in the basalts and sediments as  the leachate 
becomes dispersed rather than migrate within the aquifer system . Under 
the assumed conditions , the estimated concentrations of cadmium and 
mercury in hypothetical wells  exceed federal and state drinking water 
standards for a distance of  5 miles downgradient of the point of 
discharge to the aquifer . Beyond about 5 miles , no health effects would 
be observed and the aquifer would be available for all  drinking water ,  
agricultural , and aquaculture uses . The use o f  groundwater would be 
restricted only until  dispers ion and chemical reactions in the aquifer 
reduced toxic chemical concentrations to harmless levels . Ongoing 
studies will  provide more definitive information about the potential 
e ffects of toxic chemical migration at the lNEL . 

4 . 3 . 2  Exposure to Radiation 

The consequences of the small  dose commitments resulting from the 
waste management alternatives cons idered in this EIS are measured by the 
health effects that can be observed in the general population . Health 
effects are discussed to give perspective to the dose commitments 
calculated in this EIS . 
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Health effects from exposure to radiation can be discus sed in terms 
of short-term effects , occurring within about 1 year of the accident , 
and long-term effects , occurring several years later (NRC , 1974) . 

4 . 3 . 2 . 1 Short-Term Effects 

The acute whole-body dose which is lethal to about 50 percent of 
the exposed population within 60 days after exposure is about 500 rem 
(NRC , 1974) . This va lue is based on the assumption that exposed 
individuals receive suitable medical treatment . With only minimal 
medical treatment , the estimated value is about 340 rem . 

In the range of 75 to 125 rem , some individuals may experience 
symptoms of radiation sickness such as nausea and fatigue , but the 
likelihood of complete recovery is good . 

In this EIS , 50-year dose commitments ,  rather than acute doses , 
have been ca lculated . S ince a 50-year dose commitment is not an instan
taneous dose , it cannot be compared directly with the acute doses dis
cussed above . For example , in Table 4-18 , a maximum individual dose of 
10 rem is given for Alternative 4.  This alternative involves the ship
ment of concentrated actinide waste . Because actinide elements would 
de liver a dose over an extended time period , a 10-rem , 50-year dose 
commitment would be approximately equivalent to 0 . 2  rem rece ived during 
1 year .  

For those radionuclides present in the INEL waste having approxi
mately 30-year half-lives , the dose would be about 0 . 3  rem during the 
first year ,  dropping to 0 . 1  rem in the fiftieth year .  The dose commit
ment is the more comprehensive and relevant measure of radiation 
exposure for most of the scena rios studied in this repor\. The calcu
lated dose commitments should usually not be compared dire'ctly with the 
acute doses j ust discussed because of the difference in the time periods 
over which the dose is received . Only for a severe geologic event that 
totally disperses the waste would the dose be sufficiently large to 
cause acute effects . Clinical evidence indicates that radiation re-
ceived over a long time period , such as 50 years , is tolerated better 
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than the same amount of radiation received in a short period of time 
(NRC , 1974) . 

The doses calculated for this EIS are generally very low. They a re 
within the fluctuation of normal background radiation where effects are 
difficult to determine . The maximum individual dose commitment from 
routine operations at the ICPP is calculated to be 3 X 10-6 rem [Alter
natives 2 (glass ) and 3 (glass ) ] . The maximum individual dose commit
ment from .an unlikely accident during waste shipment is calculated to be 
10  rem (Alternative 4 ) . Thus , acute health effects to the public would 
not be expected from routine operations or accidents postulated to occur 
from implementation of any of the wast� management alternatives . 

4 . 3 . 2 . 2  Long-Term Effects 

Long-term health effects considered are latent cancer deaths . 
These a re cancers that could develop 5 to 30 years after exposure . 

To estimate health effects , the whole-body equivalent dose for the 
population in man-rem has been used as a measure of the detriment to the 
exposed group . To estimate the potential number of health e ffects that 
might result from the population doses calculated for this EIS , cancer 
risk estimates from exposure to low-level radiation published by the 
National Academy of Sciences CODmlittee on the Biological Effects of  
Ionizing Radiation (BEIR I I I  Report ) have been used (NASNRC , 1980 ) . In  
the BEIR Report , the number  of additional cancers estimated to  occur in  
1 mil l ion people after exposure of each to 1 rem of radiation is  7 5  to 
230 (NASNRC , 1980 ) . This  is a conservative l imit because a linear re
lationship between dose and health effects is  assumed even at very low 
doses and dose rates . 

The range of 75 to 230 health effects ( cancer deaths ) can be com
pared with the cancer fatalities expected from all pos sib le causes . The 
American Cancer Society has reported that approximately 1 6 . 8  percent of 
the population- or 168 , 000 per mill ion people-will die from cancer re
sulting from causes such as smoking , food additives , alcohol , drugs , air  
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pollutants , and background radiation (ACS , 1981 ) .  Therefore , the number 
o f  health effects observed in 1 million people each exposed to 1 rem of 
radiation would be about 0 . 14 percent of  the number of cancer deaths 
expected from all causes . 

Additional perspective on the small  radiation doses calculated in 
this EIS can be gained by considering the magnitude of other sources of 
radiation exposure given in Table 4-2 .  

4 . 4  The Concept of Risk 

Almost every human activity involves a chance that some undesirable 
consequence wil l  affect one or  more individuals . Radiological risks are 
evaluated in terms of risk to the public ; the "public" includes those 
who , without choice , could be exposed to radiation because of activities 
at the lNEL , along the waste shipment route , or at an offsite federal 
geologic repository . The "public" does not include employees located at 
the lNEL facility .  

The purpose of calculating risk is  to compare the consequences o f  
events that have different probabilities . However ,  in  risk analysis , 
catastrophic events that have low occurrence probabilities will have the 
same risk as less hazardous events with high occurrence probabilities . 
Thus , the consequences of an event are obscured if  only the risk is re
ported . Consequently , in this EIS , the population dose and the proba
bility of the event ' s  occurrence are given separately so that effects of 
abnormal events that are not expected to occur can be more realistically 
compared with effects of routine operations that wil l  indeed occur . 

4 . 4 . 1 Public Perception of Risk 

In general , people accept a certain amount of  risk in order to ob
tain a desired benefit such as the convenience of automobile transpor
tation . Also , some risks cannot be avoided ; an example is  exposure to 
natural background radiation which has the potential to induce cance r .  
Ordinarily , mitigative measures are taken t o  reduce risk exposure if  the 
risk is  too great . 
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TABLE 4-2 

AVERAGE INDIVIDUAL RADIATION EXPOSURE 

Sources of  Radiation 
Background radiation in 

and near the lNEL 
Medical and dental 

diagnosis 
Brick or stone buildings 
Nuclear weapons tests 

Combustion of  coal and 
natural gas 

Nuclear power production 

Radiation Exposure 
(Rem/Yr) 

0 . 15 

0 . 07 
0 . 02 
0 . 004 

0 . 003 
0 . 0001 

Fatality statistics , such as those  presented in  Table 4-3 , provide 
some insight into attitudes regarding the perception and acceptance of 
risk . Within the total population of  the United States there is  a 
probability of 2 . 70 x 10-4  accidental deaths per person per year from 
the use of  motor vehicles (primarily automobiles ) .  At this compara
tively high risk level , society will  accept considerable trouble and 
expense to implement risk reduction measures such as traffic safety 
programs , automobile inspection, and seat belt installation .  

Risks ranging from about 10-4 to 10-5 deaths per person per year 
also prompt serious e fforts to reduce those risks . For example , public 
funds a re expended for fire and police protection and for extensive 
programs to comply with occupational safety and health statutes and 
regulations . 

-5 -6 Risks in the range o f  10 to 10 death per person per year are 
also considered serious enough to receive some remedial action . Life-
guards are employed at swimming areas . Special bottles with child-
res istant caps are used for drugs and chemicals . As the risk level is 

-6 reduced to 10 death per person per year ,  the public begins to accept 
the risk-associated activity . For example , very few people have adequate 
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TABLE 4-3 

SELECTED DEATH STATISTICS FOR THE UNITED STATES DURING 1970a 

Risk of Death 
per Person per Year  

Cause o f  Death Total Deaths 
for Total U , S 'b POEulation 

All Causes 1 , 92 1 , 03 1  9 . 45 x 10-3 

Disease ( total )  1 , 766 , 065 8 . 69 x 10-3 
Cardiovascular Disease 1 , 007 , 984 4 . 96 x 10-3 
Cancer 330 , 730 1 . 63 x 10-3 

Accidents (total )  1 14 , 638 5 : 64 x 10-4 
Road and Highway 54 ,890 2 . 70 x 10-4 
Water Transport 1 , 65 1  8 . 12 x 1 0-6 
Air and Space Transport 1 , 6 12 7 . 93 x 1 0-6 
Railway 852 4 . 19 x 10�6 
Falls 16 , 926 8 . 33 x 1 0-5 
Drowning 6 , 39 1  3 . 14 x 1 0-5 
Fire 6 , 7 18 3 . 3 1 x 10-5 
Firearms 2 , 406 1 . 18 x 10-5 

Poisoning ( total )  5 , 299 2 . 61 x 1 0-5 
Medical Procedure Complications 3 , 58 1  1 .  76 x 10-5 
Inhalation and Ingestion 

10-5 of Obj ects 2 , 753 1 . 35 x 
Industrial Accidents 5 , 968 2 . 94 x 10-5 
All Other Accidents 5 , 59 1  2 . 75 x 10-5 
Cataclysm c 162 7 . 97  x 10-7 
Lightning 129 6 . 35 x 1 0-7 

a .  From Statistical Abstract of the United States , 1978 , and Reader ' s  
Digest 1979 Almanac and Yearbook , 197 9 . 

b .  Total 1 9 70 U . S .  population i s  203 , 235 , 298 ( 1970  United States 
Census ) . 

c .  Deaths reported for 1968 . 

tornado shelters even though severe weather warnings are issued to en
courage the population at risk to seek adequate shelte r .  It appears 
th t t I . . k f about 10-6 d th a mos peop e perce1ve a r1S 0 ea per person per year  

as a threshold level below which fatal events seem to  cause little con

cern (ERDA , 1977a ) . The aircraft impact and severe geologic disruption 
-7 -8 

scenarios evaluated in this EIS  have probabilities of 10 and 1 0  

event per year , respectively . 
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4 . 4 . 2  Calculation of  Risk 

To arrive at a meaningful numerical indicator for risk comparisons , 
three factors must be taken into account : the frequency with which a 
particular event is likely to occur , the population exposed to the 
potential risk ,  and the consequence . The probability that an event will  
occur is  defined as the frequency divided by  the population exposed to 
the risk .  Risk is then defined in terms of the event probability and 
the event consequence by the equation 

Risk = ( event consequence ) x (event probability) . 

Using the example of cancer mortality in the United States , the 
probability given in Table 4-3 is  obtained from the equation 

Event probability = event frequency _ 330 , 730 events/year 
affected population - 203 , 000 , 000 persons 

= 0 . 00163 event/person/year 

= 1 . 63 x 10-3 event/person/year .  

The consequence of contracting a fatal cancer i s  one death per event . 
Substituting these  values in the equation for risk gives 

Risk  of cancer death = ( 1  death/event) 

4 . 4 . 2 . 1 Event Frequency 

x ( 1 . 63 x 10-3  event/person/year) 
= 1 . 63 x 10-3 death/person/year . 

The method of stating an event frequency as  events per year is used 
throughout this document because it is  convenient for describing the 
frequency of  recurring events separated by long time periods . An exam
ple of this type of event is the beginning of an ice age , which is 
believed to occur about once in 50 , 000 years . The frequency of 
glaciation can therefore be stated as one event divided by 50 , 000 years 

-5 br 2 . 0  x 10 event per year . 
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In order to determine the risk from the release scenarios evaluated 
in this document , it is necessary to estimate the probability that cer
tain events wil l  occur . The frequency of a system failure that might 
affect the environment and the public can be estimated by accumulating 
failure data for a number of similar operating systems . The total num
ber of failures of a given type , divided by the total number  of years of 
operation , approximates the probability of a given type of system 
failure . Probabilities are expres sed as  decimal fractions and lie 
between 0 and 1 .  Zero probability means the event cannot occur ; a 
probability of 1 means the event does occur ; a probability greater than 
o but less than 1 means the event may occur . I f  the event is  certain to 
happen each year (routine exposure to workers , for example ) , the 
probabili ty is  expressed as 1 .  0 event per year .  Probabilities may , 
therefore , be substituted directly for the frequency term in the event 
probability equation . I t  should be emphasized that stating a failure 
probability does not allow prediction of when or even if a particular 
system wil l  fail . For instance , assuming that the probability of 
fai lure for a particular system has been estimated as 0 . 0 1 failures per 
year , the implication is that among a large number  of identically 
operating systems , one failure may be anticipated for every 100 systems 
operating for 1 year , or for every 50 systems operating for 2 years . 

In many instances , including the operation of remotely operated 
nuclear p roces sing systems , very few long-term failure data are avail
able . Since this  study of waste management alternatives is comparative 
in nature and the processing systems for all of the alternatives are 
similar , conservative estimates of failure probabilities are made and 
applied to each alternative . Consequently , absolute risks associated 
with equipment failures are p robably overestimated but comparisons 
between alternatives should be valid . 
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4 . 4 . 2 . 2  Event Consequences 

The consequences of waste releases evaluated in this EIS depend on 
the following factors : 

• radiological and nonradiological waste inventory , 
• fraction released to the environment , 
• mechanisms by which the population is  exposed , and 
• number of persons exposed . 

The fraction of total cancer fatalities caused by exposure to 
low levels  of radiation cannot accurately be determined because of the 
l imited availability of information . A discuss ion of cancer risk cannot 
be based on actual mortality data , but must rely on statistical 
predictions of health effects estimated to occur in the exposed 
population as discussed in Subsection 4 . 3 .  

4 . 5  Environmental Consequences of Alternatives 

The environmental effects of each waste management alternative are 
identified in order to determine both thei r  absolute and relative im-
portance . The information about environmental consequences is deter-
mined by evaluating a series of release scenarios .  In this subsection , 
each scenario is described , and the potential causes of environmental 
effects are illustrated to aid in focus ing the discuss ion on relevant 
consequences .  

The data presented are based on the source terms and calculational 
methodology given in Appendix A .  A sample calculation of the maximum 
individual whole-body equivalent dose and associated health effects for 
each scenario evaluated in this EIS is provided in Appendix A .  The data 
summarize the results of the dose commitment calculations and nonradio
logical pollutant concentrations in air and water given in Appendix B .  

Environmental effects are divided into two maj or  categories :  
short-term effects that would occur during the as sumed period of 
institutional control (approximately 100 years ) and long-term effects 
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that would occur after institutional control is assumed to cease  
( 1  million years) .  The short-term versus long-term grouping of effects 
provides a mechanism for assessing effects on future generations . The 
trade-off between short-term costs and long-te rm benefits is more easily 
defined . For purposes of evaluation in the delayed retrieval alterna
tive (Alternative 5 ) , the short-term period of institutional control is 
assumed to last throughout the delay period . The retrieval date is 
delayed in order to evaluate the effects of radionuclide decay and to 
provide a relevant comparison between Alternatives 3 and 5 .  Should 
institutional control ceas e  during the delay period , potential effects 
of Alternative 5 would be s imilar to the effects identified for 
Alternative 1 .  

The short- and long-term categories are further divided into 
effects which a re certain to occur if an alternative is implemented and 
effects which are not expected to occur because they would result from 
abnormal events which are highly unlikely .  The division into effects 
which are certain to occur and effects which are not certain to occur 
has been done to emphasize the consequences of implementing an  alterna
tive . The division enables a decisionmaker to give appropriate con
s ideration to a wide range of e ffects when only a few will happen . 

Both' nonradiological and radiological effects on the public and 
waste management workers are described . The public consists of the max
imum individual and the population residing within the study area . The 
maximum individual is a hypothetical person who is assumed to live his 
entire l ife at a location where the radiation dose would be maximal . It 
is further assumed that his food and water supply a re obtained from this 
location . Thus , the maximum individual dose is a very conservative 
e stimation of potential radiation effects . The population dos e  is 
important in estimating health effects predicted to occur in an exposed 
population group which is involuntarily at risk from radiation . Waste 
management workers assume a greater risk of exposure to radiation than 
the general public . However ,  workers are trained in radiation s afety , 
and the exposure they receive is  carefully monitored . Occupational ex
posures are important in a ssessing the overall  implications of imple
menting a waste management program . 
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Events and environmental effects in the short term would occur 
during four phases : construction phase , operation phase , decontamin
ation and decommissioning (D&D) phase , and disposal phase .  Events and 
environmental effects in the long term would occur only in the disposal 
phase . Effects of offsite waste shipment are discussed as part of the 
operations phase . The proj ect phases and events for which environmental 
effects are evaluated are given in Table 4-4 . 

Many of the effects evaluated in this subsection have very minor 
environmental consequences . However ,  the most  s ignificant effects from 
each proj ect phase , even though they are minor , are compared in Sec
tion 2 .  

4 . 5 . 1  Short-Term Effects 

4 . 5 . 1 . 1  Short-Term Effects of Events Certain to Occur 

Events that are certain to occur during the short term cause both 
nonradiological and radiological effects . The scenarios that are evalu
ated for each project phase are shown in Table 4-4 . The nonradiological 
effects that would occur during the construction , operation , and D&D 

phases a re primarily minor e ffects on air  quality .  All airborne emis
s ions and any minor wastewater discharges would be  within applicable 
regulations (40 CFR 50 and 141 ) . 

Certain-to-occur radiological effects would result during the oper
ations and D&D phases of a lternative implementation . All routine radio
nuclide releases would be within applicable regulations (ERDAM, 1977 )  
and within the annual fluctuation of background radiation . 

4 . 5 . 1 . 1 . 1  Construction Phase 

Construction would take place within the present ICPP boundary. 
Fuel-burning equipment and fugitive dust would affect air quality .  All 
consequences of construction would be minor and of short duration , ceas
ing with the completion of construction . 
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REPOSITORY 

CONSTRUCTION 

OPERATIONS AND 
WASTE SHIPMENT 
DECONT AMINA TlON 

AND 
DECOMMISSIONING 

(0&0) 
DISPOSAL 

INEL 

FEDERAL 
REPOSITORY 

TABLE 4-4 
MODES OF ENVIRONMENT AL EFFECTS 

E V E N T S  C E R T A I N  T O  O C C U R  
NONRADIOLOGICAL 

Veh i c le Exhaus t ,  
Du s t  

Rout ine S tack 
Re l e a s e s  

Routine S tack 
Re leas e s , Vehicle 
Exhaust , Dus t 

None 

None 

None 

None 

None 

Wa s t e  Migrat ion 
into Groundwa ter 

None 

RADIOLOGICAL 

None 

Routine S t a c k  
Re l e a s e s ,  
Rout ine Wa s t e  
Shipment Ex
posure 

Rout ine S t ack 
Re leases 

None 

None 

None 

None 

None 

Wa s t e  Migra t ion 
i n t o  Groundwa ter , 
In trus ion i n t o  Was t e , 
Living at Contam-
ina t e d  S i t e  

None 

A B N O H M A I_ E V E N T S  
NONRADIOLOGICAL 

Worker Inj u r i e s  

Worker Inj ur i e s  

Worker Injuries 

None 

None 

None 

None 

None 

None 

Solut ion Mining , 
Fa u l t  and F looding 

RADIOLOGICAL 

None 

Calc ine Sp i l l ,  
Extra c t ion Solvent 
Fire During Ac t i 
nide Remova l ,  
Decontamination 
Solut ion S p i l l , 
Wa s t e  S h i pment 
Acc iden t , Aircraft 
Impact 

None 

None 

Wa s t e  Can i s ter 
Drop 

None 

None 

None 

Living Over Wa s te 
and Severe Geolog i c  
D i s rup t ion 

Solut ion Mining , 
Fau l t  and 
Flooding , 
Exploratory 
Dr i l l in g  



Construction activities and resource use for each alternative are 
shown in Table 4-5 .  Construction of calcine disposal facilities would 
be required for Alternatives 1 ,  2 ,  4 ,  and 5 .  This additional bin space 
is required for disposal of calcine produced from present and future 
high-level liquid waste inventories . Modifying the waste form to 
pellets or  glass would increase the volume of the final waste form to 
about 1 . 5 times the original calcine volume , thereby requiring disposal 
space in addition to the disposal capacity required for continuing 
present operations (Alternative 1 ) . 

Typical construction activity required to implement the waste man
agement a lternatives is illustrated below . 

__ 7 /Z-
,,�------------------�(� ,�--------------� 

� 

INEL SITE BOUNDARY =.;I 

•••• .. 

EFFECTS 
• AIR QUALITY 
• WATER QUALITY 
• BIOENVIRONMENT 
• NOISE 
• AESTHETICS 
• SOCIOECONOMICS 
• LAND USE 

W A S  T E M O D  I F I e  A T  1 0  N F A  C I L I T  y e o N S T R u e  T I O N  

Construction of processing facilities would be required for waste 
form modification (Alternatives 2 ,  3 ,  and 5 )  and actinide separation 
(Alternative 4) . 

Actinide separation (Alternative 4) would require the largest con
struction effort . Additional storage space would be needed for onsite 
disposal of actinide-depleted calcine . Facilities would be required for 
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+" I N VI 

1 .  

2 .  

3 .  

4 .  

5 .  

Alte rnat ive 

Leave- in-Place 

Ret rieve , Modi fy Ca lcine , 
Di spose at the JNEL 

Pe l leti ze Ca lcine 
Conve rt Ca l c i ne to Glass 

Retr ieve , Modi fy Calcine , 
D i spose Offsite 

Stab i l i ze Ca lc ine 
Conve rt Calcine to Glass 

Ret rieve , Sepa ra te Act i n i des , 
Di spose of Act i n i des O f fs i t e ,  
Dispose o f  Depleted Calc ine 
a t  the lNEL 

De lay Retrieva l ,  Modi fy Ca l c i ne , 
Dispose Offs i te 

1 00 Years 
300 Yea rs 
500 Years 

TABLE 4-5 

E ST I MATED CONSTRUCTION ACTIV I T I ES AND RESOURCE COHMITHENTSa 

Dura t ion 
(Mo ) 

1 8  

2 1  
36 

2 1  
24 

40 

24 
24 
24 

Pieces of 
Heavy 

Equ ipment 
(Ave rage ) 

25 

30 
50 

35 
35 

50 

35 
35 
35 

Diesel 
Fue l 

( 103 Ga l )  

375 

275 
575 

325/550 
390/550 

1 , 1 1 0/5 

390/55 
390/5 
390/5 

Conc rete 
( 1 03 Yd3 ) 

40 

70 
50 

10 
15 

60 

50 
50 
50 

Fabr i c a te d
b 

Equipment 
( 1 06 Do l lars ) 

1 . 0  

1 . 5  
3 . 0  

3 . 0  
3 . 0  

7 . 0  

3 . 0  
3 . 0  
3 . 0  

Labor For ce 
(Man-Yr)  

800 

2 , 000 
1 , 000 

200/ 1 , 1 00 
200/ 1 , 100 

2 , 750/5 

1 , 000/ 1 1 0 
1 , 000/5 
1 , 000/ 5 

Land 
Proce s s i ng 

Fac i l ity 

NA
c 

(acre s )  
Di sposa l 
Fac i l i ty 

2 
1 80 

1 75 
1 75 

1 / 1  

d 
1 8

d 
I

d 
1 

a .  Resources committed at the INEL a re l i s ted f i rs t ; resources commi tted to repos i tory const ruct i on a re l is ted a fter the slash ma rk . 

b .  Cost ( in 1 980 dollars)  o f  fabr i ca t ing spe c i a l t y  equipment f rom stainless steel for opera t i ons at the INEL . 

c .  NA , not a pp l i cab l e .  

d .  One a c re o f  land at the INEL would b e  requ i red f o r  calc ine storage during the per iod o f  delay.  

Water 
( 1 06 Ga l )  

1 . 5 

3 . 0  
2 . 0  

0 . 5/6 . 2  
0 . 5/6 . 2  

3 . 0/0 . 3  

2 . 0/0 . 6  
2 . 0  
2 . 0  



calcine dissolution , a ctinide separation , and calc ination of actinide
depleted waste . Increased waste process ing ' s  costs are reflected in the 
cost of fabricated equipment from specialty al loys which is more than 
twice the fabricated equipment costs of the other alternatives . 

Onsite disposal of pellets (Alternative 2 )  would be nearly as labor 
intensive as actinide separation (Alternative 4) . Even though onsite 
disposal of vitrified calcine would require construction of new disposal 
facilities , these silos would not be as complex a s  the additiona l  bins 
that would be constructed for disposal of pelletized calcine . Ons ite 
disposal of vitrified calcine would substantially increase present land 
use requirements . 

Construction activities would affect air quality through vehicle 
and equipment exhaust and dust generation as shown in Table 4-6 . Air 
quality impacts and diesel fuel use are directly related to the pieces 
of heavy equipment in operation . Concentrations are calculated for all  
air  pollutants controlled by federal and state standards . The concen
trations are based on recommended emission factors for construction 
activity and are calculated from the atmospheric dispers ion factor for 

-8 ground- level releases at the southern INEL boundary 0 . 7  x 10 second 
per cubic meter ) . The concentration is  expected to be a maximum at  this 
location . The calculated increases at s ite boundaries for all  
alternatives would be below the detection limits of the monitoring 
equipment . Consequently , effects on air  quality would be negligible . 

Mitigative measures would consist of the use of dust suppressants , 
limiting disturbances of vegetative cover to areas necessary for con
struction of facilities , and the use of eros ion control and restorative 
procedures to minimize wind-generated dust . 

Construction activity would take place near the ICPP where there is 
no surface water . Wastewater generated during construction would be 
managed to conform to all applicable federal and state water quality 
standards and effluent guidelines . 
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Alte rnative 

1 .  Leave- i n-Place 

2. Retrieve , Modify C a l c ine , 
Di spose a t  the INEL 

Pe l l e t ize Ca l c i ne 
Conve rt Calc ine to Gla s s  

3 .  Retrieve , Modify Ca lcine , 
Di spose Offsite 

Stab i l i ze Calcine 
Convert Ca lc ine to G l a s s  

4 .  Retrieve , Sepa rate Actinides , 
Dispose of Actinides Offs i te , 
D i spose of Depleted Ca l c ine 
a t  the INEL 

5 .  Del ay Retrieva l , Modify C a l c i ne ,  
Di spose Offsite 

1 00 Years 
300 Years 
500 Yea rs 

Federal  Standa rd
c 

a .  At southern lNEL bounda ry . 

TABLE 4-6 

CALCULATED CONCENTRATION INCREASES 
OF AIR POLLUTANTS FROM CONSTRUCTION ACTIVITyya , b 

(mi c rograms per cub ic meter)  

Pa r t i culates 
(Annua l Geome t r i c  Mean) 

N i t rogen Oxides 
(Annual A r i thme t i c  Mean) 

Ca rbon Monoxide 
( l -Hr Average) 

0 . 04 0 . 1 2 1 1 .  0 

0 . 07 0 . 07 6 . 9  
0 . 07 0 . 09 8 . 3  

0 . 04 0 . 09 8 . 3  
0 . 04 0 . 09 9 . 0  

0 . 20 0 . 15 15 . 0  

0 . 04 0 . 09 9 . 0  
0 . 04 0 . 09 9 . 0  
0 . 04 0 . 09 9 . 0  

60 . 00 1 00 . 00 40 , 000 . 0  

Sulfur Diox ide 
(Annua l A r i thmetic  Mean) 

0 . 009 

0 . 006 
0 . 007 

0 . 007 
0 . 007 

0 . 0 1 0  

0 . 007 
0 . 007 
0 . 007 

80 . 0  

Hydroca rbons 
(3-Hr Average ) 

3 . 4  

2 . 2  
2 . 5  

2 . 6  
2 . 7  

4 . 4  

2 . 7  
2 . 7  
2 . 7  

1 60 . 0  

b .  A l l  c a lculated concentrat ions a re below instrument detect i on l imi t s . De tection l imit : sulphur dioxide , 7 . 2  IJg/m3 ; ni t rogen oxides , 4 . 3  IJg/m3 ; p a r
t iculates , 1 IJg/m3 ; hydroca rbons , 16 IJg/m3 . 

c .  The mos t  res trictive s tandard (40 CFR 50)  i s  l i s ted . I t  i s  the p rima ry s tanda rd for s u l fur dioxide and the secondary s tandard for p a r t i cu l a tes , n i t rogen 
oxides , ca rbon monoxide , and hydrocarbons . 



Water for concrete would be provided primarily by the ICPP produc
tion well . The expected increase in water consumption would not appre
ciably affect the aquifer or other water users . During 1974 ,  the total 
groundwater usage at the lNEL was 2 . 9  billion gallons , which was 0 . 1  
percent of the estimated total annual dis charge of the Snake River Plain 
Aquifer (ERDA , 1977b) . Maximum water use at the ICPP [Alternatives 2 
(pellets ) and 4 J  would be only 0 . 1  percent of the total lNEL use .  

Solid waste generated during construction would be disposed at the 
lNEL in a sanitary landfill constructed and operated in accordance with 
federal and state regulations . 

The ambient noise levels at the lNEL are generally very low . Con
struction activities would result in increased noise levels in propor
tion to the number  of pieces of construction equipment operating 
(Table 4-5 ) . Because of the isolation of the lNEL , increases in noise 
levels would not affect the public . Workers exposed to high noise 
levels would be provided with hearing protection devices . 

Land use requirements would be met within the present lNEL bound
ary .  Alternative 2 (glass )  would require the largest additional 
subsurface area ( 180 acres )  for disposal . Alternative 2 (pellets )  would 
require an additional 2 acres and Alternative 4 would require an 
additional 1 acre of land for disposal at the lNEL . Alternatives 2 ,  3 ,  
4 ,  and 5 would require about 1 a cre of land for construction of 
process ing facilities . 

Archaeological surveys of the lNEL have found fossils  and artifacts 
( see Subsection 3 . 4 . 1 ) . A s ite reconnaissance project would be con
ducted before construction to determine the presence of antiquities and 
their  value . During construction , a qualified archaeologist would be on 
call  to inspect any unforeseen finds . 

Effects on wildlife and vegetation would be minor because potential 
construction s ites are near  the ICPP and already affected by man I S  

activities .  Disturbed land and wildlife habitats would be restored 
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after facility decommissioning . No rare or endangered species would be 
affected by construction activities at the ICPP . 

Socioeconomic impacts can be evaluated by examining current con
struction employment proj ections . Employment for other INEL construc
tion proj ects peaked at 1 , 592 in 1980 and is expected to drop to 572  in 
1982 . The decline of 1 , 020 j obs suggests that more than enough workers 
could be available for the construction of waste management facilities . 
Alternative 4 would require the greatest level of effort ( 2750 man
years at the INEL) .  It is estimated that the maximum level of effort 
proj ected for the construction of processing and disposal facilities 
would require a peak of about 700 construction workers . A labor force 
of this size has been accommodated in the past and is within the normal 
fluctuation of the INEL work force . Consequently , socioeconomic effects 
of the construction labor force would p robably not be noticeable in the 
communities surrounding the INEL . 

Compared to applicable standards and regulations , the environmental 
consequences of construction activities are minor for all  the waste man
agement alternatives . With the exception of stainless steel , resource 
commitments a re typical of any industry of similar size and comp lexity .  
Stainles s steel would be required for the manufacture o f  specialty 
equipment necessary for the handling , shipment , and disposal of high
level radioactive waste . Stainless steel requirements are given in 
terms of dollar cost instead of tons to more realistically reflect the 
fabrication costs of equipment from specialty alloys . 

4 . 5 . 1 . 1 . 2 Routine Operations Phase 

The environmental effects of routine operations at the ICPP and 
waste shipment to a federal geologic repository would cause both non
radiological and radiological effects . Nonradiological effects are dis 
cussed first , followed by a discussion of radiological effects . Radio
logical effects are discussed for the public and for waste management 
workers . 
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Each alternative is  as sumed to begin at the point at which calcined 
waste is in the storage bins . Alternatives 2 ,  3 ,  4 ,  and 5 would require 
processing in addition to the continuing production of  calcine . The 
effects of calcination have been described elsewhere (ERDA , 1977b ;  
AEC ,  1973 ; AEC ,  1974) . Pertinent effects o f  current calcining opera
tions are discussed briefly below to provide perspective in considering 
the effects of the alternatives evaluated in this EIS . However ,  the 
effects are not included in Tables 4-7 ,  4-8 , 4-9 , or 4- 1 1  because they 
are the same for each alternative s ince each alternative is assumed to 
begin with calcined waste . The following brief summary of calcination 
effects is provided for the reader ' s  information . 

Current ICPP operations result in slightly elevated emiss ions of 
nitrogen oxides and carbon monoxide at the southern INEL boundary ; how
ever these increases are below instrument detection l imits . The calcu-
lated average 
0 . 80 micrograms 

annual increase in nitrogen oxides concentration is  
per  cubic meter and the calculated average hourly 

increase in carbon monoxide concentration is 0 . 42 micrograms per cubic 
meter . Water use is  1000 gallons per minute . The maximum energy demand 
at the ICPP has been 4 . 3  megawatts which is equivalent to the electrical 
demand of 675 households . 

About 500 employees are exposed to radiation from all ICPP a£tivi
ties which results in an annual whole-body equivalent dose that ranges 
from 375 to 650 man-rem . Each worker receives an average annual dose of 
1 rem . The population ( 165 , 000 ) within 50 miles of the ICPP receives an 
annual whole-body equivalent dose  of about 0 . 005 man-rem from ICPP 
activities .  This is an extremely low dose compared to the annual dose 
received from background radiation of 24 , 750  man-rem . 

The plume from the stack indicates that environmental effects would 
be caused primarily by airborne emiss ions as depicted in the illustra
tion on the following page . Small amounts of wastewater would be 
generated during waste form modification and actinide separation , but 
l iquid effluents produced by these operations would be treated before 
release and would be within applicable drinking water standards . 
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Nonradiological Effects of Routine Operations 

Effects on ambient air quality of the waste management alternatives 
from routine operations are shown in Table 4-7 . It is estimated that 
waste retrieval and process ing would take place during a 30-yea r period . 
The volume of waste processed during the fi rst 13  years would be twice 
the volume processed during the last 17  years of the proj ect . Air 
concentrations are calculated for all pollutants controlled by federal 
and state standards . They are based on continuous operation of pro
cess ing facilities for 230 days per year and calculated from the 
atmospheric dispersion factor for elevated releases at the southern INEL 

-8  boundary (4 . 0  x 10 second per  cubic meter) . The concentration is 
expected to be maximal at this location . Emiss ions would be controlled 
by the offgas treatment and atmospheric protection systems described in 
Subsection 2 . 3 . The primary air pollutant emitted during the oper
ations phase would be nitrogen oxides , which are produced during waste 
form modification . Small amounts of ca rbon monoxide would be produced 
during recalcination of actinide-depleted waste (Alternative 4 ) . 
Particulate emiss ions from all alternatives would be negligible . The 
calculated air  pollutant concentration increases that would result from 
calcine retrieval and process ing would be below the detection limit of 
the monitoring equipment . 

R O U  T I N E  O P E R A T I O N S  
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TABLE 4- 7 

CALCULATED CONCENTRATION INCREASES 
OF AIR POLLUTANTS FROM FACILITY OPERATIONa , b 

(micrograms per cubic meter) ' 

Alternative 
Nitrogen Oxides 

(Annual Arithmetic Mean) 

1 .  Leave-in-Place 

2 .  Retrieve , Modify Calcine , 
Dispose at the INEL 

Pelletize Calcine 
Convert Calcine to Glass  

3 .  Retrieve , Modify Calcine , 
Dispose Offsite 

Stabilize Calcine 
Convert Calcine to Glass 

4 .  Retrieve , Separate Actinides , 
Dispose of Actinides Offsite , 
Dispose of Depleted Calcine 
at the INEL 

5 .  Delay Retrieval , Modify Calcine , 
Dispose Offsite 

100 Years 
300 Years 
500 Years 

Federal Standardc 

a .  At southern INEL boundary . 

o 

1 . 0  
0 . 44 

0 . 40 
0 . 44 

2 . 3  

0 . 44 
0 . 44 
0 . 44 

100 

Carbon Monoxide 
( l -Hr Average) 

o 

o 
o 

o 
o 

6 . 4  

o 
o 
o 

40 , 000 

b .  All calculated concentrations are below instrument detection limits . 

c .  40 CFR 50 . 

Potentially toxic chemicals could be emitted during waste process-
ing (Alternatives 2 ,  3 ,  4 ,  and 5 ) . Emission rates are estimated for 
stack releases of cadmium and mercury . The maximum cadmium emiss ion 
rate would be very low (40 pounds per day) . There are no federal or 
state air quality standards for cadmium . The calculated maximum annual 
average concentration of cadmium ( 0 .  0 1  �g/m3) would be comparable to 
background concentrations ( 0 .  03 �/m3 ) .  The maximum mercury emiss ion 
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rate ( 1 , 700 grams /24 hours ) would be about 74 percent o f  the mos t  re

s trictive nationa l  emis s ion s tandard ( 2 , 300 grams/24 hours ) for hazard

ous a i r  pollutants ( 40 CFR 6 1 ) . Sma l l  amounts of s i licon f luo ride could 

be emitted during pelletization . There are no a i r  qual i ty standa rds for 

s il icon fluo ride . 

E ffects o f  the sma l l  amounts o f  nonradiological a i r  po l lutants on 

the public  and was te management workers  would be negligible . State -of

the-art pollution control techno logy would be uti lized and environmental 

monitoring would be conducted throughout the 3D-year  period o f  opera

tions to verify comp liance with applicable standards . 

Smal l  amounts o f  nonradioactive solid  was te would be gene rated dur

ing was te process ing . Materials  such a s  packing boxes , crates , chemical 

containers , office supp l ies , and s crap would be surveyed for radioactiv

i ty prior to packaging for disposal in the lNEL s anitary landfi l l . 

Other envi ronmental e ffects during the operations phase would not 

s i gnificantly differ from e ffects of current ICPP ope ra tions . Ambient 

noise  level s  would not affect the publ ic . Nonradiological  effects on 

the bioenvironment would be les s than during the const ruction phase ; 

effects would be so  sma l l  that they would p robably be undetectab l e . 

Aes thetic e ffects o f  facility operation and maintenance would be an 

extens ion of const ruction e ffects which would blend with the othe r 

ongoing a ctivities at the ICPP . 

The potentia l  employment e ffects o f  the waste management a lterna

tives can be p laced in perspective by examining the overal l  lNEL employ

ment and variations in its leve l . Employment remained relatively con

s tant at 5 , 300 to 6 , 200 from 1 967 to 1 9 7 4 , but g rew sub s tantia l ly from 

1975  to June 1978 , when it  reached a total o f  about 9 , 400 j obs . The 

number o f  emp loyee s  has s ince l eveled off . Within a year the number o f  

employees typica l ly varies by 600 . 

Table 4-8 s hows the employment requi rements for the a lternatives 

during the 30-year p roces s ing period . Twice a s  many employees would be 
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TABLE 4-8 

ESTI MATED OPERATIONS PHASE RESOURCE COMM ITMENTS 

.tI 

1 .  

2 .  

3 .  

4 .  

(,.oJ 5 .  
.t-

Alte rnat ive 

Leave- i n-Place
c 

Retrieve , Mod i fy Ca l c i ne , 
Dispose at the INEL 

Pel l e t ize Ca l c i ne 
Conve r t  Ca l c i ne to G l a s s  

Retrieve , Modify Calcine , 
Dispose O f fs ite 

Sta b l i ze Ca l cine 
Conve r t  Ca l cine to Glass 

Ret ri eve , Separate Act i n ides , 
D ispose o f  Actinides O f f s i te 
D ispose o f  Dep leted Ca l c ine a t  
t h e  INEL 

Delay Retrieva l , Mod i fy Ca l c i ne ,  
Di spose Offs i t e  

1 00 Yea rs 
300 Years 
500 Yea rs 

Water 
(Ga l /M i n )  

o 

370 
350 

280 
350 

625 

350 
350 
350 

G l a s s  F r i t
a 

( 1 06 Lb ) 

o 

o 
98 

o 
98 

98 
98 
98 

Chemi cals  
1 06 Lb 

o 

7 . 5  
o 

o 
o 

94 

o 
o 
o 

Ene rgy Demand 
(Megawa t t s )  

o 

1 . 45 
1 . 1 5 

0 . 5 7 
1 .  1 5  

1 . 60 

1 . 1 5 
1 . 1 5 
1 .  15 

a .  Mate r i a l s  a re used i n  waste fo rm mod i fi ca t i on du r i ng the 30-year ope rations p e r i od . 

At INEL 

o 

800 
1 250 

950 
1 1 00 

1 700 

1 500 
1 500 
1 500 

Labor Forceb 

(Man-Y r )  

Waste 
Shipment 

NA
d 

NA 
NA 

2 700 
2 700 

2 700 

2 700 
2700 
2 700 

At 
Repos i to ry 

NA 

NA 
NA 

1 400 
1 400 

10 

1 40 
1 0  
1 0  

Diesel Fuel for 
Waste Shipment 

( 1 06 Ga l )  

NA 

NA 
NA 

1 . 8 
2 . 7  

0 . 1 

2 . 7  
2 . 7 
2 . 7  

b .  Includes add i tiona l labor force requi red for  the 30-ye a r  ope rations period a t  the INE L ,  waste shipment worke rs , and opera t ions a t  the repo s i to ry .  

c .  There a re n o  reso u rce commitments i n  add i t i on to resources a l ready comm i t ted to the c a l c i na t i on p rocess . 

d .  NA , not app l icab l e .  



required during the initial 1 3  years of operation as during the last 
1 7  years . That number of employees would be in addition to the current 
labor force at the ICPP , and includes surveillance and maintenance per
sonnel . The largest operating work force ( 100) would be required for 
actinide separation during the period 1990 to 2003 . Effects of this 
employment level on local communities would not be observed . According 
to the Idaho Falls  Chamber of Commerce , approximately one j ob is  created 
in eastern Idaho service industries for every three new permanent j obs 
created in the nonservice industries . (This relationship converts to an 
employment multiplier of 1 . 33) . Therefore , the operating work force 
required for actinide separation would result in a maximum of 1 33 
workers and their families who would require accommodation in the 
communities surrounding the INEL . 

An INEL questionnaire (DOE , 1978 )  showed that the average employee 
household size is 3 . 1 persons . Assuming the same household s ize for 
newcomers , the maximum population increase from direct employment is  
calculated to  be 412  persons . The Department of Housing and Urban 
Development (RUD , 19 76 )  considers that impacts on a community are 
generally recognizable when the in-migrating work force increases the 
local population by 5 percent or more . Based on the population growth 
as sumptions used in this EIS , the study area population in 1990 would be 
about 199 , 000 . Thus , the maximum additional labor force (Alternative 4 )  
would increase the population in the study area by only 0 . 2  percent . 

As shown in Table 4-8 , resource use during the operations phase 
would be s imilar to other chemical processing industries . Water use 
would not appreciably affect the aquifer or other users . The maximum 
electrical power demand 0 . 60 megawatts ) for waste form modification 
would be 37 percent of ICPP demand in 1980 . A new electrical substation 
and transmiss ion l ines from the main site substation would be required 
to implement Alternatives 2 ,  3 ,  4 ,  and 5 .  The plant would be operated 
in accordance with applicable federal and state air  quality standards 
and effluent regulations . 
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Radiological Effects of Routine Operations 

The source of radiological effects on the public from routine cal
cine retrieval and processing operations would be airborne releases from 
the facility offgas treatment system and ventilation system (Alterna
tives 2 ,  3 ,  4 ,  and 5 ) . Radiological effects on the public from routine 
releases for each waste management alternative are shown in Table 4-9 . 
The largest dose commitment to the maximum individual ( 0 . 000003 rem) 
from airborne releases of radionuclides during the operations phase 
would be within the background radiation dose ( 0 . 15 rem) . Thus , effects 
on the public would be undetectable . 

Alternatives 3 ,  4 ,  and 5 involve shipping all  or part of the waste 
calcine to an offs ite federal geologic repository .  

The public along the shipment route would receive minor external 
doses of direct radiation from the shipping casks as shown in the accom
panying illustration . 

• 
/ 
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Alterna t ive 

1 .  Leave - i n-Place 

2 .  Retr ieve , Mod i fy Ca l c ine , 
Di spose at the l NE L  

Pel l etize Ca lc i ne 

Convert Ca l c i ne to Glass 

3 .  Ret rieve , Mod i fy Ca l c i ne , 
Di spose O f fs i te 

Stab i l ize Ca l c ine 

Conve rt Calcine to Glass 

4.  Ret rieve , Sepa rate Act i n ides , 
Di spose of Act i n ides O f f s i te 
Di spose of Depl eted Calc ine at 
the INEL 

5 .  De lay Ret rieva l , Mod i fy Ca l c ine , 
D i spose O f fs i te 

1 00 Yea rs 

300 Yea rs 

500 Yea rs 

TABLE 4 -9 

RADIOLOG I CAL EFFECTS OF ROUTI NE OPERAT I ONAL RELEASES
a 

Max i mum 
I n d i v idual 

Who le-Body 
Equiva lent 
Dose ( Rem) 

NA
c 

3 . 00 x 1 0
-6 

3 . 00 x 1 0
-6 

6 . 54 x 1 0-9  

3 . 00 x 1 0
-6 

7 . 35 x 1 0
-9 

1 . 63 x 1 0
- 1 0  

8 . 6 1 x 10
- 1 2  

4 . 2 7  x 1 0
- 1 2  

Popu lat ion 
Exposed 
( Numbe r )  

NA 

199 , 000 

199 , 000 

199 , 000 

1 99 , 000 

1 99 , 000 

546 , 000 

650 , 000 

650 , 000 

Who l e-Body 
Equiva lent Dose 

(Man-Rem) 

NA 

2 . 39 x 1 0
-2 

2 . 39 x 1 0
-2 

5 . 2 1  x 1 0-5 

2 . 39 x 1 0
-2 

5 . 85 x 1 0
-5 

3 . 56 x 1 0
-6 

2 . 24 x 1 0
- 7 

1 . 1 1 x 1 0
- 7 

Popu l a t i on 

Range o f  
b 

Hea lth E f fects  
(Numbe r )  

NA 

1 .  79 x 1 0=: to 
5 . 49 x 1 0 _

6 
1 . 79 x 10_6 to 
5 . 49 x 1 0  

3 . 90 x 1 0=: to 
1 . 20 x 1 0_6 
1 .  79 x 10_6 

to 
5 . 49 x 1 0  

4 . 39 x 1 0=: to 
1 .  35 x 10  

- 1 0  
2 . 67 x 1 0_

1 0  
to 

8-. 19  x 1 0_
1 1  

1 . 68 x 1 0
_ 1 1  

to 
5 . 15 x 1 0_

1 2  
8 . 33 x 1 0_ 1 1  to 
2 . 55 x 1 0  

Proba b i l  i ty 
of Event 

(Events/Yr) 

NA 

1 . 0 

1 . 0 

1 . 0 

1 . 0  

1 . 0  

1 . 0 

1 . 0 

1 . 0 

a .  Based on 50-yea r dose commitment f rom 1 yea r o f  opera t i on i n  1 990 (Alte rnat ives 2 ,  3 ,  and 4) and in 2090 , 2290 , and 2490 
(Alte rnat ive 5 ) .  

b .  Hea l th e f fects a re cance r deaths . 

c .  NA , not app l i cab l e .  

Populat ion 
R i s k  

(Man-Rem/ Y r )  

NA 

2 . 39 x 1 0
-2 

2 . 39 x 1 0
-2  

5 . 2 1 x 1 0
-5 

2 . 39 x 1 0
-2 

5 . 85 x 1 0
-5 

3 . 56 x 1 0
-6 

2 . 24 x 1 0
- 7 

1 . 1 1  x 10
- 7  



In this EIS , the waste is assumed to be shipped by rail for a 
distance of 1 , 500 miles . Waste canisters would be packaged in shipping 
casks that would reduce excess ive amounts of radiation . Federal ship
ping regulations (49 CFR 1 73 . 393 )  specify that exposure rates measured 
6 feet from the surface of the shipping vehicles shall not exceed 1 0  
millirem per hour . 

In estimating the effects of routine shipping operations , waste is 
assumed to be shipped to the repository along a maximum population route 
( see Subsection 2 . 2 . 3 ) . Since the population is as sumed to increase  for 
a ISO-year period , the radiation effects of delayed waste retrieval and 
shipment (Alternative 5 )  on the public res iding along the waste shipment 
route will also increase . The waste is also assumed to be shipped in 
containers that comply with federal shipping regulations . Consequently , 
the decrease  in direct radiation for the delayed retrieval alternative 
is not as great as might be expected . The doses delivered to the 
general public res iding along the route and associated health effects 
are given in Table 4- 10 . 

Occupational exposure is  a consequence of  waste management activi
ties . Workers who accept employment in waste management projects are 
as sumed to accept exposure to radiation . Occupational exposure is 
minimized wherever poss ible by using special shielding , protective 
clothing , special-use masks , and self-contained or air-supplied breath
ing equipment . Time spent in radiation areas is carefully monitored to 
ensure that allowable time l imits are not exceeded .  Worker exposures 
are monitored and controlled by a corps of health physicists . Also , 
workers wear  personal dos imeters and radiation badges which are analyzed 
routinely to ensure compliance with the occupational exposure limit of 
5 rem per year (ERDAM , 1977 ) .  

Because of  these precautions , occupational exposures at the ICPP 
average les s than 1 rem per yea r .  Future improvements in remote main
tenance techniques should reduce this level even more . In this EIS , it 
is as sumed that the average occupational exposure would be 1 rem per 
year , except for delayed retrieval of calcine (Alternative 5 ) . Because 
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TABLE 4- 1 0  

RADI OLOGI CAL EFFECTS O N  THE PUBLIC FROM ROUTI NE WASTE SHI PMENT
a 

Maximum 
I nd iv idua l Popu l a tion 

Whol e - Body Popu l a t ion Who l e -Body Range o f  
b 

Proba b i l i ty Popul a t i on 
Equ ivalent Exposed Equ iva lent Dose Hea l t h  E f fects o f  Event R i sk 

Alte rna t ive Dose (Rem ) (Numbe r )  (Man-Rem) (Numbe r )  (Events/Yr)  (Man-Rem/Y r )  

1 .  Leave - i n-Place NA
c 

NA NA NA NA NA 

2 .  Retrieve , Modi fy Ca l c ine , 
D i spose at the lNEL 

Pellet ize Ca l c i ne NA NA NA NA NA NA 
Convert Ca l c ine to Glass NA NA NA NA NA NA 

3 .  Retr i eve , Mod i fy Calc ine , 
D i spose O f f s i te 

1 . 90 x 1 0 - 2 1 .  78 x 1 (� Stab i l ize Calc ine 1 25 , 000 237 to 1 . 0  237 

Conve rt Ca l c ine to Glass 2 . 90 x 1 0- 2 1 2 5 , 000 362 
5 . 46 x 1 0 _ 2 1 . 0  362 2 . 72 x 1 0_ 2 to 
8 . 34 x 10 

4 .  Retr ieve , Sepa rate Actin ides , 
D i spose o f  Actin ides O f f s i te , 

.s:- D i spose of Dep l e ted Calc ine a t  
1 .  0 0  x 1 0- 3 x 1 0 - 4 I the lNEL 1 25 , 000 1 2 . 5  9 . 3 7 to 1 . 0  1 2 . 5  w 

x 1 0 - 3 \0 2 . 8 7 
5 .  Delay Retr ieva l , Mod i fy Calc ine , 

Dispose Offs i te 
2 . 1 5 x 1 0- 3  x 1 0 - 2 1 00 Years 209 , 000 449 3 . 3 7 to 1 . 0 449 

1 . 03 x 1 0 - 1 

300 Yea rs 1 . 96 x 1 0 - 3 250 , 000 490 3 . 6 7 x 1 0 - 2 to 1 . 0 490 
1 . 1 3 x 1 0 - 1 

500 Yea rs 1 . 96 x 1 0- 3 250 , 000 490 3 . 6 7 x 1 0 - 2 to 1 . 0 490 
1 . 1 3 ' x  1 0 - 1 

a .  Based on exposu re f rom 1 yea r  of waste s h i pment in 1 9 90 (Alternatives 3 and 4) and in 2090 , 2290 , and 2490 (Al te rna t i ve 5 ) .  

b .  Hea l th effects a re cance r deaths . 

c .  NA , not app l i cab l e . E f fects app l y  to a l te rnat ives tha t  i nvolve o f f s i te s h i pment . 



beta-gamma decay occurs during the delay period , the average occupa
tional exposure is estimated to be 0 . 5 , 0 . 3 ,  and 0 . 1  rem per year for 
the 100- , 300- , and SOO-year delays , respectively . 

Train crew members would be exposed to low levels of  radiation 
during waste shipment . Exposures would be proportional to the number of 
crew members , the annual volume of waste shipped , and the length of time 
a train crew member remained in close proximity to the shipping cask .  
Estimated waste management worker doses from operations a t  the lNEL , 
waste shipment , and operations at the repository are given in 
Table 4- 1 1 . 

4 . 5 . 1 . 1 . 3  Decontamination and Decommissioning (D&D) 

All waste management alternatives would require D&D . During D&D of 
the calcine bins (Alternative 1 ) , only minor nonradiological effects 
s imilar to those resulting from construction activities would occur . 
The vaults would be filled with a concrete-like material about the year 
2 100 after heat from radioactive decay had been sufficiently reduced . 
During the lifetime of the material , the possibility of accidental 
intrusion into the waste , or migration of the waste away from the bins 
should the disposal s ite become flooded , would be significantly reduced 
by encapsulation of the bins . Encapsulation would also prevent the 
release of radionuclides in the event that an aircraft impact occurred 
at the s ite a fter the bins had disintegrated . 

As a result of contamination during operations , a ll  retrieval and 
process ing facilities would require D&D . Radionuclide releases during 
D&D would be less than 1 percent of operational releases . All waste 
retrieval and processing fac ilities would be designed to make D&D as 
s imple and inexpensive as feasible . Included would be such features as 
the use of easily decontaminated surfaces and equipment designed for 
dismantling into eas i ly handled components . 
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TABLE 4 - 1 1  

RADI OLOG I CAL EFFECTS ON WASTE MANAGEMENT WORKERS FROM OPERAT I ONS AND WASTE SHI PHENTa 

1 .  

2 .  

3 .  

4 .  

5 .  

A l te rnat ive 

Leave- in - Place 

Retrieve , Hod i fy Ca�c i ne , 
Di spose at the INEL 

Pe l le t i ze C a l c i ne 

Convert Ca l c ine to G l a s s  

Retr ieve , Hod i fy Calcine , 
Di spose Offs i te 

Stab i l ize Ca l c ine 

Convert Ca l c i ne to Glass 

Retrieve , Seperate A c t i n i des , 
D i spose of Actin ides Offs i te 
Di spose Sf Depleted C a l c ine a t  
the INEL 

De lay Retrieva l , Hod i fy C a l c i ne ,  
D i s pose Offs i te 

1 00 Yea rs 
300 Years 
500 Yea rs 

Yea r s o f  
Expo s u re 
(Numbe r )  

o 

1 0  
20 

10 
20 

1 0  
2 0  

1 0  
20 

10 
20 

30 
30 
30 

a .  Total e ffects for 30-yea r ope rat ions period . 

b .  I nc ludes waste d i spos a l  a t  the INE L .  

c .  NA , not app l i cable . 

O . b pe ra t l ons 

Wo rkers 
Exposed 
(Numbe r )  

o 

40 
20 

55 
35 

45 
25 

50 
30 

100 
35 

50 
50 
50 

To t a l  Who l e - Body 
EqUiva lent Dose 

(Man-Rem) 

o 

400 
400 

500 
700 

450 
500 

500 
600 

1 , 000 
700 

750 
450 
1 5 0  

Wa s t e  Sh ipment 

Wo rkers 
Exposed 
(Numbe r )  

NAc 

NA 
NA 

NA 
NA 

90 

90 

90 

9 0  
9 0  
9 0  

To t a l  Who le - Body 
Equiva lent Dose 

(Han - Rem) 

NA 

NA 
NA 

NA 
NA 

2 7 0  

270 

2 7  

1 35 
8 1  
2 7  

Repo s i t o ry 

Tota l Who l e - Body 
Equiva lent Dose 

(Han-Rem) 

NA 

NA 
NA 

NA 
NA 

1 40 

1 40 

1 4  
1 
1 

d .  A l a rge r opera t i n g  wo rk force t o  p roce s s  the e x i s t i ng ba c k log o f  ca l c i ne i s  requ i red dur ing the f i rst 1 0  yea rs o f  
a l ternat ive imp l ement a t i o n .  

� 



Because of the necess ity of working inside contaminated areas dur
ing the D&D phase ,  the potential for contamination of the D&D workers is 
higher during the D&D phase than it is during the operations phase .  The 
workers would wear protective clothing and in some cases would be sup
plied with breathing air from an external source . They would also be 
c losely monitored to preclude unacceptable exposures . Standard radio
logical safety procedures would be followed to ensure that hazards are 
adequately identified and appropriate preventive measures taken . 

The technology for D&D is generally wel l  established , and current 
research should improve remote handling techniques . The effects on the 
public and waste management workers from D&D activities are given in 
Table 4- 12 . 

Decontamination and decommiss ioning for actinide separation (Alter
native 4) would cause the highest worker doses . Health effects in the 
population would be indistinguishable from the effects of background 
radiation for all  alternatives . 

Radioactive solid waste p roduced during D&D would consist of  pro
tective c lothing , absorbent paper ,  used tools , process equipment , and 
demolition debris . This low-level waste would be segregated and sent to 
the radioactive waste management complex at the lNEL for disposal .  

Manpower and materials requirements for D&D would be minor .  
Resource commitments for D&D activities are given in Table 4-13 . 

4 . 5 . 1 . 1 . 4  Disposal 

During the short-term period of disposal at the lNEL , maintenance 
and surveillance of the disposal  site would continue . The present en
vironmental monitoring program (Subsection 3 . 5 )  would be continued and 
expanded . No maj or use of resources or materials  would be required . 

Effects of the leave-in-place alternative (Alternative 1 )  would be 
minimal because existing calcine storage would be upgraded . The dis
posal of either pellets , glass , or  actinide-depleted calcine at the lNEL 

4-42 



� 
I 

� 
w 

TABLE 4- 1 2  

RAD I OLOGICAL EFFECTS ON THE PUBL I C  AND WASTE MANAGEMENT WgRKERS 
FROM DECONTAMINATION AND DECOMMISS ION ING ACT I V I T I ESa , 

Maximum 
I n d ivi dua l POEul a t ion Workers 

Max imum 
Who l e - Body Range of I n d i v i d u a l  Who l e - Body 

Whole-Body Pop u l a t i on Equ iva l ent Hea l th Who l e - Body Workers Equiva l ent 
Equival ent Exposed Dose E f fe c t s C Equiva l ent Exposed Dose 

A l t e rnat ive Do s e  (Rem) (Numb e r )  (Man -Rem) (Numb e r )  Do s e  (Rem) (Numbe r )  (Man - Rem) 

1 .  Leave - in -P lace 0 0 0 0 0 0 0 

2 .  Ret rieve , Mod i fy C a l c ine , 
Di spose at the INEL 

1 . 06 x 1 0- 8  1 . 2 8 x 1 0-4 9 . 6 3 x 1 0=: Pe l le t ize C a l c ine 303 , 000 to 1 3  2 5  
2 . 95 x 1 0  

Conve r t  C a l c i ne to G l a s s  1 . 06 x 1 0 -8 303 , 000 1 . 2 8 x 1 0 - 4  9 . 63 x 1 0=: to 25 50 
2 . 95 x 1 0  

3 .  Retr ieve , Mod i fy Ca l c ine , 
Di spose Offsi te 

2 . 52 x 1 0- 1 1  3 . 05 x 1 0 - 7 - 1 1  Stab i l ize Ca l c ine 303 , 000 2 . 29 x 1 0 _ 1 1  to 25 50 
7 . 02 x 10 

1 . 06 x 1 0- 8 1 . 2 8 x 1 0- 4 -9 Convert C a l c i ne to Glass 303 , 000 9 . 63 x 1 0 _ 8 to 25 50 
2 . 95 x 10 

4 .  Re t r ieve , Seperate Act inide s , 
Di spose of Act in ides Offsite 

3 . 04 x 1 0- 1 1  3 . 68 x 1 0 - 7  - l l  D i s pose o f  Depleted Ca l cine a t  303 , 000 2 . 76 x 1 0 _ 1 1  to 38 75 
the INEL 8 . 4 7 x 1 0  

5 .  De l a y  Retr ieva l ,  Mod i fy Ca l c i ne ,  
Di spose Offs ite 

1 . 6 3  x 1 0 - 1 2  4 . 24 x 10 - 8 - 1 2  1 0 0  Yea r s  650 , 000 3 . 1 8 x 1 0 _ 1 2  to 0 . 5  30 30 
9 . 75 x 1 0  

300 Yea r s  8 . 6 1  x 1 0- 1 4  650 , 000 2 . 24 x 1 0- 9  - 1 3  0 . 3  30 1 8  1 . 68 x 1 0 _ 1 3  to 
5 . 1 5 x 10 

500 Yea rs 4 . 2 7  x 1 0
- 1 4  650 , 000 1 . 1 1 x 1 0 - 9  - 1 4  0 . 1 30 6 8 . 3 3 x 1 0 _ 1 3  to 

2 . 55 x 1 0  

a .  Based on 50-yea r dose commitment from 1 year o f  a c t iv i t i e s  beginning i n  2020 (Alternatives 2 ,  3 ,  and 4 )  and in 2 1 20 , 2320 , and 2520 
(Alternat ive 5 ) . 

b .  The D&D camp a i gn i s  a s s umed to requ i re 2 yea rs ; encapsu l a t i on i s  the a s s umed mode o f  D&D . 

c .  Hea l th e f fects a re cancer deaths . 



TABLE 4- 13 

DECONTAMINATION AND DECOMMISSIONING ACTIVITIES 
AND RESOURCE COMMITMENTSa 

Labor Force 
Alternative (Man-Yr) 

1 ) Leave-in-Place Ob 

2 )  Retrieve , Modify Calcine , 
Dispose Offs ite 

Pelletize Calcine 25 
Convert Calcine to Glass 50 

3 )  Retrieve , Modify Calcine , 
Dispose Offsite 

Stabilize Calcine 50 
Convert Calcine to Glas s  50 

4)  Retrieve , Separate 
Actinides , Dispose of 
Actinides Offsite , 75 
Dispose of Depleted 
Calcine at the INEL 

5 ) Delay Retrieval , 
Modify Calcine , 
Dispose Offsite 

100 Years 60 
300 Years 60 
500 Years 60 

a .  Resources are for encapsulation of bins . 

Concrete 
( 103 Yd3 ) 

50 

90 
9 

9 
9 

60 

80 
80 
80 

Water 
( 106 Gal ) 

2 . 0 

3 . 6  
3 . 6  

3 . 6  
3 . 6  

2 . 4  

3 . 2  
3 . 2  
3 . 2  

Chemicals 
( 103 Lb ) 

80 

195 
278 

203 
278 

690 

379 
379 
379 

b .  No manpower would be required in addition to the present labor force . 

(Alternatives 2 and 4) would require the construction of disposal  space 
in addition to that required for Alternative 1 .  

The effects of a federal geologic repository are described in other 
environmental documents (DOE , 1980a ; DOE , 1980b ) . The effects of off
site disposal at a federal  geologic repository would occur regardles s of 
the disposal  of lNEL waste , and would , therefore , be independent of the 
INEL waste . The volume of INEL waste would be smal l  compared to the 
volume of commercially generated waste that would be disposed there . 
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Costs of disposal at a repository have been estimated and are discussed 
in Subsection 2 . 5 . 5 .  

4 . 5 . 1 . 2  Short-Term Effects of Abnormal Events 

This subsection describes the potential radiological and nonradio
logical consequences of accidents and abnormal events of nature postu
lated to occur in the short term up to 100 years after alternative 
implementation ( see Table 4-4 ) . 

Radiological effects on the public are discussed for the following 
abnormal events : 

• calcine spil l , 
• extraction solvent fire during actinide separation , 
• decontamination solution spill , 
• waste shipment accident , 
• waste canister drop , 
• aircraft impact . 

Nonradiological effects of injuries on waste management workers 
during alternative implementation are dis cussed for each alternative . 
The radiological consequences of an accident during waste shipment are 
discussed for train crew members . 

4 . 5 . 1 . 2 . 1  Nonradiological Effects of Accidents 

The operations involved in waste management are similar to other 
industrial practice s ; the only maj or  difference is that the materials 
being handled are radioactive . Because of this s imilarity ,  oc cupational 
injury and fatality rates for comparable industries were used to quan
tify the expected impact of nonradiological accidents during the con
struction , operations , and waste shipment , and D&D phases of alternative 
implementation . 
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The data from related industries provide perspective on the 
expected magnitude of the hazards . However ,  the differences in inj ury 
and fatality rates between waste management operations and similar 
industries may be substantial with waste management operations being 
safer . For instance , all waste management operations would be des igned 
to minimize worker hazards . Workers would be trained in safety 
techniques .  Retrieval operations and waste form modification would be 
conducted by remote control . Compared with hazards in a similar 
industry , these precautions would greatly reduce the hazards to workers . 
Therefore , the proj ected inj uries and fatalities are expected to be 
conservative . 

Proj ected worker inj uries and fatal ities are shown in Table 4- 1 4 .  
Construction , operation , and D&D inj uries and fatal ities are' based on 
Nationa l  Safety Council data for 1976 (NSC , 197 7 ) . Operations effects 
have been calculated us ing data for the manufacturing industry . Con
struction and D&D effects are based on calculations us ing data for the 
construction industry . Waste shipment accidents and inj uries are based 
on data used to estimate effects of waste shipment in the Savannah River 
EIS (DOE , 1979) . Repository injuries and fatal ities are based on 
estimates in the EIS for commercially generated radioactive waste (DOE , 
1980a ) . 

4 . 5 . 1 . 2 . 2  Radiological Effects 

Short-term radiological effects from accidental releases of radio
nuclides at the INEL and at the offsite federal geologic repos itory are 
discussed according to the proj ect phase in which each would occur ( see 
Table 4-4) . Operational effects are discussed for. accidents during 
waste retrieval , solvent extraction , decontamination , waste shipment , 
and emplacement in a geologic repository .  Effects of waste disposal  at 
the INEL are discussed for an aircraft impact . 

The mitigative measures that would be used after accidental re
leases of radionuclides will be discussed in safety documents prepared 
during the design of waste retrieval and process ing facilities . Emer
gency preparedness , evacuation procedures , and cleanup operations will  
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TABLE 4- 1 4  

PROJECTED NONRADIOLOGICAL INJURIES AND FATALITIES TO WORKERS
a , b 

1 .  

2 .  

3 .  

4 . 

5 .  

A lte rnative 

Leave- in-Place 

Retrieve , Modify Ca l c ine , 
Di spose at INEL 

Pel letize Calcine 
Convert Calc ine to Glass 

Ret rieve , Modi fy C a l c ine , 
Dispose O f f s i te 

Stabil ize Ca l cine 
Convert Calc ine to Glass 

Retrieve , Separate Actinides , 
Dispose o f  Actinides Offs ite , 
D ispose o f  Depleted Calcine 
at INEL 

Delay Retrieva l ,  Mod i fy Calcine , 
Dispose Offsite 

1 00 Years 
300 Yea rs 
5 0 0  Yea rs 

Cons t ruction 

1 7  

5 1  
2 3  

1 1  
1 1  

78 

1 1  
1 1  
1 1  

F 

0 . 2  

0 . 5  
0 . 2  

0 . 1  
0 . 1  

0 . 8  

0 . 1 
0 . 1 
0 . 1  

Operat ion
c 

I 

0 . 4  

20 
3 1  

2 4  
28 

44 

37 
37 
37 

F 

0 . 00 1  

0 . 0 7 
0 . 1  

0 . 09 
0 . 1  

0 . 2  

0 . 1 4 
0 . 14 
0 . 1 4 

a .  Abbreviat ions : I ,  inj uries ; F ,  fata l it ies ; NA , not app l icab l e .  

Project Phase 

Was te Shipment
d 

F 

4 
5 

NA 

NA 
NA 

0 . 2  

5 
5 
5 

NA 

NA 
NA 

0 . 3  
0 . 4  

0 . 0 1  

0 . 4  
0 . 4  
0 . 4  

0 . 5  

0 . 8  
2 

2 
2 

3 

2 
2 
2 

D&D 

F 

0 . 006 

0 . 009 
0 . 02 

0 . 02 
0 . 02 

0 . 0 3 

0 . 02 
0 . 02 
0 . 02 

b .  Actua l calculated va lues a re reported . Fract ional va lues have meaning only for compa ri son purposes . 

c .  Inc ludes was te d isposal a t  the INEL . 

Repository 
Construction 

NA 

NA 
NA 

44 
44 

0 . 2  

4 
0 . 2  
0 . 2  

F 

NA 

NA 
NA 

0 . 9  
0 . 9  

Neg l igible 

0 . 1 
Neg l igible 
Negl igible 

d.  Calculat ions based on 8 . 68 x 1 06 , 1 . 3  x 1 0 7 
a nd 4 . 8  x 1 05 

r a i l c a r  m i l es for A l te rnat ive 3 ( s tab i l ize calcine ) ,  Alter
nat ive 3 (glass ) ,  and A l te rnative 4 ,  respect ivel y .  



be addressed when the facility design and operating procedures can be 
determined with greater accuracy . 

Calcine Spill 

A calcine spill could occur during retrieval and waste form modifi
cation (Alternatives 2 ,  3 ,  4 ,  and 5) as  shown in the accompanying 
illustration . 

.. EL SITE BOUNDARY 

1 300 kg CALCINE 

C A L C I N E  S P I L L  

MAXIMUM 
INDIVIDUAL 

- INGESTION 
_ DIRECT RADIATION 
_ INHALATION 

This  scenario is based on a s imilar accident that occurred at the 
ICPP during the calcination process . Should calcine spill onto the cell 
floor where the calcine receiver ves sel is located , the finely divided 
calcine could become airborne . It would enter the facility ventilation 
system where most of the radioactive material would be removed by the 
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atmospheric protection system . However ,  some of the material would be 
released through the facil ity stack and dispersed . Effects on the max
imum individual and the population resulting from inhalation of trace 
amounts of radionuclides are given in Table 4- 15 . 

The meteorologic conditions that exist at the time of the acc ident 
would determine the population that would be affected . Only persons 
located downwind would be exposed to radiation . � Since calm weather has 
been as sumed to exist at the time of the accident , the effects shown in 
Table 4- 15 would be even smaller under more turbulent weather condi
tions . The very small  maximum individual dose ( 9 . 1 0  x 1 0- 10 rem ) would 
be the same for Alternatives 2 ,  3 ,  and 4 and would be indistinguishable 
from background radiation (0 . 15  rem) . The dose would be about 20 to 300 

times smaller if retrieval were delayed (Alternative 5 ) . 

Extraction Solvent Fire 

This s cenario applies only to actinide separation (Alternative 4)  

where a kerosene-like solvent is used to separate the actinides from the 
fiss ion products . Since the solvent is flammable , it is assumed that 
during process ing high- level waste is spil led at the same time a solvent 
leak occurs . 

The airborne radionuclides would be carried with the smoke and pass 
through the cell ventilation system . Most of the radionuclides would be 
removed by the atmospheric protection system , but some of the material 
would be released through the facility stack and dispersed . Effects on 
the maximum individual and the population resulting from inhalation of 
trace amounts of radionuclides are given in Table 4-16 . 

The maximum individual dose (2 . 41 x 1 0- 7  rem ) would be indistin
guishable from the dose received from background radiation (0 . 15  rem ) . 
This event is more severe than the calcine spill because the actinides 
present in the waste have been concentrated . 
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a 

A l t e rnat ive 

1 .  Leave- i o- Place 

2 .  

3 .  

4 .  

Re t rieve , 110d i fy C a l c ine , 
D i s pose at the INEL 

Pel let ize Ca l cine 

Convert Ca l c ine to G l a s s  

Ret r i eve , 110d i fy Ca l c ine , 
D i spose Offsite 

Stabi l ize Ca l c ine 

Convert Ca l c i ne to G l a s s  

Retrieve , Sepa rate Act i n i de s , 
D i spose of Actinides O f f s i te , 
D i spose of Depleted Cal cine 
at the INEL 

5 .  De lay Ret r ieva l ,  110d i fy C a l c i ne , 
Di spose Off s i te 

1 00 Yea r s  

300 Yea r s  

500 Years 

TABLE 4 - 1 5  

SHORT-TERM RADI OLOG ICAL EFFECTS O F  OPERATIONAL ACC I DENTS 
CALC I NE SPI LLa 

Max imum I nd iv i dua l 

Who l e - Body 
Equ i va l ent Do s e  

(Rem ) 

NAc 

9 . 1 0 x 1 0- 1 0  

9 . 1 0 x 1 0 - 1 0  

9 . 10 x 1 0- 1 0  

9 . 1 0 x 1 0- 1 0  

9 . 1 0 x 1 0 - 1 0  

4 . 7 7 x 1 0 - 1 1  

5 . 49 x 1 0 - 1 2  

3 . 5 7 x 1 0- 1 2  

Popu lat ion 
Exposed 

(Numbe r )  

NA 

1 0 7 , 000 

1 0 7 , 000 

107 , 000 

1 0 7 , 000 

1 0 7 , 000 

230 , 000 

230 , 000 

230 , 000 

Who l e- Body 
E qu i va lent 

Dose 

(Man-Rem) 

NA 

3 . 89 x 1 0- 6 

3 . 89 x 1 0 - 6 

3 . 89 x 1 0 -6 

3 . 89 x 1 0 - 6 

3 . 89 x 1 0 -6 

4 . 39 x 1 0 - 7 

5 . 05 x 1 0- 8 

3 . 28 x 1 0 -8 

POEu l a t ion 

Range of 
Hea l t hb E f fects 

(Numbe r )  

NA 

- 1 0  2 . 92 x 1 0 _ 1 0  to 
8 . 96 x 1 0  

- 1 0  2 . 9 2 x 1 0_ 1 0  to 
8 . 9 6 x 1 0  

- 1 0  2 . 9 2 x 1 0 _ 1 0  t o  
8 . 9 6 x 10_ 1 0  2 . 9 2 x 1 0 _ 1 0  t o  
8 . 9 6 x 1 0  

- 1 0  2 . 92 x 1 0 _ 1 0  to 
8 . 96 x 1 0  

- l l  3 . 29 x 1 0 _ 1 0  to 
1 . 0 1  x 1 0  

- 1 2  3 . 79 x 1 0 _ 1 1  t o  
1 . 1 6 x 1 0  

- 1 2  2 . 46 x 1 0 _ 1 2  t o  
7 . 5 5 x 1 0  

Proba b i l i t y  

o f  Event 
(Events/Yea r )  

NA 

• 
0 . 20 

0 . 20 

0 . 20 

0 . 20 

0 . 20 

0 . 20 

0 . 20 

0 . 20 

Popu l a tion 

R i s k  
(l1an-Rem/Yea r )  

NA 

7 . 7 9 x 1 0- 7 

7 . 79 x 1 0- 7 

7 . 79 x 1 0- 7 

7 . 79 x 1 0- 7 

7 . 79 x 1 0- 7 

8 . 7 8 x 1 0-8 

1 . 0 1 x 1 0 - 8 

6 . 5 7  x 1 0- 9 

a .  Based 00 5 0- yea r dose commi tment from 1 yea r o f  expo s u re i n  2020 ( A l te rnat ives 2 ,  3 ,  and 4 )  and in 2 1 2 0 ,  2320 , and 2520 (Al t e rnat ive 5 ) .  

b .  Hea l th effects are cancer deaths . 

c .  NA , not app l i cab l e .  Ca l c ine s p i l l  does not a p p l y  to the l eave - i n-p l a ce a l t e rnat ive . 
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TABLE 4- 16  

SHORT-TERM RADIOLOGICAL EFFECTS OF OPERATIONAL ACCIDENTS 
EXTRACTION SOLVENT FIREa 

Maximum I nd i v i d u a l  POEu l a t ion 

Al terna t ive 

1 .  Leave-in-Place 

2 .  

3 . 

4 .  

5 .  

Retrieve , Mod i fy C a l c ine , 
D i spose at the lNEL 

Pe l le t i ze C a l c ine 
Conve rt C a l c ine to Glass 

Ret r i eve , Mod i fy Ca l c i ne , 
Dispose Of b i te 

Stab i l ize Ca l c ine 
Convert Ca l c ine to Glass 

Ret r i eve , Sepa rate Actinides , 
Di spose of A c t i nides Of f s i te ,  
Dispose o f  Depleted C a l c i ne 
a t  the lNEL 

De lay Ret r i eva l ,  Mod i fy C a l c i ne , 
D i spose Offs i te 

100 Years 
300 Years 
500 Yea rs 

Whole-Body 
Equ iva lent Dose 

(Rem )  

NAc 

NA 
NA 

NA 
NA 

2 . 4 1  x 10-7 

NA 
NA 
NA 

Pop u l a t i o n  
Exposed 
(Numbe r )  

NA 

NA 
NA 

NA 
NA 

107 , 000 

NA 
NA 
NA 

a .  Based on 50-year dose commitment f rom 1 year o f  exposure i n  2020 . 

b .  Hea l th e f fects are cancer deaths . 

Who le-Body 
Equiva lent 

Dose 
(Man-Rem) 

NA 

NA 
NA 

NA 
NA 

1 . 03 x 10-3 

NA 
NA 
NA 

c .  NA, not app l i cabl e .  Ex t ra c t ion solvent f i re app l ies to a c t i n ide sepa ration o n ly . 

Range o f  
Hea l th b E f fects 

(Numbe r )  

NA 

NA 
NA 

NA 
NA 

7 . 74 x 1(� 
2 . 37 x 10 

NA 
NA 
NA 

to 

Probab i l i ty 
o f  Event 

(Events /Year ) 

NA 

NA 
NA 

NA 
NA 

0 . 0 1  

NA 
NA 
NA 

Pop u l a t i on 
R i s k  

(Man- Rem/Yea r )  

NA 

NA 
NA 

NA 
NA 

1 . 03 x 10-5 

NA 
NA 
NA 



A solution of flammable solvent and radionuclides is  as sumed to 
ignite as shown in the accompanying illustration . 

INEL SITE BOUNDARY 

I 

400 LITERS SOLVENT/LIQUID WASTE 

E X T R A C T I O N  S O L V E N T  F I R E  

Decontamination Solution Spill  

MAXIMUM i INDIVIDUAL 

• INGESTION 
• DIRECT RADIATION 
• INHALATION 

Maintenance of retrieval and process ing faci l ities would be re
quired during the operations phase (Alternatives 2 ,  3 ,  4 ,  and 5 ) . The 
equipment would be cleaned periodically with a solution that dissolves 
the calcine . After decontamination of equipment , the transfer l ine for 
the solution containing high-level waste is assumed to leak or allow a 
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spill to occur outs ide the process ing faci lity as shown in the accom
panying illustration . 

INEL SITE BOUNDARY 

D E C O N T A M I N A T I O N  S O LUTION S P I L L  

1 MAXIMUM 
INDIVIDUAL 

INGESTIO N 
DIRECT RADIATION 
INHALATION 

In the case of an outside spill , there would be no removal of ra
dionuclides by the atmospheric protection system . Most of the spil led 
solution would be absorbed by the soil and be removed as solid waste . 
However , some of the radionuclides would become airborne and be dis
persed in the direction of the prevailing winds . Inhalation of trace 
amounts of nuclides would cause the effects shown in Table 4-1 7 .  

The doses for the decontamination solution spill would be a maximum 
for Alternatives 2 ,  3 ,  and 4 (0 . 061  rem) . Since the spil l  is as sumed to 
occur outside the process ing facility ,  the doses for this  accident would 
be larger than the doses for the calcine spill or extraction solvent 
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TABLE 4- 1 7  

SHORT-TERM RADIOLOG I CAL EFFECTS O F  OPERATIONAL ACC IDENTS 
DECONTAMINATION SOLUTION SPILLa 

Maximum I nd ividual __________________________________ �Popu l a�t�l�- o�n� ________________________________ ___ 

Al terna t ive 

I .  Leave-in-Place 

2 .  Retrieve , Mod i fy Ca lcine , 
Dispose at the lNEL 

Pel letize Ca lc ine 

Convert Ca lcine to Glass 

3. Retrieve , Mod i fy Ca lcine , 
Dispose Offs ite 

4 .  

Stab i l ize Calcine 

Convert Ca lcin� to Glass 

Retrieve , Sepa rate Actinides , 
Dispose of Actinides Offs i te ,  
Dispose of Depleted Ca lcine 
at the lNEL 

5 .  Delay Ret rieval ,  Modi fy Calcine , 
Dispose Offsite 

100 Years 

300 Yea rs 

500 Years 

Whole-Body 
Equivalent Dose 

(Rem) 

NAc 

6 . 10 x 10-2 

6 . 10 x 10-2 

6 . 10 x 10-2 

6 . 10 x 10-2 

6 . 10 x 10-2 

3 . 2 1  x 1 0-3 

3 . 73 x 10-4 

-4 2 . 4 1 x 10 

Populat ion 
Exposed 
(Number) 

NA 

107 , 000 

107 , 000 

107 , 000 

107 , 000 

\07 , 000 

230 , 000 

230 , 000 

230 , 000 

Whole-Body 
Equivalent 

Dose 
(Man-Rem) 

NA 

1 , 3 10  

1 , 3 10  

1 , 3 10  

1 , 3 \0 

1 , 3 \ 0  

148 

1 7 . 2  

1 1 .  1 

Range of  
Hea l th b Effects 

(Number) 

9 . 79 x 
3 . 00 x 
9 . 79 x 
3 . 00 x 

9 . 79 x 
3 . 00 x 

9 . 79 x 
3 . 00 x 

NA 

10-2 
10- 1 

10-2 
10 - 1 

10-2 
10- 1 

10-2 
10- 1 

9 . 79 x lO=� 
3 . 00 x 10 

1 . 1 1  x 1(� 
3 . 40 x 10  
1 . 29 x 1O=� 
3 . 95 x 10  
8 . 3 1 x I(� 
2 . 55 x 10  

to 

to 

to 

to 

to 

to 

to 

to 

Probabi l ity 
of  Event 

(Events/Yea r) 

NA 

0 . 10 

0 . 10 

0 . 10 

0 . 10 

0 . 10 

0 . 10  

0 . 10  

0 . 10 

Population 
Risk 

(Man-Rem/Yea r) 

NA 

13 1  

1 3 1  

1 3 1  

1 3 1  

1 3 1  

1 4 . 8  

1 . 72 

1 . 1 1 

a .  Based on 50-year dose commitment from 1 yea r o f  exposure in 2020 (Alternat ive 2 ,  3 ,  and 4 )  and i n  2 1 20 , 2320 , and 2520 (Al terna tive 5 ) .  

b .  Hea lth effects a re cancer deaths . 

c .  NA , not appl icable .  Decontaminat ion solut ion spill  does not app ly to the leave- in-place a lternat ive . 
-------------------------------------- ------_._-----_. ----- ---- .-----



fi r e. However , th e effects would be l es s  than the effects o f  background 

radiat ion (0 . 15 rem) . 

Waste Shipment Accident 

Wa ste shipment to a federal geo lo gic  r eposito ry would be r equired 

to implement Alternatives 3 ,  4 ,  and 5 .  The wa ste would be packa ged in 

conta iners and placed in shipp ing casks tha t meet Depa rtment o f  Trans

portation spec i fications for radiation and container int egrity. A Typ e 

B cask must survive certain s evere hypothetical accident conditions that 

demonstrate res i stance to impact , puncture, fi re, and submers ion in 

wa ter (49 CFR 1 7 3 . 398) . Und er thes e conditions , the Typ e B pa cka ge must 

not relea s e  any o f  its radioactive contents .  However ,  based on the 

cons ervative approach us ed in thi s  EIS , it is a s sumed that a train 

carrying radioactive waste collides with a truck at a ra i l road cross ing. 

A shipping cask is  assumed to break op en a s  shown in the ac companying 

i l lustration . 

ATMOSPHERIC D ISPERSION 

f . .... .,.c .. 

I .  D IRECT RADIATION 
• INHALATION 

WASTE S H IP M E NT AC C I D E N T  

htz lJt--

It is a s sumed that waste conta ining radioactivity i s  rel ea s ed and a 

fra ction b ecomes a i rborne. Tra ffi c is  shown to back up on both s ides of 
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the cross ing . The general public , spectators , c lean-up personnel , and 
train crew members would be exposed to radioactive material , inhalation 
of airborne radionuclides , and al so to direct radiation . 

Accident effects depend on many factors : waste form , shipment 
method , travel  distance , and population distribution a long the route . 
The waste form s ignificantly affects the amount of waste released . In 
Alternative 3 ,  it is  estimated that 370 curies of  stabilized calcine 
would be released compared to 4 . 8  curies of vitrified calcine . Actinide 
separation (Alternative 4 )  would result in the release of  9 . 1  curies 
during a waste shipment accident . Delayed retrieval (Alternative 5 )  
s ignificantly affects the amount of  radioactivity released . I f  the 
accident occurred in 2090 , 2290 or  2490 , the radioactivity released 
would be 0 . 33 , 0 . 0048 , and 0 . 00072 curies , respectively . The effects of  
exposure from a waste shipment accident are given in  Table 4- 18 . The 
dose commitments (Alternative 3 )  are nearly 100 times higher for stabi
l ized calcine than for calcine that has been converted to a glass . The 
doses are highest for Alternatives 3 and 4 .  Stabilized calcine is more 
easily dispersed than vitrified calcine . However ,  s ince the volume of 
waste shipped is smallest for Alternative 4 ,  the probability that an 
accident wil l  occur is lower for Alternative 4 than for Alternative 3 .  
The effect o f  radionuclide decay i s  reflected in the lower  dose 
commitments for Alternative 5 .  

A discuss ion of  sabotage or  attempted theft has not been included 
in this EIS  for security purposes . The risks associated with transport
ing wastes are recognized , but it is believed that effects of sabotage 
or theft would be minimal . Studies are being conducted to further in
crease security measures and reduce accident risks . 

Waste Canister  Drop 

A waste canister drop could occur at a federal geologic repository .  
This operational  accident would affect alternatives that involve dis
posal  in a deep geologic repository (Alternatives 3 ,  4 ,  and 5 ) . It is  
conceivable that a waste canister could be dropped down the shaft during 
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Al ternat ive 

1 .  Leave-in-Place 

2 .  Retr ieve , Hod i fy CalCine , 
Dispose at the INEL 

Pel let ize Calcine 
Convert Calcine to Glass  

3 .  Retrieve , Hod i fy Calcine ,  
Dispose Offsite 

4 .  

Stab i l i ze Calc ine 

Convert Ca lcine ' to Glass  

Retrieve , Sepa rate Actinides , 
Dispose of Actinides Offs i te ,  
Dispose of  Depleted Calcine 
at  the INEL 

5 .  Delay Retrieval , Hod i fy Calcine ,  
Dispose Offs ite 

1 00 Years 

300 Yea rs 

500 Yea rs 

TABLE 4-18  

EFFECTS ON THE POPULATION FROH ACC IDENTAL RADI ONUCLIDE 
RELEASE DURING WASTE SHI PHENTa 

Hax imum Individua l POEul ation 

Whole-Body 
Equiva lent Dose 

(Rem) 

NAc 

NA 
NA 

9 . 78 

0 . 127 

10 

4 . 1 1  x 10-2 

1 . 1 4 x 10-2 

5 . 47 x 10-3 

Populat i on 
Exposed 
(Number )  

NA 

NA 
NA 

500 

500 

500 

500 

500 

500 

Whole-Body 
Equ iva lent 

Dose 
(Han-Rem) 

NA 

NA 
NA 

4 , 890 

63 . 5  

500 

20 . 5  

5 . 70 

2 . 73 

Range of  
Hea lth b Effects 

(Number )  

NA 

NA 
NA 

3 . 67 x 10- 1 
1 .  12  
4 . 76 x I O:� 
1 . 46 x 10  

3 . 75 x 1 0- 1 
1 .  15  

1 . 54 x l(� 
4 . 73 x 10 
4 . 27 x 1 O=� 
1 . 3 1 x 10  

-4 2 . 05 x 10_4 6 . 29 x 10  

to 

to 

to 

to 

to 

to 

Probabi I i  ty 
o f  Event 

(Events/Yea r )  

NA 

NA 
NA 

2 . 0  x 10-5 

3 . 0  x 10-5 

7 . 0  x 10-8 

3 . 0  x 10-5 

3 . 0  x 10-5 

3 . 0  x 10-5 

Popu lation 
Risk 

(Han-Rem/Yea r )  

NA 

NA 
NA 

9 . 78 x 10-2 

1 . 90 x 1 0-3 

3 . 50 x 10-4 

6 . 16 x 10-4 

1 .  7 1  x 10-4 

6 . 20 x 10-5 

a .  Based on 50-year  dose commitment f rom 1 yea r o f  exposure i n  1990-2000 (Alterna t ives 3 and 4 )  and i n  2090 ,  2290 , and 2490 (Alternat ive 5 ) .  

b .  Health effects a re cancer deaths . 

c .  NA , not appl i cable . Event appl ies only to a l terna t i ves that requ i re offs ite waste sh i pmen t .  



emplacement of the canister in the repository as shown in the accompany
ing illustration . 

� '" 

• INGESTION 
• DIRECT RADIATION 
• INHALATION 

REPOSITORY 

C A N I S T E R  D R O P 

It was as sumed that the canister would rupture upon impact allowing 
the waste to escape . Most of the radioactive material would be removed 
by the atmospheric protection system . However , the radionuclides that 
became airborne could affect the public by three exposure pathways : 
inhalation , ingestion , and direct radiation . 
canister drop are shown in Table 4- 19 . 

The effects of a waste 

The waste form would cause a difference of nearly a factor of 10 in 
the doses from a release of stabilized calcine compared to a release of  
calcine that had been converted to glass . The vitrified actinides (Al
ternative 4 )  would cause a s lightly higher dose than stabilized calcine 
(Alternative 3 )  because of the concentrated waste form . The doses for 
all  alternatives would be small . 
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Alternat ive 

1 .  Leave- in-Place 

2 .  Retrieve , Modi fy Ca l c ine , 
Dispose at  the IMEL 

Pel letize Ca lcine 
Convert Ca lcine to Glass 

3 .  Retrieve , Mod i fy Ca lc ine , 
Dispose Offs i te 

4 .  

Stab i l ize Ca lc ine 

Convert Ca lcine to Glass 

Retrieve , Sepa rate Actinides , 
Dispose of Actinides Offsite , 
Dispose of Depleted Calcine 
at the IMEL 

5 .  Delay Retrieva l , Mod i fy Ca l cine , 
D ispose Offsite 

1 00 Yea rs 

300 Yea rs 

500 Yea rs 

TARLE 4-19  

RADIOLOGI CAL EFFECTS OF A WASTE CANISTER DROpa 

Maximum I ndivi dua l 

Who le-Body 
Equiva lent Dose 

(Rem) 

NAc 

NA 
NA 

9 . 40 x 10-5 

1 . 3 1  x 10-5 

1 . 02 x 10-4 

1 . 28 x 10-6 

8 . 88 x 10-8 

5 . 40 x 10-8 

Population 
Exposed 
(Number )  

NA 

NA 
NA 

2 , 000 , 000 

2 , 000 ,000 

2 , 000 ,000 

2 , 000 ,000 

2 , 000 ,000 

2 , 000 , 000 

Whol e-Body 
Equiva lent 

Dose 
(Man-Rem) 

NA 

NA 
NA 

1 . 88 

0 . 262 

2 . 04 

2 . 56 x 10-2 

1 .  78 x 10-3 

1 . 08 x 10-3  

Popu la tion 
Range o f  
Hea lth b E f fects 

(Number )  

NA 

NA 
NA 

-4 1 . 4 1  x 10_4 4 . 32 x 10 
1 . 96 x 1(; 
6 . 03 x 10 

-4 1 . 53 x 10_4 4 . 69 x 10 

1 .  92 x 10=: 
5 . 89 x 10 

-7 1 . 33 .x lO_ 7 4 . 08 x 10  
8 . 10 x 1(� 
2 . 48 x 10  

to 

to 

to 

to 

to 

to 

Probabi l ity 
of Event 

(Events/Yea r)  

NA 

NA 
NA 

7 . 0  x 10- 7 

7 . 0  x 10- 7 

7 . 0  x 10- 7 

7 . 0 x 1 0- 7 

7 . 0  x 1 0- 7 

7 . 0  x 10-7 

Popu lation 
Risk 

(Man-Rem/Year) 

NA 

NA 
NA 

1 . 32 x 1 0-6 

1 . 83 x 10- 7 

1 . 43 x 10-6 

1 .  79 x 1 0-8 

1 . 24 x 10-9 

7 . 56 x 10- 10  

a .  Based on 50-yea r commitment from 1 yea r  o f  exposure i n  1990-2020 (Al ternatives 3 and 4 )  and in 2090 , 2290 , and 2490 (Al te rnative 5 ) . 

b .  Hea lth effects a re cancer deaths . 

c .  NA , not appl i cabl e .  Event app l ies t o  opera t ions a t  a fede ra l geologic repos i tory .  



Aircraft Impact 

The alternatives affected by a postulated aircraft impact involve 
waste disposal at the INEL (Alternatives 1 ,  2 ,  and 4 ) . Inhalation is  
the exposure pathway by which the maximum individual and the population 
surrounding the INEL would be affected as indicated in the accompanying 
illustration . 

POPULATION CENTER 

INEL SITE BOUNDARY 

!.� 
INDIVIDUAL 

I .  INHALATION I 

A I R C R A F T  I M P A C T  

Prior to the end o f  the first hundred years o f  disposal when much 
of the heat generated by radioactive decay will have diss ipated , the 
disposal fac ilities at the INEL would be immobilized with a concrete
like materia l .  Before filling the bin-vault complexes ,  the near-surface 
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disposal fac ilities would be vulnerable to intrus ion by a falling a ir
craft . After about 2100 , the inunobilization material would prevent an 
aircraft from striking the waste bins , even after the material dis inte
grates . 

In this  scenario , it is as sumed that an aircraft looses altitude , 
fa lls  on the disposal facility ,  and ruptures a waste bin .  Should the 
j et fuel ignite , the waste would become a i rborne in the smoke from the 
fire . The population would be affected by inhalation of the dispersed 
radionuclides . It was cal culated that ingestion and direct radiation 
would not contribute significantly to the dose from an aircraft impact . 

The effects of an airborne release of radioactive material from an 
aircraft impact and fire are shown in Table 4-20 . They would be inde
pendent of  the waste form because it has been assumed that the accident 
would involve calc ine before modification . Therefore , the maximum indi
vidual doses would be the same for Alternatives 1 ,  2 ,  3 ,  and 4.  The 
effects would be about ten times lower if the event were to occur 
200 years in the future . 

4 . 5 . 2  Long-Term Effects 

Long-term effects of  implementing the waste management a lternatives 
would occur in the future after institutional control is  as sumed to 
cease .  Long-term effects are divided into effects which are certain to 
occur and effects of abnormal events which are not certain to occur ( s ee 
Table 4-4 ) . The release s cenarios cons idered to be certain to occur at 
some time during the I -mil lion-year period of evaluation could occur 
because the INEL di sposal facilities are located so near the land sur-
face . Certain-to-occur scenarios evaluated for long-term effects are 
waste migration into groundwater , intrusion into the waste by future 
generations , and l iving and farming over the contaminated s ite .  Waste 
migration into groundwater has both nonradiological and radiological 
consequences .  
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TABLE 4-20 

RADIOLOGICAL EFFECTS OF AN AIRCRAFT IMPACTa 

A l ternat ive 

1 .  Leave- i n-Place 

2 .  Ret rieve , Mod i fy Ca lc ine ,  
Di spose a t  the lNEL 

Pel letize Ca lcine 
Convert Ca lcine to Glass 

3 .  Retrieve , Mod i fy Ca lcine ,  
Dispose Offsite 

4 .  

Stabi lize Ca lc ine 
Convert Ca lc ine to Glass 

Retrieve , Separate Act inides , 
Dispose of Actinides Offs i te ,  
Di spose o f  Depleted Ca lc ine 
at  the lNEL 

5 .  Delay Retrieva l ,  Modi fy Cal c ine , 
Dispose Offs i te 

100 Years 
300 Years 
500 Yea rs 

Max imum Indiv idua l 

Who le-Body 
Equivalent Dose 

(Rem) 

5 . 20 

5 . 20 
5 . 20 

5 . 20 
5 . 20 

5 . 20 

2 . 15 
0 . 60 
0 . 29 

___________________________________ P���t�i�o�n� ________________________________ ___ 

Populat ion 
Exposed 
(Numbe r) 

7 1 , 000 

7 1 , 000 
7 1 , 000 

7 1 , 000 
7 1 , 000 

7 1 , 000 

193 , 000 
230 , 000 
230 , 000 

Whole-Body 
Equivalent 

Dose 
(Man-Rem) 

7 . 38 x 104 

7 . 38 x 104 

7 . 38 x 104 

7 . 38 x 104 

7 . 38 x 104 

7 . 38 x 104 

8 . 30 x 104 

2 . 75 x 104 

1 . 32 x 104 

Range of  
Hea l th b Effects 

(Number) 

5 . 54 to 1 7 . 0  

5 . 54 to 1 7 . 0  
5 . 54 to 1 7 . 0  

5 . 54 to 1 7 . 0  
5 . 54 to 1 7 . 0  

5 . 54 to 1 7 . 0  

6 . 22 to 19 . 1  
2 . 06 to 6 . 32 
0 . 99 to 3 . 04 

Probabi l i ty 
of Event 

(Events/Yea r)  

2 . 0  x 10- 7 

2 . 0  x 10- 7 

2 . 0  x 10- 7 

2 . 0  x 10- 7 

2 . 0  x 10- 7 

2 . 0  x 10- 7 

2 . 0  x 10- 7 

2 . 0  x 10- 7 

2 . 0  x 10- 7 

Population 
Risk  

(Man-Rem/Yea r)  

1 . 48 x 10-2 

1 . 48 x 10-2 

1 . 48 x 10-2 

1 . 48 x 10-2 

1 . 48 x 10-2 

1 . 48 x 10-2 

1 . 66 x 10-2 

5 . 49 x 10-3 

2 . 64 x 10-3 

a .  Based on 50-yea r dose commitment from 1 yea r  o f  exposure i n  1990 (Al ternat ives I ,  2 ,  3 ,  and 4 )  and i n  2090 , 2290 , and 2490 (Alternative 5 ) .  
E f fects a re independent o f  the waste form . 

b .  Health effects a re cancer deaths . 



The release scenarios that are not considered to be certain to oc
cur include abnormal events at both the INEL and the federal geologic 
r�pository .  At the INEL , effects of radon gas in homes built over the 
waste disposal facilities by future generations and a severe geologic 
disruption that disperses  the waste were evaluated . At the repository , 
exploratory drilling , fault and flooding , and ingestion of contaminated 
table salt from solution mining were evaluated . 

4 . 5 . 2 . 1  Long-Term Effects of Events Certain to Occur 

Events certain to occur in the long term are near-surface phenomena 
which can be expected at some time during a I -million-year period . For 
calculational purposes , waste migration into groundwate r ,  intrus ion into 
the waste , and l iving at the contaminated site are as sumed to occur 
shortly after the minimum estimated life of the disposal facilities 
(about 2500 ) . 

Waste Migration Into Groundwater 

The waste contains toxic chemicals and radionuclides which could be 
harmful if ingested . The Snake River Plain Aquifer is  a source of 
drinking water , irrigation wate r ,  and water used by commercial fish 
hatcheries (Section 3 ) . Pollution of the aquifer depends on several 
factors . Radionuclide and toxic chemical migration would require fil
tration of flood waters into the waste disposal area ; leaching of haz
ardous material from dis integrated containers ; percolation of the 
leached material through approximately 450 feet of basalt and sediment 
into the aquifer ;  waste migration through the aquifer to wells ;  and , 
finally ,  use of  the contaminated well wate r .  Engineered barriers , such 
as the disposal bins , should remain intact for a sufficiently long time 
to allow radioactive decay to reach harmless levels .  However , toxic 
chemicals could always present a potential hazard to the aquifer in the 
event of containment failure . 

A conservative subsurface migration model was used to calculate 
effects of waste migration on the aquife r .  Toxic chemical and radio
nuclide migration to the aquifer was assumed to occur instantaneously 
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after pass ing through 50 feet of sediments . In reality ,  migration to 
the aquifer would occur slowly , if at all . As the chemicals migrate 
through the aquifer ,  their concentrations would decrease by dispersion , 
retardation , and chemical interactions , or radioactive decay . Wells 
used for drinking water were hypothes ized so that maximum health effects 
would result to persons using the wells . 

Even though flooding of the s ite would not occur if climatic and 
geologic conditions remain s imilar to the conditions that have existed 
in the past , it was assumed that conditions would be adequate to 
transport the waste to the aquifer . The waste migration s cenario is 
illustrated on the following page . 

4 . 5 . 2 . 1 . 1  Nonradiological Effects 

The waste contains large amounts of cadmium and mercury relative to 
the radionuclides present . Potential concentrations of these toxic 
chemicals in hypothetical wells are given in Table 4-21 . The a-mile 
well is located immediately downgradient of the discharge point . The 
cadmium concentration exceeds the national primary drinking water 
standard at the 0- and 3-mile wells for Alternatives 1 and 4 .  The 
drinking water standard for mercury is exceeded only at the point of 
dis charge . At the la-mile well , which is located j ust outside the 
present southern INEL boundary ,  drinking water standards are not 
exceeded for either toxic chemical . The nearest population center today 
that could use contaminated water is  Hagerman , Idaho , located about 
120 miles downgradient from the ICPP . ( Idaho Falls  and Pocatello are 
not in the aquifer flow path . ) Commercial fish hatcheries in the 
Hagerman area would not be affected by waste migration in the aquifer .  
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TABLE 4-2 1 

NONRADIOLOGICAL EFFECTS OF WASTE MIGRATION INTO GROUNDWATER a 

Population Cadmium Concentration Mercury Concentrat i on 
Exposed in Hypothetical We lls  in Hypothetical Wel ls 

Alternative (Number )  (Mill igrams Eer Liter) (Mill igrams Eer Liter )  Hea lth Effects (Number )  

1 .  Leave- in- Place 

2 .  Retrieve , Modi fy Ca lc ine , 
Dispose at the INEL 

3 .  

4 .  

5 .  

Pel l eti ze Calc ine 

Conve rt Ca l c i ne to Glass 

Retrieve , Modi fy Calcine , 
Dispose O f f s i te 

Stab i lize Calc ine 

Convert Calcine to Glass 

Ret rieve , Separate Actinides , 
Di spose o f  Actinides Offsite ,  
Dispose o f  Depleted Calcine 
at the INEL 

Delay Retrieva l ,  Modi fy 
Ca lcine ,  Di spose Offs i te 

1 00 Years 

300 Years 

500 Yea rs 

Federal and StatedDrinking 
Water Standa rds 

5 

5 
5 

NAc 

5 

NA 

O-Mil-e 

2 . 1 

3 . 1  x 10- 1 

5 . 2 x 10-5 

2 . 1  

3-M i le 

1 . 2  x 1 0-2 

1 . 7  x 10-3 

3 . 0  x 10-7 

NA 

10-M i leb 

3 . 6  x 1 0-3 

5 . 3  x 10-4 

9 . 0  x 10-8 

1 . 2  x 10-2 3 . 6  x 10-3 

NA 

1 . 0 x 10-2 

O-Mile 

6 . 9  x 10-2 

1 . 0  x 1 0-2 

1 . 7  x 1 0-6 

3-Mile 

3 . 9  x 10-4 

5 . 7  x 10-5 

9 . 9  x 10-9 

NA 

NA 

NA 

2 . 0  x 10-3 

10-Mileb 

1 .  2 x 10 -4 

1 . 8  x 10-5 

3 . 0  x 10-9 

a .  Zero-mil e  wel l  i s  located immediately downgradient o f  the discha rge point prior t o  mixing o f  the leachate with groundwater . 

b .  I t  i s  assumed that the 10-mi le well  woul d  be used by 100 persons , which i s  about 5 times the present population in the a rea . 

O-Mile 

5 

5 
o 

5 

3-Mile 

5 

o 
o 

NA 

5 

NA 

c .  NA , not appl icable . Event app lies to was te d i sposal  a t  the INEL . I n  Alternative 4 ,  mercury would be removed during actinide separation . 

d .  40 CFR 141  and State o f  Idaho , 1 97 7 .  

lO-Mile 

0 

o 
o 

o 



The primary pathway by whi ch toxic  levels  would be reached is 
ingestion of food grown using contaminated water . Food sources 
concentrate cadmium and mercury which causes food rather than drinking 
water to be the dominant source of these toxic chemicals . Consequently , 
the effect of cadmium and mercury pollution would be to render 
groundwater unusable for irrigation for a distance of about 5 miles 
downgradient of the discharge point in Alternatives 1 and 4 .  At 
distances beyond 5 miles downgradient of the discharge point , the 
aquifer would be available for all drinking water , agricultural , and 
aquaculture uses . The use of groundwater would be restricted only until 
dispersion and chemical reactions in the aquifer reduced toxic  chemical 
concentrations to harmless levels . 

Modification of the waste form (Alternative 2 )  would further reduce 
the potential hazard from aquifer contamination by cadmium and mercury . 
Mercury would be removed during actinide separation ; thus actinide
depleted waste (Alternative 4)  would contain only cadmium . 

4 . 5 . 2 . 1 . 2  Radiological Effects 

Radiological effects of waste migration depend on the waste form , 
rate of decay , and migration characteristics of the radionuclides pres
ent in the waste . Because of the sediment and basalt characteristics at 
the lNEL , the potential for radionuclides to migrate to the aquifer in 
signficant concentrations is very low as long as the surface of the ICPP 
remains free of standing water .  

Certain radionuclides present in  the calcine waste ( e . g . , Cs-137 , 
Sr-90 , Pu-239 , Am-241 , Bi-2 1 4 ,  Pb-214 , Th-232 , and Pu-238) tend to have 
a moderate to high affinity for various minerals which constitute the 
lNEL soil . Measurement of ion-exchange capacities of selected radionu
clides stored at the lNEL indicates that these minerals indeed have a 
high rate of sorption by clay minerals in the lNEL sediments 
(Barraclough , et al . , 1976) . Therefore , the amount of waste movement in 
the unsaturated zone would probably be slight . 
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Laboratory experiments (Fried , et al . ,  19 76 )  indicate that basalts 
at the INEL appear to strongly retard the migration of plutonium . Min
eralogic analyses of the basalt material were not made . However ,  it is 
believed that the preparation techniques used ensured that the re
tardation was because of the basalt and not because of clay or zeolite 
that may be present on weathered basalt surfaces . Dose commitments 
given in Table 4-22 are , therefore , conservatively high because 
retardation was not considered in the calculations . 

The radiological effects of groundwater contamination would de
crease with time as radioactive decay occurs . Individual radionuclides 
migrate at different rates ; consequently , several peak radionuclide con
centrations would occur in a well as the radionuclides became dispersed 
in the aquifer .  Dose commitments given in Table 4-22 are the maximum 
doses that would occur at any time in a well  located 3 miles down
gradient of the discharge point . The 0 . 63-rem maximum individual dose 
(Alternatives  1 and 4)  is a 50-year dose commitment . The dose received 
in any s ingle year of exposure would be below the O . S - rem dose allowed 
for persons in unrestricted areas (ERDAH , 19 77 ) .  

Intrusion Into the Waste 

The effects of near- surface waste disposal  on future generations 
were considered by evaluating the effects of individual intrusion into 
the waste soon after the bins are assumed to have dis integrated . The 
individual intrusion event would affect only a few individuals (assumed 
to be 10 ) . 

To implement Alternatives 1 ,  2 ,  and 4 ,  the waste would be placed in 
disposal faci lities j ust below the ground surface . An archaeologis t ,  
prospector , or  other individual looking for artifacts or  useful mate
rials could conceivably dig in the waste after containment failure as 
shown in the illustration found following Table 4-22 . 
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Al ternative 

l .  Leave- in-P lace 

2 .  Retrieve , Mod i fy Ca l cine , 
Dispose at the I NEL 

Pel letize Calcine 

Convert Calcine to Glass 

3 .  Ret rieve , Modi fy Ca lcine ,  
Dispose Offsite 

4 .  

5 .  

Stabi l ize Calcine 
Convert Calcine to Glass  

Ret rieve , Sepa rate Actinides , 
Di spose of Actinides Offs i te , 
Di spose of Depleted Calcine 
at the INEL 

Delay Ret rieva l ,  Modify 
Ca lc ine , Di spose Offs i tee 

100 Yea rs 
300 Yea rs 
500 Yea rs 

TABLE 4-22 

LONG-TERM RADIOLOGICAL EFFECTS OF EVENTS CERTAIN  TO OCCUR 
WASTE M I GRATION INTO GROUNDWATER a 

Maximum I nd ividua l 

Whole-Body 
Equiva lent Dose 

(Rem) 

0 . 63 

6 . 30 )( 10-3 

1 . 39 )( 10-6 

NAd 

NA 

0 . 62 

NA 

Populat ion 
Exposed 
(Number)  

5 

5 

5 

NA 
NA 

5 

NA 

Who l e-Body 
Equiva l ent 

Dose 
(Man-Rem) 

3 . 15 

3 . 15 )( 10-2 

6 . 95 )( 10-6 

NA 
NA 

3 . 1 2 

NA 

Population 
Range of 
Hea l th b Effects 

(Number)  
-4 2 . 36 )( 10_4 7 . 24 )( 1 0  

2 . 36 )( 10=: 
7 . 24 )( 10  

to 

to 

5 . 2 1 )( 10- 10 to 
1 . 60 )( 10-9 

NA 
NA 

2 . 34 )( IO:� 
7 . 18 )( 10 

NA 

to 

Probabi l i�y 
of Event 

(Events/Yea r )  

1 . 0  )( 10-6 

1 . 0 )( 1 0-6 

1 . 0  )( 10-6 

NA 
NA 

1 . 0 )( 10-6 

NA 

Population 
R i sk 

(Han-Rem/Yea r )  

3 . 15 )( 10-6 

3 . 15 )( 10-8 

6 . 95 )( 10- 12 

NA 
NA 

3 . 12 )( 10-6 

NA 

a .  Effects a re for a hypothetica l wel l  located 3 mi les downgradient o f  the point o f  di scha rge to the aqu i fe r ;  ef fects a re base on a 50-yea r 
dose commi tment from 1 yea r of exposure in 2500 . E f fects for O-mi l e ,  10-mile , and 1 20-m i l e  wel l s  a re given in Tables 8-5 1  through 8-66 . 

b .  Hea lth e f fects a re cance r deaths . 

c .  The event was assumed to occur dur ing the I -mi l l i on-yea r pe r i od of  eva l ua t ion . 

d .  NA , not app l icab l e .  Event app l ies  to wa ste di sposa l a t  the I NEL .  

e .  I f  t 1lf' event were t o  occur during the per iod o f  de lay , the e f fects o f  A l terna t ive 5 wou l d  b e  no worse than the e f fects o f  Al terna t ive 1 .  
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Digging in the waste could produce a dust cloud containing radio
active material . Exposure would result from inhalation and direct radi
ation . The effects of the individual intrusion scenario are given in 
Table 4-23 . The highest dose (43 . 8  rem) would result from the leave
in-place alternative . Waste form modification [Alternative 2 (glass ) ]  
would reduce the dose  nearly to background level . Intrusion into 
actinide-depleted calcine (Alternative 4) would result in a maximum 
individal dose one-fifth that of the dose received from digging in 
calcine (Alternative 1 ) . 

Living at the Contaminated Site 

As a result of an individual digging in the waste , some of the 
radioactive material could be brought to the surface and contaminate the 
surrounding soi l .  In this farming scenario , a family or  small popula
tion group ( five people ) is assumed to inhabit the INEL after the s ite 
has been contaminated by prior intrusions . The family is assumed to 
farm the contaminated area as shown in the i llustration on the preceding 
page . 

Exposure to radiation would result from direct radiation , inhala
tion of airborne radionuclides , and ingestion of contaminated food . 
Since the house would be built on contaminated soil , radon gas , and 
particulate daughter products could accumulate ins ide the house and 
contribute to the inhalation dose . It was conservatively as sumed that 
individuals living at the site would obtain all of their food from farm
ing in soil contaminated with radioactive material and that the same 
group of people would remain on the s ite for 50 years . The effects of 
the farming scenario are given in Table 4-24 . The maximum doses would 
result from Alternative 1 .  
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TABLE 4-23 

LONG-TERM RADIOLOGI CAL EFFECTS OF EVENTS CERTAI N  TO OCCURa 
INDIVIDUAL I NTRUS ION INTO THE WASTE 

Maximum Indiv idua l Popu lat ion 

A lternat ive 

1 .  Leave-in-Place 

2 .  Ret r ieve , Modi fy Ca lcine ,  
Di spose a t  the INEL 

Pel let ize Calc ine 

Convert Calcine to Glass 

3 .  Ret rieve , Modify Ca lcine , 
Di spose Offs i te 

4 .  

5 .  

Stabi l ize Calcine 

Convert Ca lcine to Glass 

Retr ieve , Sepa rate Act inides , 
Dispose of Act inides Offs i te ,  
Di spose o f  Depleted Calc ine 
at the lNEL 

Delay Ret rieval , Modi fy d 
Ca l c i ne ,  Di spose Offsite 

100 Years 

300 Years 

500 Year s  

Whole-Body 
Equiva l ent Dose 

(Rem) 

43 . 8  

10 . 5  

0 . 68 

NA
c 

NA 

8 . 5 1  

NA 

Population 
Exposed 
(Number )  

1 0  

1 0  

10 

NA 

NA 

10 

NA 

a .  Based on 50-yea r dose commitment from 1 yea r of exposure in  2500 . 

b .  Hea lth e f fects a re cancer deaths . 

c .  NA , not applicable . Event appl ies t o  waste d isposa l  at  the INEL .  

Whole-Body 
Equiva l ent 

Dose 
(Man-Rem) 

438 

105 

6 . 80 

NA 

NA 

85 . 1  

NA 

Range of 
Hea l th b Effects 

(Number)  

3 . 28 x 1(� 
1 . 01 x 10 

7 . 87 x I O:� 
2 . 4 1  x 10 
5 . 1 0 x 10=; 
1 . 56 x 10  

NA 

NA 

6 . 38 x IO:� 
1 . 96 x 10 

NA 

to 

to 

to 

to 

Probabi  1 i ty 
of  Event 

(Events/Yea r)  

0 . 0 10  

0 . 010 

0 . 0 10  

NA 
NA 

0 . 010 

NA 

Population 
Risk 

(Man-Rem/Yea r)  

4 . 38 

} . 05 

6 . 80 x 10-2 

NA 

NA 

- 1 8 . 5 1  x 10  

NA 

d .  I f  the event were to occur during the peri od of de l ay ,  the e f fects o f  Al t ernat ive 5 wou ld  be no worse than the ef fects o f  A l terna t ive 1 .  
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TABLE 4-24 ---------

LONG-TERM RADIOLOGICAL EFFECTS OF EVENTS CERTA I N  TO OCCURa 
L I VING AT THE CONTAMI NATED SITE 

A l te rna t ive 

1 .  Leave-in-Place 

2 .  Retrieve , Mod i fy Cal c i ne ,  
Di spose a t  the INEL 

Pel letize Calcine 

3 .  

4 .  

5 .  

Convert Cal cine to Glass  

Ret rieve , Modify Ca lcine ,  
Dispose Offsi te 

Stabil ize Calcine 
Convert Calcine to Glass 

Ret rieve , Sepa rate Actinides , 
Dispose of Actinides  O f fs i t e ,  
Dispose o f  Depleted Calcine 
at the INEL 

Delay Retrieva l ,  Modi fy d Ca lc ine ,  Dispose Offs i te 

100 Yea rs 
300 Yea rs 
500 Yea rs 

Maximum Individua l 

Who le-Body Popu l a t ion 
Equiva lent Dose Exposed 

(Rem) (Number )  

53 . 1  5 

8 . 08 5 

7 . 75 5 

NAc NA 
NA NA 

27 . 0  5 

NA NA 

a .  Base on 50-yea r dose commitment from 1 yea r  o f  expo s u re i n  2500 . 

b .  Hea l th effects are cancer dea ths . 

c .  NA , not app l i cable . Event a pp l i e s  to w a s t e  d i spo s a l  a t  the I NEL . 

Who l e-Body 
Equiva l ent 

Dose 
(Man-Rem) 

265 

40 . 4  

38 . 8  

NA 
NA 

135 

NA 

Popu la t ion 
Range of 
Hea l th b E f fects 

(Number )  
-2 1 . 99 x 10_2 to 

6 . 1 1  x 10  

3 . 03 x 10-3 to 
9 . 29 x 10-3 

-3  2 . 9 1  x 10_3 to 
8 . 9 1  x 10 

NA 
NA 

-2 1 . 01 x 10_2 to 
3 . 10 x 10 

NA 

Probabi  I i  ty Populat ion 
of Event Risk 

(Events/Yea r )  (Man-Rem/Year) 

0 . 0 1 0  2 . 65 

0 . 0 1 0  4 . 04 x 10- 1  

0 . 0 1 0  3 . 87 x 10- 1  

NA NA 
NA NA 

0 . 0 10 1 .  35 

NA NA 

d .  I f  the event were to occur during t he pe r i od o f  d e l a y . t he e f fects o f  A l t e rna t i ve 5 wou l d  be no wo rse than t he ef fec t s  o f  A l te r na t ive 1 .  



4 . 5 . 2 . 2  Long-Term Effects of Abnormal Events 

Long-term effects of abnormal events are postulated to occur at the 
INEL and at a federal geologic repos itory .  They would be radiological 
in nature . At the INEL , the effects of radon gas on future inhabitants 
of the site wer� evaluated . The waste disposal area is not far enough 
below ground surface to prevent radon gas from exceeding natural back
ground concentrations in the region directly over the waste should the 
waste bins dis integrate . 

The effects of a severe geologic disruption such as a volcano 
erupting through the waste were evaluated to determine the worst effects 
of an atmospheric release of high-level waste at the INEL .  

Abnormal events were evaluated at a federal geologic repos itory to 
determine the long-term effects of INEL waste disposal .  The most 
significant events evaluated in the EIS for commercially generated 
high-level waste (DOE , 1980a ) were selected for cons ideration in this 
EIS . The scenarios evaluated a re solution mining for recovery of table 
salt , fault and flooding of the repository which causes surface water 
contamination , and exploratory drilling . 

Living Over the Waste 

This event would affect waste disposal at the INEL (Alternatives 1 ,  
2 ,  and 4 ) . Radon gas occurs naturally in uranium ore bodies from the 
decay of uranium . In the case of INEL defense high-level waste , acti
nides a re present that produce radon gas during the course of their de
cay into harmless materia ls . Consequently , the concentration of radon 
in the waste continues to increase until the radon-producing radio
nuclides no longer exist . 

Radon gas concentration increases until it reaches a maximum about 
200 , 000 years after waste disposal . Should waste containment fail , ra
don emiss ions would be higher than background levels  in the area direct
ly over the waste disposal facilities . Construction of a building , such 

4-74 



as a house , over the radon source provides a confined a rea which traps 
the gas and allows the concentration of decay products to increase . The 
radon daughter products a re solids which can be inhaled , thus contribut
ing to the radiation dose received by persons living or working in the 
enclosed area . 

In the living-over-the-waste scenario , it is assumed that individ
uals move onto the INEL without knowing the location of the waste dis-
posal  facilities . Dose commitments and health effects from radon 
inhalation a re given in Table 4-25 . Doses in any one year are small  and 
would be less than annual background radiation (0 . 15 rem) . 

Exposure to radon gas of individuals whose homes are built over 
dis integrated waste containers is shown in the accompanying illustra
tion . 

D E C O M P O S E D  
W A S T E  C O  NT A I N  E R S  ......c;�:iI-::=T=:::=ci==I-��� 

L I V I N G  O V E R  T H E  W A S T E  
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A l te rna t i ve 

I .  Lea ve- in - Pl ace 
L i v ing Over the Wa s t e  

Severe Geo l og i c  D i s ruption 

2 .  Ret r ieve , Hod i fy Ca lc ine , 
Dispose a t  the INEL 

Pel l e t ize Calcine 
Living Over the Wa ste 

Severe Geo logic D i s ruption 

Convert Ca l c i ne to G l a s s  
Living Ov e r  t h e  Waste 

Severe Geo l og i c  D i s ruption 

3 .  Ret r i eve , Hod i fy C a l c i ne , 
Dispose Offs i te 

Stabl ize Ca Ie ine 
Fau l t  and F l ooding 

.r:-I Solut ion H i n i ng ....., 
0"-

Exp l o ra tory D r i l l ing 

Conve rt Ca l c i ne to G l ass 
Fau l t  and Flooding 

So l u t ion H i n ing 

Exploratory Dr i l l ing 

4 .  Retrieve , Sepa rate Act in i des , 
Dispose of A c t i n ides Of fs i te , 
Dispose of Depl eted Ca l c i ne 
at the I NEL 

Di spose of the Dep l eted 
Ca l c i ne at the l NE L  

Liv ing Over tbe Wa ste 

Severe Geo l og i c  D i s rupt ion 

Di spose of Ac t i n ides Of fs i t e  
Fa u l t  a n d  F looding 

So lut i on lI i n i ng 

�xp l o ratory D r i l l i ng 

TABLE 4-25 ------_._-
LONG-TERII RAD I OLOG I CAL EFHCTS Of ARNORIIAI. EVENTS 

a , b  

-- -_  .. _-- ---_._ - --------_ .. _-------- --
Max imum I nd i v i dua l _____ _____ ...f�.I'.u£0!'.." ____ . -----------

Who l e- Body Range o f  
Who le-Body Popu l a t ion Equ iva l ent Hea l th Prob.hi I i ty 

Equ i va lent Dose Exposed Dose E f fects
C 

o f  Event 
(Rem) (Numbe r )  .J..H� n-R('m) __ ..1!!.umb�_ (Events/Ye a r )  

1 . 1 0 x 1 0 - 1 5 . 50 x 1 0 - 1 4 . 1 2 x I (� 1 . 0  x 1 0 -2 5 to 

1 . 58 x 1 0 1 206 , 000 1 . 95 x 1 06 1 . 26 x 1 02 1 . 0 x 1 0 -8 1 . 46 x 1 02 to 
4 . 49 x 1 0  

9 . 20 x 1 0 -2 4 . 60 x 1 0 - 1 - 5  1 . 0 x 1 0 -2 5 3 . 45 x 1 0 _4 to 

1 . 58 x 1 0 1 206 , 000 1 . 95 x 1 06 1 . 06 x 1 02 1 . 0 x 10- 8 1 . 46 x I 02 to 
4 . 49 x 1 0  

1 . 50 x 1 0 -2 7 . 50 x 1 0 -2 -6 1 . 0 x 1 0 -2 5 5 . 62 x 1 0_ 5 to 

1 . 58 x 1 0 1 206,000 1 . 95 x 1 06 1 . 72 x 1 02 1 . 0 x 1 0 -8 1 . 46 x 1 02 to 
4 . 49 x 10 

I .  78 2 , 000 , 000 3 . 56 x 104 2 . 67 to 8 . 1 9  2 . 0  x 1 0 - 1 3  

1 . 7 1  x 1 0- 2 6 . 84 x l OS 5 . 1 3 x 1 0� 1 . 0 x 1 0 -6 40 , 000 , 000 to 
1 . 5 7  x 10_ 3 2 . 36 25 5 . 90 x 1 0 1 4 . 42 x 1 0 _2 to 5 . 0  x 1 0 - 7 

1 . 36 x 1 0  

1 . 78 x 1 0 -4 -4 2 . 0  x 10- 1 3  2 , 000 ,000 3 . 56 2 . 6 7  x 1 0_4 to 

I .  71 x 1 0 -2 40 , 000 , 000 6 . 84 x lOS 
8 . 1 9  x 1 0 1 1 . 0  x 1 0 -6 5 . 1 3 x 1 02 to 

I .  55 25 3 . 8 7 x 1 0 1 
1 . 5 7  x 1 0_ 3 5 . 0  x 1 0 - 7 2 . 9 1  x 1 0_ 3 to 
8 . 9 1  x 1 0  

2 . 20 x 1 0- 3  1 . 1 0 x 1 0 - 2 8 . 25 x 1 0=� 1 . 0  x 10- 2 5 to 

I .  I I  x 1 0 1 206 , 000 1 . 3 7  x 106 2 . 5 3  x 1 02 1 . 0  x 1 0 -8 1 . 03 x 1 0 2  to 
3 . 1 6  x 1 0  

1 . 78 x 1 0-6 - 2 -6 2 . 0  x 10- 1 3  2 , 000 , 000 3 . 56 x 1 0  2 . 6 7  x 1 0_1> to 

1 . 7 l x 1 0 -2 40 , OnO , ooo 6 . 84 x l O5 8 . 1 '1 " lO l 1 . 0 x 1 0-£> � . 1 J x 1 02 t o  

6 . 711 x l O] 1 . � 7  x 1 0  
� . O  x l O - 7 2 . 7 l  " l O2 Z� c) . nil x I n- I  t o  

I . �)t, 

Popu l a t ion 
Ri sk 

(llan-Rem/Yea r )  

5 . 50 x 1 0 - 3 

1 . 95 x 1 0 -2 

4 . 60 x 1 0 -3 

1 . 95 x 1 0 -2 

7 . 50 x 1 0  -4 

1 . 95 x 10-2 

7 . 1 2 x 1 0-9 

6 . 84 x 10- 1 

2 . 95 x 10-5 

7 . 1 2 x I O - 1 3  

6 . 84 x 1 0 - 1 

1 . 94 x 10- 5 

1 . 1 0 x 1 O  -4 

1 . 3 7  x 1 0 -2 

7 . 1 2 x 1 0 - 1 5  

6 . 84 x l O- 1 

:I . :1'1 x l O  - J 
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Alternative 

5 .  Delay Ret rieva l ,  Mod i fy d Calcine , Dispose Offs i te 

100 Yea rs 
Solution Hining 

Fault  and Flooding 

Exploratory Dri l l ing 

300 Years 
Solution Hining 

Fault and Flooding 

Exploratory Dril ling 

500 Yea rs 
Solution Hining 

Fault and Flooding 

Exploratory Dri l l ing 

TABLE 4-25 

LONG-TERH RADIOLOGICAL EFFECTS OF ABNORHAL EVENTSa , b  
( conc luded ) 

Max imum I ndividua l -------------- �u l a�t�l�' o�n� ________________________ _ 

Who le-Body 
Equiva lent Dose 

( Rem) 

1 . 45 x 10-2 

1 .  78 x 10-4 

1 .  13 

1 .  06 x 1 0-2 

1 .  78 x 10-4 

9 . 65 x 10- 1  

7 . 83 x 10.3 

1 .  78 x 10.4 

8 . 80 x 10- 1 

Popu lat ion 
Exposed 
(Number)  

40 , 000 , 000 

2 , 000 , 000 

25 

40 , 000 , 000 

2 ,000 , 000 

25 

40 , 000 , 000 

2 ,000 ,000 

25 

Whole-Body 
Equivalent 

Dose 
(Man-Rem) 

5 . 80 x 105 

3 . 56 

2 . 82 x 101 

4 . 24 x 105 

3 . 56 

2 . 4 1  x 10 1 

3 . 1 3 x 105 

3 . 56 

2 . 20 x 10 1 

Range of  
Hea l th 
Effects C 

(Number )  

4 . 35 x 10; 
1 . 33 x 10_4 2 . 67 x 10_4 8 . 19 x 10_3 2 . 12 x 10_3 6 . 50 x 10  

3 . 18 x lO � 
9 . 75 x 10_4 2 . 67 x 10_4 8 . 19 x 10_3 1 . 8 1  x 10_3 5 . 55 x 10  

2 . 35 x 10 � 
7 . 20 x 10_4 2 . 67 x 10_4 8 . 19 x 10_3 1 . 65 x 10_3 5 . 06 x 10 

to 

to 

to 

to 

to 

to 

to 

to 

to 

Probab i l i ty 
of Event 

(Events/Yea r)  

1 . 0 x 10-6 

2 . 0  x 10- 13 

5 . 0  x 10- 7  

1 . 0 x 10-6 

2 . 0  x 10- 1 3  

5 . 0  x 1 0- 7  

1 . 0 x 10-6 

2 . 0  x 
'
10- 1 3  

5 . 0  x 1 0
. 7 

Populat ion 
R i s k  

(Han-Rem/Year )  

5 . 80 x 10- 1  

7 . 12 x 10· 13  

1 . 4 1  x 10-5 

4 . 24 x 10. 1 

7 . 12 x 10. 13  

1 . 2 1  x 10-5 

3 . 13 x 10- 1  

7 . 12 x l0- 1 3  

1 . 10 x 10-5 

a .  Scena r ios that apply to Alte rnat ives 1 and 2 and the same scena r ios  that app ly  to Alte rnat ive 4 would occur at the INEL .  Scena rios that 
apply  to Alternatives 3 and 5 and the same scena r ios  that apply to Al ternat ive 4 would occur at the offs i te federal  geo logic reposi tory . 

b .  Living ove r the waste , 2500 , severe geologic  di s rupt ion , 2 1 00 ,  so lut ion mining , 2500 (Alterna tives 3 and 4) , 2600 , 2800 , 3000 (Al terna
t ive 5 ) . Fault and f looding ,  2600 (Al te rnat ives 3 and 4 ) , 2700 , 2900 , 3 100 (Alte rnat ive 5 ) . Exp Loratory dri l l ing , 2500 (Alternat ives 3 and 
4 ) , 2600 , 2800 , 3000 (Al ternative 5 ) . 

c .  Hea lth effects are cancer deaths . 

d .  I f  the severe geologic d i s ruption were to occur during the period o f  de l ay ,  the effects o f  Al terna tive 5 would be no worse than the e f fects 
o f  Alternat ive 1 .  

o f  ...; 



Severe Geologic Dis ruption 

A severe geologic event could a ffect a lternatives involving waste 
disposal at the lNEL (Alternatives 1 ,  2 ,  and 4) . However ,  it is 
impossible to predict what significant changes will occur to the earth 
over the period of time discussed in this EIS . Geologic studies show 
that maj or  changes occur to the surface of the earth as ice ages come 
and go , glaciers form new lakes , eros ion occurs , and volcanoes and 
earthquakes change surface features . Certain formations below the 
surface , however , a re known to have remained relatively unchanged 
throughout very long periods of time . 

Because of the uncertainties associated with geologic changes on 
the surface of the earth , it is impossible to determine a l l  the effects 
on the waste that could occur if  it is left in nea r-surface disposal . 
Unforeseen changes in geologic conditions could cause earthquakes and 
volcanic activity which would destroy waste containment and disperse the 
calcine . Rather than attempt to evaluate these many potential 
scenarios , one maj or  abnormal event is  analyzed to determine the maximum 
potential effects of  any abnormal event . To estimate the effects of  a 
severe geologic disruption at the lNEL , the event is a ssumed to have the 
same probability of  occurrertce as  a volcano erupting through the waste 
( 1  x 10-8 ) .  Since the purpose of evaluating a severe geologic dis
ruption is  to determine the worst conceivable effects of  waste dis 
pers ion , the event is  assumed to occur at several times in the future . 
Effects a re discussed for the event ' s  occurrence at the beginning of  the 
long-term period (2100)  when the waste would have had only a short time 
to decay . 

The effects of other abnormal events of  nature , such as  volcanos , 
earthquakes , tornadoes , and f loods , have been considered in this EIS . 
The probability of  occurrence can be more rel iably predicted for these 
relatively common natural phenomena than for geologic or climatic 
changes . The probabilities cited in the following discuss ion a re based 
on documented knowledge of  past events . 
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One of  the greatest hazards would be related to volcanic a ctivity 
on the INEL ( see Subsection 3 . 1 . 2 ) . Two types of  volcanic a ctivity have 
been considered , but dose commitments and health effects were not calcu
lated because they would be les s  than the effects of a severe geologic 
dis ruption . 

The poss ibility of  a volcanic eruption through the waste , or nea r  
enough to the disposal area to cause radionuclide release , is about 
1 x 10-8 per year  or once every 100 million years . High temperatures 
accompanying the e ruption could volatilize some of the waste , but much 
of  the material would settle in the immediate vicinity of  the eruption . 
Depending on the force of the eruption and wind conditions at the time , 
contaminated ash and gaseous emiss ions could cover an extensive area . 

Lava flows at the INEL are much more likely events than an 
explosive volcano . The estimated probability of  a lava flow on the lNEL 
s ite is about 3 . 3  x 10-4 per year ,  or once every 3 , 000 years . Based on 
the characteristics of other lava flows in the a rea , a lava flow at the 
ICPP would entomb the waste , forming a natural protective cove r .  The 
dose commitments and health effects would be negligible , and any 
subsequent lava flows would further entomb the waste . 

Based on past earthquake activity in the INEL area , the design of 
the waste disposa l  complex would provide adequate protection against 
earthquake damage . No destructive earthquakes have been recorded in the 
eastern part of the Snake River Plain ( see Subsection 3 . 1 . 4) .  

The largest  estimated ground a cceleration recorded in the seismic 
zone that includes the lNEL is  0 . 09 gravity . Waste management facili
ties would be designed to  withstand an earthquake of  a modified Mercal li 
intensity of  X ( approximately 7 . 75 on the Richter s cale ) , and a ground 
acceleration of 0 . 24 gravity ( see Subsection 2 . 3 ) . Consequently , an 
earthquake at the ICPP should not cause a release of radioactive ma
terial .  
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Tornadoes pose only a minor risk during calcine retrieval and pro
cess ing operations and no risk after disposal  of the waste . Tornadoes 
in the area have been small (Fuj ita , 197 1 ) . All but one have affected 
an area of less than 0 . 0 1 square mile . Waste management facilities 
would be designed to protect against tornado damage ( see Subsection 
2 . 3 ) . 

After decontamination and decommissioning of the surface facili
ties , the waste would be located underground in long-term disposal 
facilities where tornado winds would not affect waste containment . 

The flooding potential of the s ite has been evaluated . Assuming 
that hydrogeologic conditions at the ICPP are relatively constant 
throughout the 1-million-year period of evaluation , flooding of the 
waste disposal area would be highly unlikely . The geologic and 
hydraulic characteristics of the ICPP area appear to prevent flooding . 
While specific studies have not been conducted on the flooding potential 
at the ICPP , it is  pos s ible to evaluate the consequences  of this event 
based on studies conducted upstream of the ICPP (Druffel , 1979 ) . 

The severe geologic disruption s cenario was evaluated in order to 
determine the effects of unforeseen geologic changes . The event would 
affect alternatives involving waste disposal at the INEL (Alterna
tives 1 ,  2 ,  and 4)  as  shown in the illustration on the following page . 

In the severe geologic disruption scenario , it is  as sumed that 
1 percent of the waste is dispersed . ( I f  all of the waste became 
airborne , the effects would be 100 times greater than the effects shown 
in Table 4-25 . )  Radiological effects on the public would result from 
inhalation of airborne radioactive material , direct radiation from the 
contaminated plume , and ingestion of contaminated food and water .  The 
maximum individual and the population dose  commitments for the year 2 100 
are shown in Table 4-25 . The nonradiological consequences of a severe 
geologic disruption would probably be fatal to persons in the immediate 
vicinity of the INEL . Effects from acute radiation exposure would not 
be expected . Land use at the INEL would be restricted until the extent 
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of contamination was determined and , if  necessary ,  decontamination was 
complete . Should the event occur several hundred years in the future , 
radiological effects would be reduced about ten times ; if  the event were 
to occur several thousand years in the future , radiological effects 
would be reduced about 100 times . 

-•• ,., I � .  

Solution Mining 

POPULATION 
CENTER 

S E V E R E  G E O L O G I C  D I S R U P T I O N  

MAX IMUM L. 
INDIVIDUAL � 

• INGESTION 
• DIRECT RADIATION 
• INHALATION 

This event would affect waste disposal at a federa l geologic 
repository (Alternatives 3 ,  4 ,  and 5) located in bedded or  domed salt 
formations . The scenario would not apply to other types of  mined 
repos itories . Since salt formations are being considered as pos s ible 
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locations for a federal repository ,  solution mining after institutional 
control is as sumed to cea se could expose large population groups to 
radiation by ingestion of table salt . In this s cenario , it is as sumed 
that wa ste containment fails and the salt processor is unaware of the 
radioactive waste . Exploratory drilling in the area could identify 
commercial salt deposits that would be recovered by a so lution mining 
operation . During the mining process , radionuclides would be leached 
and enter the food chain in table salt as shown in the accompanying 
il lustration . 

PROCESSING PLANT 

ABANDONED 
REPOSITORY SITE 

T , I 

POPULATION CENTER 

EINGESTION I 

;"'LEACHED RAD IONUCL IDES 
I AND SALT TO SURFACE 

CAN ISTER 

BEDDED/DOMED 
SALT BED 

S O L U T I O N  M I N I N G  
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A large population could be affected by this event . The population 
assumed to be exposed to contaminated table salt (40 , 000 , 000 ) was based 
on the current distribution of  table salt supplies . Calculated dose 
commitments and health effects for the ingestion of table salt are given 
in Table 4-25 . Effects are for the year  2500 for Alternatives 3 and 4 ,  
and for the years 2600 , 2800 , and 3000 for Alternative 5 .  The maximum 
radiation dose received by individuals is small  (0 . 0 1 7  rem ) ; however ,  
the number of individuals exposed in the scenario is very large which 
accounts for the large number of health effects . No s ingle individual 
would receive a dose that could be distinguished from background radia
tion (0 . 15 rem ) . 

The nonradiological effects of cadmium and mercury present in INEL 
waste were evaluated for the solution mining scenario . Calculated con
centrations of these potentially toxic chemicals would be less than 
drinking water standards in the salt solution . There would be no health 
effects from ingesting table salt recovered in the solution mining 
process . Concentrations of cadmium and mercury in the solution mining 
scenario are given in Table 4-26 . 

Fault and Flooding 

Waste disposal  at a geologic repos itory could cause contamination 
of surface water should a stream or aquifer be diverted through the 
repos itory . Geologic changes over long time periods could cause a fault 
to form and allow water to flow through the repository as shown in the 
il lustration found following Table 4-26 . 

It was as sumed that the contaminated stream would be used as a 
water supply by the population in the surrounding area . The event is 
assumed to occur in 2500 but about a hundred years would be required for 
the waste to migrate from the repos itory to surface water supplies . 
Since maximum effects are discussed , dose commitments and health effects 
for the fault and flooding scenario are given in Table 4-25 for the year  
2600 for Alternatives 3 ,  and 4 ,  and the years 2700 , 2900 , and 3 100 for 
Alternative 5 .  The doses for all alternatives except Alternative 3 
( stabilize calcine ) would be very small . Stabilized calcine would 
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TABLE 4-26 

NONRADIOLOGI CAL EFFECTS OF LONG-TERM ABNORMAL EVENTS 

1 .  

2 .  

3 .  

4 .  

5 .  

Alternative and S cena r i o  

Leave- in- Place 

Ret rieve , Modi fy C a l c ine , 
D i spose at the lNEL 

Pelletize C a l c ine 
Convert Calcine to Glass 

Ret rieve , Mod i fy C a l c ine , 
D i spose Offsite 

Stab i l i ze C a l c ine 
Solution Mi ning 
Fault and Flood ing 

Convert Calcine to Glass 
Solution Mining 
Fault and F looding 

Ret r i eve , Sepa rate Actinides , 
D i spose of Act i n i des O f f s i te , 
D i spose of Dep leted Ca l cine 
at the lNEL 

De lay Ret rieva l Mod i fy C a l cine , 
Di spose O f f s i te 

1 00 Years 
Solut ion Mining 
Fault and Flooding 

300 Yea rs 
Solut ion Mining 
Fau l t  and Flooding 

500 Years 
Solut i on Min ing 
Fault and Flooding 

Federal and State
b

Drinking 
Wa ter Standards 

Populat ion 
Exposed 
(Number) 

NA
a 

NA 
NA 

40 , 000 , 000 
2 , 000 , 000 

40 , 000 , 000 
2 , 000 , 000 

NA 

40 , 000 , 000 
2 , 000 , 000 

40 , 000 , 000 
2 , 000 , 000 

40 , 000 , 000 
2 , 000 , 000 

Cadm i um  
Concent ration 

(mgt!) 

NA 

NA 
NA 

1 . 4 x 10
- 4 

2 . 0  x 10
- 3  

1 . 4  x 10
-4 

4 . 9  x 10
-5 

NA 

1 . 4 x 1 0
- 4 

4 . 9  x 10
-5 

1 . 4 x 10
-4 

4 . 9  x 1 0
-5 

1 . 4 x 10
-4 

4 . 9  x 10
-5 

Mercury 
Concent ra t ion 

(mgt!) 

NA 

NA 
NA 

4 . 7  x 1 0
-6 

7 . 0  x 1 0
-5 

4 . 7  x 1 0
-6 

1 . 6 x 1 0
-6 

NA 

4 . 7  x 1 0
-6 

1 . 6  x 10
-6 

4 . 7  x 1 0
- 6 

1 . 6 x 1 0
-6 

4 . 7  x 10
-6 

1 . 6  x 10
-6 

2 . 0  x 10
- 3 

Health 
E f fects 

(Number) 

NA 

NA 
NA 

o 
o 

o 
o 

NA 

o 
o 

o 
o 

o 
o 

o 

a .  NA , not app l i cab l e . Al terna t ives I ,  2 ,  and 4 do not involve d isposa l a t  a fede ral geo l o g i c  
repos i tory . 

b .  40 CFR 1 4 1  and State o f  Idaho , 1 9 7 7 . 
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result iri a dose that is  about 12 times the background radiation dose 
(0 . 15  rem) . 

The nonradiological effects of  cadmium and mercury present in lNEL 
waste were evaluated for the fault and flooding s cenario . The s cenario 
would be very similar to the waste-migration-into-groundwater s cenario , 
but there would be fewer effects . Because of the larger volume of  water 
available , cadmium and mercury concentrations in the river would not 
exceed drinking water standards and there would be no health effects . 
Concentrations for cadmium and mercury in the fault and flooding sce
nario are given in Table 4-26 . 

Exploratory Drilling 

This event would affect waste disposal at a federal geologic 
repos itory (Alternatives 3 ,  4 ,  and 5 ) . Only a limited number  of  people 
would be affected by this event as shown in the accompanying 
illustration . 

A B A N D O N E D  
R E PO SITO R Y 
A R E A  

� INHALATION 
� DIRECT RADIATION 

Q 

E X P L O R AT O R Y  D R I L L I N G  
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An area of  significant mineral reserves would not be selected as  a 
sui table location for a geologic repository . However ,  since future 
exploratory drilling could occur in the repository a rea , the effects of  
this event were evaluated . The repository would be  at  a substantial 
depth . I t  was as sumed that exploratory drilling could penetrate a waste 
canister and bring radioactive material to the surface . 

It was assumed that radiation exposure would result from direct 
radiation , inhalation of airborne radionuclides ,  and ingestion of  food 
grown in soil contaminated by the waste brought to the surface . 

The calculated dose commitments and health effects for the explora
tory drill ing s cenario a re given in Table 4-25 for 2500 (Alternatives 3 
and 4) , and 2600 , 2800 , and 3000 (Alternative 5 ) . A s ignificant dose 
(271 rem) would result from Alternative 4 since the waste would be 
highly concentrated . 

4 . 6  Summary of  Effects by Alternative 

The effects of  the waste management alternatives discussed in Sub
section 4 . 5  are summarized for each a lternative in this subsection . 
Effects a re divided into nonradiological effects and radiological 
effects for the short-term and long-term periods of evaluation and 
include effects at the repository .  Dose commitments and hea lth effects 
a re given for each s cenario evaluated in this EIS . 
effects of the construction and operation phases 
implementation have been summarized by selecting 

Nonradiological 
of a lternative 
only the most  

representative of  the many effects that were evaluated . Detailed 
information on nonradiological effects of  construction and operation is 
given in Subsection 4 . 5 . 

4 . 6 . 1  Alternative 1 

Nonradiological effects of  leaving the waste in place a re summa
rized in Table 4-27 . During the construction phase , effects on air  
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.t:'I 
00 
00 

Scena r i o  

CERTAIN-TO-OCCUR EVENTS 

Short-Term 

Construction Act ivities 
Routine Opera t i ons 
Decontamina t i on and Decomm i s s ioning 

Long-Term 

Di spos a l  at INEL 
Waste Migra t i on into Groundwa ter 

ABNORMAL EVENTS
d 

Short-Term 

Construction Act ivities 
Routine Opera t i ons 
Decontamina t i on and Decomm i s s i oning 
Di sposa l at INEL 

TABLE 4-27 

SUMMARY OF NONRADIOLOG T CAL ENVIRONMENTAL EFFECTS 
ALTERNATIVE 1 

Land Use 
(Acre s )  

NA 
NA 
NA 

1 
NA 

NA 
NA 
NA 
NA 

Ai r Qua l i ty
a 

(lJg/m3 ) 

0 . 12 
o 

NA 

NA 
NA 

NA 
NA 
NA 
NA 

Wa t e r  
Cadmium 

(mg/ t )  

NA
c 

NA 
NA 

NA 

Qua l ity� 
Me rcury 
(mg/ t )  

0 . 0 1 2  0 . 00039 

NA 
NA 
NA 
NA 

Labor 
Force 

(Man-Y r )  

800 
0 
0 

NA 
NA 

NA 
NA 
NA 
NA 

D i e s e l  
Fue l 

( l 03 Ga l )  

375 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

Ene rgy 
Demand 

(Megawat t s )  

NA 
0 

NA 

NA 
NA 

NA 
NA 
NA 
NA 

Wo rke r 
Inj uries/ 

Fata l it i e s  

NA 
NA 
NA 

NA 
NA 

1 7/ 0 . 2  
0 . 4/ 0 . 00 1  
0 . 5/ 0 . 006 

e 

a .  Ambient a i r  concentrat ions g i ven a re i n  add i ti on t o  background . 
operat ions , the concent ra t ion is given for nit rogen oxide s . 
(40 CFR 5 0 ) . 

During cons t ruction , the concent ra t i on is g iven for pa rt iculate s . During 
Fede ral s tandard : pa rticulate s , 60 IJg/m3 ; n i t rogen oxides , 1 00 IJg/m3 ; 

b .  Concent ration a t  hypothe t i c a l  3-m i le we l l .  Fede ra l s tanda rd : cadmium , 0 . 0 1 0  mg/ t ;  me rcury , 0 . 002 mg/t (40 CFR 1 4 1 ) . 

c .  NA , not app l i cable . 

d .  No nonrad iolog i ca l abnorma l  effects in the long- term p e riod . 

e .  Inj u ry/ fata l i ty v a l ues a re inc l uded i n  Routine Operations . 



quality would be undetectable . Diesel fuel use would be about 22 per
cent of the diesel fuel used at the INEL in 1978 . Labor force require
ments would be well  within current fluctuations of the total INEL labor 
force . Thus , socioeconomic effects could be easily accommodated by the 
communities surrounding the INEL . Effects during the operations phase 
would consist primarily of  routine maintenance and surveillance activ
ities . The only significant effect would occur during the disposal 
phase . The waste-migration-into-groundwater scenario could result in 
contamination of the Snake River Plain Aquifer by toxic chemicals 
present in the waste . Concentrations of cadmium and mercury could 
exceed public drinking water standards for a distance of about 5 miles 
downgradient of the discharge point until chemical reactions and 
dispersion in the aquifer reduced the concentrations to harmless  levels .  

Radiological effects are summarized in Table 4-28 . It is extremely 
unlikely that any health effects would be caused by implementation of 
Alternative 1 .  Only two abnormal events would result in hea lth effects 
in the population exposed to radiation . The aircraft impact scenario 
could cause 17 health effects in a population of 7 1 , 000 people , which is 
within the fluctuation of the 1 1 , 900 health effects that would be 
expected from all causes of cancer .  The consequences of a severe 
geologic disruption could cause 449 health effects in an estimated 
population of 206 , 000 people . These radiological health effects would 
be less than 2 percent of the 34 , 600 health effects that would be 
expected from all causes of cancer .  

4 . 6 . 2  Alternative 2 

Nonradiological effects of waste retrieval , waste form modification 
(pellets and glas s ) , and disposal at the INEL are given in Table 4-29 
for pellets and in Table 4-30 for calcine converted to glas s . While the 
nonradiological effects of waste form modification are generally minor , 
the effects of pelletization differ markedly from the effects of 
vitrification . Waste form modification is  relatively energy intens ive . 
However ,  the labor force required for pelletization would be about twice 
the labor force required for vitrification because construction of the 
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TABLE 4-28 

SUMMARY OF RADIOLOG ICAL ENVIRONMENTAL EFFECTS 
ALTERNATIVE 1 

Scenario 
CERTAIN-TO-OCCUR EVENTSc 

Long-Term 

Disposal  at INEL 
Was te Migration into Groundwater 

Intrusion into Was te 

Living at Contaminated Site 

ABNORMAL EVENTS 

Short-Term 

Disposal at INEL 
Aircraft  Impact 

Long-Term 

Disposal at INEL 
Living Over the Waste 

Severe Geologic Dis ruption 

a .  Health effects a re cancer deaths . 

Max imum Individual 

Whole-Body 
Equiva l ent Dose 

(Rem) 

6 . 30 x 10- 1 

4 . 38 x 101 

5 . 3 1  x 1 0 1 

5 . 20 

1 . 10 x 10- 1 

1 . 58 x 10 1 

Populat ion 
Exposed 
(Number )  

5 

10  

5 

7 1  , 000 

5 

206 , 000 

Whole-Body 
Equivalent 

Dose 
(Man-Rem) 

3 . 1 5 

4 . 38 x 102 

2 . 65 x l 02 

7 . 38 x 104 

0 . 55 

1 . 95 x 1 06 

Populat ion 
Range of 
Hea l th  a b Effects ' 

(Number )  

2 . 36 x 1O=� 
7 . 24 x 10_2 3 . 28 x 10_ 1 1 . 0 1  x 10_2 1 . 99 x 10_2 6 . 1 1  x 10 

5 . 54 1 1 . 70 x 10  

4 . 1 2 X l(� 
1 . 26 x 102 1 . 46 x 102 4 . 49 x 10  

to 

to 

to 

to 

to 

to 

b .  Hea lth effects (cancer deaths ) from a l l  causes : 16 . 8% per 100 , 000 population (ACS , 1 98 1 ) .  

c .  No certa in-to-occur radiologica l effects i n  the short-term period . 

Probabi l ity 
of  Event 

(Events/Year )  

1 . 0 x 10-6 

1 . 0  x 10-2 

1 . 0 x 10-2 

2 . 0  x 10- 7  

1 . 0  x 10-2 

1 . 0  x 10-8 

Population 
R i s k  

(Han-Rem/Year )  

3 . 15 x 10-6 

4 . 38 

2 . 65 

1 . 48 x 10-2 

5 . 50 x 10-3 

1 . 95 x 10-2 
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Scena rio 

CERTAIN-TO-OCCUR EVENTS 

Short-Term 

Construc t i on Activi t ies 
Routine Ope rat ions 
Decontam i na tion and Decommi s s i on i ng 

Long-Term 

D i sposal at INEL 
Waste Migrat ion into Groundwater 

ABNORMAL EVENTS
d 

Short -Te rm 

Cons truct ion Activities 
Routine Operat i ons 
Decontamina t i on and Decommiss ioning 
Disposal at INEL 

TABLE 4-29 

SUMMARY OF NONRADI OLOGI CAL ENVIRONMENTAL EFFECTS 
ALTERNATIVE 2 - PELLETIZE CALCINE 

Land Use 
(Ac re s )  

1 
NA 
NA 

2 
NA 

NA 
NA 
NA 
NA 

A i r  Qua l ity
a 

(\.Ig/m3 ) 

0 . 07 
1 . 0 

NA 

NA 
NA 

NA 
NA 
NA 
NA 

Water 
Cadmium 

(mg/R ) 

Qua l i tl> 

NA
c 

NA 
NA 

Mercury 
(mg/R )  

NA 
1 . 7  x 10

- 3  
5 . 7  x 1 0

-5 

NA 
NA 
NA 
NA 

Labor 
Force 

(Man-Y r )  

2 , 000 
800 

26 

NA 
NA 

NA 
NA 
NA 
NA 

Diesel 
Fuel 

( 103 Gal )  

2 75 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

Energy 
Demand 

(Megawat t s )  

NA 
1 . 45 

NA 

NA 
NA 

NA 
NA 
NA 
NA 

Worker 
I nj uries/ 

Fata l i t ies 

NA 
NA 
NA 

NA 
NA 

5 1 /0 . 5  
20/ 0 . 07 

0 . 8/0 . 009 
e 

a .  Ambient a i r  concentrations given a re in a dd i t ion to background . 
operations , the concentrat ion is given for nit rogen o x i des . 
(40 CFR 50) . 

Du ring cons truc t i on ,  the concent rat ion is given for particulates . Dur ing 
Federa l standa rd : pa r tic ul a tes , 60 \.Ig/m3 ; n i trogen oxides , 100 \.Ig/m3 ; 

b .  Concent ration a t  hypothe t i c a l  3-mi l e  wel l .  Fede ral standard : cadm i um ,  0 . 0 10 mg/R ; mercury ,  0 . 002 mg/R (40 CFR 1 4 1 ) .  

c .  NA , not app l icab l e . 

d .  No nonrad iological abnormal e ffects in the l ong-te rm pe riod . 

e .  I nj ury/ fatal i ty va lues are included i n  Rout i ne Ope ra t ions . 



Scena rio 

CERTAIN-TO-OCCUR EVENTS 

Short-Term 

Cons truction Act ivities 
Routine Operations 
Decontaminat ion and Decommiss i oning 

Long-Term 

Di sposa l at INEL 
Waste Migrat ion into Groundwate r 

ABHORHAL EVENTS
d 

Short-Term 

Construction Activ i t i e s  
� Routine Opera tions J, Decontaminat ion and Decommiss ioning 
� Dispos a l  at INEL 

TABLE 4-30 

SUMMARY OF NONRADIOLOGI CAL ENVIRONMENTAL EFFECTS 
ALTERNATI VE  2 - CONVERT CALC I NE TO GLASS 

Land Use 
(Ac r e s )  

1 
NA 
NA 

1 8 0  
NA 

NA 
NA 
NA 
NA 

Air Qua l i ty
a 

(lJg/m3) 

0 . 0 7  
0 . 44 

NA 

NA 
NA 

NA 
NA 
NA 
NA 

Water Qua I i t� 
Cadmium Mercury 

(mg/R )  (mg/ R )  

NA
c 

NA 
NA 

NA 
3 . 0  x 1 0

- 7  
9 . 9  x 1 0

-9 

NA 
NA 
NA 
NA 

Labor 
Force 

(Man-Yr) 

1 , 000 
1 , 250 

50 

NA 
NA 

NA 
NA 
NA 
NA 

Diesel 
Fue l 

( l03 Ga l )  

5 7 5  
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

Energy 
Demand 

(Megawa t t s )  

NA 
1 . 15 

NA 

NA 
NA 

NA 
NA 
NA 
NA 

Worker 
I nj u ries/ 

Fata l i t ies 

NA 
NA 
NA 

NA 
NA 

23/0 . 2  
3 1 /0 . 1  

2/0 . 02 
e 

a .  Ambient a i r  concen t ra t i ons given a re i n  add it ion to background . 
operat ions , tbe concentra tion is g i ven for n i t rogen oxides . 
(40 CFR 50) . 

During con s t ruction , the concentration is given for part i culates . During 
Federal standard : particulates , 60 IJg/m3 ; n i t rogen ox ide s , 1 00 IJg/m3 ; 

b .  Concentrat ion a t  bypothetical 3-mi l e  we l l .  Federa l s tandard : cadm i um ,  0 . 0 1 0  mg/R ;  mercury , 0 . 002 mg/R ( 40 CFR 1 4 1 ) . 

c .  NA , not app l i cabl e .  

d .  No non rad io logica l abnormal e f fects i n  the l ong- term per iod . 

e .  I nj ury/fata l i ty va lues a re inc luded in Rout ine Opera t ions . 



disposal facilities for pellets is more labor intens ive than construc
tion of the silos required for disposal of glass . The subsurface a rea 
required for glass disposal  would be about 50 times the a rea required 
for disposal of pellets . 

The waste form would significantly affect the potential for contam
ination of the Snake River Plain Aquifer by toxic chemicals present in 
the waste . Pel letized calcine could cause public  drinking water stand
ards to be exceeded at the point of discharge into the aquifer . Vit
rified calcine would not be as leachable as pellets , and concentrations 
of cadmium and mercury would not exceed applicable standards in the 
aquifer .  

Radiological effects of Alternative 2 a re given in Table 4-3 1  for 
pellets and in Table 4-32 for calcine converted to glas s . The most 
p robable number of health effects caused by implementation of Alterna
tive 2 would be zero , regardles s  of waste form . Releases of the more 
stable waste form (glas s ) would cause s ignificantly lower dose commit
ments for such events as waste migration into groundwater and intrusion 
into the waste by future generations . However , the most probable number 
of health effects would be zero for all  s cenarios evaluated except for 
the aircraft impact and severe geologic disruption scenarios .  These 
events would cause effects identical to the effects of Alternative 1 .  
The maximum number of health effects would result from a severe geologic 
disruption ; they would be less than 2 percent of the 34 , 600 health 
effects that would be expected from all  causes of cancer .  

4 . 6 . 3  Alternative 3 

Nonradiological effects of waste retrieval , waste form modifica
tion , and disposal at an offsite federal geologic repository a re given 
in Table 4-33 for stabilized calcine and in Table 4-34 for calcine con
verted to glas s . The nonradiological effects of producing stabilized 
calcine and glas s  are very s imilar .  The only significant difference 
would be in energy use .  Twice as much energy would be required to con
vert calcine to glass than would be required to stabilize the calcine . 
Electrical power demand for vitrification would be about 27 percent 

4-93  
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Scenario 
CERTAIN-TO-OCCUR EVENTS 

Short-Term 

Routine Operat ions 

Decontaminat ion and Decom.iss ioning 

Long-Term 

Disposal at INEL 
Waste Higration into Groundwater 

I ntrusion into Waste 

Living at Contaminated Site 

ABNORMAL EVENTS 

Short-Term 

Operations Phase 
Calcine Spi l l  

Decontamination Solut ion Spi l l  

Disposal at  INEL b Aircraft Impact 

Long-Term 

Disposa l at INEL 
Living Over the Waste 

Severe Geologic Disruption 

TABLE 4- 3 1  

SUMMARY OF RADIOLOGI CAL ENVI RONMENTAL EFFECTS 
ALTERNATI VE 2 - PELLETI ZE CALCINE 

Max imum Individua l 

Who le-Body 
Equiva l ent Dose 

(Rem) 

3 00 x 1 0
- 6  

1 . 06 x 10-8 

6 . 3  x 10
- 3 

1 . 05 x 1 0
1 

8 . 08 

9 . 1 0 x 1 0
- 1 0  

6 . 10 x 1 0
-2 

5 . 20 

9 . 20 x 1 0
-3 

1 . 58 x 1 0
1 

Popul ation 
Exposed 
(Number )  

199 , 000 

303 , 000 

5 

1 0  

5 

1 0 7 , 000 

1 0 7 , 000 

7 I  , 000 

5 

206 , 000 

Whol e-Body 
EqUiva lent 

Dose 
(Man-Rem) 

2 . 39 x 1 0
-2 

1 . 28 x 1 0
-4 

3 . 1 5  x 10
-2 

1 . 05 x 1 0
2 

4 . 04 x 1 0
1 

3 . 89 x 10
-6 

1 . 3 1 x 10
3 

7 . 38 x 10
4 

4 . 60 x 10
- 1 

1 .  95 x 10
6 

Popula tion 
Range 01 
Hea l th 
Effects 

(Number )  

-6 
1 .  79 x 1 0

_ 6  
5 . 49 x 1 0_ 9 
9 . 63 x 1 0_8 
2 . 95 x 1 0  

- 6  
2 . 36 x 1 0_6 
7 . 24 x 1 0_ 3 
7 . 87 x 1 0_2 
2 . 4 1 x 1 0_ 3 
3 . 03 x 1 0_ 3 
9 . 29 x 10 

to 

to 

to 

to 

to 

- 1 0  
2 . 92 x 1 0_ 1 0  

to 
8 . 96 x 10

_ 2 
9 .  79 x 1 0_ 1 

to 
3 . 00 x 10 

5 . 54 
I 

1 . 70 x 1 0  

-5 
3 . 45 x 1 0_4 
1 . 06 x 1 0

2 
1 . 46 x 10

2 
4 . 49 x 1 0  

to 

to 

to 

a .  Hea lth effects (cancer deaths) from a l l  causes : 1 6 . 8% per 100 , 000 populat ion (ACS , 1 9 8 1 ) .  

Probabi l i ty 
o f  Event 

(Events/Year )  

1 . 0  

1 . 0  

1 .  0 x 10
-6 

1 . 0  x 1 0
-2 

1 . 0  x 1 0
-2 

2 . 0  x 1 0
- 1  

1 . 0  x 1 0
- 1  

2 . 0  x 1 0
- 7 

1 . 0  x 1 0
-2 

1 . 0  x 1 0
-8 

b .  Ai rcraft impact is  assumed to occur in  the year 1990 prior to comp let ion o f  process ing and shipment of  waste offs i te .  

PopUl a t ion 
Risk 

(Han-Rem/Year )  

2 . 39 x 1 0
-2 

1 . 28 x 1 0
-4 

3 . 1 5 x 1 0
-8 

1 . 05 

4 . 04 x 1 0
- 1  

7 . 79 x 1 0
- 7 

1 . 3 1  x 1 0
2 

1 . 48 x 1 0
-2 

4 . 60 x 1 0
- 3 

1 . 95 x 1 0
- 2 
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Scenar i o  

CERTAIN-TO-OCCUR EVENTS 

Short-Term 

Rout ine Operat i ons 

Decontaminat ion and Decomm i s s i oning 

Long-Term 

Dispos a l  a t  I NEL 
Was t e  Higra t ion into Groundwate r 

I nt rus ion into Waste 

Living at Contaminated S i te 

ABNORMAL EVENTS 

Short-Term 

Ope rat ions Phase 
C a l c ine S p i l l  

Decontamination So l u t ion Sp i l l  

Di sposa l a t  I NEL 
A i rcra ft Impac t

C 

Long-Te rm 

Di spos a l  at INEL 
L i ving Over the Waste 

Severe Geologi c  D i s rupt ion 

a .  Hea l t h  effects a re cance r dea ths . 

TABLE 4-32 

SUMMARY OF RADIOLOGICAL ENVIRONMENTAL EFFECTS 
ALTERNAT IVE 2 - CONVERT CALC INE TO GLASS 

Hax imum I nd i v i d u a l  

Who le-Body 
Equivalent Dose 

(Rem) 

3 . 00 x 1 0
-6 

1 . 06 x 1 0
- 8  

1 . 39 x 1 0
- 6  

6 . 80 x 1 0
- 1  

7 . 75 

9 . 1 0 x 1 0
- 1 0  

6 . 1 0 x 1 0
-2 

5 . 20 

1 . 50 x 1 0
- 2 

1 . 58 x 1 0
1 

Pop u l a tion 
Exposed 
(Numbe r) 

1 9 9 , 000 

303 , 000 

5 

1 0  

5 

1 0 7 , 000 

1 0 7 , 000 

7 1  , 000 

5 

206 , 000 

Whole-Body 
Equiva lent 

Dose 
(Han-Rem) 

2 . 39 x 1 0
-2 

1 . 28 x 1 0
-4 

6 . 95 x 1 0
- 6  

6 . 80 

3 . 88 x 1 0
1 

3 . 89 x 1 0- 6 

1 . 31  x 1 0
3 

7 . 38 x 1 0
4 

7 . 50 x 1 0
- 2 

1 . 95 x 1 0
6 

Popul a t ion 

Range of 
Hea l t h  

a b 
E f fects ' 

(Numbe r) 

1 .  79 x 10=: to 
5 . 49 x 1 0_9 
9 . 63 x 1 0_8 

to 
2 . 95 x 10 

- 1 0  
5 . 2 1 x 1 0_9 

t o  
1 . 60 x 10_4 
5 . 1 0 x 1 0_ 3 

to 
1 . 56 x 1 0_ 3 
2 . 9 1 x 1 0_3 

t o  
8 . 9 1 x 1 0  

- 1 0  
2 . 92 x 1 0_ 1 0  

t o  
8 . 96 x 1 0_ 2 
9 . 79 x 1 0

_ 1 
to 

3 . 00 x 10 

5 . 54 
1 .  70 x 1 0

1 
to 

5 . 62 x 1 (� to 
1 . 72 x 1 0

2 
1 . 46 x 1 0

2 
to 

4 . 49 x 1 0  

b .  Hea l th e f fects ( cancer dea th s )  from a l l  causes : 1 6 . 8t per 1 00 , 000 popu l a t ion (ACS , 198 1 ) . 

Probabi l i t y  
o f  Event 

(Events/Ye a r )  

1 . 0  

1 . 0 

1 . 0  x 1 0
- 6  

1 . 0  x 1 0
-2 

1 . 0 x 1 0
-2 

2 . 0  x 1 0
- 1  

1 . 0  x 1 0
- 1  

2 . 0  x 1 0
-7 

1 . 0  x 1 0
-2 

1 . 0  x 1 0
- 8 

c .  A i r c r a f t  impact i s  a ssumed t o  occur i n  the yea r 1 9 9 0  p r i o r  t o  comp l et ion o f  proces s i ng and s h i pment o f  waste o f f s i te .  

Popu l a t ion 
R i s k  

(Han-Rem/Yea r )  

2 . 39 x 1 0
-2 

1 . 28 x 1 0
-4 

6 . 95 x 1 0
- 1 2  

6 . 80 x 1 0
-2 

3 . 87 x 1 0
- 1  

7 . 79 x 1 0
- 7  

1 . 3 1  x 1 0
2 

1 . 48 x 1 0
- 2 

7 . 5 0  x 1 0
-4 

1 . 95 x 1 0
- 2  



� , 
1.0 
0\ 

Scena r i o  

CERTAIN-TO-OCCUR EVENTS 

Short-Term 

Construction Activi t i es 
Routine Ope rations 
Routine Waste Shipment 
Decontaminat ion and Decommi s s i on ing 

Long-Term 

D i sposa l at INEL 
Waste Migration i nto Groundwater 

ABNORMAL EVENTS 

Sho rt-Term 

Cons t ruction Activ i t ies 
Rou t i ne Ope rati ons 
Waste Shi pment Acci dent 
Decontamination and Decommi s s ioning 
D i sposal a t  INEL 

Long-Term 

D i s posal at Federa l Geo logic Repo s i to ry 
Solution M i n i ng 
Fau l t  and F l ooding 

TABLE 4-33 

SUMMARY OF NONRAD IOLOGICAL ENVI RONMENTAL EFFECTS 
ALTERNAT IVE 3 - STAB I LI ZE CALCINE 

Land Use 
(Acres) 

NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 

1 75 
NA 
NA 

Ai r Qua l i tya 

( tJg/m3 ) 

0 . 04 
0 . 40 

NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

Water 
Cadmium 

(mg/t )  

Qua l i tyb 

NAC 

NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 

Mercury 
(mg/ i )  

NA 
1 . 4 x 1 0:; 4 . 7  x 1 0:� 
2 . 0  x 1 0  7 . 0  x 1 0  

Labor 
Force 

(Man-Yr) 

1 , 300 
2 , 350 
2 , 700 

50 

NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

Diesel 
Fuel 

( l 03 Ga l )  

875 
NA 

1 , 800 
NA 

NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

Energy 
DelJland 

(Megawatts) 

NA 
0 . 5 7 

NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

Wo rke r 
Inj uries/ 

Fata l i t ies 

NA 
NA 
NA 
NA 

NA 

5 5 / 1 . 0  
24/0 . 09 

4/0 . 3  
2/0 . 02 

d 

NA 
NA 
NA 

a .  Amb ient a i r  concen t ra t ions given a re i n  add i t i on t o  background . 
operat ion s , the concent ration is given for n i t rogen oxides . 
(40 CFR 50 ) . 

During const ruct ion , the concent ra t i on is given for parti culates . Dur i ng 
Federa l s tand a r d : parti culates , 60 tJg/m3 ; n i t rogen oxides , 100 tJg/m3 ; 

b .  Concentration a t  hypothet i c a l  3 -mi l e  we l l .  Federal standa rd : cadm i um , 0 . 0 1 0  mg/ t ;  mercury , 0 . 002 mg/t (40 CFR 1 4 1 ) .  

c .  NA , not app l i cable . 

d .  I nj u ry/ fata l i ty va l ues a re i n c l uded in Rout ine Operat ions . 
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TABLE 4-34 

SUMMARY OF NONRADIOLOGICAL ENV I RONMENTAL EFFECTS 
ALTERNATIVE 3 - CONVERT CALC INE TO GLASS 

Wat e r  gua l  i ty_b _ Labor Diesel Energy Worker 
Land Use A i r  Qua l i tya Cadmium Me rcury Force Fue l Demand I nj u ries/ 

Scena rio (Acre s )  (\.Ig/m3) (mg/i) (mg/i) (Man- Y r )  ( 1 03 Ga l )  (Megawatts ) Fata l i ties 

CERTAIN-TO-OCCUR EVENTS 

Short-Term 

Construction Activit ies 1 0 . 04 NAc 1 , 300 940 NA NA 
Routine Operations NA 0 . 44 NA 2 , 500 NA 1 .  15 NA 
Routine Waste Shipment NA NA NA 2 , 700 2 , 700 NA NA 
Decontamination and Decommiss i oning NA NA NA 50 NA NA NA 

Long-Tena 

D i sposal at INEL 
Waste M ig rat ion into Groundwater NA NA NA NA NA NA NA 

ABNORMAL EVENTSd 

Short-Term 

Construct ion Act ivities NA NA NA NA NA NA 55/ 1 . 0  
Routine Operat ions NA NA NA NA NA NA 28/0 . 1  
Waste Shipment Accident NA NA NA NA NA NA 5 / 0 . 4  
Decontaminat ion and Decomm i s s i oning NA NA NA NA NA NA 2 /0 . 02 
D i sposal at INEL NA NA NA NA NA NA d 

Long-Term 

D i sposa l  at Federal Geologic Repos itory 1 75 NA NA NA NA NA NA 
Solution M i n ing NA NA 1 . 4  x 1 0:� 4 . 7  x 1 0:: NA NA NA NA 
Fault and Flooding NA NA 4 . 9  x 1 0  1 . 6 x 1 0  NA NA NA NA 

a .  Amb ient a i r  concent rations given a re i n  addi t ion t o  background . During construction , the concent rat i on i s  given for p a rt iculates . During opera

t i ons , the concentration is given for n i t rogen oxides . Feder a l  standa rd : particulates , 60 \.Ig/m3 ; n i t rogen oxides , 100 \.Ig/m3 ; (40 CFR 50 ) .  

b .  Concent ration a t  hypothe t i c a l  3-mi le we l l .  Fede ral standa rd : cadmium , 0 . 0 1 0  mg/ i ;  me rcury , 0 . 002 mg/i (40 CFR 1 41 ) .  

c .  NA , not applicable . 

d .  Inj u ry/ fata l i ty values a re inc luded in Rout ine Ope ra t i ons . 



of the ICPP demand in 1980 . Diesel fuel required for shipment of glass 
would exceed the fuel requirement for shipment of stabilized calcine by 
33 percent because of the larger volume of glass . 

Radiological effects of Alternative 3 a re given in Table 4-35 for 
stabilized calcine and in Table 4-36 for vitrified calcine . It is very 
unlikely that any radiological health effects would be caused by imple
mentation of  Alternative 3 ,  regardless of  waste form . Releases during 
proces s ing of the more stable waste form (glas s )  would cause dose com
mitments from routine operations that would be 500 times smaller  than 
the doses calculated for stabil ized calcine . However ,  the routine oper
ations dose commitments for stabilized calcine would be so small  that 
they would be indistinguishable from the dose received from background 
radiation . For both waste forms , a ircraft impact during waste proces
sing and so lution mining at the federal repository would cause a maximum 
of  1 7  and 157 health effects , respectively. The 15 7 health effects a re 
estimated to occur as a result of  ingestion of contaminated table salt 
by a population of 40 , 000 , 000 people . In a population of  40 , 000 , 000 
people , 6 , 7 00 , 000 health effects can be expected to occur from a l l  
causes . The health effects that could result from radionuclide exposure 
in these scenarios would be difficult to identify .  

4 . 6 . 4  Alternative 4 

Nonradiological effects of waste retrieval , actinide separation , 
disposal of  the actinides at an offs ite federal geologic repository , and 
disposal of the actinide-depleted calcine at the INEL are given in 
Table 4-37 . During the construction and operation phases , effects on 
air  quality would be undetectable . Diesel fuel used for construction 
would be 66 percent of diesel fuel use at the INEL in 1978 . Diesel fuel 
used for waste shipment would be 37 percent of the fuel used to ship 
glass in Alternative 3 .  Actinide separation would be relatively energy 
intensive ; electricity requirements would be 3 . 7  percent o f  the electri
cal power demand at the ICPP in 1980 . Labor force requirements , while 
moderately labor intens ive , would be within current fluctuations of the 
total INEL labor force . Thus , socioeconomic effects could be accommo
dated by the communities surrounding the INEL . 

4-98 
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Scenar i o  

CERTAIN-TO-OCCUR EVENTS 

Short-Term 

Rou t i ne Ope rations 

Routine Waste Sh ipment 

Decontamina tion and Decomm i s s ioning 

Long-Term 

Di spos a l  at Fede r a l  Geo log ic Repos i to ry 

ABNORMAL EVENTS 

Short-Term 

Ope r a t i ons Phase 
C a l c ine Sp i l l  

Decontaminat ion So l u t ion Spi l l  

Waste Shipment Acc ident 

D i spos a l  at I NEL 
A i r c ra f t  ImpactC 

Di spo s a l  a t  Fede ral Geo l og i c  Repos i tory 
Was te Can i ster D rop 

Long-Term 

D i spos a l  at Federa l Geo logic Repos i to ry 
So l u t ion M i ning 

Fau l t  and Flood ing 

Exp lorato ry D r i l l ing 

a .  Hea l th effects a re cancer deaths . 

TABLE 4- 35 

SUMMARY OF RADIOLOG ICAL ENVIRONMENTAL EFFECTS 
ALTERNATIVE 3 - STAB I L I ZE CALC INE 

Maximum I ndividua l 

Who l e - Body 
Who l e - Body Popu l a t ion Equiva lent 

Equiva lent Dose Exposed Dose 
( Rem) (Numbe r )  (Man-Rem) 

6 . 54 x 10
- 9 

199 , 000 5 . 2 1  x 1 0
- 5  

1 . 90 x 1 0  
- 2  

1 25 , 000 2 . 37 x 1 0
2 

2 . 52 x 1 0
- 1 1  

303 , 000 3 . 05 x 1 0
- 7 

0 0 0 

9 . 10 x 1 0- 1 0  
1 0 7 , 000 3 . 89 x 1 0

-6 

6 . 10 x 1 0
- 2 

1 0 7 , 000 1 . 3 1 x 10
3 

9 . 78 500 4 . 89 x 1 0
3 

5 . 20 7 1  , 000 7 . 38 x 1 0
4 

9 . 40 x 10
- 5 

2 , 000 , 000 1 . 88 

1 .  71 x 10
-2 

40 , 000 , 000 6 . 84 x 1 0
5 

1 .  78 2 , 000 , 000 3 . 56 x 1 0
4 

2 . 36 25 5 . 90 x 1 0
1 

POEu l a t ion 

Range of 
Hea l th a b E f fects ' 

( Number) 

3 . 90 x 1(: to 
1 . 20 x 1 0

_ 2  
1 .  7 8  x 1 0  to 

5 . 46 - 1 1  
2 . 29 x 10_ 1 1  

to 
7 . 02 x 1 0  

0 

- 10 
2 . 92 x 1 0

_ 1 0  
to 

8 . 96 x 1 0
_2 

9 . 79 x 1 0_ 1 
to 

3 . 00 x 1 0  
3 . 6 7 x 1 0

- 1 to 
1 . 1 2 

5 . 54 
1 .  70 x 1 0

1 
to 

1 . 4 1  x 1(: to 
4 . 32 x 1 0  

5 . 1 3 x 1 0� t o  
1 . 5 7  x 1 0  
2 . 67 t o  8 . 1 9 

4 . 42 x 1(� to 
1 . 36 x 10 

b .  Hea l th e ffects ( cancer deaths ) from a l l  cause s : 1 6 . 8% per 1 00 , 000 popu l a t i on ( ACS , 1 98 1 ) . 

Probab i l  i ty 
o f  Event 

(Events/Yea r )  

1 . 0  

1 . 0  

1 . 0  

0 

2 . 0  x 1 0
- 1 

1 . 0 x 1 0
- 1 

2 . 0  x 10
-5 

2 . 0  x 1 0
- 7 

7 . 0 x 10
- 7 

1 . 0  x 10
-6 

2 . 0  x 1 0
- 1 3  

5 . 0  x 1 0
- 7 

c .  A i rc r a f t  imp a c t  i s  a s sumed to occur in the yea r 1 990 p r i o r  to the comp l e t i on o f  proce s s i ng and shi pment o f  wa s t e  o f fs i t e .  

Populat ion 
R i s k  

(Man-Rem/Yea r) 

5 . 2 1  x 1 0
- 5 

2 . 37 x 1 0
2 

3 . 05 x 1 0
- 7 

0 

7 .  79 x 1 0
- 7 

1 . 3 1 x 1 0
2 

9 . 78 x 1 0
-2 

1 . 48 x 1 0
- 2 

1 . 32 x 1 0
-6 

6 . 84 x 1 0
- 1 

7 . 1 2 x 10
- 9 

2 . 95 x 10
- 5 
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Scena rio 
CERTAI N-TO-OCCUR EVENTS 

Short-T.". 

Routine Operations 

Routioe Waste Shi�nt 

Oreonta.ination and Deca..issionina 

Lonl-Te� 

Disposal at Federal Geolo8ic Repository 

ABNOJUIAL EVEJITS 

Short-Te� 

Operat ions Phase 
Calcine Spi l l  

Decootaaioatioo Solution Spi l l  

Waste Shi�nt Accident 

Disposal a t  INEL 
A ircra ft l.pactC 

Di spo sal at Fede r a l  Geo logic Reposi tory 
Waste Can i ster Drop 

�-Te .... 

D i spos a l  at federa l Geo l o g i c  Repo s i to ry 
S o l u t ion M i n ing 

Faul t and F l oo d i n8 

Exp l ora tory Dr i l l i ng 

a .  Hea l th e f fe c t s  a re cancer dea t h s . 

TABLE 4 -36 ----

SUIltlARY OF RADI OLOG I CAl. ENVI RONPlF.NTAL EHt:CTS 
ALTERNAT IVE J - CONVERT CALCINE TO GLASS 

Plaxi.wn Indiv idua l 

Whole- Body 
Equivalent Dose 

(Re.) 

3 . 00 x 10-6 

2 . 90 x 10-2 

1 . 06 x 10-8 

0 

9 . 1 0 x 10- 1 0  

6 . 1 0 x 10-2 

1 . 2 7 x 10- 1 

5 . 20 

I . J I  x 1 0 -5 

I .  7 1  x 10-2 

I .  78 x 1 0 . 4  

I .  �5 

________________ . _��I a t_i.0n 
Who It'- Body 

Popu l a t i on Equiva l en t  
Iixpos"d Dose 
(Nwaber ) �all-Re.) 

199 , 000 2 . 39 x 1 0-2 

125 , 000 3 . 62 x 102 

303 , 000 1 . 28 x 1 0-4 

0 0 

1 0 7 ,000 3 . 89 x 10-6 

1 0 7 , 000 1 . 3 1  x 1 0 3 

500 6 . 35 x 10 1 

7 1 ,000 7 . 38 x 10-4 

2 , 000 , 000 2 . 62 x 10- 1 

40 , 000 , 000 6 . 84 x 1 05 

2 , 000 , 000 3 . 56 

25 3 . 8 7 x 1 0 1 

Rang" of 
Hea l t h 
Effectsa , b  

���--

I .  79 x 1 (: to 
5 . 49 x 10_ 2 2 . 72 x 1 0_ 2 to 
8 . 34 x 10_9 9 . 63 x 10_8 t o  
2 . 95 x 10 

0 

- 1 0  2 . 92 x 10_ 1 0  t o  
8 . 96 x 10_2 9 . 79 x l O_ 1 to 
3 . 00 x 10_ 3 4 . 76 x 10_2 to 
1 . 46 x 1 0  

5 . 54 
I .  70 x 1 0 1 to 

1 . 96 x 10-5 
6 . 0 3 x 1 0-5 to 

5 . 1 3 X 1 0� to 
1 . � 7  x H I  
2 . 67 x I (� t o  
11 . 1 9 x 10' 3 2 . 9 1  x 10' 3 t o  
8 . 9 1  x 10 

b .  Hea l t h  e f fe c t s  ( c ancer dea ths ) f rom a l l  c.u,,,s : 1 6 . 8% p .. r I OU , O{)O popU l a t i on ( AeS , I 'JII I ) .  

Probabi ! i ty 
o f  Event 

(Event s/Yea r )  

1 . 0 

1 . 0 

1 . 0 

0 

2 . 00 x 1 0- 1 

1 . 00 x 10- 1 

3 . 0  x 10-5 

2 . 0  x 1 0- 7 

7 . 0  x 10- 7 

1 . 0 x 1 0.6 

2 . 0  x 1 0 - 1 3  

5 . 0  x 1 0 - 7 

c .  A i rc ra ft impact i s  a s sunlf>'d t o  ot' ( " u r  i n  t tlf' y«�a r 1 9':10 p r i o r  t o  t hp c-omp t (>t J on o f  p ro(-(' s s i llg dllft s h i pmC'fl l 0 1  W�J s l(' o f f s l l,- . 

PopUl a t i on 
R i sk 

( PIan-ReID/Yea r )  

2 . 39 x 10-2 

3 . 62 x 1 02 

1 . 28 )( 10-4 

0 

7 . 79 x 1 0- 7 

1 . 3 1  x 1 02 

1 . 90 x 10-3 

1 . 48  x 1 0-2 

1 . 83 x 10- 7 

6 . 84 x 1 0- 1 

7 . 1 2 x 10- 1 3  

1 . 94 x 1 0 -5 
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Scenario 
CERTAIN-TO-OCCUR EVENTS 

Short-Term 

Cons t ruc t i on Activ ities 
Routine Operations 
Rout i ne Waste Shipment 
Decontaminat ion and Decomm i s s i oning 

Long-Term 

Disposal at lNEL 
Waste Higra t i on into Groundwater 

Disposal at Federal Geologic Repo s i tory 

ABNORMAL EVENTSd 

Short-Term 

Const ruction Act ivities 
Routine Ope rations 
Waste Shi pment Accident 
Decontami nation and Decommiss ioning 
Disposal a t  I NEL 

a .  NA , not a pp l i cable . 

TABLE 4-37 

SUMMARY OF NONRADIOLOGICAL ENVI RONMENTAL EFFECTS 
ALTERNATI VE  4 

c 
b Wa ter gua I i t� 

Land Use A i r  Qua l i ty Cad .. i UIII Hercury 
(Ac res ) (!.Ig/m3) (mg/!) (mg/!)  

1 0 . 2  NAa 

NA 2 . 3  NA 
NA NA NA 
NA NA NA 

1 NA NA 
NA NA 0 . 0 1 2  NA 

1 NA NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

Labor Diesel Energy Worker 
Force Fue l Demand I nj uries/ 

(Han-Y r )  ( l 03 Gal )  (Hegawa tt s ) Fatal ities 

2 , 755 1 , 1 15 NA NA 
1 , 7 1 0  NA 1 . 60 NA 
2 , 700 1 00 NA NA 

76 NA NA NA 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA NA 78 . 2/ 0 . 8  
NA NA NA 44/0 . 2  
NA NA NA 0 . 2/0 . 0 1 
NA NA NA 3/0 . 03 
NA NA NA e 

b .  Ambient a i r  concentrations g iven a re i n  addition t o  background . 
operat ions , the concent ration is given for ni t rogen oxides . 
( 40 CFR 5 0 ) . 

During const ruction , the concent rat ion is g iven for particulates . During 
Fede r a l  standa rd : p a rt i cu l a tes , 60 flg/m3 ; nitrogen oxides , 100 flg/m3 ; 

c .  Concentration a t  hypothetical 3-mile we l l .  Fede ra l standa rd : cadm i um ,  0 . 0 1 0  mgt ! ;  me rcury , 0 . 002 mgt ! (40 CFR 1 4 1 ) .  

d .  No nonradiological abnormal effects in the long - te rm period . 

e .  I nj u ry/fata l i ty values a re inc luded i n  Routine Ope rat i ons . 



During the disposal phase ,  the waste-migration-into-groundwater 
scena rio could result in contamination of the Snake River Plain Aquifer 
by cadmium for a distance of about 5 miles downgradient of the discharge 
point . Mercury would be removed during the actinide separation proces s .  

Radiological effects of Alternative 4 are given in Table 4-38 . I t  
i s  very unlikely that radiological health effects would be  caused by 
implementation of Alternative 4 .  Three abnormal events would result in 
health effects in the population exposed to radiation : the aircraft 
i mpact and the severe geologic disruption scenarios at the INEL and the 
solution mining scenario at a federal geologic repository in a salt 
formation . The aircraft impact scenario could cause 17  radiological 
health effects in a population of 7 1 , 000 people . These effects are 
comparable to 1 1 , 900 health effects that would be expected from all  
causes of  cancer .  (The effects of  an  aircraft impact are the same for 
each alternative because the event is as sumed to occur prior to waste 
shi.pment . ) Maximum health effects ( cancer deaths ) would result from the 
severe geologic dis ruption scenario . The radiological consequences of a 
severe geologic disruption would be about 70 percent of the radiological 
hea lth effects from a severe geologic dis ruption involving Alterna-
tives 1 and 2 .  Solution mining could expose a large population to con-
taminated table salt . Consequently , even though the maximum individual 
dose is small  (0 . 0 17  rem ) , health effects range from 5 1 . 3 to 157 . 

4 . 6 . 5  Alternative 5 

Nonradiological effects of delayed waste retrieval , waste form 
modification , and disposal at an offs ite federal geologic repository are 
given in Table 4-39 . The nonradiological effects of  implementing 
Alternative 5 are similar to the combined effects of  Alternatives 1 and 
3 (convert calcine to glass ) with the exception of cadmium and mercury . 
The construction of storage facilities would be completed in Alterna
tive 5 as des cribed for Alternative 1 ;  the bin-vault complex would be 
encapsulated in a concrete- like material ,  and surveillance and moni
toring would be continued until the calcine is retrieved for final pro
ces s i.ng . All nonradiological effects would be minor .  Surveillance and 

4-102 
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TABLE 4-38 

SUHHARY OF RADIOLOGI CAL ENVI RONHENTAL EFFECTS 
ALTERNATIVE 4 

�ax i '!.1��!l..�J l�_�d��a 1 . __ ___ __ .. _ _  .. _ _  p�'p�l.l �.U?.!� __ _ _ _  _ 

· ____ ��cen�.!:i.�_ . _ _ __ _ 
CERTAIN-TO-OCCUR EVt;II� __ _ 

Short -Term -----

Routine Ope rat ions 

Rout i ne Waste Shipment 

Decontamina tion and Decomm i s s i on i n g  

Loog-TenD 

D i sposal a t  INEL 
Waste Higral ion i nlo G roundwa t e r  

I nt rusion i nto Wa s te 

Living at Contaminated S i te 

Di sposa l  at Federal Geologic Repos i tory 

ABNORIIAL EVENTS 

Short-Term 

Opera t i ons Phase 
Ca l c ine Spi 1 1  

Ext r a c t ion Solvent F i r e  

Decontamination S o l u t i on S p i  1 1  

Waste Shipment Accident 

D i sposal at INEL 
Ai rcrafl Impact C 

D i sposal at Fede ra l Geologic Repos i t o ry 
Waste Canister Drop 

Long-Term 

Disposa l a t  I NEL 
Living Over the Waste 

Severe Geolog i <:' D i s ru p t i on 

Di sposa l at FE'flf' r a l  Geo l og i C' Repos i t ory 
So lut lon M i ll i ng 

Fault and F Looding 

Exp l o r a to r y  Ori I J il lf; 

Who l e- Body 
E(IU i va 1 ent Dose 

. .. _ _  . .J.!l.eIlol __ _ 

7 . 35 x 1 0 -9 

1 . 00 x 1 0 - 3 

3 . 04 x 10- 1 1  

6 . 20 x 1 0 - 1 

8 . 5 1  

2 . 70 x 1 01 

o 

9 . l o x I O- 1 O  

2 . 4 1  x 1 0 - 7 

6 . 1 0  x 1 0 - 2 

1 . 00 x 1 0 1 

5 . 20 

1 . 02 x 1 0 -4 

2 . 20 x 1 0 - 3 

I .  I I x 10 I 

1 . 7 I x I 0- 2 

-6 1 . 7K x HI 

L .  7 I x 1 0L 

a .  Hea l th e f fects a re cancer dea ths . 

Pop u l a t ion 
Expus('d 

.J!!.'JI".b�.L 

1 99 , 000 

1 2 �  , 000 

303 , 000 

1 0  

o 

1 0 7 , 000 

1 0 7 , 000 

1 07 , 000 

500 

7 1 ,000 

2 , 000 , 000 

206 , 000 

40 , 000 , 000 

L , OOO , OOO 

2� 

Who l e - Body 
[tluivCt lent 

Dose 
-.J!1E'.::.�!'_ll!.L 

5 . 85 x 1 0 -5 

1 . 25 x 10 1 

3 . 68 x 1 0- 7 

3 . 1 2 

8 . 5 1  x 1 0 1 

I .  35 x 1 02 

o 

3 . 89 x 1 0 -6 

1 . 03 x 1 0 -3 

J . 3 1 x 1 03 

5 . 00 x 1 02 

7 . 38 x 1 04 

2 . 04 

I .  10 x 1 0 - 2 

1 . 37 x 1 06 

6 . 84 x 1 05 

- 2 1 . 56 x 10 

6 . 18 x 1 0 J  

Rdngf' o f  
Ilt'a 1 t h  b 
E f fe<.- l Sa , 

__ �".Jllb�..L_ 

10- 9 

1 0 -8 to 4 . 39 x 
1 . 35 x 
9 . 17 x 
2 . 87 x 
2 . 76 x 
8 . 4 7  x 

-4 1 0_ 3 lo 
1 0 _ 1 1  
:�_ I I  to 

2 . 34 x 
7 . 1 8 x 
6 . 38 x 
1 . 96 x 
1 . 0 1  x 
3 . 1 0 x 

o 

-4 1 0 _4 1 0 _ 3 10_ 2 1 0 _2 10_ 2 1 0  

to 

to 

to 

2 . 92 x 
8 . 96 x 
7 . 74 x 
2 . 37 x 
9 . 79 x 
3 . 00 x 
3 . 75 x 

- 1 0  1 0 _ 1 0  t o  
10_8 10_ 7 1 0 _ 2 1 0 _ 1 
:�- I  

I .  1 5  

5 . 54 I I .  70 x 1 0  

1 . 53 x 10-4 

4 . 69 x 10- 4 

8 . 25 x 
2 . 5 3 x 
I .  OJ x 
3 . 1 0 x 

S .  I ]  x 
. S 7 x 
_ 0 7  )( 

X _  1 9  )( 
� . 08 x 

1 0  - 7 

-6 1 02 
:�2 

1 0 1 

1 02 
I v  - 6  
1 0  - 6  
1 0- 1  

I . r)f, 

to 

to 

to 

lo 

to 

lo 

t o  

l o  

l u  

1 0  

b .  Hea l th e f fects (cancer dea ths ) from a l l  causes : 1 6 . 81 per 1 0 0 , 000 popu l a t ion (ACS , 1 98 1 ) .  

Proha t H  1 i t y  
o f  Event 

(Ev!,�s/Yearl 

1 . 00 

1 . 00 

1 . 00 

1 . 00 x 1 0 -6 

1 . 00 x 10-2 

1 . 00 x 1 0 -2 

o 

2 . 00 x 1 0 - 1 

1 . 00 x 1 0 - 2 

1 . 00 x 1 0 - 1 

7 . 00 x 1 0-8 

2 . 00 x 1 0 - 7 

7 . 00 x 1 0- 7 

1 . 00 x 1 0 - 2 

1 . 00 x I 0 -8 

. 00 x 1 0 - 6 

. 00 x 1 0 - LI 

� . uo )( 1 0- 7  

Popu l a t ion 
R i s k  

(Han-ReIllfYea.u 

5 . 85 x 10-5 

1 . 25 x 1 0 1 

3 . 68 x 1 0 -7 

3 . 1 2 x 1 0-6 

8 . 5 1  x 10- 1 

I .  35 

o 

7 . 79 x IO- 7 

1 . 03 x 1 0 -5 

1 . 3 1  x 1 02 

3 . 50 . x 10-4 

1 . 48 x 1 0 -2 

1 . 43 x 1 0 -6 

1 . 1 0 x 1 0 -4 

1 . 37 x 10- 2 

6 . 84 x 1 0 - 1 

) . 1 2 x 10- 1 5  

L :i9 )0. IO - J  

c .  A i r c r a f t  impact i s  assumed t o  occur in t h e  y e a r  1 990 p r io r to t h e  comp l e t i o n  o f  pro('essing a n d  s h i pment o f  wa s t e  o f f s i te .  



-'=' I 
..... 
o 
-'=' 

Scena rio 

CERTAIN-TO-OCCUR EVENTS 

Sho rt -Term 

Construct ion Act i v i ties 
Routine Ope r a t i ons 
Routine Waste Shipment 
Decontamination and Decommiss ioning 

ABNORMAL EVENTS 

Short-Term 

Cons t ruction Act i v i t ies 
Routine Operat i ons 
Decontamina t i on and Decommis s ioning 
Disposa l at INEL 

Long-Term 

Di spos a l  at Federa l Geologic Repos i to ry 
Solution Mining 
Fau l t  and Flooding 

TABLE 4-39 

SUMMARY OF NONRADIOLOG J CAL ENVI RONMENTAL EFFECTS 
ALTERNATI VE 5 

Land Use 
(Ac res ) 

1 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

1 8
g 

NA 
NA 

A i r  Qua l i ty
a 

�3 ) 

0 . 04 
0 . 44 

NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

___ Wa t e r  Qu�l =.i.:.,tyL
b 
__ 

Cadm i um  Me rcury 
(mg/£ )  (mg/£ )  

NA
c 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
1 . 4  x 1 0=� 4 . 7  x 1 0=� 
4 . 9  x 10 1 . 6  x 1 0  

La bor 
Force 

(Man-Y r )  

d 
1 , 1 1 O

f 
1 , 640 
2 , 700 

60 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

Diese l 
Fuel iL03 Ga l )  

445
e 

NA 
2 , 700 

NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

Energy 
Demand 

(Megawa tts ) 

NA 
1 .  15  

NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

Worker 
I nj uries/ 

Fa ta l it ies 

NA 
NA 
NA 
NA 

15/0 . 2  
3 7 /0 . 1 4 
2/0 . 02 

i 

NA 
NA 
NA 

a .  Ambient a i r  concentrat ions given a re i n  add i t ion to background . 
ope ra t i ons , the concentrat ion is given for n i t rogen oxides . 
( 40 CFR 50) . 

During cons t ruct ion , the concentrat ion is given for parti culates . Dur i ng 
Federa l s tanda rd : pa rticula tes , 60 �g/m3 ; n i t rogen oxides , 100 �g/m3 ; 

b .  Concentrat ion a t  hypothe t i c a l  3-mi le we l l .  Federal s tandard : cadmi um ,  0 . 0 1 0  mg/t ; me rcury , 0 . 002 mg/t ( 40 CFR 1 4 1 ) .  

c .  NA , no t app l i cable . 

d .  Va lue i s  for 1 00-yea r delay ; 1 005 man-yea rs wou l d  be requ i red for the 300- and 500-yea r de lay periods . 

e .  Va lue i s  for 100-yea r de lay ; 395 , 000 g a l lons wou ld b e  requi red for the 300- and 500-ye a r  de lay periods . 

f .  Va l ue i s  for 1 00-yea r de l a y ;  1 , 5 1 0  man-years wou ld b e  requ i red fo r t h e  300- a n d  500-ye a r  d e l a y  peri ods . 

g .  Va l ue i s  f o r  100-yea r de l ay ;  1 a cre wou l d  be requi red for the 300- and 500-ye a r  del ay peri ods . 

h .  Va lue i s  for 1 00-ye a r  de lay ;  1 1 . 2/ 0 . 1  inj u r ies/ fata l i ties a re projected for the 300- and 500-ye a r  delay per iods . 

i .  Injury/ fata l i ty va l ues a re i n c l uded i n  rout ine opera t ions . 



maintenance costs would be as  high for Alternative 5 as  for Alterna
tive 1 .  

Radiological effects of  delayed retrieval a re given in Table 4-40 
for IOO-year delay , in Table 4-41 for 300-year  delay , and in Table 4-42 
for 500-year delay . The radiological effects of implementing Alterna
tive 5 would , of course , be less than Alternative 3 .  However ,  the most 
probable number of  health effects for Alternative 3 is zero , and the 
most probable number  of  health effects for Alternative 5 would also be 
zero . Should an extremely unlikely event such as  solution mining occur 
at the federal respository a fter the delayed disposal of vitrified 
calcine , health effects in the exposed population of 40 , 000 , 000 people 
would be indistinguishable from the health effects expected from all  
causes of  cancer .  

To summarize the discuss ion o f  effects , none o f  the a lternatives 
would cause s ignificant environmental effects during the construction 
phase . Radiological effects on the human environment from routine 
operations , waste shipment , D&D , and disposal would a lso be insignifi
cant compared to applicable standards and effects of  background radia
tion . Abnormal events such as  a severe geologic disruption at the INEL 
would cause land use to be restricted until the extent of contamination 
was determined and , if  necessary ,  remedial action was complete . How
ever , doses would not be high enough to cause acute radiation effects in 
the exposed population . Exploratory drilling at the federal geologic 
repository could cause health effects in 8 percent of the drill ing crew 
if actinide waste (Alternative 4) were disposed at the repository .  The 
no-action alternative (Alternative 1 )  and the actinide separation alter
native (Alternative 4) present potentially significant adverse nonradio
logical effects at the INEL due to the cadmium and mercury present in 
calcine . In  Alternative 1 ,  groundwater contamination by cadmium and 
mercury could exceed public drinking water standards for a distance of 
about 5 miles downgradient of  the aquifer discharge point until chemical 
reactions in the aquifer reduced the concentrations to a cceptable 
levels . In Alternative 4 ,  groundwater contamination could result only 
from cadmium since mercury is removed in the actinide-separation 
proces s .  

4- 105 
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TABLE 4-40 ------

SUHHARY or RADIOLOGICAL ENVI RONtlt:NTAL EFFECTS 
AI.TERNATIVE 5 ( 1 00 yea r s )  

--- . __ .. _ --- - -- - .------ --- -_._------------
��i�l!I!_!�.!vidu� _________________ _ ____ I'?.£'!.la t i on _________ 

Scena r i o  

CERTAIN-TO-OCCUR EVENTS 

Short-Term 

Rout i ne Opera t ions 

Routine Waste Sh i pment 

Decontamina t i on and Decomm i s s ioning 

Long-Term 

D i sposal at federa l Geo logic 
Reposi tory 

ABNORIIAL EVENTS 

Short -Term 

Operations Phase 
Ca l c i ne Spi 1 1  

Decontaminat ion Solut ion Spi l l  

Waste Shipment Accident 

Di sposa l at I NEL 
A i rcraft Impa c tC 

Di sposal at fede ra l Geo l og i c  Repos i t o ry 
Waste Can ister Drop 

Long-Term 

D i sposal at federal Geo l og i c  Repos itory 
S o l u t i on Hining 

fault and f l ooding 

Exploratory Dri l l ing 

a .  Health e f fects a re cancer deaths . 

Who l e - Body 
Equ i va l eu l  Dose 

___ ( Rem) ___ _ 

1 . 63 x 10- 1 0  

2 . 1 5  x 10- 3 

1 . 63 x 10- 1 2  

0 

4 . 7 7 x 1 0- 1 1  

3 . 2 1  x 10- 3 

4 . 1 1 x 1 0-2 

2 . 1 5 

1 . 28 x 10-6 

1 . 45 x 1 0-2 

I .  78 x 10-4 

1 . 1 3 

Who l e - Body 
Popu l a t i on Equ i va lent 

Exposed Dos" 
� NlIIII£e.!:L (lIan-RemL 

546 , 000 3 . 56 x 10-6 

209 , 000 4 . 48 x 1 02 

650 , 000 4 . 24 x 10-8 

0 0 

230 , 000 4 . 39 x 1 0 - 7 

230 , 000 1 . 48 x 1 02 

500 2 . 05 x 1 0 1 

193 , 000 8 . 30 x 1 04 

2 , 000 , 000 2 . 56 x 1 0-2 

40 , 000 , 000 5 . 80 x 1 05 

2 , 000 , 000 3 . 56 

25 2 . 82 x 1 0 1 

Rang" o f  
Hea l t h  b 
E f fel' t s

3
, 

_�Numl>e r )  __ 

- 1 0  2 . 6 7  x 1 0 _ 1 0  t o  
8 . 1 9  x 1 0 _2 3 . 37 x 1 0_ 1 L o  
1 . 03 x 1 0_ 1 2  3 . 1 8 x 10_ 1 2  t o  
9 . 75 x 1 0  

0 

- I I  3 . 29 x 10_ 1 0  to 
1 . 0 1  x 1 0_2 1 . 1 1  x 1 0_2 to 
3 . 40 x 1 0_ 3 1 . 5 4 x 10_ 3 to 
4 . 7 3 x 1 0  

6 . 22 
1 . 9 1  x 1 0 1 to 

1 . 92 x 10=: to 
5 . 89 x 10 

4 . 35 x I O� to 
1 . 33 x 10_4 2 . 67 x 10_ 4 t o  
8 . 1 '1 x 1 0  
2 . 1 2 x 1 0- 3 t o  
6 . 50 x 1 0- 3 

b .  Hea l t h  " f fe e L s  ( cance r deaths ) f rom a l l  causes ; 16 . B'%, per 1 00 , 000 popu l a t i on (ACS , 1 98 1 ) .  

Probab i l i t y  
o f  Event 

tE""nts/Yea r )  

1 . 0 

1 . 0  

1 . 0 

0 

2 . 0  x 10- 1 

1 . 0 x 10- 1 

3 . 0  x 10-5 

2 . 0  x 10- 7 

7 . 0  x 10- 7 

1 . 0 x I 0-6 

2 . 0  x 10- 1 3  

5 . 0  x 1 0- 7 

c .  A i rcra ft impacl i s  a s s umerl L o  O(Ti.j( i n  the year 1 990 p r i ot- t o  COtup J ('t i un o f  l' rot.-ess l llg dnd s h i pment o f  WJ.!; l t>  o f f s i l(· . 

Popu l a t ion 
R i s k  

(llan-Rem/Yea r) 

3 . 56 x 10-6 

4 . 49 x 1 02 

4 . 24 x 10-8 

0 

8 . 78 x 10-8 

1 . 48 x 10 1 

6 . 1 6 x 10-4 

1 . 66 x 10- 2 

1 . 79 x 1 0-8 

5 . 80 x 1 0- 1 

7 . 1 2 x I0- 1 3  

1 . 4 1  x 1 0-5 



.c:--
, 

-
0 
....., 

Alternat ive 

CERTAIN-TO-OCCUR EVENTS 

Sho rt-Term 

Routine Ope rations 

Routine Was t e  Shipment 

Decontaminat ion and Decommiss ioning 

Long-Term 

Di spose at Federa l Geologic Repo s i to ry 

ABNORMAL EVENTS 

Short-Term 

Ope ra t i ons Phase 
Ca l c i ne Sp i l l  

Decontaminat ion Solution Sp i l l 

Was te Shipment Accident 

Disposal a t  I NE L  
Ai rcraft Impa ct 

Disposal a t  Federal Geo logic Repo s i tory 
Wa ste Can i s te r  Drop 

Long-Term 

D isposal at Federal Geo logic Repos i tory 
Solut ion Min ing 

Fault and Flood ing 

Exp loratory Dri l l ing 

a .  Hea lth e f fects a re cancer deaths . 

TABLE 4-41 

SUMMARY OF RAD I OLOG I CAL ENVI RONMENTAL EFFECTS 
ALTERNATI VE 5 ( 300 yea r s )  

Maximum I ndivi dua l 

Who l e-Body 
Who l e - Body Popul a t ion Equ iva lent 

Equ i va l e n t  Dose Exposed Dose 
(Rem )  (Numbe r )  (Man-Rem) 

8 . 6 1  x 10- 1 2  650 , 000 2 . 24 x 10- 7  

1 . 96 x 10-3 250 ,000 4 . 90 x 102 

8 . 6 1  x 10- 14 650 , 000 2 . 24 x 10-9 

0 ° ° 

5 . 49 x 10- 12  230 , 000 5 . 05 x 10-8 

3 . 73 x 10-4 230 , 000 1 . 72 x 10 1 

1 . 1 4 x 10-2 500 5 . 70 

6 . 00 x 10- 1 230 , 000 2 . 75 x I 04 

8 . 88 x 10-8  2 , 000 , 000 1 .  78 x 10-3 

1 . 06 x 10-2  40 , 000 , 000 4 . 24 x 105 

1 . 78 x 10-4 2 , 000 , 000 3 . 56 

9 . 65 x 10- 1  25 2 . 4 1 x 1 0
1 

Popula t ion 

Range o f  
Hea l th a b E f fe c t s  ' 

(Numbe r )  

- 1 1  I . 68 x 1 0  - I I  to 
5 . 15 x IO_2 3 . 67 x 10 _ I to 
1 . 13 x IO_ 1 3  I . 6 8  x 1 0 _  13  to 
5 . 1 5 x 1 O  

° 

- 12  3 . 79 x 10_ 1 1  t o  
1 .  16  x 10_3 1 . 29 x 10_3 to 
3 . 95 x 10_4 4 . 27 x 10_3 to 
1 . 3 1 x 10  

2 . 06 t o  6 . 32 

1 . 33 x 10= � to 
4 . 08 x 1O  

3 . 1 8 x 1O ! to 
9 . 75 x 10_4 2 . 67 x 10_4 to 
8 . 19 x 1 0_3 1 . 8 1  x 10_3 to 
5 . 55 x 1O  

b .  Hea lth e f fects ( cancer deaths ) f rom a l l  causes ; 16 . 8% p e r  1 00 , 000 popu l a t ion ( ACS , 1 98 1 ) .  

Proba b i l i ty Popul a t i on 
o f  Event R i s k  

(Events/Year) (Man-Rem/Yea r )  

1 . 0 2 . 24 x 10- 7 

1 . 0 4 . 90 x 102 

1 . 0  2 . 24 x 1 0-9 

0 ° 

2 . 0  x 10- 1 1 . 0 1  x 10-8 

1 . 0 x 10- 1 1 . 72 

3 . 0  x 10-5 1 .  7 1  x 10-4 

2 . 0  x 10- 7 5 . 49 x 10-3 

7 . 0  x 10- 7 1 . 24 x 10-9 

1 . 0  x 10-6 4 . 24 x 10- 1 

2 . 0  x 10- 1 3  7 . 12 x IO- 1 3  

5 . 0  x 10- 7 1 . 2 1  x 10-5 



� I ...... 
0 
00 

Scena r i o  

CERTAI N-TO-OCCUR EVENTS 

Short-Teem 
Rout ine Ope rations 

Routine Waste Shipment 

Decontamina t ion and Decommiss i o n i ng 

Long-Tem 

Di sposa l at Federal Geologic Repos i t o ry 

ABNORMAL EVENTS 

Short-Term 

Ope rations Phase 
Calc ine Sp i l l  

Decontamina t ion Solution Sp i l l  

Waste Sh ipment Accident 

Di sposal a t  INEL 
A i rc ra ft Impact 

Di sposa l a t  Fede ra l Geo logic Repo s i tory 
Was te Canister Drop 

Long-Term 

Di sposa l at Fede ra l Geo logic Repo s i to ry 
Solut i on M ining 

Fau l t  and Flood ing 

Exp lo ra tory Dri l l ing 

a .  Hea lth e f fects a re cancer deaths . 

TABLE 4-42 

SUMMARY OF RADI OLOG I CA L  ENVI RONMENTAL EFFECTS 
ALTERNAT IVE 5 (500 yea rs ) 

---------
Ma x i mum I n d i v i d ua l 

Who l e - Body 
Who l e - Body Popu l a t i on Equ i va l en t 

E q u i v a l e n t  Dose Exposed Do s e  
( Rem) ( N umbe r )  ( Man -Rem) 

4 . 27 x 10- 1 2 650 , 000 1 . 1 1 x 10- 7  

1 . 96 x I O-3 250 , 000 4 . 90 x 102 

4 . 27 x 10- 14  650 , 000 1 . 1 1 x 10-9 

0 0 0 

3 . 5 7 x 10- 1 2  230 , 000 3 . 28 x 1 0-8 

2 . 4 1  x 10-4 230 , 000 1 . 1 1 x 10 1 

5 . 47 x 10-3 500 2 . 73 

2 . 90 x 10- 1 230 , 000 1 . 32 x 104 

5 . 4  x 10-8 2 , 000 , 000 1 . 08 x 10-3 

7 . 83 x 10-3 40 , 000 , 000 3 . 1 3 x 105 

1 . 78 x 10-4 2 , 000 , 000 3 . 56 

8 . 80 x 1 0- 1  25 2 . 20 x 1 0 1 

POEu l a t i on 

Range o f  
Hea l th 

a b 
E f fe , t s  ' 

( Numbe r )  

- 1 2  8 . 33 x 10_ 1 1  to 
2 . 55 x 10_2 3 . 67 x 10_ 1 to 
1 . 1 3 x IO_ 14  8 . 33 x 10_  1 3  t o  
2 . 55 x 10  

0 

- 1 2  2 . 46 x 10_ 12  to 
7 . 55 x 10_4 8 . 3 1  x 10_3 to 
2 . 55 x 10_4 2 . 05 x 10_4 to 
6 . 29 x 10  

9 . 90 x 10- 1 to 
3 . 04 

8 . 10 x I(� t o  
2 . 48 x 10 

2 . 35 x 1 0 :  to 
7 . 20 x 1 0_4 2 . 67 x 10_4 to 
8 . 1 9 x 10_3 1 . 65 x 10_3 to 
5 . 06 x 10  . 

b .  Hea l th e f fects ( cancer dea ths ) f rom a l l  causes ; 1 6 . 8% p e r  1 00 , 000 popu lat ion ( ACS , 1 98 1 ) .  

P robab i l ity Popu l a t ion 
of Event R i s k  

( �:vents/Yea r )  ( Ma n - Rem/Yea r )  

1 . 0  1 .  1 1  x 10- 7 

1 . 0  4 . 90 x 102 

1 . 0 1 .  1 1  x 10-9 

0 0 

2 . 0  x 10- 1 6 . 57 x 10-9 

1 . 0 x 10- 1 1 . 1 1 

3 . 0  x 10-5 8 . 20 x 10-5 

2 . 0  x 10- 7 2 . 64 x 10-3 

7 . 0  x 10- 7 7 . 56 x 10- 10  

1 . 0 x 10-6 3 . 1 3 x 10- 1 

2 . 0  x 10- 13  7 . 12 x IO- 13  

5 . 0  x 10- 7 1 . 10 x 10-5 



4 . 7  Environmental Monitoring 

Environmental  monitoring and sampling procedures for the ICPP and 
perimeter areas are described in Subsection 3 . 5 .  These  procedures wil l  
b e  continued and updated as technology advances .  The monitoring pro
grams focus on the radiological contamination of the soil , air , water , 
and biota that results from the ICPP and other lNEL activities . Also 
measured routinely are various nonradiological parameters : water level , 
water quality , and particulates suspended in the a i r .  In addition , 
studies are being conducted to learn more about the vegetation and 
wildlife at the INEL and about the effects of man ' s  activities on a cool 
desert ecosystem . These studies wil l  p rovide data useful in developing 
future mitigative actions . 

4 . 8  Unavoidable Adverse Effects 

The implementation of any waste management alternative would cause 
some unavoidable adverse effects on the local environment . 

Construction is required for all  of  the alternatives . Effects 
would be nonradiological in nature and would be minor , ceas ing after 
construction is  complete . 

Operation of retrieval and process ing facilities would cause pri
marily radiological effects . Adverse effects on the public would occur 
during the short-term period of waste processing and would be extremely 
small . Waste management workers , including train crews , would be ex
posed to radiation , but exposure would be within the allowable occupa
tional limit of 5 rem per year (ERDAM , 1977 ) .  

The decontamination and decommis sioning of a retrieval and pro
cess ing facility would generate additional waste that would be accom
modated at the lNEL or shipped to the federal geologic repository for 
disposal . 
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The estimated resource use for the waste management alternatives is  
given in  Table 4-5 for  construction , in Table 4-8 for operations and 
waste shipment , and in Table 4- 13 for D&D activities .  The resources 
used compare with other industrial operations of similar size and 
technical complexity .  

The commitment o f  the subsurface disposal a rea (Alternatives 1 ,  2 ,  
and 4) would conform to land use plans and policies at the INEL . 

The energy resources consumed would be primarily petroleum products 
and electricity for waste form modification and waste shipment . In 
addition to the fuel usage given in Table 4-5 , other fuel would be used 
by miscellaneous equipment and commuting workers . If the maximum fuel 
use during construction ( 1 . 1  million gallons , Alternative 4) occurred in 
1 year ,  this would be about a 35 percent increase over the fuel used at 
the INEL in 1978 . The diesel fuel required for waste shipment [Alter
native 3 (glass ) and Alternative 5 )  would heat 5400 houses in Idaho 
Falls , Idaho , for 1 yea r .  

Modifying the waste form by vitrification o r  pelletization o f  cal
cine would be moderately energy intensive . The maximum energy demand is  
estimated to  be  1 . 60 megawatts (Alternative 4) , which is 37  percent of 
the electrical demand at the ICPP in 1980 .  This energy demand is  equi
valent to the electrical demand of 250 houses . 

Although the labor hours and monies  committed for the design , con
struction , and operation of facilities would not be available for other 
uses , local economies would benefit from the continuation of current 
levels of spending and employment . The construction and operation of 
the retrieval and proces sing faci lities would not cause significant 
population increases . The labor force required to implement any waste 
management a lternative would be within current fluctuations of the INEL 
labor force . 

The potential for adverse air  quality effects from the retrieval 
and processing facilities would be mitigated by equipping these facili
ties with effective air-filtration and treatment systems . Emis s ions of  
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nonradiological air pollutants and radiological contaminants would be 
well within applicable standards . 

There would be no significant long-term effects as sociated with the 
construction , operation , waste shipment , or  D&D phases o f  alternative 
implementation . During the disposal phase , the signi ficant long-term 
effect would be the potential contamination of the Snake River Plain 
Aquifer by cadmium and mercury . Should the bins dis integrate , flooding 
of the site could cause waste migration to the aquifer . Concentrations 
of cadmium and mercury [Alternatives 1 and 2 (pellets ) ]  and cadmium 
(Alternative 4)  could exceed federal drinking water standards for about 
5 miles downgradient of the discharge point until chemical reactions and 
dispersion in the aquifer reduced the concentrations to harmless levels . 

The magnitude of long-term effects caused by accidental intrusion 
or abnormal natural events is difficult to quantify because of the 
uncertainty that the events would occur and the many variables involved . 
The risk assessment indicates that the alternative of maximum long-term 
risk (Alternative 1 )  would result in less than 2 percent of the number  
of cancers normally expected from all  causes unrelated to the waste . 

4 . 9  Relationship Between Short-Term Uses of the Environment and 
Long-Term Productivity 

No significant cumulative effect on the environment or  on its 
long-term productivity would result from construction and operation of 
any of the facilities required to implement high-level waste management 
a lternatives . 

The environmental effects described in Subsection 4 . 5  indicate that 
radiological effects on the surrounding population from the implementa
tion of any of the five alternatives would be significantly fewer than 
effects caused by natural background radiation . Wastewater dis charges 
to the JCPP disposal  well  would be within applicable federal and state 
standards . Airborne releases from the proposed facil ities would not in
hibit future uses of land surrounding the JCPP . 
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Calcine modification would preempt the use of a l imited land area 
during facility construction and operation . However ,  after facility 
decontamination and decommissioning , the land would be returned to its 
original condition and would be available for other uses . 

No mineral deposits or  other extractable resources have been iden
tified at the INEL . The long-term dedication of the subsurface disposal 
area (Alternatives 1 ,  2 ,  and 4 )  would not foreclose future surface land 
use options . However ,  the potential pollution of the Snake River Plain 
Aquifer by cadmium and mercury present in the waste [Alternatives 1 and 
2 (pellets ) ]  and by cadmium (Alternative 4) could require the 
installation of water treatment systems by future water users for a 
distance of about 5 miles downgradient of the discharge point . Use of 
the aquifer for agricultural and aquaculture purposes would be preempted 
for this distance . 

The relationship between short-term uses and long-term productivity 
for Alternative 1 is discussed in more detail in other environmental 
documents (AEC ,  1974) . 

4 . 10 Irreversible and Irretrievable Commitment of Resources 

The resources consumed during all phases of alternative implemen
tation represent resource commitments that are irretrievable . Commi t
ments that could not be changed or altered at some future time are 
irreversible . 

In general , the resources that may be irreversibly or  irretrievably 
committed by the construction , operation , waste shipment , or  decontami
nation and decommiss ioning activities are 

• biota that may be destroyed , 
• construction materials that cannot be recovered or  recycled , 
• materials consumed or  reduced to unrecoverable waste forms , 
• labor hours expended , 
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• capital expenditures not available for other types of invest
ment , and 

• land areas not available for other uses . 

The irretrievable resource commitments for each waste management 
alternative are given in Table 4-43 for each waste management 
alternative . The table shows the resources committed during all phases 
of proj ect implementation , including resource commitments at the federal 
repository .  Repository commitments are based on the space required by 
INEL waste disposal as described in the environmental impact statement 
for commercially generated radioactive waste (DOE , 1980a ) . 

4 . 1 1  Relationship to Land Use Plans , Policie s ,  and Procedures 

Local , state , and federal agencies have been contacted to determine 
if the waste management alternatives would conflict with existing land 
use plans or policies . There are no conflicts with any written state , 
local , or regional land-use plans , policies , or procedures under 
consideration by these agencies . 

The East-Central Idaho Planning and Development Association is a 
regional economic planning agency serving a nine-county region comprised 

· mostly of the INEL . This  association has no policies or plans that in
volve lands or activities near the INEL . Most of the INEL is in 
sparsely populated Butte County . The association has no land use policy 
plan , comprehensive plan , or zoning ordinances involving lands or 
activities near the INEL . 

The State of Idaho Office of Budget and Policy Planning has no 
plans or policies specifically related to land use e ither adj acent to or 
within the boundaries of the INEL . 

The Bureau of Land Management administers grazing permits and road 
and utility rights-of-way for facilities other than those belonging to 
the INEL . 
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TABLE 4-43 --.---.--.�-
I RRETR IEVABLE RESOURCES USED TO I MPLEMENT WASTE MANAGEMENT ALTERNAT I VES 

--_ .. --------------- -. .  ---- -��-- -

Cons t ruc t i  on Qrerat ions 

Diesel Fabri ra tpdb Labor Energy 
Fue la Concrete Equipment Land

a 
Force a Ma te r ia I s  c Demand 

A l ternat ive ( 103 Ga l )  ( 103 Yd3) ( 1 06 Dol l a rs ) (Acres ) (Man-¥r) ( 1 06 Lb) Qtegawatts ) 

I .  Leave-in-Place 375 40 1 . 0 800 0 0 

2 .  Retrieve ,  Mod i fy Ca lcine ,  
D ispose a t  the lNEL 

Pe l le t i ze Calcine 275 70 1 . 5 3 2 , 000 7 . 5  1 . 45 
Convert to Glass 575 50 3 . 0  1 8 1  1 , 000 98 1 .  15 

3 .  Ret r i eve , MOdify Ca lcine , 
D ispose Offs i te 

Stabi l ize Calc ine 875 10 3 . 0  1 7 6  1 , 300 0 0 . 57 
Conve rt to Glass 940 15 3 . 0  1 76 1 , 300 98 1 .  15 

4. Ret rieve , Separate 
Actinides , D ispose of 
Act in ides Offs i te , 
D ispose of Depleted 
Ca lc ine at the lNEL 1 , 1 15 60 7 . 0  3 2 , 755 95 1 . 60 

5 .  De lay Ret rieva l ,  
Modify Calcine ,  
Dispose Offsite

a 

100 Years 445 50 3 . 0  1 9  1 , 1 1 0  98 1 . 15 
300 Years 395 50 3 . 0  2 1 , 005 98 1 . 15 
500 Years 395 50 3 . 0  2 1 , 005 98 1 . 15 

a .  Includes e f fects at the repos itory . 

b .  Cost ( 1980 dollars)  o f  fabricating specialty equ ipment from sta i nless steel fo r ope ra t i ons a t  the INE L .  

c .  Ma teria ls a re chemi cals and glass f r i t  used i n  waste form mod i f i ca t ion . 

Labord 
Force 

(Man- ¥ r )  

O
e 

800 
1 , 250 

5 , 050 
5 , 200 

4 , 4 1 0  

4 , 340 
4 , 2 1 0  
4 , 2 1 0 

d .  lncl�des add i t iona l labor force for ope rations a t  the lCPP ,  waste shipment , and ope rat ions a t  the repos itory .  

e .  N o  manpowe r would be requi red i n  add i tion to the current labor force a t  the INEL . 

Decontamina t i on and 
Deconuniss ioning 

Diesel t'ue I 
for Was te Labor 
Shipment Concrete Chemicals Force 
( 106 Ga l )  ( 1 03 Yd3) ( 103 Lb ) (Man-Yr) 

NA 
50 80 Oe 

NA 90 195 26 
NA 9 278 50 

1 . 8 9 203 50 
2 . 7  9 278 50 

0 . 1 60 690 76 

2 . 7  80 379 60 
2 . 7  80 379 60 
2 . 7  80 379 60 



The relationship of a federal repos itory s ite to local land use 
plans , pol icies , and procedures will be discussed in a s ite-specific 
environmental  impact statement . 
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GLOSSARY 

Actinide - An element in the series of  radioactive elements that begins 
with actinium , element No . 89 , and continues through lawrencium ,  ele
ment No . 103 . The actinide series includes uranium , element No . 9 2 ,  
and a l l  the manmade transuranic elements . 

Activation - The process of making a material radioactive by bombardment 
with neutrons , protons , other nuclear particles , or radiation . 

Activity - A measure of the rate at which a material is  emitting nuclear 
radiation , usually given in terms of  the number of nuclear dis inte
grations occurring in a given quantity of material over a unit of 
time . A common uni t  of activity is the curie (Ci ) , which is equal to 
3 . 7  x 10 10 (37 billion) dis integrations per second . 

Alluvium - Any sediment depos ited by flowing water , such as sediment in 
a river bed , flood plain , or delta . 

Alpha (a) particle - A positively charged particle emitted in the radio
active decay of  certain nuclides . Cons isting of  two protons and two 
neutrons bound together , it is identical to the nucleus of a helium-4 
atom . 

Alpha particle emission - Ejection of alpha particles from an atom ' s 
nucleus . 

Alpha particle emitter - A nuclide which undergoes radioactive decay by 
emitting a positively charged particle identical to the nucleus of a 
hel ium atom (e . g . , many transuranics ) . 

Alpha radiation - An emiss ion of alpha particles from a material under
going nuclear trans formation . The particles have a nuclear mass  
numb'er of 4 and a charge of +2 . Alpha radiation is the least pene
trating of the three common types of nuclear radiation and can be 
blocked by a sheet of paper .  Since a lpha radiation cannot penetrate 
the skin , it is not harmful to people if the exposure is external . 
However ,  it is  harmful if  inhaled or ingested , as it may become con
centrated in a specific organ . 

Anion - A negatively charged particle . 

Anneal  - As used in this document , to heat to the point where crystal
l ine imperfections disappear in order to make the glass less b rittle . 

Annular - Geometric des ign of  the bins in the first bin set constructed 
at the I CPP . Each bin cons ists of concentric , elongated , donut-shaped 
segments containing calcine , with spaces between each segment to 
provide cooling . 

Aqueous phase - The phase in solvent extraction cons isting of materials 
such as acid and fiss ion products dissolved in wate r .  (See also 
organic phase . )  
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Aquifer - A zone of permeable rock or soil which is saturated with 
wate r .  The water may flow through this zone to emerge a s  a spring or 
may be pumped to the surface through a wel l . 

Atom - An e lectrically neutral particle of matter indivis ible by chem
--real means . It cons ists of an atomic nucleus , which contains most of 

the atom ' s mass  and carries a pos itive e lectric charge , and a number 
of electrons to neutralize the positive charge of the nucleus . 

Atomic mass  - Mass  of an atom fre�uently expressed in atomic mass  units 
(u) , where 1 u = 1 . 660566 x 10 - 7 kg . By this definition , the atomic 
mas s  of carbon- 12 = 12 u .  

Atomic number - The numbe r  of p rotons within the atomic  nucleus of each 
chemical element . This number is a lso equal to the number of elec
trons in the atom . 

Atomic weight - A number used to identify a specific ::isotope which is 
numerically equal to the number of protons and neutrons in the iso
tope . For example , the "90" in Sr-90 indicates that there are a total 
of 90 p rotons and neutrons in the atom . 

Background radiation - The levels of ionizing radiation received in 
man ' s natural environment , including cosmic rays , radiation from 
naturally occurring radioactive elements , and fallout from nuclear 
weapons testing . Background doses in the U . S .  vary between about 0 . 1  
to 0 . 2  rem/year , depending on location . The background radiation dose 
monitored at the INEL is 0 . 15 rem/year . 

Basa lt - A dark-colored , fine-grained rock produced by the cooling of 
lava . 

Bedded salt - Salt formations depos ited in layered sequence . 

Beta (�) particle - An elementary particle emitted from a nucleus during 
radioactive decay . It has a s ingle e lectrical charge and a mass  equal 
to 1/1836 that of a proton . The negatively charged beta particle is 
identical to an electron . 

Beta radiation - Essentially weightless charged particles (electrons and 
positrons) emitted from the nuc leus of atoms undergoing nuclear trans 
formation . Beta radiation may cause skin burns , but can be stopped by 
a thin sheet of metal about the thickness  of foil . 

Billet - As used in this document , a short , thick bar of material .  

Bin - Cylindrical or annular vertical stainless  steel container for the ---storage of calcine . Three to seven bins are clustered in a reinfo rced 
concrete vault . 

Binder - As used in the pelletization process described in this docu
ment , a binde r  is a substance that causes calcine particles to adhere 
to each other . In the pelletization proces s ,  phosphoric acid and clay 
can be used as binders . 
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Biosphere - Life-sustaining portions of the earth , bodies of water ,  
and the atmosphere . 

Biota - The plant and animal life of a given region ; flo ra and fauna , 
COllectively . 

Borosilicate glass - A strong , chemical ly resistant glass whose main 
ingredients are sand and borax . In this EIS , one of the p rocesses for 
modifying calcine is by incorporation in a leach-resistant matrix of  
borosilicate glas s . 

Btu - Abbreviation for British thermal unit . The quantity of heat 
required to raise the temperature of 1 pound of water by 1 degree 
Fahrenheit . 

Calcareous - Describes a substance that contains calcium .  

Calcination - A proces s  whereby liquified waste is sprayed onto the 
surface of hot granular particles as they are being agitated in a 
vesse l .  The liquid evaporates and most of the salts adhere to the 
particles as oxides and fluorides . The granules increase in s ize , 
layer by layer , and are eventually discharged from the fluidized bed 
to be transported to the storage bins . 

Calcine - (n . ) Solids with the consistency of sand mixed with powder pro
duced from liquid waste by the calcination process ;  (v . ) to produce 
calcine material from liquid waste . 

Canister - As used in this  document , a metal container for solid radio
active waste . A canister  provides physical containment , but no 
shielding against penetrating gamma radiation . During shipment , 
shielding is  provided by a cask .  

Cask - A massive shipping container which holds one or  more canisters 
--and provides shielding for highly radioactive materials . 

Ceramic - Material formed from clay or clay-like matter which is s imilar 
to a brick or unglazed china . 

Curie (Ci ) - A unit of activity (decay rate of a radioactive substance ) 
defined as 3 . 7  x 10 1 0  (37  billion) dis integrations per second . 

Decay - The spontaneous transformation of one nuc lide into a different 
nuclide or into a different energy state of the same nuclide . The 
process results in the emission of nuclear radiation (i .  e . , a lpha , 
beta , or  gamma radiation) . 

Decay (or  daughter ) product - A nuclide resulting from a s ingle or a 
series of  radioactive decays . A decay product may be e ither radio
active or stable . 
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Decommissioning - Decommiss ioning of obsolete nuclea r  faci lities is 
defined as an orderly and well-planned p rocedure to accomplish the 
fol lowing : decontamination of structures ;  removal of sources of  
radiation ; dismantling and salvaging of  uncontaminated equipment ; and 
return of the area to a condition suitable for unrestricted use 
whenever possible ; o r  provision for surveillance to protect public 
health and safety if it is technically or  economically infeasible to 
decontaminate the facility to acceptable levels for unrestricted use . 

Decontamination - The selective removal of radioactive material from a 
surface or  from within another material . 

Defense waste - Nuclear waste generated from government defense pro
grams as opposed to was te generated by commercial reactors and medical 
facilities . 

Denitration - Remova l of nitrates or nitrogen . A one-step p rocess for 
converting the highly purified uranyl-nitrate [U02 (N03 h 1  solution , 
the product of fuel-reprocess ing at the ICPP , to a solid granular  
uranium trioxide (U03 ) suitable for  safe shipment . 

Diluent - In this document , an organic compound used to dilute the sol
vent in a solvent extraction p rocess . It  usually does not enter into 
the reaction but is merely a carrier for the active solvent . 

Disposal - In this document , the permanent isolation of  radioactive 
waste from the biosphere with no plans for retrieval after emplace
ment . 

Diurnal - Having daily cycles . 

Dose - As used in this document , the word "dose" is used interchangebly 
---wIth "dose equivalent . "  It is the radiation exposure received from 

outs ide the body and is measured in rem . 

Dose commitment - As used in this document , the phrase "dose commitment" 
is used interchangably with "committed dose equivalent . "  It is the 
dose which an organ or  tis sue would receive during the 50 yea rs after 
intake of a radionuclide . Dose commitment refers to organ exposures 
from radionuclides ingested or inhaled into the body over a I -yea r  
period . 

Dos imeter (personal ) - A small device carried by a radiation worker o r  
other person for measuring the quantity of  radiation to which he has 
been exposed . 

Electron - An elementary atomic particle with a negative charge and an 
extremely small mass . Electrons surround the nucleus of  an atom . 

Electropo lishing - Cleaning o f  contaminated metal equipment by use of  
a solution in which the parent metal becomes positively charged . The 
solution removes the outer layer of the metal and the contaminant 
along with it . 
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Extraction c cle - In this document , a process used in Alternative 4 
retrieve calcine , separate actinides , dispose of actinides offs ite , 

dispose of  actinide-depleted calcine at the INEL ) to separate the 
actinides (and lanthanides ) from liquefied calcine . In this proces s ,  
a series of  three extraction columns is used . An extraction column is 
a long thin pipe in which an ascending stream of organic solvent is 
brought into contact with a descending stream of aqueous solution con
taining the actinides . The actinides are transferred from the aqueous 
stream to the organic stream and are removed from the top of the 
column .  The organic stream is  then washed in a second co lumn to 
remove the impurities . In a third column the actinides are trans
ferred from the organic stream back to a new aqueous stream . This 
completes the extraction cycle . 

Fallout - Particulate matter ,  which may be radioactive , deposited on the 
ground from the air .  

Fault - A fracture , or  a zone of fractures , within a rock formation 
--alOng which vertical , horizontal ,  or transverse slippage occurs . 

Federal geologic repos itory (mined geologic repos itory) - In this docu
ment , a federally operated facility for the disposal  of nuclear wa ste . 
The waste is isolated by placing it within a continuous geologic for
mation at depths of about 1000 feet . Two or three such repos itories 
are contemplated and will accolJlllodate both commercial and defense 
waste . 

Fines - Calcine dust having the cons istency and flow properties of 
�cum powder .  

Fission (nuclear) - The spl itting of a heavy nucleus into two approx
imately equal parts , each the nucleus of a lighter element , accom
panied by the release of a large amount of energy and generally by 
several neutrons . Fission can occur spontaneous ly or be induced by 
absorption of  a nuclear particle or radiation . In practical applica
tions , fiss ion usually follows neutron absorption . 

Fis sion products - A nuclide produced by the fission of a heavy element , 
or the daughter ( s ) resulting from the radioactive decay of the nuclide 
thus formed . 

Fluidized bed - A bed of granular material expanded and agitated by an 
upflow of gas . Used as a means of calcining (solidifying) radioactive 
waste . 

Fuel cycle - The complete series of steps involved in supplying fuel for 
nuclear reactors . It includes mining , refining , enrichment , fabrica
tion of  fuel elements , use in a reactor , chemical processing to re
cover the fissionable material remaining in the spent fuel , reenrich
ment of the fuel material , refabrication of new fuel elements , and 
management of radioactive waste . 

Fuel element - Component of a nuclear reactor containing the fissile 
fuel material .  It can have a va riety of  forms , but is most often an 
assembled bundle of thin tubes filled with nuclear fuel . 
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Fuel reprocessing - At the ICPP , recovery by a sequence of chemical 
processes of highly valuable unused fissile fuel  from spent (used) 
fuel elements . The recovered fuel can then be used for fabricating 
new fuel elements . At the ICPP , the fuel material being recovered is 
uranium . 

Ganuna-ray spectrometry - Technique used to measure ganuna ray energies 
emanating from a radioactive source . 

Ganuna (y) rays - High energy , short-wavelength electromagnetic radia
tion emitted during the radioactive decay of certain nuclides ; similar 
to but more penetrating than x-rays . Gamma radiation frequently 
accompanies a lpha and beta emis sions and a lways accompanies fission . 
Ganuna rays are very penetrating and are best attenuated by dense mat
erials such as lead . Synonyms often used are ganuna photons and gamma 
radiation . 

Generic s ite - A theoretical location having certain cha racteristics 
attributed to it such as  population of the surrounding a rea , eleva
tion , stream flows , annual rainfall , temperatures , and all  other 
attributes of a given s ite . Such an imaginary location is used to 
describe the environmental effects at a definite but as yet undeter
mined repository location . 

Geologic time s cale - A time s cale portraying geologic ages . 

Glacial till - Generally unconsolidated sand , soil , and rocks depos ited 
by a glacie r .  

Glass frit - Ground or powdered glass . 

Granules - Particles having the cons istency and flow of sand . 

Groundwater - Water beneath the earth ' s surface between saturated soil 
and rock that may supply wells  and springs . 

Half- life - A measure of the longevity of radioactive materials . The 
half- life is the time required for one-half the atoms of a particular 
nuclide to dis integrate by radioactive decay . After a period of 
1 0  half- lives , the radioactivity has decreased to less than 0 . 1% of 
its original value . Each nuclide has a characteristic hal f- life . 

HEPA (high-efficiency particulate air)  filter - An air filter capable of 
removing at least 99 . 97% of particulate material as  small  as 0 . 3  
micrometers from an air stream . (Three-tenths of a micrometer is ap
proximately the size of the particulate material in tobacco smoke . )  

High-level l iquid waste - The aqueous waste resulting from the operation 
of the first-cycle extraction system , or equivalent concentrated 
wastes from subsequent extraction cycles , or equivalent wastes from a 
process not us ing solvent extraction , in a facility for process ing 
irradiated reactor fuels .  

High- level waste (HLW) - (a)  High-level liquid waste , or (b ) the pro
ducts from solidification of high- level liquid waste . 
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High sodium wastes - Concentrates from waste evaporators and other 
sources containing large amounts of sodium such as ion exchange , 
decontamination , and regeneration solutions . 

Homologs - Elements or compounds having s imilar structure and/or s imilar 
chemical properties . 

Hydromagmatic eruptions - A type of volcanic eruption that occurs when 
magma encounters groundwater at relatively shallow levels (400-
2000 feet)  or at the earth ' s surface . 

Igneous - Describes rock or minerals that have 
partly molten material , i . e . , from a magma . 
one of the three main classes into which 
others are metamorphic and sedimentary . )  

solidified from molten or 
Igneous rocks constitute 

rocks are divided . (The 

Immobilization - Treatment and/or emplacement of the wastes . 

Index - (v . )  To multiply the amount of a price , wage , or other cost 
�a given number which reflects a percent increase over the original 

amount . For example , if  a tax on an item is 6% of its cost , the total 
can be computed by multiplying the original cost by 1 . 06 .  This is the 
same as multip lying the cost by 6% and adding it to the original cos t .  
(n . )  In  the above example , the index number i s  1 . 06 .  

Injection well - Well through which proces s cooling water is returned 
to the aquifer .  

Institutional control - Management of a disposal s ite by any govern
mental body . In this  document , restriction of public entry into dis
posal areas for 1 00 years from the date of  ces sation of operations , 
except in Alte rnative 5 where control has been assumed throughout the 
delayed retrieval period of 500 years . 

Intrus ion - Accidental or intentional entry into a vessel or structure 
by a person or tool . In this document , it includes breaching a waste 
container in a disposal facility .  

Ion - An atom or  group o f  atoms with an electrical charge from either 
�he loss or  attachment of one or several electrons . 

Ion exchange - A process whereby an ion in solution is  adsorbed by a 
solid such as clay , and in turn , an ion in the solid , is  displaced 
into the l iquid (water) . 

Ionizing radiation - Any form of radiation ( such as x- rays , alpha , beta , 
and gamma radiation) that trans fers energy by stripping electrons from 
atoms or molecules , thereby producing ions . Ionizing radiation 
absorbed in living tissue can produce damage by triggering biochemical 
reactions . Severity of damage and health effects increases with in
creas ing doses . 

I sotope - A form of the same atom having a different atomic weight . 
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Lanthanides - The series of e lements of very similar chemical properties 
beginning with lanthanum , element No . 57 , and continuing through 
lutetium , element No . 7 1 . The lanthanides are chemically s imilar 
(homologs ) to the actinides and are extracted with the actinides in 
the solvent extraction system described in Alternative 4 ( retrieve 
calcine , separate actinides , dispose actinides offsite , dispose of 
actinide-depleted calcine at the lNEL) . 

Leach - To remove or separate soluble components from a solid by con
�t with water or other l iquids . 

Loam - A rich permeable soil usually containing organic materia l .  

Loess - A fine-grained calcareous s i lt o r  c lay deposited by the wind . 

Long-term period - The period of time after the first 100 years of dis
posal  through 1 mil l ion yearp .  ( In Alternative 5 only , the long-term 
period begins after the SOD-year delay period . )  

Magma - Molten or  partially molten material originating beneath the 
earth I s crust .  

Man-rem - The radiation dose received by an average individual multi
plied by the number  of individuals in the popUlation group . 

Matrix - In this document , a solid material , such as concrete or metal , 
in which calcine is incorporated to create a less dispersible , mono
lithic form . 

Maximum individual dose - Largest poss ible dose an individual can re
ceive from all pathways at any one time and location . 

Maximum permissib le concentration - The highest concentration of a radi
onuclide or  other material a llowable in a i r ,  food , or  beverages . 

Micrometer ( �m) - A unit of length equal to one one-millionth ( 1 0 -6 ) of 
a meter . 

Migration - The natural travel of a material through the a ir ,  soi l , o r  
groundwater .  

Modified Mercalli intensity (MMI ) - An arbitrary scale of earthquake 
intens ity ranging from I ( detectable only instrumentally) to XI I 
( causing almost total destruction) . To convert from the Mercal l i  to 
the Richter s cale , multiply the Mercalli  s cale intens ity by the 
approximate conversion factor of 0 . 75 .  

Nucleation - The formation of new crystals  from a solution . 

Nuclide - A species of atom characterized by the number of neutrons and 
protons in the nucleus and the energy content of its nucleus . These 
factors determine the other properties of the element , including its 
radioactivity . 
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Offgas - Gas released by any industrial p rocess , such as fuel reproces
sing . 

Organic phase - The phase in the solvent extraction process consisting 
of carbon-containing compounds s imilar to kerosene ; the organic phase 
is  specifically selected for separating the target material from the 
aqueous phase . 

Oxide - A chemical compound of oxygen and another element or  elements . 

Particulates  - Fine solid or liquid particles dispersed in a i r ,  gases 
(e . g . , stack emisS ions ) , and wate r .  

Pel letize - To produce pellets by combining calcine fines with a liquid 
binder and heating to form ceramic pellets about the s ize of an asp i 
rin tablet . 

Penetrating radiation - Forms of energy which are capable of passing 
through thicknesses of material ; these include gamma rays , x-rays , and 
neutrons . 

Phase separation - The separation of one material phase from another , 
such as separation of a solid from a liquid . Phase separation occurs , 
for example , when dissolved sugar begins to crystallize , or when oil 
which has been mixed with water is allowed to separate . 

Playa - A dry , flat area at the lowest part of an undrained desert 
basin . As used in this document , playas on the Snake River Plain are 
those areas where water will pond and eventually seep into the soil . 

Pneumatic transport - Transport of granular solids by a moving air  
stream in  a pipe . 

Prefil�er - A filter used to remove large particulates from a gas stream 
before the stream enters the HEPA filter .  

Proton - A particle with a single positive charge and a mass approxi
mately 1836 times that of an electron (equal to about 1 . 7  x 10 -2 7kg) 
found in the nucleus of each atom . 

Rad - Acronym for radiation absorbed dose . A basic unit of absorbed 
�ose of ionizing radiation .- A dose of 1 rad means the absorption of 

100 erg of radiation energy per gram of absorbing material . 

Radiation - Particles and electromagnetic energy emitted by nuclear 
transformations which are capable of producing ions when interacting 
with matter ;  gamma rays and alpha and beta particles are primary 
examples . 

Radiolytic decomposition - Decomposition of a material by the absorption 
of radiation energy . For example , radiolytic decomposition of water 
produces hydrogen gas and hydrogen peroxide . 
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Radionuclide - An unstable nuclide which spontaneous ly disintegrates , 
emitting ionizing radiation . 

Raffinate - The waste stream from an extraction column . 

Reference process - The process against which other processes are meas
ured . 

Rem - Acronym for roentgen equivalent in man . A unit for measuring a 
dose of radiation .  A rem is  equivalent to the amount of ionizing 

radiation required to produce the same biological effect in man as one 
roentgen of high-penetration x-rays . 

Rhyolitic volcanism - Groups of extensive igneous rocks of volcanic 
origin . 

Rift zone - Area where volcanic a ctivity has occurred or  is  occurring . 
It is characterized by open c racks , c racks which have been filled with 
lava and from which lava has oozed , and cinder cones , buttes , and 
other lava formations . 

Riparian - Living or located on a river bank . 

Risk - Risk is  calculated by multiplying probability (number of 
--events per year )  by the consequence (number of rems resulting from the 

event) , yielding a measure of the potential for injury caused by the 
event . 

Scarp - A line of cliffs produced by faulting or by erosion . 

Scrubbing system - A system of  devices for the removal or washing out 
of suspended liquid droplets or dust ,  or for the removal of an 
undesired gas component , from process  gas streams . A second type of 
scrubbing system consists of a column in a solvent extraction system 
where impurities are removed from the extracting medium. 

Seismicity - Pertaining to an earthquake or earth vibrations , including 
those that are artificially induced . 

Shield volcano - A volcano in the shape of a flattened dome , broad 
and low , built by flows of very fluid basaltic lava or by rhyol itic 
ash flows . 

Short-term period - The first 100 years after waste disposal  during 
which institutional controls are in effect .  ( In Alternative S only , 
institutional control remains in effect through the SOO-year delayed 
retrieval period . )  

Sinter - To form a coherent , bonded mass  by heating powders without melt
ing . 

Site - Idaho National Engineering Laboratory . 

Solvent extraction - In this  document , a process by which a selected 
material is removed from an acid solution . The solution (aqueous 
phase)  is mixed with an organic mixture (organic phase) . These two 
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liquids behave s imilarly to water and oil when mixed . Since the 
material to be extracted (usually uranium or actinides ) has a greater 
affinity for the organic solvent , it is taken up in the organic phase 
and' removed from the acid solution when the two liquids a re separated . 

Sorption - A general term used in physical chemistry to encompass 
several proces ses involving the binding on a microscopic  scale of one 
substance to another .  Included in these processes are absorption , 
adsorption , and ion exchange . 

Stabilization - A process where calcine is heated above the calcination 
temperature to remove residual water and nitrates . 

Steppe - An extensive , treeless , grassland area . 

Storage - Retention of radioactive waste in a man-made device , such as 
a tank or  a vault , in a manner permitting retrieval . Interim storage 
indicates  storage up to 100 years . 

Strategy - As used in this document , all the components of  a long-range 
plan leading to the ultimate goal of permanent isolation of radio
active waste from the biosphere . 

Tectonic - Pertaining to , causing , or resulting from structural deforma
tion in the earth ' s crust . 

Temperature gradient - A continuous temperature difference between two 
points . In  this document , temperature distribution is of concern in 
cooling glas s  because extreme temperature variations can result in 
high internal stress .  A temperature gradient in the storage bins is 
also of concern because of the need to avoid high or sintering temper
atures in the calcine . 

Transmutation - Conversion of a radioisotope to a shorter-lived or  
stable isotope by bombarding it with nuclear particles . 

Transuranic - The designation of elements above atomic No . 92 (uranium) . 
There are 1 3  known transuranic elements , all  man-made and all radio
active . This  term is used (not quite correctly) as a substitute for 
actinides . 

Transuranic (TRU) waste - Waste material measured or a ssumed to contain 
more than a specified concentration of transuranic elements . For pur
poses of this EIS , TRU waste is waste from locations that might cause 
contamination levels above 10 nanocuries of transuranic a lpha activity 
per gram of waste . 

Unsaturated zone - A subsurface zone capable of holding more water . 

Vault - A reinforced concrete structure enclosing three to seven stain
--regs steel bins in which calcine i s  stored . Also a structure for 

enclosing large stainless  steel tanks containing liquid waste . The 
underground vaults are anchored in bed rock . 
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Vortex - A whirling or circular motion of air  (or water )  that tends 
to form a cavity or vacuum in the center of the circle and to draw 
toward this cavity or vacuum bodies subj ect to its action . 

Waste management - A general term encompassing the several aspects of 
nuclear waste control ,  e . g . , processing , storage , and disposal . 

Whole-body equivalent dose - The summation of the weighted committed 
dose equivalents of a l l  organs within the body from intake of a 
radionuclide . The weighting factors used to convert the organ dose 
commitments to a common risk equivalent so that they can be summed are 
from ICRP-26 . 

Worst-s ite boundary - The 
poss ible dose based 
conditions . 

s ite boundary which receives the largest 
on nearby population and meteorological 

Zeolite - A generic term for a large group of white or  co lo rless min
erals which typically have good ion exchange capacities .  
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SCIENTIFIC NOTATION 

When dealing with very la rge or very small  numbers , the conven
tional notation is awkward and cumbersome . Writing 0 . 000000000000001 , 

for example , is undes irable , as is calling this number "a mil lionth of a 
b illionth . "  To overcome this problem , a notation system in general use 
throughout the scientific community has been employed in this report . 

- 15 Us ing this system , 0 . 000000000000001 is expressed as 1 x 10 . This 
notation can then be converted back to the original  number by moving the 
decimal point according to the power of ten ( the superscript number 
above the ten) that is indicated . If  the power of  ten is positive , the 
decimal is  moved to the right the number of places indicated by the 
powe r .  If the power of ten is  negative , the decimal is moved to the 
left the number of  places indicated by the powe r .  Examples of pos itive 
and negative powers of ten follow : 

1 . 25 x 105 ; 125 , 000 

1 . 25 x 10-4 ; 0 . 000 125 

Prefixes are often added to units (such as  curies or grams ) to 
indicate the magnitude of the value . Common prefixes , their values , and 
their abbreviations are as follow : 

Prefix Power Value Symbol 
mega T 1 , 000 , 000 M 
kilo 103 1 , 000 k 
centi 10-2 0 . 0 1  c 
milli  10-3 0 . 001  m 
micro 10-6 0 . 000001 � 
nano 10-9 0 . 000000001  11 

Thus , 1 kilogram (kg)  = 103 grams = 1 , 000 grams , and 1 microcurie 
(�C i )  = 10-6 curie = 0 . 000001 curie . 

The tables in Appendixes A and B use different notation because 
they are based on a system used in computers . For example , Appendix B 
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would express the number of years during which an individual  would be 
exposed to radiation via a given pathway as 5E+03 . In this  expression , 
E represents "exponent , "  thus , 

5E+03 = 5 x 1 03 
= 5000 

The negative express ion ,  

-4 4E-04 = 4 x 1 0  = 0 . 0004 
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Marguerite P .  McLaughlin 
Route 3 ,  Box 83 
Orofino , ID 83544 

House Resources and Conservation 

Linden B .  Bateman 
Route 1 ,  Box 442 
Idaho Falls , ID 8340 1 

Noy E .  Brackett 
Box 403 
Twin Falls , ID 83301 

J.  Vard Chatburn 
Box 97 
Albion , ID 83314 

Emery E .  Hedlund 
1746 Main Avenue 
St . Maries , ID 83861 
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John O .  Sessions 
Box 1 0  
Driggs , I D  83422 

Michael D .  Sharp 
3424 Vista Drive 
Nampa , ID 8365 1 

T .  W. Stivers 
144 N .  Juniper 
Twin Falls , ID 8330 1 

Mike Stras ser 
6727 Hemlock 
Nampa , ID 8365 1 

Eugene B .  Stucki 
31 W. , 2nd S .  
Paris , ID 8326 1 

Jim S .  Higgins 
Box 234 
New Meadows , ID 83654 

B .  E .  Lewis 
Route 3 
St . Ma ries , ID 83861 

Raymond G .  Parks 
Route 4 ,  Box 238 
Blackfoot , ID 83221 

Ma rtin B. Trilhaase 
Route 4, Box 226 
Idaho Falls , ID 8340 1 



UNITED STATES CONGRESS 

United States Senate 

The Honorable John Tower , Chai rman 
Committee on Armed Services 
United States Senate 
Washington , D . C .  205 10  

cc : Ranking Minority Member 
Committee on Armed Services 
United States Senate 
Washington , D . C .  205 10 

The Honorable James McClure , Chairman 
Committee on Ene rgy and Natural 

Resources 
United States Senate 
Washington , D . C .  205 10 

cc : Ranking Mino rity Member 
Committee on Energy and Natural 

Resources 
United States Senate 
Washington , D . C .  205 10 

Chairman 
Subcommittee on Energy Production 

and Supply 
Committee on Energy and Natural Re sources 
United States Senate 
Washington , D . C .  205 10 

cc : Ranking Minority Member 
Subcommittee on Energy Production 

and Supply 
Committee on Energy and Natural 

Resources 
United States Senate 
Washington , D . C .  205 10 
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Chairman 
Subcommittee on Energy Research 

and Development 
Committee on Energy and Natural 

Resources 
United States Senate 
Washington , D . C .  205 10 

cc : Ranking Minority Member 
Subcommittee on Energy 

Research and Development 
Committee on Energy and 

Natural Resour�es 
United States Senate 
Washington , D . C .  205 10 

Cha irman 
Subcommittee on Environmental Pollution 
Committee on Environment and Public 

Works 
United States Senate 
Washington , D . C .  205 10 

Cha irman 
Subcommittee on Energy , Nuclear 

Proliferation and Federal Services 
Committee on Governmental Affa irs 
United States Senate 
Washington , D . C .  205 10 

Co-Chairman 
Envi ronmental Study Conference 
United States Senate 
Washington , D . C .  205 10 



United States House of Representatives 

The Honorable Melvin Price , Chairman 
Committee on Armed Services 
House of Representatives 
Washington , D . C .  205 15 

c c :  Ranking Minority Member 
Committee on Armed Services 
House of Representatives 
Washington , D . C .  205 15 

Chairman 
Subcommittee on Energy and Environment 
Committee on Interior and Insular Affairs 
House of Representatives 
Washington , D . C .  205 15 

Chairman 
Subcommittee on Energy and Power 
Committee on Interstate and Foreign 

Commerce 
House of Representatives 
Washington , D . C .  205 15 

c c :  Ranking Minority Member 
Subcommittee on Energy and 

Power 
Committee on Inters tate and 

Foreign Commerce 
House of Representatives 
Washington , D . C .  205 15 

The Honorable Don Fuqua , Chairman 
Committee on Science and Technology 
House of Representatives 
Washington , D . C .  205 15 

cc : Ranking Minority Member 
Committee on Science and Technology 
House of Representatives 
Washington , D . C .  205 15 
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Chairman 
Subcommittee on Energy Research 

and Production 
Committee on Science and Technology 
House of Representatives 
Washington , D . C .  205 15 

cc : Ranking Minority Member 
Subcommittee on Energy Research 

and Production 
Committee on Sc ience and 

Technology 
House of Representatives 
Washington , D . C . 205 15 

Chairman 
Subcommittee on Natural Resources 

and Development 
Committee on Science and Technology 
House of Representatives 
Washington , D . C .  205 15 

cc : Ranking Minority Member 
Subcommittee on Natural  

Resources and Environment 
Committee on Science and 

Technology 
House of Representatives 
Washington , D . C .  205 15 

Co-Chairman 
Environmental Study Conference 
3334 House Office 
Annex 2 
Washington , D . C .  205 15 



FEDERAL AGENCIES 

Depa rtment of Agriculture 
Office of Environmenta l 

Quality 
Washington , D . C .  20250 

Forest Service 
Office of the Chief 
3008 South Agriculture Bui lding 
Washington , D . C .  20250 

Department of Commerce 
Office of Environmental Affairs 
Washington , D . C .  20230 ( 10 copies ) 

As sistant Secretary for Productivity , 
Technology , and Innovation 

Washington , D . C .  20230 

Department of Defense 
Envi ronment and Sa fety 
Washington , D . C .  20301 

Department of Health , Education 
and Welfare 

Attn : Director 
Office of Envi ronmenta l Affairs 
Wa shington , D . C .  2020 1 

Depa rtment of Hous ing and Urban 
Development 

Attn : Director 
Office of Envi ronmental Quality 
Washington , D . C .  204 1 0  (2 copies ) 

Department of  the Interior 
Attn : Di rector 
Envi ronmenta l Proj ect Review 
Wa shington , D . C .  20240 ( 1 5  copies ) 

Department of Justice 
Land and Natural Resources Division 
Washington , D . C .  20530 

Department of Labor 
Attn : Chief 
Office of Envi ronmental and 

Economic Impact 
Washington , D . C .  202 10 

Occupationa l Safety and Health 
Administration 

200 Constitution Avenue , NW 
Washington , D . C .  202 10 

Depa rtment of State 
Attn : Director 
Office of Envi ronmental 
Washington , D . C .  20520 

Affairs 
( 3  copie s )  

Depa rtment o f  Transportation 
As sistant Secreta ry for Policy 

and International Affairs 
Office of Environmental Quality 
Washington , D . C .  20590 
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INDEPENDENT FEDERAL AGENCIES 

Envi ronmenta l Protection Agency 
Attn : Administrator 
Waterside Mall 
40 1 M. Street SW 
Washington , D . C .  20460 (20 copies ) 
Interstate Commerce Commiss ion 
Attn : Chief 
Section of Energy and Envi ronment 
Washington ,  D . C .  20036 

Nuclea r Regulatory Commission 
Washington , D . C .  20555 

Office of Management and Budget 
17th and Pennsylvania Avenue 
Washington , D . C .  20503 

Office of Science and Technology 
Pol icy 

Attn : Directo r 
New Executive Office Building 
726 Jackson Place , NW 
Washington , D . C .  20006 

U .  S .  Arms Control and 
Disa rmament Agency 

Washington , D . C .  2045 1 

State or  Regiona l Offices of Federal Agencies 

Depa rtment of Agriculture 

Forest Service 
Intermountain Region 
324 25th Street 
Ogden , UT 8440 1 

Forest Service 
Rocky Mounta in Region 
P . O .  Box 252 1 7  
Lakewood , C O  . 80225 

Forest Service 
Southwestern Region 
5 1 7  Gold Avenue SW 
Albuquerque , NM 87 102 

Depa rtment of Comme rce - Region VI I I  
Attn : Stepher L .  R .  McNi cho ls 
909 1 7th Street 
Denve r ,  CO 80202 

Department of Hea lth and Human 
Services - Region VI II  

Attn : We l l ington Web 
1961  Stout Street 
Deve r ,  CO 80202 

Depa rtment of the Interior 
Rocky Mounta in Region 
Rrn .  6 1 7  Lake Plaza South 
44 Union Bouleva rd 
Lakewood , CO 80228 
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Bureau of Indian Affairs 
Area Office 
530 1 Central Avenue NE 
Albuque rque , NM 87 108 

Bureau of Indian Affa irs 
Area Office 
3 1 6  N .  26th Street 
Bill ings , MT 59 1 0 1  

Bureau of Indian Affa irs 
Area Office 
1425 NE I rving Street 
Portland , OR 97208 

Bureau of Land Management 
Colorado State Office 
Colorado State Bank Building 
Denve r ,  CO 80202 



Department of  the Interior (continued) 
Bureau of Land Management 
Idaho State Office 
398 Federal Building 
Boise , ID 83724 

Bureau of Land Management 
New Mexico State Office 
Federa l Building 
Santa Fe , NM 87501 

Fish and Wi ldlife Service 
Regional Office 
P . O .  Box 25486 
Denver Federal Center 
Denver , CO 80225 

Geologica l Survey - Central Region 
P . O .  Box 25046 
Denver Federal Center 
Denver ,  CO 80225 

He ritage Conservation and 
Recreation Service 

Mid-Continent Region 
Denver Federal Cente r ,  Building 41 
P . O .  Box 25387 
Denver ,  CO 80225 

Heritage Conservation and 
Recreation Service 

Northwest Region 
9 15 2nd Avenue 
Seattle , WA 98 1 74 

National Park Service 
Pacific Northwest Region 
60 1 4th and Pike Building 
Seattle , WA 9810 1  

National Park Service 
Rocky Mountain Region 
P . O .  Box 25287 
Denver , CO 80225 

National Park Service 
Southwest Region 
P . O .  Box 728 
Santa Fe , NM 875 0 1  

Department of  Labor 

Occupational Safety and Health 
Administration - Region VI 

Attn : Gi lbert J .  Saulter 
555 Griffin Square Building 
Dallas , TX 75202 

Occupational Safety and Health 
Administration - Region VI I I  

Attn : Curtis Foster 
1961  Stout Street 
Denver , CO 80294 

Occupational Safety and Health 
Administration - Region X 

Attn : James W .  Lake 
909 1 st Avenue' 
Seattle , WA 98 1 74 

Department of Transportation 
Region VI I I  
Attn : Pete Mirelez 
1050 1 7th Street 
Denver ,  CO 80202 

Department of Transportation 
Region VI 
Attn : Marvin Simpson 
8 19 Taylor Street 
Fort Worth , TX 76 102 

Envi ronmental Protection Agency 
Region VI 
Attn : Aalene Harrison 
1201  Elm Street 
Dallas , TX 75270 (5 copies ) 
Environmenta l Protection Agency 
Region Vl r I  
Attn : Roger Wi ll iams 
1860 Lincoln Street 
Denver , CO 80203 (5 copies ) 
Envi ronmenta l Protection Agency 
Region X 
Attn : Donald DuBois 
1200 6th Avenue 
Seattle , WA 98 1 0 1  (5 copies ) 
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DEPARTMENT OF ENERGY OFFICES 

Depa rtment of Energy 
Albuquerque Operations Office 
Attn : David Jackson 
P .  O .  Box 5400 
Albuquerque , NM 87 1 14 

Department of Energy 
Chicago Operations Office 
Attn : Ga ry Pitchford 
175  West Jackson Boulevard 
Chicago , IL 60604 

Department of Energy 
Chicago Operations Office 
Attn : Brian Quirke 
9800 S .  Cass Avenue 
Argonne , IL 60439 

Department of Energy 
Denver Proj ect Office 
Attn : Jack O ' Brien 
P .  O .  Box 26500 
Lakewood , CO 80226 

Depa rtment of Energy 
Idaho Operations Office 
Attn : R .  L .  Blackledge 
550 Second Street 
Idaho Falls , ID 83401 

Department of Energy 
Nevada Operations Office 
Attn : Dave Mi ller 
2753 Highland Drive 
Las Vegas , NM 981 14  

Department of  Energy 
Oak Ridge Operations Office 
Attn : Wayne Range 
P .  O .  Box E 
Oak Ridge , TN 37830 

Department of Energy 
Richland Operations Office 
Attn : T .  Bauman 
Federal Building 
Richland , WA 99352  

Department of Energy 
Savannah River Operations Office 
Attn : James Gaver 
P .  O .  Box A 
Aiken , SC 29801 
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Regional and Other Offices of the 
Department of Energy 

Department of  Energy - Region I 
700 Analex Building 
Boston , MA 02 1 14 

Department of Energy - Region I I  
3206 Federal Building 
New York , NY 10007 

Department of Energy - Region I I I  
Federal Building 
1421 Cherry Street , 10th Floor 
Philadelphia , PA 19 102 

Department of Energy - Region IV 
1655 Peachtree Street , NE ,  8th Floor 
Atlanta , GA 30309 

Department of Energy - Region V 
A-33 Insurance Exchange Building 
Chicago , IL 60604 

Department of Energy - Region VI 
2626 W. Mockingbird Lane 
P . O .  Box 35228 
Dallas , TX 75235 

Department of Energy - Region VI I 
Eleven-Oak Building 
Kansas  City , MO 64106 

Department of Energy - Region VI I I  
1075 S .  Yukon Street 
P . O .  Box 26247 
Lakewood , CO , 80266 

Department of Energy - Region IX 
1 1 1  Pine Street , 3rd Floo r 
San Francisco , CA 941 1 1  

Department o f  Energy - Region X 
1992 Federa l Building 
Seattle , WA 98174  

Department of Energy 
Bonneville Power Administration 
1002 NE Holladay Street 
P . O .  Box 362 1 
Portland , OR 97208 



ENVIRONMENTAL AND OTHER GROUPS ( IDAHO) 

Bonneville Sportsman Association 
Attn : Ron Christensen 
1506 Riviera Drive 
Idaho Falls , ID 83401 

Ducks Unlimited 
Attn : Greg Chapin , Chairman 
3330 Handly 
Idaho Falls , ID 8340 1 

Groundwater Alliance 
Ketchum , ID 83340 

Idaho Alpine Club 
Attn : Tom Clemo , President 
1341 Terry 
Idaho Falls , ID 8340 1 

Idaho Conservation League 
Attn : Pat Ford , Executive Director 
Box 844 
Boise , ID 83701 

I daho Conservation League 
Attn : Jachie Johnson Maugham , Area 

Director 
Box 8264 
Pocatello , ID 83209 

Idaho Conservation League 
Blackfoot Chapter 
Attn : Pat Nadeau 
Route 3 ,  Box 41 
Blackfoot , ID 8322 1 

Idaho Conservation League 
Idaho Falls Chapter 
Attn : Jul ia Corbett , Area 
Route 1 ,  Box 159 
Idaho Fa lls , ID 8340 1 

Director 

Idaho Conservation League 
Wood River Chapter 
Attn : Pam Mo rris 
Box 1462 
Ketchum , ID 83340 

Idaho Environmental Council 
Attn : Dennis Baird , Pres ident 
Box 1708 
Idaho Falls , ID 8340 1 

Idaho Wildlife Assoc iation 
Attn : William Meiners , Pres ident 
885 Locust Grove Road 
Meridian , ID 83642 

I daho Wildlife Federation 
Attn : Terry Hayes , Secretary 
Route 1 ,  Box 99 
Rigby , ID 83448 

The Nature Conservancy 
Attn : Aldrich Bowler 
Star Route , Box 15 
Bliss , ID 83314 

Trout Unlimited 
Upper Snake River Chapter 
Attn : Dennis Bitton , President 
185 E .  19th 
Idaho Falls , ID 8340 1 

ENVIRONMENTAL AND OTHER GROUPS (NATIONAL) 

Advisory Council on Historic 
Preservation 

Washington , D . C .  20005 

American Federation of State , County 
and Municipal Employees 

1625 L. Street , NW 
Washington , D . C .  20036 
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Center for Law and Social Policy 
1 751  N .  Street , NW 
Washington , D . C .  20037 

Center for the Study of 
Respons ive Law 

P . O .  Box 1 9367 
Washington , D . C .  20008 



Citizens Committee on Natural 
Resources 

1000 Vermont Avenue , NW 
Washington , D . C .  20005 

Common Cause 
2030 M .  Street , NW 
Washington , D . C . 20036 

Congress  Watch 
133 C .  Street , SE 
Washington , D . C .  20003 

Conservation Foundation , Inc . 
1 7 1 7 Massachusetts Avenue , NW 
Washington , D . C .  20036 

Council on Economic Priorities 
85 5th Avenue 
New York , NY 10011  

Council for a Liveable World 
100 Maryland Avenue , NE 
Washington , D . C . 20002 

Critical Mass  
133 C .  Street , SE 
Washington , D . C .  20003 

Envi ronmental Action 
1356 Connecticut Avenue , NW 
Room 731 
Washington , D . C . 20036 

Envi ronmental Advi sory Committee 
600 New Hampshi re Avenue , NW 
Suite 1000 
Wa shington , D . C . 20037 

Envi ronmental Defense Fund 
1525 18th Street , NW 
Washington , D . C .  20036 

Environmentalists for Full 
Employment 

1 101  Vermont Avenue , NW 
Washington , D . C .  20005 

Environmenta l Policy Institute 
317  Pennsylvania Avenue , NW 
Washington , D . C .  20036 
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Friends Committee on National 
Legislation 

245 Second Street , NW 
Washington , D . C .  20002 

Friends of the Earth 
620 C .  Street , SE 
Washington , D . C .  20003 

Izaak Walton League 
1800 N .  Kent Street 
Washington , D . C .  22209 

League of Women Voters 
of  the United States 

1730 M .  Street , NW 
Washington , D . C .  20036 

National Association of Counties 
1735 New York Avenue , NW 
Washington , D . C .  20006 

National Audubon Society 
15 1 1  K .  Street , NW 
Washington , D . C .  20005 

National Clean Air Coal ition 
620 C .  Street , SE 
Washington , D . C .  20003 

National Conference of State 
Legislatures 

444 N .  Capitol Street , NW 
Washington , D . C .  20001 

National Federation of Bus iness and 
Professional Women ' s  Club , Inc . 

20 12 Mas sachusetts Avenue , NW 
Washington , D . C .  20036 

National Governors Association 
444 N .  Capitol Street 
Washington , D . C .  20001 

National League of Cities 
Energy Staff Director 
1620 I .  Street , NW 
Washington , D . C .  20006 

National Science Foundation 
Deputy As sistant Director for 

Operations 
Washington , D . C .  20550 



National  Wildlife Federation 
1412  16th Street , NW 
Washington , D . C .  20006 

Natural Resources De fense Counci l  
9 1 7  15th Street , NW 
Wa shington , D . C .  20005 

Natural Resources Law Institute 
10015  SW Terwilliger Boulevard 
Portland , OR 97219  

New Directions 
2021 L. Street , NW 
Suite 405 
Washington , D . C .  20036 

Oil , Chemical and Atomic Workers 
1 1 26 16th Street , NW 
Room 4 1 1  
Wa shington ,  D . C .  20036 

Public Interest Research Group 
1 345 Connecticut Avenue , NW 
Washington , D . C .  20036 

Resources for the Future 
1 755 Massachusetts Avenue , NW 
Washington , D . C .  20036 

Sierra C lub 
National Office 
5 30 Bush Street 
San Francisco , CA 94108 

S ierra Club 
330 Pennsylvania Avenue , SE 
Washington , D . C .  20003 

The Nature Conservancy 
Suite 800 
1800 N .  Kent Street 
Arlington , VA 22209 

Televis ion 

KAID-TV 
Attn : News Director 
1 9 10 University Dr . 
Boise , ID 83725 
(208 ) 385-3344 

MEDIA 
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The Wilderness Society 
1901  Pennsylvania Avenue , NW 
Washington , D . C .  20006 

United Indian Planners Association 
800 18th Street , NW 
Washington , D . C .  20006 

Uni ted Mine Worlters 
900 15th Street , NW 
Washington , D . C .  20005 

United Mine Workers 
1 125 15th Street , NW 
Washington , D . C .  20005 

United States Arms Control and 
Disarmament Agency 

Wa shington , D . C .  2045 1 

United States Conference of  Mayors 
Attn : Energy Staff Director 
1620 I .  Street , NW 
Washington,  D . C .  20006 

United Steel Workers 
815 16th Street , NW 
Washington , D . C .  20006 

Urban Environment Conference and 
Foundation 

1 7 14 Massachusetts Avenue , NW 
Washington , D . C .  20036 

Water Resources Council  
Washington , D . C .  20037 

KBCI-TV 
Attn : News Director 
P .  o .  Box 2 
Boi se , ID 83701  
(208 ) 336-5222 



KTVB-TV 
Attn : News Director 
5407 Fai rview 
Bois e ,  ID 83707 
(208 ) 375-7277 

KID-TV 
Attn : Ken Christensen , News Director 
P . O .  Box 2008 
Idaho Falls , ID 8340 1 
(208 ) 522-5100 

KIFI-TV 
Attn : Arnie Mason , News Director 
P . O .  Box 2148 
Idaho Falls , ID 8340 1 
(208) 523- 1 17 1  

Newspapers 

American Falls Power Country Press 
Attn : B .  Crompton , Editor 
174 Idaho Street 
American Falls , ID 832 1 1  
(208 ) 226-5295 

Arco Advertiser 
Attn : Donald L .  Cummack , Editor 
P . O .  Box C 
Arco , ID 83213 
(208 ) 527 -3038 

Blackfoot News 
Attn : Eric Ether , Editor 
27 NW Main 
P . O .  Box 70 
Blackfoot , ID 8322 1 
(208 ) 785 - 1 1 10 

Boise Idaho Statesman 
Attn : News Editor 
1 200 N. Curtis Road 
P . O .  Box 40 
Boise , ID 83707 
(208 ) 377 -6400 

Idaho Falls Post Register 
Attn : Ben Plastino , Executive 

Editor 
333 Northgate Mile 
P . O .  Box 1800 
Idaho Falls , ID 83401 
(208 ) 522- 1800 
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KPVI -TV 
Attn : News Director 
425 E .  Center 
Pocatello , ID 8320 1 
(208 ) 233-6667 

KMVI -TV 
Attn : News Director 
Eastland at Elizabeth Blvd . 
Twin Falls , ID 8330 1 
(208 ) 733-1288 

Idaho State Journal 
Attn : News Editor 
305 S .  Arthur 
Pocatello , ID 8320 1 
(208 ) 232-4 161 

Lewiston Tribune 
Attn : A .  L .  Alford Jr . ,  Editor 
505 . C .  Street 
P . O .  Box 957 
Lewiston , ID 83501 
(208 ) 743-9411  

Rigby Star 
Attn : Karl G .  Hanusky , Editor 
P . O .  Box 37 
Rigby , ID 83442 
(208) 745-87 0 1  

Shelley Pioneer 
Attn : Ralph D .  Berenger , Editor 
P . O .  Box P 
Shelley , ID 83274 
(208) 35 7-3435 

Sho-Ban News 
Attn : Daliah Preacher , Editor 
P . O .  Box 306 
Fort Hall , ID 83203 
(208 ) 237-3673 



Standa rd-Journal , Inc . 
Attn : Roger O .  Po rte r ,  Editor 
P . O .  Box 10 
Rexburg , ID 83440 
(208) 356-5441 
(Covers Ashton Herald , Fremont 
County Chronicle-News , Idaho Falls 
Eastern Idaho Farme r ,  Rexburg 
Journal , and Rexburg Standa rd . )  

Twin Falls  Times-News 
Attn : News Edito r 
P . O .  Box 548 
Twin Falls , ID 8330 1 
(208) 733-0931 

PUBLIC READING ROOMS 

Energy Information Center 
Depa rtment of Energy 
215 Fremont Street 
San Francisco , CA 94105 

Library 
Depa rtment of  Energy 
G-042 (Germantown) 
Washington , D . C .  20545 

American As sociation of Univers ity 
Women 

Idaho Divis ion 
Attn : Elsie Lathen , Pres ident 
524 Ridge Road 
Moscow , ID 83843 

Karen Arkoosh 
Box 50 , Route 2 
Gooding , ID 83330 

Atchison ,  Topeka & Santa Fe Ra ilroad 
Attn : Executive Vice Pres ident 
224 South Michigan 
Chicago , IL 60604 

Bla ckfoot Chamber of Commerce 
Attn : Marga ret Von DerLieth 

Executive Secretary 
1 1  NW Main 
Blackfoot , ID 83701 

OTHERS 
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Oak Ridge Technical Information 
Center 

Depa rtment of  Energy 
P .  O .  Box 62 
Oak Ridge , TN 37830 

Public Reading Room 
Depa rtment of Energy 
Room GA- 152 
1000 Independence Avenue , SW 
Washington , D . C .  20585 

Boise Chambe r of  Commerce 
Attn : Paul Relston 

Executive Di recto r 
Box 2368 
Boise , ID 83701 

Boise State University Library 
Boise , ID 87300 

Bui lding and Cons truction Trades 
Attn : President 
325 Chamberlain Avenue 
Idaho Fal ls , ID 8340 1 

Burley Chamber of Commerce 
Attn : Warren Mohrland , 

Executive Vice Pres ident 
140 1 Overland 
Burley , ID 83318 



Bill Chisholm 
Route 3 ,  Box 268 
Buhl , ID 83316 

Ecumenical As sociation of  Churches 
in Idaho 

�308 N .  Cole Road , Suite H 
Boise , ID 83704 

Electrical Power Research Institute 
3412 Hillview Avenue 
Palo Alto , CA 94303 

Energy Incorporated 
Attn : William Botts , Pres ident 
Box 736 
I daho Falls , ID 83401 

Health Physics Society 
Attn : Richard Dickson , Chairman 
Box 2431 
Idaho Falls , ID 83401 

Idahoans for Safe Energy 
623 Hills ide Place 
Moscow , ID 83843 

Idaho Association of Commerce 
and Industry 

Attn : Pat Harwood , Pres ident 
Box 389 
Boise , ID 83701 

Idaho Falls Chamber of  Commerce 
Attn : Nancy Carlisle , Executive 

Vice Pres ident 
Box 498 
Idaho Falls , ID 8340 1 

I daho Falls Public Library 
45 7 Broadway 
Idaho Falls , ID 8340 1 

Idaho Grower Shippers Association 
Attn : David Smith , Executive 

Manager 
Box 1 100 
Idaho Falls , ID 83401 

I daho Power Company 
Attn : President 
Pocatello , ID 8320 1 
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Idaho State League o f  Women Voters 
Attn : Sallee Gas se r ,  Pres ident 
420 S .  12th Avenue 
Pocatello , ID 83201 

Intermountain Technologies 
Attn : S .  O .  Johnson , President 
Box 1604 
1400 Benton 
Idaho Falls , ID 83401 

Magic Val ley Alliance 
Twin Falls , ID 83301 

Anne Merkley 
6 19  N .  Arthur 
Pocatello , ID 83201 

Nuclear Counterbalance 
P .  O .  Box 1 00 
Pocatello , ID 83201 

Pine Cone Alliance 
P . O .  Box 1300 
Coeur d ' Alene , ID 838 14  

Pocatello Chamber of  Commerce 
Attn : Ches ley Schart , Executive 

Vice Pres ident 
Box 626 
Pocatello , ID 83201 

Rupert Chamber of  Commerce 
Attn : Virginia Myers 

Secretary-Manager 
Box 452 
Rupert , ID 83350 

Snake River Alliance 
P .  O .  Box 1 731  
Boise , ID 87301  

St . Anthony Chamber of  Commerce 
Attn : Gordon Wilson , Pres ident 
Box 18 
St . Anthony , ID 83445 

Shelley Chamber of Commerce 
Attn : Clifford Schultz , President 
Box W 
Shelley , ID 83274 



Twin Falls Chamber o f  Commerce 
Attn: Jerry Hoyer ,  Manager 
Box 123 
Twin Falls , ID 83301 

Union Pacific Railroad 
Vice Pres ident , Operations 
1416 Dodge Street 
Omaha , NB 68 179 
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Utah Power & Light Company 
P .  O .  Box Z 
Shelley , ID 83274 

Dr . Albert E .  Wilson , Dean 
School of Engineering 
Idaho State University 
Pocatello , ID 83201 
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APPENDIX A 

METHODS USED TO CALCULATE RADIOLOGICAL AND NONRADIOLOGICAL EFFECTS 

A .  As ses sment of Effects 

The evaluation of waste management alternatives presented in this 
EIS is based on a comprehensive documentation of potential environmental 
effects that might be expected from implementation of the alternatives 
considered in this statement . The method used to evaluate the 
alternatives was to develop a series of release scenarios for routine 
and abnormal events postulated to occur during all waste management 
phases . The s cenarios include events which are readily predicted to 
occur based on Idaho Chemical Processing Plant ( ICPP) and related 
nuclear industry experience (DOE , 1980 ) . The s cenarios also include 
highly unusual events which are less predictable because of uncertain
ties in institutional and geologic conditions over a period of thousands 
of years . While the s cenarios may not realistically represent the types 
of waste releases that might occur in the future , the conservative 
as sumptions on which the s cenarios are based ensure that the widest 
possible range of potential effects has been considered . Consequently , 
waste management decis ions based on this type of evaluation can be made 
with a high level of confidence that waste disposal will be accomplished 
in a safe and environmentally acceptable manner .  

The use o f  a consistent set o f  s cenarios and as sumptions allows an 
accurate comparison of alternatives even though the results may be 
overly conservative for any particular s cenario . However ,  every effort 
has been made to calculate effects that are as realistic as possible . 
The quantities of radionuclide and toxic  chemical releases during 
calcine retrieval and waste form modification are based on proven offgas 
treatment and atmospheric protection system technology . The quantities 
of radionuclides released in hypothetical accidents are derived from the 
radionuclide inventory present at the time of the accident . The event 
probabilities (frequencies ) and release fractions are based , where 
possible , on ICPP experience or documented data for s imilar or related 
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events . Where data on probabilities and release fractions are inade
quate , engineering j udgment has been used . 

INEL defense high-level waste contains both radioactive materials 
and toxic chemicals ( cadmium and mercury ) . All potentially s ignificant 
pathways by which the waste could affect people and the environment a re 
considered for each s cenario . The maj or  exposure pathways are atmos
pheric dispersion and transport for airborne releases , and migration 
into the aquifer and transport by groundwater to drinking water wells  
for waterborne releases . To  put the waste releases in perspective , 
health effects estimated to result from exposure to radionuclides and 
poisoning by heavy metals  are cited . 

Appendix A contains all of the information needed to reproduce the 
dose commitments and health effects calculated in this EIS . A sample 
calculation is given for each type of radiological and nonradiological 
release . For radionuclide releases , the sample calculation is  based on 
the most hazardous radionuclide present at the time of release . The 
sample calculation includes a separate calculation for each s ignificant 
contributing pathway , converts the organ doses for the maximum individu
al to the whole-body equivalent dose , calculates the population dose 
commitments , and finally converts the population dose commitment to the 
expected range of health effects . 

The results of the radiological calculations p resented in this  EIS 
are given in Appendix B.  Appendix B is  intended to be used in conj unc
tion with Appendix A and the sample calculations . 

A . I Radiological Effects 

The calculation of radiological effects is based on a set of vari
ables and calculational methodology which are presented in this  sub
section . The material is organized so that data and information re
quired to calculate radiological effects are given in Subsections A . I . I  
through A . I .  7 .  Values for such parameters as atmospheric dispersion 
factors , populations at risk from a release of radioactive material ,  and 
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radionuclide inventories are basic to all  of the calculations . There
fore , they are presented first . 

The release s cenarios and the sample calculations used to determine 
the estimated dose commitments and health effects are presented in 
Subsection A . 1 . 8 .  Detailed information about the s cenarios , such as the 
alternatives to which the scenario applies , the waste release fraction , 
the exposed population , and the event probability ,  are given for each 
s cenario . The mathematical models required to perform the calculations 
are given in Subsection A . 1 . 9 .  

The s cenarios are discussed in the order of their  occurrence . 
Operational releases occur in the short term (up to 100 years ) and are 
presented first . Migrational and intrusional releases occur in the long 
term (after 100 years ) and are presented las t .  Since migrational and 
intrusional releases occur during the disposal phase of alternative 
implementation , these events are discussed for disposal at the Idaho 
National Engineering Laboratory ( INEL )  and at an offsite geologic 
repos itory .  

A . 1 . 1  Source Terms 

A . 1 . 1 . 1  Mas s  Quantities of Waste Proces sed at the ICPP 

The first step in this analysis requires the determination of the 
high-level waste inventories as a function of time . This  study begins 
by determining the inventory of both high-level l iquid and calcined 
waste at the ICPP in the year  1980 . It  is  assumed that between 1965 and 
1980 the waste accumulated at a constant rate . From 1980 to 1990 , it is  
a ssumed that reprocessing of  fuels  will  continue producing additional 
liquid waste . It  is  assumed that sometime during the decade a new waste 
calcining facility will become operational , permitting conversion to 
calcine of all  l iquid wastes produced and accumulated prior to the year  
1990 , except for a working backlog of approximately 1 . 2 million gallons . 
After the year 1990 , there will be no waste in l iquid form except for a 
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comparatively small amount produced during normal operations . I t  is  
assumed that an a lternative for waste management will  have been selected 
and that its implementation will begin in 1990 . For the purposes of 
this study , it is also assumed that fuel reprocess ing at the ICPP will  
continue through the year 2020 . During this period , p roduction and pro
cessing of wastes are assumed to continue at a constant rate . 

The mass  rates of waste assumed to be p rocessed at the ICPP are 
compiled in Table A- I .  During the assumed 30-year period of operation , 
the quantity of waste is  expected to increase  by the addition of new 
p rocess ing waste at the mass rates given in Table A- I .  I n  the year 
2020 , further process ing of liquid waste is  assumed to cease . Thus it 
is  assumed that no new waste will be generated after 2020 ; thereafter ,  
the total waste inventory is projected to remain constant . 

A . l . l . 2  Initial Radionuclide Concentrations in Waste 

For s implicity and ease of calculation , all waste produced during 
the entire time period from 1965 to 2020 is a ssumed to have the same 
chemical and isotopic composition . The concentration of radionuclides  
in the calcined waste is  estimated from the expected composition of 
liquid radioactive waste before calcination . Only radionuclides with 
s ignificant initial concentrations and sufficiently long half-lives , or  
those  with particular biological s ignificance , are included in the 
initial inventory . Radionuclides which volatilize during fuel 
dissolution and calcination (e . g . , tritium , krypton-85 , and i odine- 129 ) 
are no longer present in the calcine and therefore are not included in 
the radionuclide inventory .  

The concentrations of the fiss ion products and their  daughters a re 
based on estimates of the radionuclide content of the various future 
fuels to be processed at the ICPP . This approach slightly overestimates 
the fission product inventory because the fuel processed during the 
first 15 years contains fewer fission p roducts than waste processed 
subsequently . 
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TABLE A- I 

MASS RATES OF WASTE PROCESSED AT ICPP FOR VARI OUS TIME PERIODS 

Source of Mater i a l  

Alternative 1 :  Calcine at INEL 

Plant Production 
Plant Production 
Liquid Storage 

Calcine b L i quid �torage 
Calc ine 

Alternative 2 :  Pel lets o r  Glass a t  INEL 

Plant Production 
Plant Produc t i on 
L iquid Storage 
Retrieved Calcine 
F resh Ca l c i ne 

Cal cine b L iquid �torage 
Ca l c i ne 
Pe l lets or Gla s s  
Pellets o r  Glass 

Alternative 3 :  Stab i l ized Ca l c ine o r  Glass to Repos itory 

Plant Production 
Plant Productign 
L iquid Storage 
Retrieved Calcine 
Fresh Calcine 
Stab i l ized o r  Glass 
Calc ine 

Calc ine b L iqui d  Storage 
Calc ine 
Stab i lized or Glass Ca l c ine 
Stabi l ized or Glass Ca l c ine 
Federal Repos i to ry 

Alternative 4 :  Actinides to Repos i to ry 

Plant Production 
Plant Production 
Liquid Storage 
Retrieved Calcine 
Plant Production 
Actin i de Glass c 

C a l c ine b Liquid �torage 
Calc ine 
Actinide-Depleted Calc ine 
Actinide-Depleted C a l cine 
Feder a l  Repository 

Alternative 5 :  Glass to Repos i tory After Delay 

Plant Production 
Plant Production 
Liquid Storage 
Re.trieved Ca l c i ne 
Fresh Calcine 
Glass 

C a l cine b L i quid �torage 
Ca l cine 
Glass 
Glass 
Federal Repos itory 

a .  See Scient i fic Nota t ion sect ion . 

1965 - 1 980 

1 . 55 x 1 0� 
1 .  38 x 10 

1 . 55 x 10� 
1 .  38 x 1 0  

1 . 55 x 1 0� 
1 .  38 x 1 0  

1 . 55 x 1 0� 
1 . 38 x 1 0  

1 . 55 x 1 0� 
1 . 38 x 1 0  

Ma ss Rate ( kg/yr) a Processed in Time Pe riod 

1980- 1990 

3 . 55 x 10
5 

2 . 07 x 1 0
5 

3 . 55 x 1 0
5 

2 . 07 x 10
5 

3 . 55 x 10
5 

2 . 07 x 1 0
5 

3 . 55 x 1 0
5 

2 . 07 x 1 0
5 

3 . 55 x 1 0
5 

2 . 07 x 1 0
5 

1990-2000 

4 . 22 x 1 0
5 

4 . 22 x 1 0
5 

7 . 75 x 1 0� 
4 . 22 x 10 

4 . 22 x 1 0
5 

5 
7 . 75 x 1 0

5 
4 . 22 x 1 0

6 
1 . 20 x 1 0  

5 
7 . 75 x 1 0

5 
4 . 22 x 1 06 
1 . 20 x 10 

4 . 22 x 1 0
5 

7 . 75 x 
4 . 22 x 
1 . 20 x 

6 
10

5 
1 0

6 
10 

2000-2 0 1 0  

4 . 22 x 1 0
5 

4 . 22 x 1 0
5 

4 . 22 x 1 0
5 

4 . 22 x 1 0
5 

5 
4 . 22 x 1 0

5 
4 . 22 x 1 0  

4 . 22 x 10� 
4 . 22 x 1 0  

4 . 22 x 10
5 

4 . 22 x 10; 
4 . 22 x 1 0  

2010-2020 

4 . 22 x 1 0
5 

4 . 22 x 1 0
5 

4 . 22 x 1 0
5 

4 . 22 x 1 0
5 

4 . 22 x 1 0� 
4 . 22 x 1 0  

5 
4 . 22 x 1 0

5 
4 . 22 x 1 0  

4 . 22 x 1 0
5 

4 . 22 x 1 0� 
4 . 22 x 1 0  

b .  Al l these 
5 

entries represent the same �aste mate r ia l :  ( 1 . 38 x 1 0
5 kg/yr) x ( 15 yr) 

( 2 . 07 x 10 kg/yr )  x ( 10 yr) = 2 . 07 x 10 kg conve rted to calc ine by 1 990 . 
= 2 . 07 x 10

6 kg in l iquid storage by 1 980 and 

c .  Va l ues given represent the calc ine-equivalent mass of the actinide inventory ; the actual mas s  of the vitri fied was te s hipment is much 
sma l l e r . 



Actinide concentrations are determined from actual samples of cur
rent l iquid wastes normalized to future fuel element compos itions . 
Uranium isotopes are present in the liquid waste in very low concentra
tions . Therefore , individual uranium isotope concentrations are calcu
lated us ing known ratios of uranium nuclides in the waste and the total 
amount of uranium present . Because ca lcined wastes will always be 
cooled at least 3 years after removal from a reactor  before any postcal
cination treatment , the radionucl ide concentrations for 3-year-cooled 
waste shown in Table A-2 are used for this environmental analys is . 

A . 1 . 1 . 3  Radionuclide Inventories as a Function of Time 

Because of radioactive decay , the radionuclide inventory wil l  
change a s  a function o f  time . Some isotopes , such a s  yttrium-90 , decay 
to stable isotopes and are removed from the radionuclide inventory . 
Others decay into daughter nuclei which are also radioactive . The quan
tity of the radioactive daughters may increase as a function of time . 
For example , Figure A- I shows the parent isotopes which contribute to 
the production of radium-226 and its radionuclide daughter ,  radon-222 , a 
radioactive gas . (Radon is also produced in nature from the uranium-238 
distributed throughout the earth ' s crust . ) Inventories of total radio
nuclide activity thus calculated are presented in Figure A-2 for the 
time period from 1980 to 106 years . The values given in Figure A-2 are 
for the enti re quantity of calcine present which , after the year 2020 , 
is as sumed to remain constant at 2 . 04 x 107 kg . 

A . 1 . 2  Dose Factors 

Each individual radionucl ide presents a separate and unique contri
bution to the radiation dose to either the whole body o r  organ under 
consideration . Dose contributions result from processes which may be 
quite comp lex . Calculation of dose contributions can be s imp lified by 
using specific dose factors computed for each isotope . Once the quan
tity of a radionuclide is determined , the dose commitment can be 
calculated by multiplying that quantity by the appropriate dose factor 
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TABLE A-2 

RADIONUCLIDE CONCENTRATIONS OF 3-YEAR-COOLED CALCINED WASTES 

Nuclide 

Se-79 
Y-90 
Tc-99 
Pd- 107 
Sb- 126 
Cs- 137 
Pr- 144m 
Pm- 147 
Eu- 154 
Tl-209 
Pb-210 
Pb-214 
Bi-212 
Bi-215 
Po-212 
Po-215 
At-217  
Rn-217  
Rn-220 
Fr-223 
Ra-225 
Ac-225 
Th-227 
Th-230 
Th-234 
Pa-234m 
U-234 
U-237 
Np-239 
Pu-240 
Am-241 
Cm-244 

ActivitYb (Ci/kg) a ,  

6 . 4  x 10-5 
1 . 3  x 10 1 
2 . 1  x 10-� 
2 . 0  x 10-
3 . 2  x 10-5 
1 . 3  x 10 1 
o 
1 . 2  x 10 1 
1 . 8 x 10- 1  
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
4 . 3  x 10- 1 0

2 4 . 8  x 10- 1  
o 
6 . 5  x 10-4

4 9 . 1  x 10-
4 5 . 2  x 10-

Nuclide 

Rb-87 
Zr-93 
Ru- 106 
Sn- 126 
Cs- 134 
Ba- 137m 
Pr- 144 
Sm- 147 
Tl-207 
Tl-210 
Pb-2 1 1  
Bi-210 
Bi-213 
Po-2 10  
Po-213 
Po-216  
At-218 
Rn-218  
Rn-222 
Ra-223 
Ra-226 
Ac-227 
Th-228 
Th-23 1 
Pa-23 1 
Pa-234 
U-235 
U-238 
Pu-238 
Pu-241 
Am-243 

Activity 
(Ci/kg) 

3 . 6  x 
3 . 1  x 
9 . 7  x 
3 . 2  x 
3 . 3  
1 . 2  x 
8 . 2  
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 . 8  x 
1 . 0  x 
7 . 0  x 
1 . 6  x 
8 . 3  x 

a .  See Scientific Notation section . 

Nuclide 

Sr-90 
Nb-93m 
Rh- 106 
Sb- 126m 
Cs- 135 
Ce- 144 
Nd- 144 
Sm- 15 1  
Tl-208 
Pb-209 
Pb-212  
Bi-2 1 1  
Bi-214 
Po-2 1 1  
Po-214 
Po-218  
At-219 
Rn-219 
Fr-221 
Ra-224 
Ra-228 
Ac-228 
Th-229 
Th-232 
Pa-233 
U-233 
U-236 
Np-237 
Pu-239 
Pu-242 
Cm-242 

Activity 
(Ci/kg)  

1 . 3  x 10 1 
7 . 5 x 10 -5 
9 . 7  x 10- 1  
3 . 2  x 10-5 
7 . 5 x 10-5 
8 . 2  
o 
1 . 7  x 10- 1  
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 . 2  x 
L O x 
4 . 8  x 
7 . 0  x 
1 . 8  x 
6 . 5  x 

b .  The isotopes shown to have initial concentrations o f  zero are those 
which have been removed during fuel production processes . Over 
long periods of time , the parent uranium present in the waste again 
produces these daughter products . 
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R A D O N  P R O D U C T I O N  IN I N E L  
H I G H- L E V E L  W A ST E  

U - 2 3 8  

9 
4 .5 X 1 0  y 

T h- 2 3 4  J3 
2 4 d� 

P P a - 2 3 4  76 . 7  h r  

U - 2 34 

a l 2 .4 x 5 
1 0  yr 

T h - 2 3 0  

a 

t 
7 .7 

" X 1 0  y r  

R a- 2 2 6  

a l 1 6 0 0  y r  

R n - 2 2 2  

a ' 3 .8 d a y  

a 
6 

3 .8 X 1 0  yr 

a 

8 7 .7 y r  

Figure A- I .  Radon Production in lNEL High-Level Waste . 
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Figure A-2 . Radionuclide Inventories as a Function of Time . 

A-9 



18 1 2 1 8 1 2 � 
186 1 86 

I 
N 
Y 
E 
N 
T 
0 
II 
Y 18-6 

)( )( IE X X � 
I 
N 

1 8- 12  
C 
U 
II 

* C5-1 37 1 18-1 8 * CS-1 37 
o CS- 1 34 o C5-1 34 E t:. CE- I 44+cblghlers t:. EU- 1 54 S D EU- 1 54 o C5- 1 35 
� C5-1 35 X NO-I 44 

1 8-24 X NO-I 44 
18-24 

1988 2000 2028 2948 2068 2888 2 1 88 1 82 1 86 

YEAR YEAR5 AFTER 28a0 

1812 
1 81 2  

186 la6 
I 

'\\ 

N 
V 
E 
N \ T 
0 

\ 

II 
1 8-6 Y 1 8-6 

I 
N A 

18- 1 2  
1 8- 12 

\ 
\ 

C 
U 
II � 1 8- 1 8  

* BA- 1 37111 1 8-1 8  * BA-I 37. 
S o PH- 1 47 o PH-1 47 

t:. SH-1 5 1  t:. 511-1 5 1  
D PR-I 44m � S/H 47 

1 8-24 � SH-1 47 

1 988 2008 2820 2948 2968 2888 2 1 88 
YEAR YEARS AFTER 2800 

Figure A-2 . Radionuclide Inventories as a Function of Time . (Continued) 

A-IO 



I 
N 
¥ 
E 
N 
T 18-3 
o 
R 
Y 

I 18-6 
N 

C 
U 

� 1 8-9 

E 
S 

* lH-238 
A PB-21 8+daughlers 
o RA-226+daughlera 
D AT-2\ 8  X 1l-2 1 8  
o RN-218  

t� __ -=========� 
/.�.-.-. 

18  -1 2  

-m'TTTTTTTTTTTTTTTTn"l'Tl'TT'T"l'TT'T"l'TT'T"l'TTT'l'TTT1l'TTT1rTT'T1rTT'T1� 

1 988 2888 2828 2848 2868 2888 2188 
YEAR 

186 ......... TTTTTTTTTTT'TTTT'TTTTTn"l'TTTTTTTTTnTT" rTmrTmlTTTllTTTlmTTI 

I 
II 
¥ 
E 
II 
T 18-6 
o 
R 
Y 

1 1 8- 1 2  
1/ 

C 
U 
R -18  
1 1 8  
E 
S 

D PA-231 
* TH-227 
A PO-2 1 1  
o AT-219+daughlers 

1 8-6 

* TH-238 
A PB-21 8+daughlers 
o RA-226+daughlers 
o Al-2 1 8  X Tl-2I B  
o RN-21 8  

1 84 

YEARS AfTER 2ese 

o PA-231 
* TH-227 
A PO-2 1 1 
o H-2 1 9+daughlers 

I f24 4rr'T'TTTTT'I'T"rTTT1rTT'T1"TTTTTTTTTTTT"TTTT"rrn-pmrmTfTTIT 
1988 2ee8 2828 2848 

YEAR 
2868 2888 

1 8-24 4-..........,,.........-r--r-r-T-.--.-, I I I I , I 
2\88 1 82 1 84 ISS 

YEARS AFTER 2e00 
Fig�re A-2 . Radionuclide Inventories as a Function of Time . (Continued) 

A- l l  



186 

-rT"ITTrTTTTTTn"TTT1rTTT"rTTTTTT1TTT1rTTT"ITTTTTTTTrM"TTT1ITTTTTTTn 

I 
N 
V 
E 
N 
T 1 8

-6 

o 
II 
Y 

1 ,8- 1 2  
N 

C 
U 
II - I S  
r l9  

E 
s 

2008 

* PU-248 
o RA-228+doughlers 
o TH-228+doughlers 
t:. Tl-28S 

2828 2848 2068 28S8 2 1 88 

YEAR 

1 8  1 2  

-n"1rTTT"ITTTITTTTTTT"TTTTTTTTTTTTTTTl"TTn"TTT1"TTT1rTTT1rTTTlTTTrm 

I 
N 
V 
E 
N 
T 
o 
R 
Y 1 8

-6 

I 
N 

1 8-1 2  
C 
U 
R 

� l f l S 

S 
* PU-241 
o NP-237+doughlerl 
t:. PO-21 3  
D Tl-289 

1 8-24 

-+nrrrnrTTTITTTITlTTTlTTTlTTTTTTTTl"TTn"TTT1rTTT1rTTTITTTTTlTrrri 

1 989 2888 2828 2848 

YEAR 

2068 28S8 2 1 88 

1 8
-6 

1 8- I S  

1 8-24 

1 82 

* PU-248 
o· RA-228+doughlers 
o TH-228+doughlers 
t:. Tl-288 

1 84 

YEARS AFTER 2909 

* PU-241 
o Tl-209 
t:. NP-237+doughlers 
o PO-21 3  

YEARS AFTER 2808 

1 8
6 

Figure A-2 . Radionuclide Inventories as  a Function of Time . (Continued ) 

A- 12 



I 1 84 
N 
Y 
E 
N 
T 
o 
R 
y 

I 18-4 
N 

C 
U 
R -8 
I 1 0  
E 
S 

o PU-238 
• Cll-242 
o U-234 
A PU-242 
o U-23S+daughlers X PA-23ia 

1 0-12�'T"/'T'I'T"/'T'I'T"/'T'I'T"/'T'I'lTTTTTTTiTrrTTTTTTTTTTTTTTTTTTTTnTTmrrI 
1980 

I 
N 
V 
E 
N 
T 10-6 
o 
R 
y 

1 1 0- 12  
N 

C 
U 

� 1 0- I S 

E 
S 

2800 2928 2840 2960 2088 2100 
YEAR 

• PU-239 
o AM-243+daughlers 
A U-235+doushlers 
o AC-227+doughlers 

1 0-24 ....j.,-,TTTTTTTrl"TT'MrTTT'I''T'I. X fR-223 ��II�'1�II�II�I I�I�I I�I'�II'T'1Ij-���� 
1 9S0 2800 2020 2e40 2060 2080 

YEAR 
2 1 00 

1 0-4 

1 0-8 

�� 

o PU-238 
o U-234 
A PU-242 

. 0 U-238+doughlers X PA-234111 

YEARS AFTER 2000 

• PU-239 
o AM-243+doughlers 
A U-235+douShlers 
o AC-227+doughlers X fR-223 

YEARS ArTER 2000 

1 06 

i 

Figure A-2 . Radionuclide Inventories as a Function of Time . (Continued) 

A- 13  



186 

""TT'TTTTTTTTTTTTTTTTTTTTTTTTTl'1TT1l'1TT1rrmrrmrrrnrrrniTTTTTTTl 

I 
N 
V 
E 
N 
T 1 0

-6 

0 
R 
Y 

1
1 0-1 2  

N 

C 
U 
R -1 8  
1 10  

E 
S 

I 
N 
V 
E 
N 

1 8-24 

T 10-6 

o 
R 
Y 

1 1 0
-12 

N 

c 
U 
R - 1 8  
r l 0 

E 
s 

1980 2ee8 

1980 2000 

� 

2028 

2828 

* AH-241 
o U-237 
b. TH-229+douQhlers 
o U-233 
¢ RN-21 7  

2e48 2060 2888 2 1 08 

YE4R 

* CH-244 
o U-236 
b. PO-21 2  
o TH-232 

2040 2000 2088 2 100 

YEAR 

1 8
-6 

1 8
- 1 2 

\ 
1 0- 1 8 

* AH-241 
o U-237 
b. TH-229+doughlers 
o U-233 

1 8
-24 ¢ RN-21 7  

1 8
2 1 06 

YEARS AFTER 28ee 

1 0-6 

l fl8 

* CH-244 
o U-236 
b. PO-21 2  
o TH-232 

1 8
-24 

1 0
2 

1 06 

YEARS AFTER 2008 

Figure A-2 . Radionuclide Inventories as a Function of Time . (Concluded) 

A- 14 



according to the following equation : 

where 

D .  = Q .  x DF . 
1 1 1 

D .  = dose due 
1 

Q .  = quantity 
1 

to isotope i ( rem) 

of isotope i (jJCi )  

DF . = dose conversion factor for isotope 
1 

i ( rem/jJCi ) . 

The total dose is determined by summing the component doses receiv
ed from each isotope i 

D = I . D . 
1 1 

where D is  the total dose from all isotopes . 

A . 1 . 2 . 1  Internal Dose Conversion Factors 

Dose conversion factors for radionuclides taken into the body vary 
depending upon the route of entry into the body and upon the age and 
size of the person receiving the dose . Those used in this document are 
for the adult 70-kg reference man and are taken from "Estimates of 
Internal Dose Equivalent to 22 Target Organs for Radionuclides Occurring 
in Routine Releases from Nuclear Fuel-Cycle Facilities (NUREG/CR-0150 ) , "  
(Dunning , et a l . , 1979 ) . 

Internal dose conversion factors used to calculate 50-year dose 
commitments result from radionuclides received internally from 1 year  of 
exposure . The calculated dose is  for 5 0  years , but the exposure 
received in any single year  is only a fraction of the 50-year  dose 
commitment . A first approximation is  that about 1/50 of the calculated 
dose will be received each year from the long-lived isotopes present in 
the calcine . 

A . 1 . 2 . 1 . 1  Inhalation Dose Convers ion Factors 

The inhalation dose conversion factors , shown in Table A-3 , were 
taken from NUREG/CR-01s0 . Facilities (NUREG/CR-01s0) , "  (Dunning , et 
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Nuclide 

Sr-90 
Y-90 
Tc-99 
Ru- l06 
Rh- l06 
Cs-134 
Cs- 137 
Ba- 137m 
Ra-226 
Pu-238 

:r Pu-239 .... 

Lungs 

8 . 50 
3 . 93Xl(; 
5 . 22xlO 
3 . 80 
2 . 32XlO:; 
3 . 38xlO_2 1 . 62xlO_6 7 . 09xlO l 5 . 60xl02 6 . 08x l02 5 . 80xlO 

Total 
Body 

1 . 50XlO:! 
8 . 90xlO_4 8 . 87xlO 
6 . l8xlO-2 
3 . 44xlO- 7 
4 . 55xlO-2 
3 . 26xlO-2 
3 . 2 lxlO- 7  
1 .  90xlO l 
1 . 40XlO; 
1 . 69xlO 

TABLE A-3 

INHALATION DOSE CONVERSION FACTORS ( rem/�Ci )*  

Stomach 

2 . 86XlO-2 
1 . 39XlO:� 
5 . 70xlO 
6 . 96xlO-3 
5 . 0 lxlO-8 
3 . 26xlO-2 
1 .  39xlO-2  
9 . 70xlO- 7  
3 . 8lxlO-3 
2 . 90xlO-3 
2 . 72xlO-3 

Upper Lower 
Small Level Level 

Intestine Intestine Intestine Breast 

6 . 87XlO:� 
3 . 32xlO_5 9 . 35xlO_3 8 . 82xlO_9 3 . 52xlO_2 3 . 49xlO_2 1 . 48x lO_8 9 . 89xlO_3 7 . 47xlO_3 7 . 0 lxlO_3 6 . 58xlO 

3 . 60XlO:� 
1 .  7 1xlO_4 5 . 5 3xlO_2 4 . 69xlO_9 4 . 49x lO_2 3 . 64xlO_2 1 .  56xlO_7 1 .  03xlO_2 4 . 42xlO_2 4 . 09xlO_2 3 . 82XlO 

- 1 8 . 90xlO_2 4 . 09xlO_3 1 .  66xlO_ l 1 .  40xlO - 1 0  9 . 4lxlO_2 3 . 7 lxlO_2 1 .  60x lO_8 3 . nxlO_ l 1 . 80xlO_ l 1 .  20xlO_ l 1 .  10XlO 

- 1  1 .  50xlO_4 8 . 90xlO_4 8 . 87xlO_2 6 . l8xlO_7 3 . 44xlO_2 4 . 55x lO_2 3 . 26xlO_7 3 . 2 lxlO l 1 .  90xl02 1 . 40xl02 1 .  69xlO 

Adrenals  Bladder 

3 . 65XlO:�3 1 . 83X lO:; 
9 . 07xlO_4 4 . 92xlO_4 2 . l2xlO_2 1 . 06xlO_3 1 . 15xlO_8 3 . 85� :J_ lO 2 . 74xlO_2 9 . 63x lO_2 6 . 5 lxlO_2 5 . l lxlO_2 5 . 0lxlO_7 3 . 30xlO_8 4 . 09xlO_ l 3 . 78xlO_ l 6 . 70xlO 3 . 30XlO 
5 . 10 2 . 50 
5 . 80 2 . 90 

Kidneys 

3 .  65XlO:; 
9 . 07xlO_4 3 . 07xlO_3 8 . 95xlO_8 1 .  19x1O_2 6 .  nXlO_2 5 . 13xlO_7 2 . 06xlO_ l 6 . 60xlOl 9 . 00xl02 1 . 03xlO 

� -------------------------------------------------------------------------------------------------------------

Nucl ide 

Sr-90 
Y-90 
Tc-99 
Ru- l06 
Rh- l06 
Cs- 134 
Cs- 1 37 
Ba- 1 37m 
Ra-226 
Pu-238 
Pu-239 

Liver 
-2 1 .  90xlO_4 2 . 64xlO_4 4 . 2 lxlO_2 1 .  l5xlO_8 2 . 70xlO_2 6 . 99xlO_2 5 . 23xlO_7 4 . 07x lOl 1 . 10xl02 7 . 00xlO 

7 . 9 7xl02 

* NUREG/CR-0 15 0 . 

Ovaries 

3 . 65xlO-3 
9 . 07XlO:� 
2 . l2xlO 
7 . 67xlO-3  
1 .  93xlO-9  
6 . 45xlO-2  
5 . 00X lO:� 
5 . 96xlO_ l 6 . 70xlO 
3 . 50xlOl 

4 . 00x lO l 

INHALATION DOSE CONVERSION FACTORS ( rem/�Ci )*  

Pancreas 

3 . 65Xl(; 
9 . 07xlO_4 2 . l2xlO_2 1 . 20XlO -8  3 . 03xlO 
7 . 42xlO-2 
5 . 43XlO:� 
5 . 32xlO 
6 . 70xlO- l 
5 . 10 
5 . 80 

Red Bone 
Marrow 

- 1  1 . 20XlO - 4  5 . 32xlO_4 2 . l5xlO_3 9 . 3 7xlO_8 1 . 43xlO_2 6 . l6xlO_2 4 . 9 lXlO_7 2 . 22xlOl 2 . 30XlO 
2 . 6lXlO; 
3 . 03XlO 

Surface 
- 1  2 . 30xlO_4 9 . 32xlO_4 2 . 75xlO_2 1 .  00xlO_8 1 . 1 4xlO_2 5 . 89xlO_2 5 . 3 lxlO_7 1 .  74xl02 2 . 27xlO 
3 3 . 27xl03 4 . l6xlO 

Spleen 
-3 3 . 65xlO_5 9 . 07xlO_4 2 . l2xlO_2 1 .  1 0xlO_8 2 . 43xlO_2 6 . 55xlO_2 5 . 04xlO_7 4 . l4xlO - 1 6 . 60xlO 

5 . 10 
5 . 80 

Testes Thymus 

3 . 65XlO:; 3 . 65XlO:; 
9 . 07xlO_4 9 . 07xlO_4 2 . l2xlO 2 . l2xlO 
6 . 97XlO:io 1 . 15XlO:� 
4 . 34xlO_2 4 . 3lXlO_2 5 . l3xlO  7 . 73xlO 
4 . 44x lO:� 5 . 66xlO:� 
2 . 67xlO_ l 6 . 23xlO_ l 6 . 60x lO 6 . 60xlO 
3 . 50XlO � 5 . 10 
4 . 00xlO  5 . 80 

Thyroid 

3 .  65XlO:; 
9 . 07xlO_3 9 . 46xlO_3 9 . l9xlO_8 1 . 4lx lO_2 5 . l9xlO_2 4 . 47xlO_ 7 2 . l8xlO_ l 6 . 60xlO 
5 . 10 
5 . 80 

Uterus 

3 . 65Xl(; 
9 . 07xlO_4 2 . l2xlO_3 4 . 82xlO_9 1 . 32xlO 
1 .  OoxlO- l  
6 . 55XlO:� 
6 . 78xlO_ l 6 . 60xlO 
5 . 10 
5 . 80 



al . ,  1 979 ) . Dose conversion factors are shown for only the most 
significant isotopes . In order to calculate a conservative estimate of 
the dose from the significant isotopes , the dose conversion factor used 
from Table A-3 corresponds to the minimum solubility class for each 
radionuclide species as currently determined (Dunning , et a1 . , 1 979 ) . 
This approach results in the highest dose for each species . To reduce 
the number  of calculations , only one particle size of an average mean 
aerodynamic diameter (AMAD ) of 1 �m , was used . 

A . 1 . 2 . 1 . 2  Ingestion Dose Convers ion Factors 

The ingestion dose conversion 
nuclides are shown in Table A-4 . 

factors for representative radio
They were taken from NUREGjCR-0150 . 

A . 1 . 2 . 2  External Dose Conversion Factors 

Direct external radiation exposure results in a whole-body radia
tion dose . There are three primary sources of direct radiation : 
immersion in a radioactive cloud , radiation 
distributed on �round surfaces , and specific 
radionuclides in storage or  process areas . 

from radionuclides 
concentrations of 

Immersion and ground-plane sources lend themselves to dose conver
sion factor calculations which reduce the complexity of the dose 
analyses . Radiation doses from other specific concentrations are 
calculated using case-by-case analyses .  

External dose conversion factors for both immersion situations and 
ground-plane surface depositions were taken from "ISOSHLD , A Computer 
Code for General Purpose Isotope Shielding Analysis , "  (Engle , 1966 ) , 
and , a s  with internal dose conversion factors , are calculated for the 
70-kg reference man . External radiation doses are the acute type and 
are received during the exposure time only .  They do not contribute to 
long-term dose commitments . 
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TABLE A-4 

INGESTION DOSE CONVERSION FACTORS ( rem/�Ci )* 

Upper Lower 
Tota l Small  Level Level 

Nuclide Lun� Bod1': Stomach Intestine Intestine Intestine Breast Adrenals  Bladder Kidne1':s 

Sr-90 5 . 94XIO:� -2 B . 76XIO=� 2 . 10XIO=� 1 . 79XIO=; 7 . 7BXIO=i -2 5 .  99XIO:� -3 5 .  99XIO:� 9 . 45xIO_4 9 . 45xIO_4 3 .  OoxlO_B Y-90 9 . BoxlO 5 . 07xIO_4 3 . 93xIO_4 9 . 40xIO_4 4 . B6xIO_3 1 . 20xIO_3 5 . 07xIO_4 1 .  IBxIO_4 6 . 42xIO_4 1 .  IBxIO_4 Tc-99 0 . 00 4 2 . 14XIO_3 9 . 30xIO_3 1 . BOXIO  -2 1 . 07xIO_2 3 . 20xIO_ 1 2 . 14XIO_3 3 . 1 7xIO_3 1 . 5BxIO_3 4 . 5BxIO_3 Ru- l06 2 . 1 7xIO -B 5 . 94xIO_7 6 . 4 1XIO_5 1 . 56XIO_7 B . 73xIO_B  2 . 60xIO_B  5 . 94xIO_ 7  B . 20xIO_B 4 . 44XIO_9 B . 23xIO_B Rh- l06 3 . 22xIO_2 1 .  B9xIO_2 7 . 20xIO_2 5 . B5xIO_2 6 . 44xIO_2 2 . 42xIO_2 1 . B9xIO_2 3 . B5xIO_2 B . B5xIO_2 5 . 79xIO_ 1 C s - 1 34 4 . 6BxIO_2 6 . B4xIO_2 4 . 99xIO_2 5 . 2BxIO_2 5 . 55xIO_2 5 . 75xIO_2 6 . B4XIO_2 9 . 7Bx1O_2 7 . 69xIO_2 1 .  oox10_2 Cs- 137 1 . 99xIO_ 7 4 . 19xIO_ 7 2 . 1Bx1O_5 2 . 25xIO_6 2 . 4 1XIO_6  2 . 59xIO_7 4 . 9 1xIO_7 7 . 54xIO_ 7 4 . 97xIO_ 7 7 . 73xIO_ 7  Ba- 137m 4 . 60XIO_3 5 . 12xI0 1 2 . B7xIO_3 1 .  70xIO_2 1 . 16XlO_2  4 . 27xIO_ 1 5 . 12xI01 5 . 4BxIO_ 1 1 . 63xlO - 1  B . 61xIO_ 1 Ra-226 1 .  76xIO_7 1 . 60xIO_2 5 . 37xIO_3 1 .  1 7xIO_2 7 . 93xIO_2 3 . 30xIO_ 1 1 .  60x IO_2 5 . 90xIO_3 3 . 00xIO_3 5 . 90xIO_2 Pu-23B 1 . 14xIO_B  B . 50xlO 4 . 7 1xIO_3 1 . 1BxIO -2 6 . 99xIO_2 2 . 10XIO_ 1 B . 50xIO_2 3 . 23xIO_3 1 . 62xIO_3 5 . 72xIO_2 > Pu-239 9 . 35XIO 9 . 5 1E-02 4 . 42xIO 1 . 10xIO 6 . 50xIO 2 . 60xIO  9 . 5 1XIO 3 . 63xIO  1 . B2xlO 6 . 33xIO 
I 

..... 
co 

INGESTION DOSE CONVERSION FACTORS ( rem/�Ci )* 

Red Bone 
Nuclide Liver Ovaries Pancreas Marrow Surface Spleen Testes Thymus Th1':roid Uterus 

Sr-90 5 .  7 1XIO:� 5 . 99xIO=� 5 . 99XIO=� 4 . 30XIO:� - 1 -3 5 .  99XIO:� 5 .  99XIO:� 5 . 99xIO:� 5 . 99XIO:� B . 60xIO_6 5 . 99xIO_7 Y-90 3 . 45xIO_4 1 .  25xIO_4 1 . lBx10_4 6 . 94><1°_4 1 . 22xIO_4  1 .  IBxIO_4 1 .  IBxIO_4 1 .  IBxIO_4 1 . lBxIO_2 1 . lBx10_4 Tc-99 6 . 2BxIO_3 3 . 1 7xIO_3 3 .  17xIO_3 3 . 22xIO_3 4 . 10XIO_3 3 .  17xIO_3 3 . 17xIO_3 3 . 17xIO_3 1 . 41xIO_3 3 . 17xIO_3 Ru- l06 B . 27xIO_B B . 96XlO_B B . 29xIO_ 7  B . 31xIO_B  9 . 5 7xIO_B B . 23xIO_ 7  B . 14xIO_9 5 . 1 3xIO_9 B . 06xIO_9 5 . 54xIO_B Rh- l06 3 . 5 7xIO_ 1 1 . 46xIO_2 3 . 01xIO_ 1 1 . B6xIO_2 1 . 07xIO_2 1 . 66xIO_2 1 . 15xIO_2 6 . 64xIO_ 1 2 . BoxIO_2 1 .  79xIO_ 1 Cs- 1 34 1 . 00XIO_2 9 . 74xIO_2 1 . 10xIO_2 9 . 26xIO_2 B . B6xIO_2 9 . B4xIO_2 7 . 73xIO_2 1 . 20xIO_2 7 . B lxlO_2 1 . 50xIO_2 Cs- 137  7 . B 7x IO_ 7  7 . 54xIO_ 7  B . 17xIO_6 7 . 3BxIO_7 7 . 99xIO_ 7  7 . 5Bx10_6  6 . 6Bx10_B B . 50xIO_ 7  6 . 72xIO_B 9 . B6xIO_ 7  Ba- 137m 5 . 29xIO_ 1 3 . 47xIO_ 1 4 . 29xIO_ 1 2 . 93xI0 1 1 .  61XI02 2 . 33xIO_ 1 2 . 40xIO_ 1 1 .  09xIO_ 1 4 . 07xIO_ 1 3 . 59xIO_ 1 Ra-226 5 .  90xlO_ 1 5 . 90xIO_2 5 . 90xIO_3 2 . 00xlO_ 1 2 . 02XIO 5 . 90xIO_3 5 . 90xIO_2 5 . 90xIO_3 5 . 90xIO_3 5 . 90xIO_3 Pu-23B 4 . 40XIO_ 1 2 . 21xIO_2 3 . 23xIO_3 1 .  70xIO_ 1 2 . 10 3 . 23xIO_3 2 . 12xIO_2 3 . 23xIO_3 3 . 23xIO_3 3 . 23xIO_3 Pu-239 4 . 90xIO  2 . 4BxIO 3 . 63xIO  1 .  90xlO 2 . 60 3 . 63xIO 2 . 4BxIO 3 . 63xIO  3 . 63xlO 3 . 63xIO 

* NUREG/CR-0150 . 



A . 1 . 3  Calculation of Maximum Individual ,  Population, and Worker  Doses 

Two distinct groups  are considered in the analysis  of radiological 
effects on people : the population l iving outside the INEL boundaries 
within a distance of 50 miles of the ICPP ( see Figure A-4) and the 
radiation workers . 

The effects on the public are analyzed by first calculating the 
dose to an individual who would receive the maximum dose from the event . 
An average population dose factor is  then multiplied by the maximum 
individual dose and the total population exposed to radiation to obtain 
the population dose commitment . The average dose factors are calculated 
from the atmospheric dispersion factors weighted by the population for 
each sector . Atmospheric dispersion factors and the exposed population 
are discussed by sector in Subsections A . l o S and A . l o 6 ,  respectively .  
The dose factors used for each s cenario evaluation are listed in 
Table A-S . 

Doses to radiation workers are calculated using data derived from 
recent ICPP experience under a controlled radiation exposure program . 
These data indicate that each worker directly involved in operating and 
maintaining the ICPP receives an average annual exposure of 1 rem . This 
annual average radiation dose also accounts for the onsite exposure that 
would occur from minor accident situations . The waste shipment worker 
who is only incidentally involved in the transport of radioactive 
materials would receive a much smaller annual dose . This dose is 
calculated from the estimated amount of time the waste shipment worker 
spends in the vicinity of a radioactive material shipping container 
approved by the Department of Transportation (DOT) (49 CFR 1 73 . 393 ) . 

The main pathways by which radionuclides reach the public are 
through atmospheric diffusion and through subsurface water transport . 
In a few cases , fruits , vegetables , or  meat produced on contaminated 
farm areas constitute important pathways . For each s cenario , these 
pathways are evaluated for the maximum individual and then related to 
the exposed population by using the average population dose factor 
l isted in Table A-S . 
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TABLE A-5 

POPULATION , PROBABILITY ,  AND AVERAGE POPULATION DOSE FACTORS 

Scenario and Year 
of Exposure 

Population 
Exposed (Number) 

AT THE ICPP 

Probability 
(Events/Year)  

Routine Release (Alternatives 2 ,  3 ,  4 ;  Tables B- 1 to  B-5 ) 

1990 
2000 
2010 
2020 

199 , 000 
234 , 000 
269 , 000 
303 , 000 

Routine Release (Alternative 5 ;  Tables B-6 to B-8 ) 

2090 
2 100 
2 1 10 
2120-2520 

546 , 000 
581 , 000 
615 , 000 
650 , 000 

1 . 0  
1 . 0 
1 . 0 
1 . 0 

1 . 0  
1 . 0  
1 . 0  
1 . 0  

Routine Waste Shipment (Alternatives 3 ,  4 ;  Tables B-9 to B- 1 1 )  

1990 
2000 
2010 
2020 

Routine Waste 

2090 
2100 
2 1 10  
2 120 
2290-2520 

Shipment 

125 , 000 
133 , 000 
142 , 000 
150 , 000 

(Alternative 

209 , 000 
2 1 7 , 000 
225 , 000 
234 , 000 
250 , 000 

5 ;  Tables 

1 . 0 
1 . 0 
1 . 0 
1 . 0  

B- 12 to 

1 . 0  
1 . 0 
1 . 0  
1 . 0  
1 . 0  

B-14)  

Routine Occupational Exposure (Alternative 1 ;  Table B-15 ) 

1990-2020 o 1 . 0  

Average 
Population 

Dose Factors 

0 . 04 
0 . 04 
0 . 04 
0 . 04 

0 . 04 
0 . 04 
0 . 04 
0 . 04 

0 . 1* 
0 . 1 
0 . 1 
0 . 1  

0 . 1* 
0 . 1 
0 . 1 
0 . 1 
0 . 1 

1 . 0  

Routine Occupational Exposure (Alternative 2 ;  Tables B- 16 and B- 1 7 )  

1990-2020 20-55 1 . 0  1 . 0  

Routine Occupational Exposure (Alternative 3 ;  Tables B- 18  and B- 19 ) 

1990-2020 1 15 - 140 1 . 0 1 . 0 
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TABLE A-5 

POPULATION , PROBABILITY , AND AVERAGE POPULATION DOSE FACTORS 
( continued) 

Scenario and Year  
of Exposure 

Population 
Exposed (Number) 

Probability 
(Events/Year)  

Routine Occupational Exposure (Alternative 4 ;  Table B-20) 

1990-2020 125- 190 1 . 0  

Average 
Population 

Dose Factors 

1 . 0  

Routine Occupational Exposure (Alternative 5 ;  Tables B-21 and B-23) 

2090-2520 140 1 . 0  1 . 0  

Calcine Spill  (Alternatives 2 ,  3 ,  4 ;  Tables B-24 to B -28) 

1990 7 1  , 000 2 . 0  x 10- 1  0 . 04 
2000 83 , 000 2 . 0  x 10- 1  0 . 04 
2010 95 , 000 2 . 0  x 10- 1  0 . 04 
2020 107 , 000 2 . 0  x 10- 1 0 . 04 

Calcine Spill (Alternative 5 ;  Tables B-29 to B-3 1 )  

2090 193 , 000 2 . 0  x 10- 1  0 . 04 
2 100 206 , 000 2 . 0  x 10- 1  0 . 04 
2 1 10 218 , 000 2 . 0  x 10- 1  0 . 04 
2120-2520 230 , 000 2 . 0  x 10- 1  0 . 04 

Decontamination Solution Spill  (Alternatives 2 ,  3 ,  4 ;  Tables B-32 to B-36) 

1990 7 1  , 000 1 . 0  x 10- 1 0 . 20 
2000 83 , 000 1 . 0  x 10- 1  0 . 20 
2010 95 , 000 1 . 0  x 10- 1 0 . 20 
2020 107 , 000 1 . 0  x 10- 1  0 . 20 

Decontamination Solution Spill (Alternative 5 ;  Tables B-37 to B-39 ) 

2090 193 , 000 1 . 0  x 10- 1 0 . 20 
2100 206 , 000 1 . 0  x 10- 1 0 . 20 
2 1 1 0  218 , 000 1 . 0 x 10- 1  0 . 20 
2120-2520 230 , 000 1 . 0 x 10- 1  0 . 20 

Extraction Solvent Fire (Alternative 4 ;  Table B-40 ) 

1990 71 , 000 1 . 0  x 10-2 0 . 04 
2000 83 , 000 1 . 0  x 10-2 0 . 04 
2010 95 , 000 1 . 0  x 10-2 0 . 04 
2020 107 , 000 1 . 0  x 10-2 0 . 04 
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TABLE A-5 

POPULATION , PROBABILITY , AND AVERAGE POPULATION DOSE FACTORS 
(continued) 

Scenario and Year  
of Exposure 

Population 
Exposed (Number) 

Probability 
(Events/Year )  

Waste Shipment Accident (Alternative 3 ;  Tables B-41 and B-42 ) 

1990-2000 
2010-2020 

500 
500 

Glass 
-5 3 . 0x10_6 5 . 0x10 

Calcine 
-5 2 . 0x10_6 3 . 0x10 

Waste Shipment Accident (Alternative 4 ;  Table B-43 ) 

19 90-2000 
2010 -2020 

500 
500 

7 . 0  x 10-8
8 2 0 10-. x 

Waste Shipment Accident (Alternative 5 ;  Tables B-44 to B-46 ) 

2090-2520 500 3 . 0  x 10-5 

Average 
Population 

Dose Factors 

1 . 0  
1 . 0  

1 . 0  
1 . 0  

1 . 0  

Living Over the Waste (Alternatives 1 ,  2 ,  4 ;  Tables B-47 to B-5 0 )  

2500- 1 , 002 , 000 5 1 . 0  x 10-2 1 . 0  

Waste Migration into Groundwater (Alternatives 1 ,  4 ' , Tables B-5 1 and B-54) 

Dis-
charge 3-mi 10-mi 120-mi 
Point Well Well Well -- ---

2500-24 , 500 5 5 100 5000 1 . 0  x 10-6 1 . 0  

Waste Migration into Groundwater (Alternative 2 ' , Tables B-52 and B-S 3 )  

2500- 1 , 002 , 000 5 5 100 5000 1 . 0  x 10-6 1 . 0  

Individual Intrusion (Alternatives 1 ,  2 ,  4 ·  , Tables B-55 to B-58 )  

2500- 1 , 002 , 000 10 L O x 10-2  1 . 0  

Living at Contaminated Site (Alternatives 1 ,  2 ,  4 ;  Tables B-59 to B-62 ) 

2500- 1 , 002 , 000 5 1 . 0  x 10-2 1 . 0  
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TABLE A-5 

POPULATION , PROBABILITY , AND AVERAGE POPULATION DOSE FACTORS 
(continued) 

Scenario and Year 
of Exposure 

Population 
Exposed (Number) 

Probability 
(Events/Year) 

Aircraft Impact (Alternatives 1 ,  2 ,  3 ,  4 ;  Tables B-63 to B-66 ) 

1990 7 1 , 000 2 . 0  x 10- 7  
2000 83 , 000 2 . 0  x 1 0- 7  
2010 95 , 000 2 . 0  x 1 0- 7  
2020 1 07 , 000 2 . 0  x 10- 7  
2060 156 , 000 2 . 0  x 10- 7 

Aircraft Impact (Alternative 5 ;  Tables B-67 to B-69 ) 

1990 7 1 , 000 2 . 0  x 10- 7 
2000 83 , 000 2 . 0  x 10- 7  
2010 95 , 000 2 . 0  x 10-7 
2020 107 , 000 2 . 0  x 10- 7  
2060 156 , 000 2 . 0  x 10-7 
2090 193 , 000 2 . 0  x 10- 7  
2100 206 , 000 2 . 0  x 10- 7  
2200-2490 230 , 000 2 . 0  x 1 0- 7  

Severe Geologic Disruption (Alternatives 1 ,  2 ,  4 ,  5 ;  Tables B-70 

1990 71 , 000 L O X 10-8 
2000 83 , 000 L O X 10-8 
20 10 95 , 000 L O X 10-8 
2020 1 07 , 000 1 . 0  x 10-8 
2060 156 , 000 1 . 0  x 10-8 
2100 206 , 000 1 . 0  x 1 0-8 
2200- 1 , 002 , 000 230 , 000 L O X 10-8 

AT THE REPOSITORY 

Canister Drop (Alternatives 3 ,  4 ,  5 ;  Tables B-77 to B-82 )  

1990-2520 2 , 000 , 000 7 . 0  x 1 0-7 

Fault and Flooding (Alternatives 3 ,  4 ,  5 ;  Tables B-83 to B-88)  

2600-536 , 4000 2 , 000 , 000 2 . 0  x 10- 1 3  

A-23 

Average 
Population 

Dose Factors 

0 . 20 
0 . 20 
0 . 20 
0 . 20 
0 . 20 

0 . 20 
0 . 20 
0 . 20 
0 . 20 
0 . 20 
0 . 20 
0 . 20 
0 . 20 

to B-76 )  

0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 

0 . 0 1 

0 . 0 1 



TABLE A-5 

POPULATION , PROBABILITY , AND AVERAGE POPULATION DOSE FACTORS 
( concluded) 

Scenario and Year 
of Exposure 

Population 
Exposed (Number) 

Probability 
(Events/Year)  

Solution Mining (Alternatives 3 ,  4 ,  5 ;  Tables B-89 to  B-94) 

2 100- 1 , 002 , 000 40 , 000 , 000 1 0 10-6 . x 

Average 
Population 

Dose Factors 

1 . 0 

Exploratory Drill ing (Alternatives 3 ,  4 ,  5 ;  Tables B-95 to B- 100)  

2 100- 1 , 002 , 000 25 5 . 0  x 10-7  1 . 0  

* Based on an average population for rural , suburban , and urban areas , 
and the estimated travel distances through each . 

A . 1 . 3 . 1 Calculation of the Dose to the Maximum Individual 

The calculation of radiation doses to individuals combines the 
inventory of radioactive waste with exposure pathway factors to 
determine the amount of each isotope to which the maximum individual 
would be exposed . The pathway analys is uses the methods and parameters 
outlined in "Calculation of Annual Dose to Man from Routine Releases of 
Reactor Effluents for the Purpose of Compliance with 10 CFR Part 50 , 
Appendix I , "  Regulatory Guide 1 . 109 (NRC , 197 7 ) . For pathways in whi ch 
activity may increase ( for  example , by depos ition from routine 
operations ) ,  the dose is calculated for the last year of  facil ity 
operation to ensure that a maximum dose is obtained . 

Because of the comparative nature of this study and the need to 
avoid unnec'essary calculations , doses are calculated for only the adult 
reference 70-kg man (ICRP , 1 9 7 7 ) . In each case , the dose applicable to 
adult female organs is included in the evaluation . For cases where 
female organs receive a higher dose conuni tment , the higher  value is 
added to the dose calculation for the reference man . The 50-year dose 
commitment is based on a 50-year life expectancy for the adult 
population . 
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Because different radionuclides irradiate different organs and 
different tis sues , a method is needed to express the total radiation 
risk to an individual . Since there is no universally established 
approach to this task ,  two separate methods are reported in this study . 
In the first method , the individual organ doses for the four organs most 
likely to be affected by the calcine radionuclide inventory are 
evaluated . These four organs are the lung , l iver , bone surface , and 
total body . The total body is considered to be comprised of soft tis sue 
and body water with a 70-kg mas s .  The separate listing of these organs 
a llows intercompa rison of the five waste management a lternatives on an 
individual organ basis . 

In the second method , an attempt was made to weight the exposure 
received by individual organs in such a way that the organ doses could 
be combined to yield a s ingle  dose equivalent . This weighted dose 
equivalent is then used as a s ingle parameter for comparing one 
alternative to another and to calculate potential health effects in the 
exposed population . 

The weighting method selected is based on the International 
Commission on Radiological Protection ( ICRP-26 ) model (ICRP , 1 9 7 7 ) . In 
this model , doses from 20 different organs are combined by a weighting 
factor method to yield a s ingle whole-body equivalent dose (WBE ) from 
which potential health effects can be derived . The ICRP-26 method for 
developing the WBE is described in the fol lowing paragraphs . 

Whole-Body Equivalent Dose 

The ICRP recommends a system for limiting low-level exposure based 
on the principle that the risk should be the same whether  the whole body 
is irradiated uniformly or whether there is non-uniform irradiation of 
organs or tis sue . This condition is met if 
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where 

where 

= the weighting factor representing the ratio of risk from 
tissue (T) irradiation and the total risk from uniform 
whole-body irradiation , 

= committed dose equivalent received by tis sue (T) , and 

= annual  dose equivalent l imit for whole-body irradiation . 

The whole-body equivalent (WEE ) is  calculated as follows : 

WEE = 

DT = organ dose commitment , and 
WT = organ dose factor . 

Weighting factors recommended by the ICRP are given in Table A-6 .  
For each WEE dose calculation , all  20 organs and tis sues  l isted in 
Table A-6 are considered . First , the WEE dose for each of the initial 
s ix o rgans specified in Table A-6 is  calculated . Next , it is  determined 
from the list of remaining organs whi ch five organs or tis sues receive 
the greatest dose equivalent . These five organs a re ass igned a WT value 
of 0 . 06 yielding a total of 0 . 3  which is  added to the WEE for the first 
s ix o rgans . Doses to the rest of the remaining organs and tissues are 
not considered in the WEE dose calculation because it has been 
determined that they contribute only a negligible fraction of the tota l .  

A . l . 3 . 2  Calculation o f  the Dose to the Population 

EIS : 
Calculations have been made for several population groups in this 

• persons res iding within 50 miles of the INEL boundary ,  
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TABLE A-6 

WEIGHTING FACTORS RECOMMENDED BY THE ICRP 

Organ or  Tis sue 

Gonads 
Breast 
Red Bone Marrow 
Lung 
Thyroid 
Bone Surfaces 
Remainder 

Weighting Factor CWT ) 
0 . 25 
0 . 15 
0 . 12 
0 . 12 
0 . 03 
0 . 03 
0 . 30 

The five organs from the following list which contribute the 
highest dose equivalents constitute the "remainder" organs . 

Uterus 
Thymus 
Spleen 
Pancreas 
Liver 
Kidneys 
Bladder 
Adrenals 
Lower Large Intestine 
Upper Large Intestine 
Small Intestine 
Stomach 
Soft Tis sue 

0 . 06 
0 . 06 
0 . 06 
0 . 06 
0 . 06 
0 . 06 
0 . 06 
0 . 06 
0 . 06 
0 . 06 
0 . 06 
0 . 06 
0 . 06 

• persons l iving along a waste shipment route between the INEL 
and a future waste repos itory , 

• persons who might work on or occupy the INEL s ite after 
institutional control is as sumed to cease , 

• persons res iding within 50 miles of the federal repos itory ,  

• persons who might explore the federal repository s ite a fter 
records of the repository may be lost .  

• persons who might consume salt produced by solution mining at 
a federal geologic repository s ite in the distant future . 
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Some of the pathways described in this document do not result in 
widespread population exposures .  In these instances , the exposure is 
confined to a single or a few individuals ; their  exposures have been 
included in the population totals . 

In each population dose determination , the approach is  to calculate 
the dose to the maximum exposed individual .  This dose is  multiplied by 
the average population dose factor  and the total population to calculate 
the population dose commitment . 

In the routine operational release s cenario which affects the 
entire population within the 50-mile area surrounding the INEL , the 
average population dose factor is calculated to , be 0 . 04 times the dose 
to the maximum individual .  The average population dose factor  was 
obtained by weighting the population in each radial interval and sector 
(See Figure A-4) by the corresponding atmospheric dispersion factor (See 
Table A-8 ) . 

Other types of exposure pathways require different dispersion fac
tors appropriate to the circumstances of the radionuclide release . The 
populations exposed in each scenario analyzed in this document are 
discussed in Subsection A . l . 6 and summarized in Table A-5 . 

A . l . 3 . 3  Calculation of Worker Dose 

Four waste management alternatives result in additional occupa-
tional exposure . 
form modification 

Alternative 2 involves additional workers 
at the INEL . Alternatives 3 ,  4 ,  and 

for waste 
5 involve 

additional workers for waste form modification and additional train 
crews for shipment of waste to an offsite repository . 

Table A-7 shows the estimated additional workers required for each 
alternative and the expected additional radiation exposure based on ICPP 
experience under a controlled radiation program . Radiation doses to 
train crews and offsite cask handlers are calculated from DOT limits for 
radiation from Class B shipping containers (49 CFR 173 . 393 )  and the 
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TABLE A- 7 

RADIATION WORKER EXPOSURE DATA 

Average 
Additional Operations (Rem/Yr) Total 

Personnel Train Train Man-
Alternative 1990-2000 2000-2020 Crews Q£erations Crews Rem 

1 Leave-in-Place 0 0 NA* 1 . 0 NA 0 

2 Retrieve , Modify Calcine , 
Dispose at the INEL 

Pelletize Calcine 40 20 NA 1 . 0  NA 800 
Convert Calcine to Glass 55 35 NA 1 . 0  NA 1 , 250  

3 Retrieve , Modify Calcine , 
Dispose Offsite 

> Stabilize Calcine 45 25 90 1 . 0  0 . 1  1 , 220 
I Convert Calcine to Glass 50 30 90 1 . 0 0 . 1  1 , 370 N \C 

4 Retrieve , Separate Actinides , 
Dispose of Actinides Offsite , 
Dispose of Depleted Calcine 
at the INEL 100 35 90 1 . 0  0 . 0 1  1 , 727 

5 Delay Retrieva l , Modify 
Calcine , Dispose Offsite 

2090-2 120 
100 yr 50 90 0 . 5  0 . 05 885 

2290-2320 
300 yr 50 90 0 . 3  0 . 03 53 1  

2490-2520 
500 yr 50 90 0 . 1  0 . 0 1 1 7 7  

* NA , not applicable 



average periods of time crews would be in the vicinity of the ca sk .  In 
the hypothetical acc ident s ituation in which a shipping cask is b reached 
in transit , the waste shipment worker is as sumed to receive the largest 
dose commitment because of his proximity to the cask at the time of the 
accident . 

A . l . 4  Radiation Health Effects 

Health effects from exposure to radiation were selected as a basis 
for comparing a lternatives because health effects are , in general , 
easily understood by the reader . In addition , the public is familiar 
with a wide variety of activities which involve some degree of risk both 
in the working environment and at home . 

Since waste management evaluations are comparative in nature , only 
the health effect of death from cancer is cons idered . Comparison of 
other types of health effects would result in the same ratios between 
alternatives without providing additional information . 

A . l . 4 . 1  Acute Effects 

Exposure to ionizing radiation can cause a variety of health 
effects depending upon the magnitude of the radiation dose received . 
These effects are generally divided into acute effects , which occur 
immediately , and delayed effects , which occur many years after the 
initial exposure . 

The doses predicted for all  routine release s cenarios evaluated in 
this study are too low to produce the acute or immediate health effects 
that appear only at very high dose levels . At very high doses , a round 
300 rem and above , death could result . At relatively high levels , 
about 150 to 200 rem , some persons experience symptoms of radiation 
s ickness manifested by vomiting and a decrease in white blood cell 
count . The lowest doses which produce visible evidence (vomiting) that 
a person has been affected by radiation are in the range of 75 to 
125 rem . 
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The intrusion s cenario during the first 500 years of the disposal 
phase could produce exposures sufficiently high to cause acute effects . 
It  is  believed such high exposures are precluded because the bins have a 
minimum integrity period of 500 years and will be further reinforced by 
encapsulation in a concrete- like substance . After 500 years , the 
intrusion s cenario would produce exposures wel l  below the minimum acute 
level of 75 to 125 rem . 

A . 1 . 4 . 2  Delayed Effects 

The most important long- range effect of low-level radiation expo
sure is the chance for development of fatal cancer .  There are several 
other delayed effects such as genetic effects and nonfatal malignancies . 
However , because these effects are poorly understood , criteria for their  
evaluation have not yet been developed . Therefore , these effects are 
not considered in this study . 

The exact relationship between the amount of low-level radiation 
absorbed and the number of eventually fatal cancers produced is  not 
known with certainty . It is known that the probability of cancer from 
low-level radiation is very low . Even when using as sumptions which tend 
to maximize the dose effects , the number of predicted cancer fatalities 
from low-level radiation is a very small  fraction of the total incidence 
of fatal cancers in the population of the United States . 

Inasmuch as the cancer forms from radiation are predicted to be the 
same forms that occur natural ly and spontaneous ly ,  the prediction of 
radiation-induced cancer fatalities cannot be based on actual mortality 
data . The cancer rate due to radiation can only be statistical ly in
ferred and inferential statistical analyses entail  a substantial margin 
of uncertainty . This uncertainty derives from as sumptions made in math
ematical models for extrapolation of annual data on known effects from 
radiation exposure at about 100 rem to effects caused by low-level radi
ation exposure of les s than 5 rem . 
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Lacking actual comparative data , risk factor estimates made by a 
consensus of reputable s cientists remain the only way to p rovide 
estimates of possible radiation health effects . The risk factors for 
fatal cancer used in this study are derived from the 1980 BEIR (Biologi
cal Effects of Ionizing Radiation) I I I  Report (NASNRC , 1980)  published 
by the National Academy of Sciences after a comprehensive review of 
information generated s ince 1972  when the BEIR I I  Report was issued . 

The BEIR I I I  Report p roj ects a range of 75 to 230 fatal cancers for 
a population of one million persons , each of whom is assumed to receive 
1 rem of radiation in 1 year .  The population dose in this situation 
would be one million man-rem which leads to risk factors of 7 . 5  x 10-5 

-5 to 23 x 10 cancer fatality per man-rem . 

The estimated range of health effects is  then calculated by 
multiplying the population dose from each s cenario by these risk 
factors . 

to 

Health effects = population dose (man-rem) 

x 7 . 5 x 10-5 ( cancer fatality) 
(man-rem) 

Population dose (man-rem) 

x 2 . 3  x 10-4 ( cancer fatality) 
(man-rem) 

A . 1 . 5  Dispersion Factors 

Radiological effects on distant populations due to the release of 
all or part of the radionuclide inventory will be substantially reduced 
as a result of dispersion and dilution . The diffusion and dilution 
factors in atmospheric transport and subsurface migration a re discussed 
in this subsection . These are the two most  important exposure pathways 
by which population groups are affected . 
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A . l . S . l  Meteorological Data 

A . l . S . l . l  Atmospheric Diffusion and Dispersion 

The most important mechanism for the transport of radionuclides is 
wind ; it could carry radionuclides to population centers , agricultural 
areas , or  grazing lands at or around the INEL . The data needed for 
establishing various parameters related to wind transport are derived 
from INEL meteorological monitoring and research programs which have 
been conducted for more than 20 yea rs . In recent yea rs , simultaneous 
measurements of wind speed and direction have been made at numerous 
locations on the eastern Snake River Plain . These data were used in 
modeling the cha racteristics of atmospheric dispersion for the lNEL and 
surrounding a reas . 

The model and the associated computer code MESODIF ( Start and Wen
dell , 1974) use a boundary-layer field of wind vectors . Measured varia
tions , over both time and space , in wind speed and direction are used to 
calculate the transport and dispersion of  emiss ions released from a 
facility .  The influences o f  local terrain a re taken into account 
indirectly by inclusion of data derived from simultaneous wind 
measurements at many locations across the plain . The present model has 
achieved two maj or improvements over the conventional single-station 
wind-rose technique . First ,  because the modeling of the hour-by-hour 
transport of the effluent is based on actual wind- field data , it 
includes the higher concentrations that result from stagnation . Second , 
the values of the atmospheric dispers ion factors (X/Q) a re adj usted 
hourly to reflect changes in atmospheric stability .  

In ca lculating radiation dose commitments , i t  i s  necessary to know 
the average air concentrations of the radionuclides that would be re-
leased . This quantity is derived from the atmospheric dispersion fac-
tor ,  X/Q , which is obtained from the relative time-integrated concentra
tion . The atmospheric dispersion factor is measured in sec/m3 . 
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The analyses on which this EIS are based use X/Q values calculated 
for gaseous emissions discharged from the ICPP stack at an effective 
height of 250 ft . Six-year average data ( 1 9 72 through 1977 )  are used . 
The calculated ground-level relative time-integrated concentrations for 
the INEL and surrounding areas are shown in Figure A-3 .  The atmospheric 
dispersion factors for the study area are given in Table A-8 . The 
atmospheric dispersion factors were derived from the time-integrated 
concentrations by dividing by the number  of hours in a year  (8 , 760) , and 
by converting hours to seconds ; thus , 

x/Q ( sec/m3 ) = 0 . 41 (time-integrated concentration) 3 m - yr 

A . 1 . 5 . 1 . 2 Tabulation of X/Q Values 

The mean annual X/Q values from the MESODIF code are given in the 
upper  portion of Table A-8 for each of the sixteen 22 . 5 °  wind sectors in 
a 50-mi1e-radius circ le centered at the ICPP . The first sector  borders 
on the north and the sectors are numbered in a clockwise  direction . The 
lX/Q values were determined for the midpoint of each 10-mile interva l . 
These values of X/Q were used in calculating the airborne dispersion of 
releases during normal operating conditions . The maximum mean annual 
X/Q value at a point on the site boundary is 4 . 0  x 10-8 sec/m3 . 

To evaluate the effects of accidents , atmospheric conditions whi ch 
cause the least amount of dispersion were used . These  are straight- line 
diffusion factors taken from curves published in "C1imatography of the 
National Reactor  Testing Station , "  (Yanskey , et a1 . , 1966 ) . The X/Q 
values used for analysis  of accidental radionuc1ide releases are given 
in the lower portion of Table A-8 for Pasqui11  Class F ,  the most stable 
atmospheric conditions . 

Both the mean annual and straight-line dispers ion factors have been 
depleted to account for the loss of material in the contaminated plume 
a s  it moves to greater distances from the emission source . 
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Figure A-3 . Average Annual Time-Integrated Ground-Level Concentrations . 
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TABLE A-8 

ATMOSPHERIC DISPERSION FACTORS (X/Q� 
BY SECTOR AND DISTANCE FROM THE ICPP , d  

3 DeE Ie ted Mean Annual X/Q (sec/m ) 

Sector 0-10  mi 10-20 mi 20-30 mi 30-40 mi 40-50 mi 

1 2 x 10-8c 6 x 10-9 2 x 10-9 2 x 10-9 1 x 10-9 
2 2 x 10-8 1 x 10-8 8 x 10-9 3 x 10-9 2 x 10-9 
3 3 x 10-8 2 x 10-8 1 x 10-8 7 x 10-9 7 x 1 0-9 
4 3 x 10-8 2 x 10-8 1 x 10-8 1 x 10-8 2 x 10-9 
5 3 x 10-8 10-8 6 x 10-9 3 x 10-9 1 x -9 1 x 10_ 10  6 1 x 10-7  2 x 10-8 6 x 10-9 1 x 10-9 9 x 10_9 7 1 x 10-7  2 x 10-8 8 x 10-9 3 x " 10-9 2 x 10_9 8 4 x 10-8 2 x 10-8 6 x 10-9 3 x 10-9 1 x 10_9 9 3 x 10-8 2 x 10-8 6 x 10-9 3 x 10-9 1 x 10_9 10-8 10-8 x 10-8 -9 10 3 x 

10-8 2 x 
10-9 1 -8 3 x 10_ 10 1 x 10_ 10  1 1  2 x 6 x 1 x 10_ 10  5 x 10_ 10 2 x 10_ 10  1 2  1 x 10-8 2 x 10-9 6 x 10_ 10 3 x 10_ 10  1 x 10_ 10  13 1 x 10-8 1 x 10-9 6 x 10_ 10  3 x 10_ 10  1 x 10_ 10 14  1 x 10-8 2 x 10-9 8 x 10_9 5 x 10_ 10  2 x 10_ 10  15  1 x 10 -8 3 x 10-9 1 x 10_9 3 x 10_9 2 x 10_ 10 16 2 x 10-8 6 x 10-9 3 x 10  1 x 10 2 x 10 

DeEleted X/Q Values for Accident Conditions (sec/m3 )b , d 

Distance (m) Class F z Ground Release Class F z Stack Release 

1 x 102b 
2 x 102 
5 x 102 
1 x 103 

103 2 x 
5 x 103 
1 x 104 
2 x 104 
5 x 104 
1 x 105 

a .  Start , 1978 . 

2 . 1  x 10-3  1 . 2  x 10-4 
L O X 10-3 6 . 8  x 10-5 
3 . 4  x 10-4 2 . 9  x 10-5 
1 . 5  x 10-4 1 . 5 x 10-5 
6 . 3  x 10-5 7 . 4  x 10-6 
2 . 1  x 10-5 3 . 1  x 10-6 
L O X 10-5 1 . 6  x 10-6 
4 . 9  x 10-6 8 . 8  x 10-7  
2 . 1  x 10-6 4 . 1  x 10-7  
1 . 2 x 10-6 2 . 3  x 10- 7  

b .  Us ing the Markee Diffusion Parameters and a 2-m/sec wind velocity 
(Yanskey , et a l . ;  1966 ) . 

c .  See Scientific Notation section . 

d .  Depleted according to RG 1 . 1 1 1 . (NRC , 197 7 ) . 
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A . l . s . 2  Deposition Velocity 

The deposition of airborne material on ground surfaces can be 
calculated from the following equation which was originally developed to 
describe the fallout of radioactive particulates . The average 
deposition rate is related to the average air  concentration by 

where 

D = (V d + fr) x  

D = depos ition rate for particulates (Ci/m2-sec)  

= empirical constant for the dry depos ition of airborne 
particulates (m/ sec)  

f = empirical  constant for the s cavenging of airborne par
ticulates by precipitation (m/cm of rain) 

r = average rainfall  rate ( cm/sec)  

X = average air concentration of particulate matter (Ci/m3 ) 

The rate of change of particulate radionuclide concentration on the 
surface is computed from the following equation : 

where 

dS/dt = D - A S r 

S = the surface concentration of depos ited material (C i/m2) 

A r = the radioactive 
( l/sec)  . 

decay constant for the radionuclide 

The nominal values for the parameters in the above equations are 

Vd = 0 . 01 m/sec for accident conditions and 
0 . 005 m/sec for normal operating conditions . 

The value of 0 . 0 1  m/sec is used in this study , and rain s couring is not 
considered ; i . e . , f = O .  
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A . 1 . 5 . 3  Subsurface Migration 

To evaluate doses from groundwater migration , two processes are 
considered : first , transport through the soil in a vertical path from 
the calcine bins during which the various chemical species travel  
independently of each other ;  and second , di lution in the aquifer 
directly beneath the bins as a result of the mixing that occurs in the 
aquifer due to groundwater movement . 

A . 1 . 5 . 3 . 1  Aquifer Dilution 

Movement of the Snake River Plain Aquifer under the I epp averages 
about 3 m/day . The radionuclides that reach the aquifer are as sumed to 
be di luted initially only by the aquifer flow directly beneath the cal
cine storage bins . This di lution is about 1 10 m3/day per meter of bin 
width . The width of a bin vault is taken to be 15 m, leading to an an
nual dilution volume of 6 . 0  x 105 m3 . Additional dilution occurs as 
this volume moves downgradient . 

Measurements of samples from INEL monitor wells  indicate that the 
initial area of contamination spreads through at least 30° for the first 
10 miles from the release point . Since measurements at more distant 
points are not available , the contaminated area , or plume , is  as sumed to 
have a constant width thereafter .  Us ing this model , the downgradient 
dilution for the first 10 miles is given by the equation : 

, Dispersion = distance in meters x 0 . 133 tan (8/2)  + 1 

where 
8 = the plume dispers ion angle . 

The dilution factors for hypothetical wells  evaluated in the waste 
migration s cenario are : 3-mi well  = 173 ; 10-mi well  = 575 ; and 120-mi 
wel l  = 575 . 

A . 1 . 5 . 3 . 2  Soil Retardation 

Soil retardation characteristics affect the radionuclide concen
tration in the aquifer by delaying the time at which various isotopes 
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arrive at the aquifer . Due to the delay in arrival time (which may be 
years ) ,  the radioactivity of many isotopes is  reduced by radioactive 
decay . The most important parameters control l ing the transport of 
isotopes to the aquifer are the distribution coefficients (Kd) ·  Kd 
values used in this document are presented in Table A-9 . 

Where they are available , the distribution coefficients are taken 
from published l iterature (Burkholder ,  1 976 ) . For those i sotopes not 
listed in the l iterature , representative values for that chemical group 
are used . 

The Kd values are as sumed to operate through a 15-m layer of soil . 
The vertical distance down to the aquifer i s  about 135 m .  Wel l  dril ling 
logs indicate 100 to 120 m of the subsurface material is  l ava . 
Therefore , calculations are based only on a 15 -m layer of material 
having an effective ion exchange capacity . The remaining 120-m distance 
is  treated as if it were a pipe , with no ion exchange and adsorption 
a ssumed to occur on the lava interfaces or in perched water zones above 
the aquifer .  

A . 1 . 6  Demographic Data 

Radiological effects from the release of radionuclides during rou
tine operations or from accidental re leases are analyzed by evaluating 
the interaction between the radionuclides and the specific population 
affected .  This section describes the population groups cons idered in 
the radiological effects analysis . 

A . 1 . 6 . 1  Population in Study Area 

The 1970  population in the 50-mile study area is shown in 
Figure A-4 .  The population has been augmented by adding the populations 
of Pocatello , American Falls , Rigby , and Rexberg because these 
communities are very close to the 50-mile boundary . The 50-mile-radius 
c ircle is centered on the Iepp and divided into 16 sectors of 22 . 5 ° 
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AND 9,800 FROM REXBURG 

c INCLUDES 2,800 FROM 
AMERICAN FALLS 

Figure A-4 .  Distribution o f  the 1970 Population Around the lNEL Centered 
at the ICPP . 
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TABLE A-9 

VALUES OF DISTRIBUTION COEFFICIENTS 

Element Kd Element Kd 

Rb* 500 Sb 10 
Cs* 500 Bi 10 
Fr 500 Se 0 
Sr* 50 Po* 10 
Ba 50 At 0 
Ra* 50 Ce 1 , 000 
y* 1 , 000 Pr 1 , 000 
Zr* 1 , 000 Nd 1 , 000 
Nb* 1 , 000 Pm* 1 , 000 
Tc* 0 Sm 1 , 000 
Ru 100 Eu* 1 , 000 
Rh 1 , 000 Ac 1 , 000 
Pd 1 , 000 Th* 1 , 000 
Cd 100 Pa* 1 , 000 
Hg 100 U* 1 , 000 
Tl 100 Np* 500 
Sn* 100 Pu* 1 , 000 
Pb* 100 Am* 1 , 000 

Cm* 1 , 000 

* These values are based on data contained in "Nuclear Waste Parti-
tioning Incentives , "  (Burkholder ,  1976) . 

each . Each sector is further divided into 10-mile intervals . Sectors 
are numbered in a clockwise direction beginning with Sector 1 bordering 
on the north . 

To allow for growth , the 1970 population is as sumed to increase by 
( 

a factor of 5 in the next 150 years and remain constant thereafter .  The 
growth averages 3 , 500 people per year over the ISO-year period . 
Population proj ections used in this document are given in Table A-5 . 
They are based on the 1970 population rounded to 130 , 000 . 

A . 1 . 6 . 2  Populations Affected by Short-Term Releases 

Since an accident can occur at any time , it is as sumed that 
accidents occur when atmospheric conditions would cause maximum effects 
on the population exposed to radionuclide releases . All short-term 
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accidental releases are assumed to occur during very stable atmospheric 
conditions that correspond to Pasquill Category F and 2 m/sec wind speed 
condi tions . The wind is assumed to transport the radionucl ides into 
Sector 7 ,  the most heavily populated sector (see Figure A-4 ) . 
Population proj ections for Sector 7 are based on the 1970 population 
rounded to 46 , 000 . Population proj ections used to evaluate accidental 
releases are given in Table A-S . 

A . 1 . 6 . 3  Populations Affected by Long-Term Releases 

The number of individuals affected by events postulated to occur at 
the INEL after institutional control is assumed to cease is generally 
estimated to be small . 

It is as sumed that a family of five would be the largest population 
group that would permanently inhabit a family farm located directly on 
the calcine disposal site . The family of five is a s sumed to obtain its 
water from a domestic well  at the ICPP . The effects of consuming garden 
vegetables grown on land irrigated with water from the domestic well  are 
included in the evaluation . It is assumed that the small  amount of 
produce that could be marketed from this s ite would have negligible 
impact on other populations . 

The population affected by waste migration into the aquifer was 
estimated to increase with distance from the disposal s ite . The aquifer 
under the ICPP flows to the southwest . There is essentially no 
population in the sectors underlain by the aquifer for a distance of 
50 miles . To compute radiological effects of aquifer contamination , a 
series of hypothetical wells  located downgradient of the discharge point 
are evaluated . The population groups as sumed to use these wells  are 
given in Table A-S . A 120-mile well is evaluated because the aquifer  
discharges at this location in  the form of springs . 

A group of 10 individuals is  as sumed to be exposed in the intrusion 
s cenarios evaluated at the INEL . These individuals  could take an active 
part in excavating the disposal site , uncover the calc ine bins , and 

A-42 



remove some of the waste . Another type of intrusion that would cause 
s imilar effects is a drilling operation that penetrates the bins , 
bringing the calcine to the surface . 

Population 
Statement for 

assumptions 
Management of 

from the Final Environmental 
Commercia l ly Generated Waste 

Impact 
(GElS ) 

(DOE , 1980) were used to evaluate effects at a federal repository . 
Since a specific federal repos itory s ite has not been selected , the 
surrounding population cannot be precisely defined . An arbitrary 
population of 2 mil lion is as sumed for the fault and flooding s cenario , 
40 , 000 , 000 people are assumed to be affected by solution mining , and 25 
people are as sumed to take part in exploratory drilling . 

A . 1 . 7  Accident Probabi lity,  Frequency, and Risk 

To arrive at a meaningful numerical indicator for risk comparisons , 
three essential factors must be taken into account : the frequency with 
which the event of interest is likely to occur ; the population exposed 
to the potential ris k ;  and the consequences of the event should it 
occur . An additional useful extens ion of the risk concept is the 
probabi lity of occurrence for the event of interest .  Event probability 
is related to event frequency and the affected population by the 
formula :  . 

Event probability = (event frequency) . (affected population ) 

Risk can then be defined in terms of the event probability and the event 
consequence by the equation : 

Risk  = (event consequence ) x (event probability ) 

Population risk in man-rem per year is the product of the whole-body 
equivalent dose in man-rem and the event probability in events per yea r .  
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A . I . B Scenario Parameters , Assumptions , and Sample Calculations 

To assess the environmental impact of waste management a lterna
tives , s cenarios were developed to identify the potential effects of 
routine operations , accidents , and abnormal events that could cause 
radionuclide releases . 

To allow the reader to reproduce the dose commitment values which 
appear in Appendix B and are cited throughout this EIS , sample calcula
tions have been provided along with sufficient descriptive material , 
mathematical formulas , and other parameters required to perform the 
calculation . 

An illustration is provided at the beginning of each s cenario to 
help the reader visualize the pathways that are significant in 
calculating the effect of radiation exposure for the s cenario . Also 
included for each s cenario is a brief narrative describing the event , 
the time of occurrence , and the factors that determine the amount of 
waste released . The narrative is followed by a dis cus sion of the 
exposure pathways cons idered , the radionuclide that causes the maj or 
part of the dose , and the alternatives affected by the s cenario . 

In general ,  the mathematical models and evaluative approach conform 
to the methodology des cribed in RG 1 . 1 09 . To eliminate the need to 
define each parameter and symbol for each s cenario , the mathematical 
models are given separately in Subsection A . I . 9 .  
the scenarios are identified by number for 
Subsection A . I . 9 .  

The equations used in 
ease of location in 

All s cenario- and pathway-specific parameters used for the dose 
calculations are accompanied by an explanation of the basic assumptions . 
Particular care has been taken to as sure that any arbitrary judgments 
(which are sometimes necessary because adequate physical data are lack
ing) are conservative and tend toward overestimation of the dose commit
ments . Exposure from resuspension is not considered because the effects 
were determined to be negligible compared to doses from other pathways . 
All calculated effects are in addition to background radiation . 
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The sample calculation given in each s cenario guides the reader 
through a series of calculational steps for each pathway that contri
butes to the radiation exposure . First , the dose commitments for four 
representative organs are calculated for the most significant isotope . 
These values are then followed by the computer-calculated dose 
commitment from the 94 isotopes present in the waste . These are the 
values reported in Appendix B .  

The dose calculations are performed according to the methods 
outlined in Subsections A . 1 . 3  and A . 1 . 4 ,  us ing the mathematical models  
given in  Subsection A .  1 . 9 .  The fol lowing steps are used to  calculate 
the maximum individual and population dose commitments .  Each step is 
identified by number at the point it is used in the sample calculation . 

Step 1 .  

Step 2 .  

SteE 3 .  

SteE 4 .  

• 

Compute each organ dose from each isotope ( i ) . There are 20 
organs at risk from 94 isotopes . For the sample calculation , 
only the dose to four representative organs from the most 
significant radionuclide is calculated . Dose commitments are 
calculated by multiplying the radionuclide intake by the ap
propriate dose convers ion factor .  

Sum the dose commitments from each isotope ( i )  for each organ . 
The total dose commitment to an organ (DT) by pathway (j ) is 
determined by : 

Sum 

= I .  D .. .. . 
1 1J 

the total 
pathways by : 

DT = l .  DTj ' J 

Using the organ 

dose commitments for each organ from all  

dose commitments calculated in Step 3 ,  and 
appropriate weighting factors (WT) from Table A-6 for each 
organ dose , compute the whole-body equivalent (WBE ) dose for 
the maximum individual by : 
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Step 5 .  Us ing the WEE dose  from Step 4 ,  the average population dose 
factor ,  and the exposed populatioh from Table A-5 , compute the 
WEE dose for the population : 

Population WEE dose = (maximum individual WEE) x (average popu
lation dose factor) x (population) . 

Step 6 .  Us ing the population WEE dose from Step 5 and conversion 
factors in Subsection A . l . 4 ,  compute the range of health 
effects : 

Health effects = (population WEE dose )  x (health effect 
factors ) .  

A . l . B . l Releases at the ICPP 

A . l . B . l . l  Routine Operational 
Release Scenario 

During modification of calc ined 
waste , a small  fraction of the tota l 
radionuclide inventory is released after 
pass ing through the offgas treatment 
system and plant stack .  The dispersed 
atmospheric contamination is a source of 
radiation exposure . 

The accompanying il lustration indi
cates the contributing pathways for 
routine releases . The s ignificant path
ways for human exposure are inhalation , 
direct external radiation from ground 

e l N H A L A T I O N  
e l N G E S T I O N  
e D I R E C T  R A D I A T I O N  

R O U T I N E  O P E RA T I O N A L  

R E L EASES 

contaminated by radionuclide deposition , and through the food chain as a 
consequence of growing food and animal feed in contaminated soil . Ef
fects of facility operation are il lustrated in Subsection 4 . 5 . 1 . 1 . 2 . 
The s cenario is based on the fol lowing as sumptions : 

A-46 

• 



• The fraction of  radionuclides released is based on past oper
ating experience at the waste calcining facility located at 
the INEL . 

• The probability of occurrence is 1 . 0  event per yea r .  

• The maximum dose to an individual is  calculated for annual 
average meteorology at the site boundary where the dispersed 
radionuclide concentration is  highest . 

• For pathways in which radioactivity on ground surfaces and 
vegetation increases with time , the final year of operations 
was used in order to estimate maximum effects . 

Releases during operations occur from the plant stack after pass ing 
through the atmospheric protection filters . Because of the volatility 
of  some of its chemical forms , ruthenium (Ru- l06)  penetrates the atmos
pheric protection filters to a higher degree than other radionuclides . 
The result of this greater penetration is  that Ru- l06 is the principal 
dose contributor in the routine operations s cenario . General parameters 
applicable to the exposure pathways for all alternatives are given in 
Table A- l O .  The fol lowing sample calculation is  given for Alternative 3 
(glass ) in the year  1990 . 
effects . 

The other a lternatives would cause fewer 

Calculation of Inhalation Pathway Dose 

The contribution of a single radionuclide , isotope i ,  to the 
maximum individual SO-yr dose commitment from the inhalation pathway is 
given by the equation : 

D .  = C .  x V x DF . 
1 1 1 

(A- I )  

where 

V = B x T (A-2) 

C .  = Q . x X 
1 1 Q (A-3)  
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TABLE A- 10 

GENERAL PARAMETERS 
ROUTINE OPERATIONAL RELEASES 

Parameter 

Calcine retrieval rate 
from bins , Q r 

Production rate of fresh 
calcine , Q p 
Nuclide fraction released 
during calcine retrieval , F . r1 
Ruthenium fraction released 
during process ing , F . p1  

Alternatives 2 ,  3 
Alternatives 4 ,  5 

Other nuclide fractions re
leased during process ing , F . p1 

Alternatives 2 ,  3 ,  5 
Alternative 4 

Value 

7 . 75 x 105 

4 . 22 x 105 

5 . 0 x 10- 14  

6 0 10-9 · x 
1 0 10- 1 I. · x 

1 . 0  x 10- 1 3  
1 7 10- 1 3  · x 

Units 

kg/yr 

kg/yr 

none 

none 
none 

none 
none 

Reference 

Applies 
between 
1990-2000 . 

Table  A- I 

Scenario 

Scenario 
Scenario 

Scenario 
Scenario 

* Ground-p lane deposition and food pathways are calculated using 
models from RG 1 . 109 . 

and 

Q . = (Q [F . + F . J + Q x F . )  C . x 106 x 1 
1 r r1 p1 p p1 C1 3600T 

Data for use in these equations are presented in Table A- I I . 

(A-4)  

Substitution of the numerical values from Tables A- 10  and A- I I  into 
Equations A- I ,  A-2 , A-3 , and A-4 gives the organ dose commitments from 
the inhalation pathway for Ru- 106 . 
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Step 1 

D .  ( lung) 
D� ( l iver) 
D� (bone surface) 
D� (tota l body) 1 

Ste,E 2 

= 2 . 69 x 
= 8 . 14 x 
= 7 . 07 x 
= 4 . 37 x 

-7  10_ 10rem 
10-10  rem 
10_9 rem 
10 rem . 

The total dose to these four organs from all 94 radionuclides con
s idered was determined by us ing the values of isotope concentrations in 
Table A-2 and dose convers ion factors from NUREG/CR-0150 . The totals 
a re 

TABLE A- l l  

DATA FOR INHALATION PATHWAY 
ROUTINE OPERATIONAL RELEASE SCENARIO 

(Ru- l 06) 

Variable Quantity Unit Reference 

Qr 7 . 75 x 105 kg/yr Table A- I 

Qp 4 . 22 x 105 kg/yr Table A- I 

C ci  9 . 70 x 10- 1  Ci/kg Table A-2 

F ri 5 . 00 x 10- 14 none Table A- I0 

F pi 6 . 00 x 10-9 none Table A- I0  

X/Q 4 . 00 x 10-8 sec/m 3 Figure A-3 

B 0 . 9  3 m /hr Light work , 
adult man . 

T 8 . 76 x 103 hr 1 yr 

DF . (bone surface) 1 . 00 x 10 -2 rem/IJCi Table A-3 1 

DF . ( lung) 3 . 8  rem/IJCi Table A-3 1 

DF . ( liver )  1 . 15 x 10-2 rem/IJCi Table A-3 1 

DF . (total body) 6 . 18 x 10-2 rem/IJCi Table A-3 
1 
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Dt (lung) 2 . 69 x -7  = 10_ 10rem 
Dt ( l iver)  = 9 . 03 x 10_9 rem 
Dt (bone surface ) = 1 . 12 x 10_9 rem 
Dt (total body) = 4 . 39 x 10 rem . 

Calculation of Ingestion Pathwa'y: Dose  

The ingestion pathway has three contributing subpathways : direct 
ingestion of contaminated fruits and vegetables , ingestion of meat from 
animals grazed on contaminated vegetation , and ingestion of milk from 
animals grazed on contaminated vegetation . 

The maximum individual 50-yr dose commitment from these subpathways 
has a common factor , C .  , which relates the a irborne release to the �v 
concentration in vegetable matter .  

where 

and 

Q . is derived by using Equation A-4b . � 

(A-5 ) 

(A-6 )  

Data for calculation of C . are  given in Table A- 12 . Dose commitments �v 
for the three ingestion subpathways a re calculated separately a s  
follows . 

Calculation of Ingestion Dose Commitment from Fruits and Vegetables 
Consumption 

Dose commitments from eating fruits and vegetables contaminated by 
airborne radionucl ides are given by the equations : 
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TABLE A- 12 

DATA FOR RADIONUCLIDE CONCENTRATION IN VEGETATION 
ROUTINE OPERATIONAL RELEASE SCENARIO 

(Ru- 106 ) 

Variable Quantity Unit Reference 

R 0 . 2  none RG 1 . 109 

X 5 . 0  x 10 -8 sec/m 3 Figure A-3 
Q 

Vd 0 . 0 1  m/ sec Engineering 
j udgment . 

Qi 0 . 794 \-ICi/hr Equation A-4b 

A .  7 . 8  x 10-5 l/hr Ru- 106 � 
A 2 . 1  x 10 -3 l/hr RG 1 . 109 e 
t 1 . 44 x 103a hr RG 1 . 109 e 7 . 20 x 102b 

y a 2 RG 1 . 109 2 . 0b kg/m 
0 . 7  

B .  5 . 0 x 10-2 none RG 1 . 109 �v 
t 8 . 7 7 x 103 hr RG 1 . 109 s 
P 240 . 0  kg/m 2 RG 1 . 109 

t 0 hr No delay c assumed . 

a .  C .  = 1 . 8  x 10 -8 \-ICi/kg for fruits and vegetables consumed directly �v by man .  

b .  C .  = 4 . 2  x 10-8 \-ICi/kg for vegetation consumed by meat- o r  milk-�vd · . 1 

and 

pro uc�ng an�ma s .  

Uf x C .  �v 

(A-7 )  

(A-8)  
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The data for the calculation of  Dfi are given in Table A- 13 . 

TABLE A-13 

DATA FOR FRUITS AND VEGETABLES CONSUMPTION 
ROUTINE OPERATIONAL RELEASE SCENARIO 

(Ru-106) 

Variable Quantity Unit 

Uf 584 kg/yr 

C . 1V 1 . 85 x 1 0-8 JJCi/kg 

DF . (total body) 5 . 94 x 10-3 rem/jJCi 1 

DFi (bone surface )  9 . 5 7  x 10-3 rem/jJCi 

DF . ( liver)  8 . 27 x 1 0-3 rem/jJCi 1 

DF . ( lung) 2 . 17 x 10-4 rem/jJCi 1 

Ste:e 1 

Reference 

RG 1 . 109 

Equation A-5 

Table A-4 

Table A-4 

Table A-4 

Table A-4 

Substitution of  the numerical value s  from Table A- 13  into Equa
tions A-7 and A-8 gives the organ doses from stored fruits and 
vegetables : 

D .  ( lung) = 2 . 38 x 10-9 rem 
D� (liver )  = 9 . 07 x 1 0-8 rem 
D� (bone surface) = 1 . 05 x 1 0-7 rem 
D� (total body) = 6 . 5 1  x 10-8 rem . 

1 

Ste:e 2 

The organ dose commitments for all  radionuclides from consumption 
of stored fruits and vegetables are determined by using the value s  of  
isotope concentrations in Figure A-2 and the DF . values given in 1 
Table A-4 and NUREG/CR-0 150 . They are 

Dt ( lung) = 2 . 49 x 10-9 rem 
Dt ( liver )  = 9 . 10 x 10-8 rem 
Dt (bone surface)  = 1 . 08 x 10-7 rem 
Dt (total body) = 6 . 5 7 x 10-8 rem . 
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Calculation of Ingestion Dose Commitment from Meat Consumption 

The dose resulting from consumption of meat produced from animals 
grazed on contaminated forage is obtained from the following equations : 

(A-9 ) 

and 

Q f ' = U f x A x Sb ' x C .  m 1 m m 1 1V 
(A- 10)  

The data used to calculate the dose from ingestion of meat produced from 
consumption of contaminated forage appear in Table A- 14 . 

Variable 

Umf 
A m 
Sb i  
C .  

1V 

DF . (bone surface) 
1 

DF . ( liver) 
1 

DF . ( lung) 
1 

DF . (total body) 
1 

Step 1 

TABLE A- 14 

DATA FOR MEAT CONSUMPTION 
ROUTINE OPERATIONAL RELEASE SCENARIO 

(Ru- 106) 

Quantity Unit 

1 10 kg/yr 

50 kg/day 

4 . 0  x 10- 1  day/kg 

4 . 2  x 10-8 j.lCi/kg 

9 . 5 7  x 10-3  rem/j.lCi 

8 . 27 x 10-3 rem/j.lCi 

2 . 1 7 x 10-4 rem/j.lCi 

5 . 94 x 10-3 rem/j.lCi 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Table A-4 

Table A-4 

Table A-4 

Table A-4 

Substitution of the numerical values - from Table A-14 into Equa
tions A-9 and A- 10 gives the organ dose commitments for Ru- 106 from 
ingestion of meat produced from consumption of contaminated forage : 
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D .  ( lung) = 2 . 04 x 10-8 rem 
D� ( liver)  = 7 . 78 x 10-7 rem 
D� (bone surface)  = 9 . 00 x 10-7 rem 
D� (total body) = 5 . 59 x 10-7 rem . 

� 

SteE 2 

The organ dose commitments from all  radionuclides for consumption 
of meat produced from contaminated forage are determined by using the 
values of isotope concentrations in Figure A-2 and the DF . values given 

1 
in NUREG/CR-0 150 . They are 

Dt (lung)  = 2 . 04 x 10-8 rem 
Dt (liver)  = 7 . 78 x 10-7 rem 
Dt (bone surface ) = 9 . 00 x 10-7 rem 
Dt (total body) = 5 . 59 x 10-7 rem . 

Calculation of Ingestion Dose Commitment from Milk ConsumEtion 

The contribution of a single nuclide , isotope i ,  to the individual 
50-yr dose commitment as a result of ingesting milk from animals  grazed 
on contaminated forage is given by equations : 

(A- l l  ) 

and 

(A- 12 )  

The data for calculation of the dose from ingestion of milk produced by 
animals grazed on contaminated forage appear in Table A- 15 . 

SteE 1 

Substitution of the numerical values from Table A- 15 into Equations 
A- I I  and A- 12 gives the organ doses for Ru- l06 from milk produced by 
anima ls grazed on contaminated forage : 

D .  ( lung) = 1 . 41 x 10- 13  rem 
D� ( l iver) = 5 . 38 x 10- 12  rem 
D� (bone surface) = 6 . 23 x 10-12  rem 
D� (total body) = 3 . 84 x 10-12  rem . 1 
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TABLE A- 15 

DATA FOR MILK CONSUMPTION 
ROUTINE OPERATIONAL RELEASE SCENARIO 

(Ru- 106 ) 

Variable Quantity Unit 

Ucf 310 flIyr 

A 50 kg/day m 
S c i  1 . 0  x 10-6 day/fl 

C .  4 . 2  x 10-8 iJCi/kg �v 
DF . (bone surface) 9 . 57  x 10-3  rem/iJCi � 
DF . ( lung) 2 . 1 7 x 10-4  rem/iJCi � 
DF . ( liver) 8 . 27 x 10-3  rem/iJCi � 
DF . (total body) 5 . 94 x 10-3  rem/iJCi � 

SteE 2 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Table A-4 

Table A-4 

Table A-4 

Table A-4 

The organ doses for all radionuclides from milk produced by animals 
grazed on contaminated forage are determined by us ing the values of iso-
topic concentrations 
NUREG/CR-0 150 . They are 

Dt (lung) = 
Dt ( l iver)  = 
Dt (bone surface) = 
Dt (total body) = 

in Figure A-2 

7 . 7 3 x 10- 1 1  rem 
2 . 57  x 10- 10  rem 
3 . 92 x 10- 1 0  rem 
1 . 87 x 10- 1 0  rem . 

and DF . values given in � 

Calculation of  Direct Radiation Pathway Dose 

Doses from radionuclides depos ited on ground surfaces by airborne 
releases are calculated us ing the following equations : 

D . = t x Sf x C . x DF . g� x g� g� (A- 13)  
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and 

-A . t  
( 1  e 1 s ) C . = D . �---�"' P-::-L� g1 p1 1\. .  1 

Step 1 

(A- 14) 

Since DF . for Ru- 106 is  0 ,  the total-body contribution from g1 
ground-plane deposition of Ru- 106 is zero . 

Step 2 

The ground-plane doses from all  isotopes are deteqnined by using 
isotope concentrations in Figure A-2 and the dose conversion factors 
from the ISOSHLD code (Engle , et a1 . ,  1 966 ) . The total whole-body 
ground-plane deposition dose from routine releases is B . 50 x 1 0-B rem . 

Cal culation of Whole-Body Equivalent Doses and Health Effects 

Step 3 

Step 3 consists of summing the dose commitments from all  pathways , 
for all  isotopes , and for all  o rgans at risk as shown in Table A- 16 . 

TABLE A- 16 

INDIVIDUAL PATHWAY ORGAN DOSE COMMITMENTS ( rem) 
ROUTINE OPERATIONAL RELEASE SCENARIO 

Fruits and 
Organ Inhalation Vegetables Meat Milk Total 

Bone surface 1 . 12 x 10-9 1 . 0B x 1 0-7 9 . 00 x 1 0-7 3 . 92 x 10- 10  1 . 0 1  x 1 0-6 

Liver 1 . 29 x 1 0-9 9 . 10 x 10-B 7 . 7B x 10- 7 2 . 5 7 x 1 0- 10 B . 62 x 1 0-7 

Lung 2 . 69 x 1 0- 7 2 . 49 x 10-9 2 . 04 x 1 0-B 7 . 73 x 10- 1 1  2 . 92 x 10- 7 

Total body 4 . 39 x 10-9 6 . 5 7 x 10-B 5 . 59 x 1 0-7 1 . B7 x 10- 10 6 . 29 x 10-7 
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Step 4 

Organ dose commitments calculated in Step 3 are multiplied by the 
appropriate weighting factor from Table A-6 to calculate the whole-body 
equivalent dose according to the equation 

WEE . = D .  WT . 
J J J 

where , for example , 

WEE . 
J 

(bone surface) 
WEE . ( liver) 

J 
WEE . ( lung ) 

J 
WEE . (total body) 

J 

= ( 1 . 0 1  x 10-6 ) (0 . 03)  = 3 . 02 x 10-8 rem 
= (8 . 70 x 10-7 ) (0 . 06 )  = 5 . 1 7 x 10-8 rem 
= (2 . 92 x 10- 7 ) (0 . 12 )  = 3 . 50 x 10-8 rem 
= (6 . 29 x 10-7 ) (0 . 06 )  = 3 . 77 x 10-8 rem . 

Us ing these WEE doses for all  organs and the ground-plane 
deposition dose (8 . 50 x 10-8 rem) , the maximum individual dose is 
calculated to be 

WEE = 3 . 00 x 10-6 rem . 

Step 5 

thus , 

The population WEE dose is calculated as fol lows : 

Population WEE dose = (maximum individual WEE) x (average population 
dose factor ) x (population) ; 

Population WEE dose = (3 . 00 x 10-6 ) (0 . 04) ( 1 9 9 , 000) 

= 2 . 39 x 10-2 man-rem . 

Step 6 

The health effects associated with the population dose are based on 
the BEIR I I I  Report in which it is  estimated that 1 mill ion man-rem 
cause between 75 and 230 excess cancer fatalities . Multiplying the 

-5 -4 population WEE dose by 7 . 5  x 10 and 2 . 3  x 10 gives a range of 
1 . 79 x 10-6 to 5 . 49 x 10-6 excess cancer fatalities from a routine 
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operational release in Alternative 3 (glas s )  in 1990 . This dose is far 
below the dose from background radiation which is calculated as follows : 

The population WBE dose from background radiation 

= ( 1 . 5  x 10- 1 ) ( 199 , 000)  

= 2 . 99 x 104 man-rem . 

The range of background health effects is 2 . 24 to 6 . 88 .  

A . 1 . 8 . 1 . 2 Routine Waste Shipment 
Exposures 

The alternatives that require dis
posal in an offsite federal geologic 
repository require shipping all or  part 
of the waste inventory . The effects of 
waste shipment depend on many factors : 
the waste form , shipment method (truck 
or train) , travel distance , and popula
tion distribution along the shipping 
route . Waste shipment would expose 
both train crew members and the general 
population to direct gamma radiation 
emitted from the shipping casks . The 

I- D I R E C T  R A D I A T I O N  

R O U T I N E  

WASTE S H I P M E N T  

direct radiation pathway is  indicated in the accompanying illustration . 
The routine waste shipment s cenario is  i llustrated in Subsection 4 . 5 . 1 .  

The waste shipment s cenario applies to Alternatives 3 ,  4 ,  and 5 and 
is based on the following as sumptions : 

_ Shipment is by rai l .  

_ The shipping distance is  2400 km ( 1500 mi ) . 

_ The maximum a llowable dose rate at 6 ft from the shipping cask 
is  1 0  x 10- 3  rem/hr ; at 300 ft the dose rate is 1 . 1  x 10- 5  

rem/hr (40 CFR 1 73 . 39 3 ) . 
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The general methodology used to evaluate the effects of waste 
shipment is the same as that used in the Savannah River document 
(ERDA , 1976b ) . The dose to an individual from a pas sing cask is given 
in Figure A-5 . The relationship of dose rate to distance from a cask is 
given in Figure A-6 . 

Calculation of Direct Radiation Pathway Dose 

Data for the calculation of waste shipment exposures are given in 
Table A- 1 7 . 

Calculations have been performed to assess the effects of radiation 
from canisters during shipment to an offs ite repository on two exposure 
groups : railroad personnel and the general population . Calculations 
for the population dose assess separately the doses to three subgroups : 
urban , suburban , and rural populations . The following sample 
calculations are given for Alternatives 3 and 4 in 1990 , and for 
Alternative 5 in 2090 , 2290 , and 2490 . 

Calculation of Train Crew and Railroad Personnel Dose 

In calculating the dose to crew members , it is as sumed that : 

• A train crew of 3 spend half their time 300 ft from the 
shipping cask .  

• Ten personnel spend 5 min 6 ft from the railroad car for every 
1 000 mi traveled . 

Thus the travel time is 

1500 mi 
1 0  mi/hr = 150 hr/cask 

and the time a crew member spends in the vicinity of a cask is 

3 c rew members x 1/2 time x 150 hr = 225 man-hr/cask .  
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Figure A-5 . Dose to Individual for Pas sage of Cask at 1 mph .  [ To ob
tain dose (mrem) to individual ,  divide o rdinate value by 
vehicle speed in mph . ]  
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TABLE A- 1 7  

GENERAL PARAMETERS 
ROUTINE WASTE SHIPMENT SCENARIO 

Parameter 

Population dens itiesa , b 
Urban 
Suburban 
Rural 

Train mileage per shipment 
Urban 
Suburban 
Rural 

Total distance 

Train speed (24 hr/day) 

Total rai lcar miles 

Value 

1200 
140 
30 

37 
53 

1410 

1500 

10 

Alt . 3 (stabil ize calcine ) 
Alt . 3 and 5 (glas s )  

8 . 68 x 106 
1 . 3  x 107 

105 Alt . 4 4 . 8  x 

Casks per ra i lcarc 1 

Crew size 5 

Cask dose rate 10 x 10-3 

Total number of crew members 
(6  days x 3 shifts/day) 
x 5 men/shift)  

1 . 1  

a .  As sumes maximum population route . 

b .  Based on 1990 population figures . 

c .  ATMX-600 series rai lroad cars . 
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x 10-5 

90 

Unit 

Persons/mi2 
Persons/mi2 
Persons/mi2 

Hi 
Hi 
Hi 

Hi 

Hi/hr 

Railcar-mi 
Railcar-mi 
Railcar-mi 

Cask/car 

Persons 

rem/hr at 6 ft 
from rai lcar .  

rem/hr at  300 
from railca r .  

ft 



The dose rate 300 ft from the car is  

1 . 1  x 10-5 rem/hr 

therefore , the dose to the train crew is  

-3 2 . 5  x 10 man-rem/cask .  

The dose  to 10  additional rai lroad personnel each 6 ft  from the 
railroad car for 5 min for each 1000 mi is  

10 people x 5 min x 1500 mi/cask = 1 . 25 man-hr/cask .  1000 mi x 60 min/hr 

The dose rate at 6 ft from the car is 

-3 10  x 10 rem/hr 

therefore , the dose to other railroad personnel is  

-3 12 . 5  x 10 man-rem/cask .  

Calculation of  the General Population Dose Rate 

The dose rate for the general population consi sts of three com-
ponents : urban , suburban , and rural . Each of the component contri-
butions is  calculated in the following paragraphs . 

that : 
In calculating the general population dose rate , it i s  assumed 

• The c losest members of the general population are uniformly 
distributed starting at 100 ft from the track . The number of 
people per mi at 100 ft from the track is equivalent to the 
square root of the population density .  
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• The next closest set of people is  located 1 00 ft from the 
track plus the distance obtained from taking the inverse of 
the square root of the population density . 

• The remaining population is located in sets of people at 
100 ft from the track plus an integral multiple of the inverse 
of the square root of the population density . 

As an example , by taking the urban population density given in 
Table A- 1 7  and us ing the assumptions l isted above , the population 
distribution data in Table A- 18  are developed . 

The following method is used to calculate the dose to individuals 
at various distances from the track . The calculation is shown for the 
urban population . 

Region 

Urban 
Suburban 
Rural 

TABLE A- 18  

DATA FOR POPULATION DISTRIBUTION ALONG SHIPPING ROUTE 
ROUTINE WASTE SHIPMENT SCENARIO 

Distance Between 
Population People Per Hi Subsequent Rows 
Dens ity 1 00 Ft From of PeoEle 

(PeoEle/Sq . Hi)  Track Hi Ft ---

1200 34 . 6  2 . 9  x 1 0-2 152 
140 1 1 . 8  8 . 5  x 1 0-2 446 
30 5 . 5 0 . 2  964 

The number  of people/mi at 100 ft from the track in an urban region 

= � 1200 people/ sq .  mi 

= 34 . 6  

and the distance between subsequent sets (or rows ) of people in the 
urban region 
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= 1/34 . 6  

= 2 . 9  x 10-2 mi 

= 152 ft . 

The distance from the track to the second set of people in the 
urban region 

= distance from track to first row of people in urban region 
+ distance between subsequent rows of people in urban region 
= 100 ft + 152 ft 
= 252 ft . 

The distance from track to n-th row of people in urban region 

= distance from the track to the first set of people in the 
urban region 

+ (n- 1 )  distance between subsequent sets of people in the 
urban region . 

For n = 3 ,  the distance from the track to the third row of people in an urban 
region 

= 100 ft + 2 ( 152 ft ) 

= 404 ft . 

This is  the method used for developing the data for the "Distance 
from Individual to Tracks" column in Table A- 19 . The data for the sub
urban and rural populations can be found in the same way . 

The number of people/mi at 100 ft from the track shown in 
Table A- 18 represents the number on only one s ide of the track . 
As ssuming that each track s ide is  a mirror image of the other , this 
number i s  doubled to account for the two s ides of the track a long which 
the general population can be exposed . 
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TABLE A- 19  

DATA FOR URBAN POPULATION DISTRIBUTION ALONG SHIPPING ROUTE 
ROUTINE WASTE SHIPMENT SCENARIO 

Distance Dose to Individual from 
From ( rem) 

Individual 
to Tracks Train Speeda 

(Ft) 1 Mi/Hr 

100 7 x 1 0-6 
252 2 x 10-6 
404 1 x 10-6 
556 4 x 10-7 
708 3 x 10-7 
860 2 x 10- 7 

1 , 0 12 1 x 10-7 

a .  Dose values are interpolated from Figure A-5 .  

Pass ing Cask 

Train Speedb 
10 Mi/Hr 

7 x 10- 7  
2 x 10- 7  
1 x 1 0- 7  
4 x 10-8 
3 x 10-8 
2 x 10-8 
1 x 1 0-8 

b .  Dose values for a train speed of 1 mi/hr are multiplied by 10- 1 to 
obtain these dose values . 

Calculation of the Urban Population Dose Rate 

The data in Table  A- 1 9  are used to obtain the dose to individual s  
in a set up to 1 , 0 12 ft from the track .  The dose i s  obtained by summing 
the dose values at 10 mi/hr . 

-6 Dose = 1 . 1  x 10 man-rem/ cask .  

To  calculate the dose to persons in  a set  at distances of  1 , 0 12 ft 
to 2 , 987  ft (2 , 987 ft is the maximum distance for the cut-off dose 
derived from Figure A-7 )  from the railroad tracks , it is as sumed that 
the dose is the same as it is at 1 , 0 12 ft ; that is , 

2987 ft - 1012  ft 
152 ft/person 

-8 -7 x 1 . 0 x 10 rem/cask = 1 . 3  x 10 man-rem/ cask .  

The dose t o  persons who are more than 2 , 987  ft from the tracks i s  
as sumed to b e  zero . 
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The total dose  to persons in a set in the urban area is  the sum of 
values previously determined : 

D u = 1 . 1  x 1 0- 6  man-rem/cask + 1 . 3  x 1 0- 7  man-rem/cask 
= 1 . 2 x 10- 6  man-rem/cask .  

The number of sets  of people on both sides of track for the urban 
waste shipment route is obtained using data in Table A- 1 7  as follows : 

and 

and 

N = 34 . 6 sets/urban mi x 37 urban mi x 2 u 

N u 
3 

= 2 . 6 x 1 0  sets . 

The total dose to the urban population is  obtained as follows : 

D x N u u 
= ( 1 . 2 x 1 0- 6  man-rem/cask) (2 . 6 x 1 03 sets) 

D = 3 . 1 x 10-3  man-rem/cask .  u 

Calculation of the Suburban Population Dose Rate 

The . data applied to the calculation of the suburban population dose 
appear in Table A-20 . 

The dose to a set of individuals  at distances indicated in 
Table A-20 is obtained by summing the values at 10 mi/hr : 

- 7  D = 7 . 5  x 10  man-rem/cask .  s 

The dose  to persons who are greater than 3 , 222 ft from the tracks 
i s  a ssumed to be zero . (The maximum distance for the cut-off dose 
derived from Figure A-7 is 3 , 222 ft . )  

The number of sets of people on both s ides of the track for the 
waste shipment route through a suburban area is  obtained using data in 
Table A- 1 7  as follows : 
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TABLE A-20 

DATA FOR SUBURBAN POPULATION DISTRIBUTION ALONG SHIPPING ROUTE 
ROUTINE WASTE SHIPMENT SCENARIO 

Distance Dose to Individual from 
from Pas sing Cask ( rem) 

Individual 
Train Speedb to Tracksa 

(Ft) 1 Mi/Hr 

100 7 x 1 0-6 
546 4 x 1 0-7  
992 1 x 1 0-7  

1 0-8 1438 2 x 
1 884 8 x 10-9 
2330 3 x 1 0-9 
2776 1 x 1 0-9 
3222 1 x 10-9 

a .  
b .  

Distances are developed as described for Table A- 19 . 
Dose values are interpolated from Figure A-5 . 

Train Speedc 
1 0  Mi/Hr 

7 x 1 0-7  
4 x 1 0-8 
1 x 10-8 

-9 2 x 1 0_ 1 0  8 x 1 0_ 1 0  3 x 1 0_ 10  1 x 1 0_ 1 0  1 x 1 0  

c .  Dose values for a train speed o f  1 mi/hr a re multiplied by 1 0- 1  
to obtain these values . 

and 

and 

N = 1 1 . 8  sets/ suburban mi x 53 suburban mi x 2 s 

N = 1 . 25 x 103 sets . s 

The tota l dose to the suburban population is  obtained as follows : 

D x N s s 
= 7 . 5 x 10-7  man-rem/cask x 1 . 25 x 103 sets 

-4 D = 9 . 4  x 10 man-rem/cask.  s 

Calculation of the Rural Population Dose Rate 

The data given in Table A-2 1  are applied to the calculation of the 
rural popUlation dose . 
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TABLE A-21  

DATA FOR RURAL POPULATION DISTRIBUTION ALONG SHIPPING ROUTE 
ROUTINE WASTE SHIPMENT SCENARIO 

Distance 
From 

Individual 
To Tracksa 

(Ft) 
Train Speedb 

1 Mi/Hr 

Dose To Individual From 
Pass ing Cask ( rem) 

Train Speed 
10 Mi/Hr 

a .  

b .  

c .  

100 
1064 
2028 
2992 

Distances are developed as described for Table A- 19 . 

Dose values are interpolated from Figure A-5 . 

7 x 10-7 
1 x 10-8 
8 x 10 - 10  
1 x 10- 10  

Dose values for a train speed of  1 mi/hr are multipl ied by 10- 1  to 
obtain these values . 

The dose to one set of individuals at the distances indicated in 
Table A-2 1  is  obtained by summing the values at 10 mi/hr : 

D = r 
- 7 7 . 1  x 1 0  man-rem/cask .  

The dose to persons who are greater than 2 , 992 ft from the track is  
as sumed to be zero . (The maximum distance for the cut-off dose derived 
from Figure A-7 is 2 , 992 ft . )  

The total number of sets of people on both s ides of the track a long 
the shipping route is obtained us ing data in Table A- 17  as fol lows : 

and 

N = 5 . 5 sets/rural mi x 1410 rural mi x 2 r 

N r 
4 = 1 . 6 x 10  sets . 

The total dose to the rural population is obtained as follows : 
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and 

= D x N r r 
= 7 . 1  x 10- 7  man- rem/cask x 1 . 6  x 104 sets 

-2 Drt 
= 1 . 1  x 10 man-rem/cask .  

Calculation o f  Passenger Dose Rate 

The dose to individuals c lose to the shipping cask includes the 
dose to passengers on other trains that pass the cask .  It is as sumed 
that : 

where 

o Three hundred passengers/day on other trains pass 10 ft from 
the cask at a relative speed of 30 mph .  

-5 
B . O  x 10 rem-mi/hr 

30 mi/hr 
-6 = 2 . 7  x 10 rem/cask 

-5 
B . O  x 10 rem-mi/hr i s  obtained by interpolation from Figure A-7 . 

The number of days in which the cask is  in transit is  given by 

1500 mi = 6 . 3 days . 10 mi/hr x 24 hr/day 

The dose to pas sengers on other trains is obtained as follows : 

= 300 passengers 6 3 d 2 7 10-6 / k x . ays x . x rem cas day 
-3 = 5 . 0  x 10 man-rem/cask .  

Calculation o f  the Onlooker Dose Rate 

Next , the dose to onlookers close to the shipping cask is  
determined . The dose rate to an onlooker 3 ft from the train ( 7  ft from 
the cask) is 20 x 10-3 rem/hr . (The dose is obtained by interpolation 
from Figure A-B . )  It is as sumed that : 
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• Ten onlookers spend 3 min 3 ft from the car for every 100 mi 
traveled . 

Thus the dose to onlookers is calculated : 

and 

3 min 10 persons x 60 min/hr 

= 3 . 3  x 10- 1 man-hr/ cask 

1000 mi x -=-::...=-=-..:.:.:=. 
1500 mi 

(20 x 10-3 rem/hr) (3 . 3  x 10- 1  man-hr/cask) 

= 6 . 7  x 10-3 man-rem/ cas k .  

The doses for a l l  individuals exposed to one shipping cask over a 
transport distance of 1500 mi are summarized in Table A-22 . 

TABLE A-22 

DOSE FROM SHIPPING 1 CASK 1500 MILES 
ROUTINE WASTE SHIPMENT SCENARIO 

Component 

Train Crew 
3 crew at 300 ft half-time 

10 personnel at 6 ft for 5 min 

General Population 

Urban 
Suburban 
Rural 

Individuals close to pas sing cask 
Passengers on other trains 
Onlookers 

TOTAL* 

1990 

3 . 1  x 10-3 
9 . 4  x 10-4 
1 . 1  x 10 -2 

4 . 2  x 10-2 

* Rounded to two significant digits . 

A- 7 1  

Dose 
(Man-Rem/Cask) 

2090 

5 . 2  x 10-3  
1 . 6  x 10-3 
1 . 8  x 10-2 

5 . 2  x 10-2 

2 5 10-3 . x 
12 . 5  x 10-3 

2290 and 2490 

6 . 2  x 10-3  
2 . 0  x 10-3 
2 . 2  x 10-2 

5 . 0 x 10-3  
6 . 7  x 10-3 

5 . 7  x 10-2 



Calculation of Maximum Individual Dose Rates 

The maximum individual dose rate for the tra in crew is determined 
from the data given in Table A- 1 7 . The dose per cask for rai l road per
sonnel are 

2 . 5  x 10-3 man-rem/cask for 3 crew members at 300 ft 

12 . 5  x 10-3 man-rem/cask for 10 crew members at 6 ft 

15 x 10-3 man-rem/ cask  total . 

It is assumed that 15 x 10-3 man-rem/cask affects 90  rai l road 
personnel . The maximum individual dose is  

-3 15 x 10 man-rem/cask 1 7 x 10-4 / k = . rem cas 90  ra ilroad personnel 

For the general population , the maximum individual dose rate is  
that received by the individual positioned 100 ft from the train . The 

-7  dose he receives is 7 x 10 rem/ cask shipped . 

For other individuals in close proximity to the shipment , the 
maximum individual dose rate for a passenger on a pass ing train is  
2 .  7 x 10-6 rem/ cask ;  the maximum individual dose for an onlooker is  
1 . 0  x 10-3 rem/cask .  The onlooker dose is calculated as  follows : 

20 x 10-3 rem x 3 min/cask = -3 
hr 60 min/hr 1 x 10 rem/cask .  

The maximum individual dose for each a lternative i s  given in  
Tables B-9 through B- 14 .  

Calculation of Population Doses and Hea lth Effects 

The population doses and health effects from routine waste shipment 
are given in Table A-23 . The doses a re calculated us ing the railcar 
miles from Table A- 1 7 . The total population dose has been calculated 
for Alternatives 3 , 4 ,  and 5 ,  and the results a re listed in Table A-23 . 
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TABLE A-23 

POPULATION DOSES 
ROUTINE WASTE SHIPMENT SCENARIO 

Casks Shippeda 
Alternative (Number) 

3 - Stabilize 5 . 7  x 103 
ca lcine 

3 - Glass 8 . 7  x 103 

4 - Actinide glass 3 . 2  x 102 

5 - Glass 
8 . 7  x 103 delay 100 yr 

5 - Glass 
8 . 7  x 103 delay 300 yr 

5 - Glass 
8 . 7  x 103 delay 500 yr 

a .  Data from Table A- 17 . 

Population Dose 
(Man-Rem) 

2 . 4  x 102 

3 . 6  x 102 

1 . 3  x 10 1 

4 . 5  x 102 

4 . 9  x 102 

4 . 9  x 102 

b .  Based on doses given in Table A-22 . 

b Range of Health 
Effects (Number) 

1 . 7 8 x 10-2 to 
5 . 46 x 10-2 

2 . 72 x 10-2  to 
8 . 34 x 10-2 

9 . 37 x 10-4 to 
2 . 87 x 10-3 

10-2 3 . 37  x to 
10- 1  1 . 03 x 

10-2  3 . 67 x to 
1 . 1 3 x 10- 1  

10-2 3 . 67 x to 
1 . 13 x 10- 1  

The health effects as sociated with the population dose are based on the 
BEIR I I I  Report in which it is estimated that 1 mi l lion man-rem cause 
between 75 and 230 excess cancer fatal ities . (See Appendix B ,  
Tables B-9 through B- 14 . )  
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A . 1 . 8 . 1 . 3 Accidental Releases 

A . 1 . 8 . 1 . 3 . 1 Calcine Spill  

Should spi llage occur during cal
cine process ing operations , the general 
public could be exposed to a small in
crease in radiation by inhalation of 
contaminated a i r ,  ingestion of contami-
nated food , and direct radiation . 
Workers would not be affected because 
operations occur in isolated cells where 
the air pres sure is negative . Ca l -
culations show that inhalation and 
ingestion are the significant pathways 
as indicated in the accompanying illus -
tration . The calcine spill scenario ap-

• I N H A L A T I O N  

• IN G E STION 

C A L C I N E  S P I L L  

plies to Alternatives 2 ,  3 ,  4 ,  and 5 ,  all  of which involve ca lcine re-
trieval and process ing . The assumed amount of spil led ca lcine is based 
on a s imilar incident which occurred in the ICPP waste calcining 
facili ty calciner cel l . In that incident , fa ilure of a motor driven 
delivery valve al lowed the contents of the calcine receiver vessel to 
discharge onto the cell floo r .  The spi lled calcine became airborne and 
entered the cell venti lation system . The quantity of calcine released 

9 to the environment was reduced by a factor of 10 after pass ing through 
exhaust ducts and HEPA fi lters . 
Subsection 4 . 5 . 1 . 2 . 2 .  

The scenario is illustrated in 

The calcine spill  scenario is based on the fol lowing assumptions : 

• The amount of calcine spilled is  1300 kg (2866 lbs ) . 

• Of the spilled calcine , 0 . 0 1% becomes airborne . 

• The airborne fraction is  reduced by a 109 decontamination 
factor . 
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• The probability of occurrence is  0 . 2  events per year .  

• A population of 7 1 , 000 is  exposed in 1 990 . 

Workers would ,not be affected by the accident as the spill would occur 
in a cell wh�ch is isolated by negative air pres sure within the cell . 

The following sample calculation gives the maximum individual 
whole-body dose commitment for Alternatives 2 ,  3 ,  and 4 from 
strontium-90 (Sr-90)  in 1 990 . 

Calculation of Inhalation Pathway Dose 

The contribution of a single radionuclide , isotope i ,  to the 
maximum individual from inhalation is given by the following equations : 

D .  = C .  x V x DF . (A- I )  
1 1 1 

and 

V = B x T (A-2)  

and 

C .  = Q .  x X 
1 1 Q (A-3)  

and 

Q .  = Q x F .  x C x 1 
1 S 1 ci 3600T (A-4a ) 

Data for use in these equations are presented in Table A-24 . 

SteE 1 

Substitution of the numerical values  from Table A-24 into Equa 
tions A- I ,  A-2 , A-3 ,  and A-4a gives the maximum individual organ doses 
from inhalation of Sr-90 : 

D .  ( lung ) = 1 . 60 x 1 0- 1 1  rem 
D: ( l iver)  = 3 . 58 x 10- 14  rem 
D: (bone surface)  = 4 . 32 x 1 0- 13  rem 
D: (total body) = 2 . 82 x 1 0- 13  rem . 

1 
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TABLE A-24 

DATA FOR INHALATION PATHWAY 
CALCINE SPILL SCENARIO 

(Sr-90) 

Variable Quantity Unit Reference 

Qs 1 . 3  x 103 kg Engineering 
j udgment . 

C ci 13 . 0  x 106 j.lCi/kg Table A-2 

F .  L O X 1 0- 1 3  none Engineering 
1 judgment . 

X/Q 2 . 0  x 10-6 sec/m 3 Table A-7 ,  
Accident case . 

B 2 . 0  3 m /hr Working rate . 

DF . (bone surface) 2 . 30 x 10- 1  rem/j.lCi Table A-3 1 

DF . ( lung ) 8 . 50 rem/j.lCi Table A-3 1 

DF . ( l iver) 1 . 90 x 10-2 rem/j.lCi Table A-3 1 

DF . (total body) 1 . 50 x 10- 1  rem/j.lCi Table A-3 1 

T 8 . 76 x 103 hr 1 yr 

Step 2 

The inhalation organ dose conunitments from all radionuclides is  
determined by using the values of isotope concentrations in Table A-2 
and appropriate DF . values . These total dose conunitments are 1 

Dt ( lung) = 2 . 70 x 10- 1 1  rem 
Dt ( l iver) = 8 . 07 x 10-12  rem 
Dt (bone surface) = 3 . 7 1  x 10- 1 1  rem 
Dt (total body) = 2 . 00 x 1 0- 12 rem . 

Calculation of Ingestion Pathway Dose 

The ingestion pathway has three contributing subpathways :  
ingestion of fruits and vegetables , ingestion of milk ,  and ingestion of 

A-76 



meat from animals grazed on contaminated forage . Basic to all three 
ingestion subpathways is the radionuclide concentration in vegetation 
which is calculated from Equation A-s . 

where 

and 

C .  1V 

D pi 

Q .  1 

( - (X + X . )t 
= D .  R [ 1  _ e e 1 e 

p1  Y (X + X . ) e 1 

= � x Vd x Qi 

Q x F .  x C x 1 = s 1 ci  T 

The data for the calculation of C .  appear in 1V 
commitments for the three ingestion subpathways 
follows . 

(A- 6 )  

(A-4b ) 

Table A-2S . Dose 
are calculated as 

Calculation of Dose Commitment from Fruits and Vegetables Consumption 

Calculate the radionuclide concentration in fruits and vegetables 
us ing Equation A-s and the data in Table A-2S . The result is 

Civ = 4 . 9 3 x 10- 12 �;� . 
The dose from ingestion of fruits and vegetables is determined by the 
equations : 

• 

Qf . x DF . 1 1 
Uf x C . • 1V 

A- 7 7  

(A- 7 )  

(A-B ) 



TABLE A-25 

DATA FOR RADIONUCLIDE CONCENTRATION IN VEGETATION 
CALCINE SPILL SCENARIO 

(Sr-90 )  

Variable Quantity Unit 

X/Q 3 . 0  x 10-6 sec/m 3 

R 2 . 0  x 10- 1  none 

A 0 e hr - 1  

t 7 . 2 x 102 hr e 
2a 2 Y 
0 . 7b kg/m 

Vd 0 . 0 1 m/sec 

B .  1V 1 .  7 x 10-2 none 

A .  2 . 73 x 10-6 - 1  hr 1 

t 8 . 7 7 x 103 hr s 
P 240 kg/m 2 

t c 0 hr 

a .  For fruits and vegetables consumed directly by man . 

Reference 

Table A-7 

Scenario 

RG 1 . 1 09 

RG 1 . 1 09 

RG 1 . 109 

Engineering 
j udgment . 

RG 1 . 109 

Sr-90 

RG 1 . 109 

RG 1 . 1 09 

Maximizes 
concentration . 

b .  For contaminated forage consumed by meat- or milk-producing 
animals . 

Additional data for calculation of the dose from consumption of fruits 
and vegetables appear in Table A-26 . 

Step 1 
• 

Substitution of the numerical values from Table A-26 into Equa 

tions A-7 and A-8 , gives the organ doses of Sr-90 from consumption of 
fruits and vegetables : 
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TABLE A-26 

DATA FOR FRUITS AND VEGETABLES CONSUMPTION 
CALCINE SPILL SCENARIO 

(Sr-90 )  

Variable Quantitl Unit 

Uf 584 kg/yr 

DF . (bone surface) 8 . 60 x 10- 1  rem/�Ci 
1 

DF . ( l iver)  5 . 7 1  x 10-3 rem/�Ci 
1 

DF . ( lung ) 5 . 94 x 10-9  rem/�Ci 
1 

DF . (total body) 9 . 45 x 10-2 rem/�Ci 
1 

C .  4 . 93 x 10- 12 �Ci/kg 
1V 

D .  (lung ) = 1 .  74  x 10- 1 7  rem 
D: ( l iver) = 1 . 67 x 10- 1 1  rem 
D: (bone surface ) 2 . 52 -9 = x 10_ 10 rem 
D: (total body) = 2 . 77 x 10 rem . 

1 

SteE 2 

Reference 

RG 1 . 109 

Table A-4 

Table A-4 

Table A-4 

Table A-4 

Equation A-S 

The organ doses from all  radionuclides are determined by using the 
values of isotope concentrations in Table A-2 and the appropriate DF . 

1 
from NUREG/CR-0150 . 

Dt ( lung ) 
Dt ( l iver )  
Dt (bone surface)  
Dt (total body ) 

= 8 . 82 x 
= 3 . 26 x 
= 2 . 87 x 
= 4 . 70 x 

- 1 1  1 0  - 10 rem 
10_9 rem 
10_ 10rem 
10  rem . 

Calculation of  Ingestion Dose Commitment from Meat Consumption 

The dose resulting from consumption of meat produced by animals 
grazed on contaminated forage is  obtained us ing the following equations . 
Calculate the radionuclide concentration in meat from contaminated 
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forage us ing Equation A-5 and the data in Table A-25 where Y = 0 . 7  
kg/m2 . The result is  

- 1 1  C ,  = 1 . 45 x 1 0  �Ci/kg . �v 

The dose from ingestion of meat produced by animals grazed on 
contaminated forage is given by the equations from Subsection A .  1 . 9 :  

(A-9 )  

and 

Q f ' = U f x A x Sb ' x C . .  m � m m � �v (A- lO )  

The data for calculation of  the dose from ingestion of  meat produced by 
animals grazed on contaminated forage appear in Table A-27 . 

Variable 

DF . � 

Step 1 

TABLE A-27 

DATA FOR MEAT CONSUMPTION 
CALCINE SPILL SCENARIO 

( Sr-90)  

Quantity 

1 10 

50 

6 . 0  x 1 0-4 

1 . 45 x 10- 1 1  

Use applicable 
organ dose conver
s ion factors . 

Unit 

kg/yr 

kg/day 

day/kg 

�Ci/kg 

rem/�Ci 

Reference 

RG 1 . 109 

RG 1 . 1 09 

RG 1 . 1 09 

Equation A-5 

Table A-4 

Substitution of the numerical values from Table A-27 into Equa
tions A-9 and A- 10  gives the organ doses of isotope i ,  Sr-90 , in meat 
produced from animals  grazed on contaminated forage : 
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D .  (lung) = 2 . 8 1 x 10- 19 rem 
D� ( l iver) = 2 . 74 x 10- 13 rem 
D� (bone surface ) = 4 . 06 x 10- 1 1  rem 
D� (total body) = 4 . 46 x 10- 12 rem . 

� 

SteE 2 

The organ doses from all radionuclides for consumption of meat 
produced from animals  fed on contaminated forage are determined by us ing 
the values of isotope concentrations in Table A-2 and the appropriate 
DF . values in NUREG/CR-0150 : 

� 

Dt ( lung) = 9 . 86 x 10- 12 rem 
Dt ( l iver) = 4 . 63 x 10- 1 1  rem 
Dt (bone surface) = 8 . 85 x 10- 1 1  rem 
Dt (total body) = 3 . 5 1  x 10- 1 1  rem . 

Calculation of Ingestion Dose Commitment from Milk ConsumEtion 

The contribution of the s ignificant nuclide , Sr-90 , to the maximum 
individual dose commitment by ingestion of milk from animals grazed on 
contaminated forage is given by the equations : 

(A- 1 1 ) 

and 

(A- 12) 

The data for calculation of the dose from ingestion of milk produced by 
animals grazed on contaminated forage appear in Table A-28 . 

SteE 1 

Substitution of the numerical values from Table A-28 into Equations 
A- 1 1  and A- 12  gives the organ doses for isotope i ,  Sr-90 , from milk 
produced by animals grazed on contaminated forage : 
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Variable 

A m 
S . C 1  

C .  1V 

DF . 
1 

D .  
D: 
D: 
D: 1 

SteE 2 

( lung) 
( liver) 

TABLE A-28 

DATA FOR MILK CONSUMPTION 
CALCINE SPILL SCENARIO 

(Sr-90)  

Quantity 

3 10 

50 

8 . 0  x 10-4 

1 . 45 x 10- 1 1  

Use applicable 
organ dose conver
sion . 

= 1 . 05 x 10- 18 
= 1 . 02 x 10- 12 

Unit 

£/yr 

kg/day 

day/£ 

�Ci/kg 

rem/�Ci 

rem 
rem 

(bone surface ) = 1 . 53 x 10- 10  rem 
10- 1 1  (total body) = 1 . 68 x rem . 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Table A-4 

The organ doses from all radionuclides from consumption of milk 
produced by animals fed on contaminated forage 
the values of isotopic concentrations in Table 
DF . values from NUREG/CR-0150 : 

1 

Dt ( lung) = 8 . 02 x 1 0- 1 1  rem 
Dt ( l iver)  = 2 . 69 x 10- 10  rem 
Dt (bone surface ) = 4 . 1 7 x 10- 10  rem 
Dt (total body) = 1 . 87 x 10- 1 0  rem . 

Calculation of Direct Radiation Pathway Dose 

are 
A-2 

determined by using 
and the appropriate 

The direct radiation dose results from material deposited on the 
ground as the result of a calcine spil l . The dose commitment from 
ground-plane depos ition for 1 yr is  given by the equations : 
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D = t x Sf x C x DF gi x gi gi (A- 1 3 )  

and 

-A . t 
(A- 14)  ( 1  1 s ) C D - e = gi pi A . PL 1 

Step 1 

Since DF . for a beta emitter such as Sr-90 is zero , the total-body g1 
contribution from the ground-plane depos ition of Sr-90  is zero . 

Step 2 

The ground-plane doses from all isotopes are determined by using 
isotope concentrations in Table A-2 and the dose convers ion factors from 
the ISOSHLD code . 

The total whole-body ground-plane depos ition dose from the calcine 
spill  is 4 . 10 x 10- 1 2  rem . 

Calculation of Whole-Body Equivalent Doses and Health Effects 

Step 3 

Step 3 consists of summing the dose commitments from all pathways , 
for all  isotopes , and for all  organs at risk .  The total doses for each 
pathway are given in Table A-29 . 

Step 4 

Organ dose commitments calculated in Step 3 are multiplied by the 
appropriate weighting factor (WT) from Table A-6 to calculate the 
whole-body equivalent (WEE ) dose . 

WEE . = 
J 
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Organ 

TABLE A-29 

INDIVIDUAL PATHWAY ORGAN DOSE COMMITMENTS ( rem) 
CALCINE SPILL SCENARIO 

Fruits and 
Inhalation Vegetables Meat Milk 

Bone surface 3 . 7 1x10- 1 1  2 . 87x10-9 8 . 85x10- 1 1  4 . 17x10- 1O 

Liver 8 . 07x10- 12 3 . 26x10- 1O 4 . 63x10- 1 1  2 . 69x10- 1O 

Lung 2 . 07x10- 1 1  8 . 82x10- 1 1  9 . 86x10- 12 8 . 02x10- 1 1  

Total body 2 . 00x10- 1 2  4 . 70x10- 1O 3 . 5 1x10- 1 1  1 .  87x10- 1O 

where 

WEE . (bone surface) 3 . 41 x -9 (0 . 03 )  1 . 02 x 10- 10  = 10_ 10 = 

WEE� ( l iver)  = 6 . 49 x 10_ 10 (0 . 06 )  = 3 . 89 x 1 0- 1 1  
WEE� ( lung)  = 2 . 05 x 10_ 10 (0 . 12 )  = 2 . 46 x 10- 1 1  
WEE� (total body) = 6 . 95 x 10 (0 . 06 )  = 4 . 1 7  x 10- 1 1 . 

J 

Total 

3 . 4 1x10-9 

6 . 49x10- 1O 

2 . 05xlO- 1O 

6 . 95x10- 1O 

Using these calculated WEE doses and the procedure outlined in 
Subsection A . 1 .  3 . 1  and weighting factors from Table A-6 ,  the maximum 
individual dose from the calcine spill s cenario is 

WEE - 10  = 9 . 10 x 10 rem . 

The WEE dose is sufficiently large that the ground-plane dose  of 
- 12 4 . 10 x 10 rem in 1 yr does not contribute s ignificantly to the total 

dose . 

Step 5 

The population dose commitment is calculated from the maximum in
dividual dose  as follows : 

Population WEE dose = (9 . 10  x 10- 10 ) (0 . 04 ) ( 7 1 , 000) 

= 2 . 58 x 10-6 man-rem . 
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Step 6 

The health effects associated with the population dose are based on 
the BEIR I I I  Report in which it is estimated that 1 mil lion man-rem 
cause between 75 and 230 excess cancer fatalities . Multiplying the 
population WBE dose by 7 . 5 x 10-5 and 2 . 3  x 1 0-4 gives a range of 
1 . 94 x 10- 1 0  to 5 . 94 x 10- 10  excess cancer fatal ities from the calcine 
spil l  s cenario for Alternatives 2 ,  3 and 4 in 1990 . 
Tables B-24 , B-25 , B-26 , B-27 , and B-28 . )  

(See Appendix B ,  

For comparison , the population WBE dose from background radiation = 

( 1 . 5  x 10- 1 ) ( 7 1 , 000)  = 1 . 07 x 104 man- rem , and the range of background 
health effects is 0 . 80 to 2 . 4 . 

A . 1 . 8 . 1 . 3 . 2  Decontamination Solution Spill  

Maintenance-related decontamination 
activities within the waste form modifica
tion facility could result in an acci
dental spill outs ide the facility of 
decontamination solution containing dis-
solved cal cine . Inhalation , ingestion , 
and direct radiation are the pathways by 
which the general public would be exposed 
to radiation from this event . The calcu
lations show that the most significant ex
posure pathways are ingestion and inhala
tion , as shown in the accompanying illus -

• INHALATION 
• INGESTION 

D E C O N TA M INATION S P I L L  

tration . The s cenario is i l lustrated in Subsection 4 . 5 . 1 . 2 . 2 . The 
decontamination so lution spill  s cenario applies to Alternatives 2 ,  3 ,  4 ,  
and 5 ,  all  o f  which require facility maintenance . 

In this scenario , it is assumed that : 

• The spill occurs outside the proces s ing plant when a cap left 
open on a decontamination solution line causes a spill during 
transfer of the contaminated so lution ; 
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• The amount of the decontamination solution spill is 325 Q 
(85 gal ) ; 

• The solution is contained in 250 ft of 3-in .  pipe which has a 
5 -mil-thick scale of calcine dissolved in the solution ; 

• Of the spi lled material ,  0 . 1% becomes airborne ; the remainder 
is  absorbed by the soil and treated as a solid waste ; 

• The probabil ity of occurrence is 0 . 1  event per year ;  and 

• A population of 7 1 , 000 is exposed in 1990 . 

The following sample calculation gives the maximum individual 
whole-body dose conunitment for Alternatives 2 ,  3 ,  and 4 from 
p lutonium-238 (Pu-238 ) in 1990 . 

Calculation of Inhalation Pathway Dose 

The contribution of a single isotope , Pu-238 , to the maximum 
individual dose commitment from the inhalation pathway is given by the 
equations : 

D .  = C .  x V x DF . 1 1 1 (A- I )  

and 

V = B x T (A-2)  

C .  = Q .  x X 
1 1 Q (A-3 )  

and 

(A-4a ) 

The data for calculation of the inhalation dose from a decontamination 
solution spill  are given in Table A-30 . 
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Variable 

Qs 

C ci  
F .  1-

X/Q 

B 

TABLE A-30 

DATA FOR INHALATION PATHWAY 
DECONTAMINATION SOLUTION SPILL SCENARIO 

(Pu-238 )  

Quantity Unit 

2 . 9  kg 

7 . 0  x 104 IJCi/kg 

1 x 10-3 none 

7 . 0  x 10-6 sec/m 3 

2 3 m /hr 

DF . (bone surface ) 3 . 27 x 103 rem/IJCi 1-

DF . ( lung) 6 . 08 x 102 rem/IJCi 1-

DF . ( l iver) 7 . 00 x 102 rem/IJCi 1-

DF . (total body) 1 . 40 x 102 rem/IJCi 1-

SteE 1 

Reference 

Engineering 
j udgment . 

Table A-2 

Engineering 
judgment . 

Table A-7 

Working rate . 

Table A-3 

Table A-3 

Table A-3 

Table A-3 

Substitution of the numerical values from Table A-30 into Equations 
A- I ,  A-2 , A-3 , and A-4a gives the maximum individual organ doses from 
inhalation of Pu-238 : 

D .  ( lung) = 4 . 80 x 10-4 rem 
D� ( l iver) = 5 . 52 x 10-4 rem 
D� (bone surface) = 2 . 58 x 10-3 rem 
D� ( tota l body) = 1 . 1 1 x 10-4 rem . 

1-

SteE 2 

The inhalation organ dose commitments from all  radionuclides are 
determined by us ing the values of isotope concentrations in Table A-2 
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and appropriate DF . values . These total dose commitments are 1 

Dt ( lung)  = 2 . 1 1 x 10-3 rem 
Dt ( l iver) = 6 . 30 x 10-4 rem 
Dt (bone surface) = 2 . 89 x 10-3 rem 
Dt ( total body) = 1 . 56 x 10-4 rem . 

Calculation of Ingestion Pathwa� Dose 

The ingestion pathway has three contributing subpathways : inges
tion of fruits and vegetables , ingestion of milk , and ingestion of meat 
from animals grazed on contaminated forage . Bas ic  to all  three subpath
ways is the radionuclide concentration in vegetation is calculated from 
Equation A-5 . 

where 

where 

C .  
1V 

( - (A + A . ) t  
= D .  R [ 1  _ e e 1 e 

p1 y eA + A . ) e 1 

Q .  = Q x F .  x C . x ! 1 S 1 C 1  T 

] + B .  [ 1  1 s ] -A . t  -A . t  ) 
1V � __ -�e ______ � 

e 1 c 
PAi (A-5)  

(A-6 )  

(A-4b )  

The data for the calculation of C .  appear i n  Table A-31 . Dose  commit-
1V 

ments for the three ingestion subpathways are calculated separately as 
follows . 

Calculation of Ingestion Dose  Commitment from Fruits and Vegetables 
Consumption 

Calculate the radionuclide concentration in fruits and vegetables 
using Equation A-5 and the data in Table A-3 1 .  The result is  

C = 1 . 87 x 10-6 �Ci 
iv kg 
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TABLE A-31 

DATA FOR RADIONUCLIDE CONCENTRATION IN 
DECONTAMINATION SOLUTION SPILL SCENARIO 

(Pu-23B ) 

Variable Quantity Unit Reference 

X/Q 9 x 10-6 sec/m 3 Table A-7 

R 2 . 0  x 10- 1  none RG 1 . 109 

A 0 hr - 1 RG 1 . 109 e 
t B . 76 x 103 hr RG 1 . 109 e 

2a 2 RG 1 . 109 Y 
0 . 7b kg/m 

B .  2 . 5  x 10-4 none RG 1 . 109 �v 
A .  9 . 15 x 10- 7  hr - 1  RG 1 . 109 � 
t B . 76 x 103 hr RG 1 . 109 s 

240 2 RG 1 . 109 P kg/m 

t 0 hr Maximizes c concentration . 

Vd 0 . 0 1 m/ sec RG 1 . 109 

a .  For vegetation consumed directly by man . 

b .  For vegetation consumed by meat- or  milk-producing animals . 

The dose from ingestion of fruits and vegetables is  determined by 
the equations : 

(A- 7 )  

(A-B )  

The data for calculation of the dose from consumption of fruits and 
vegetables appear in Table A-32 . 
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Variable 

Uf 

TABLE A-32 

DATA FOR FRUITS AND VEGETABLES CONSUMPTION 
DECONTAMINATION SOLUTION SPILL SCENARIO 

(Pu-238 ) 

Quantity Unit 

584 kg/yr 

DF . (bone surface) 2 . 10 rem/I-'Ci 
1 

DF . ( liver)  4 . 40 x 10- 1  rem/I-'Ci 
1 

DF . ( lung) 1 . 14 x 10-7  rem/I-'Ci 
1 

DF . (total body) 8 . 50 x 10-2 rem/I-'Ci 
1 

C .  1 . 87 x 10-6 I-'Ci/kg 
1V 

SteE 1 

Reference 

RG 1 . 109 

Table A-4 

Table A-4 

Table A-4 

Table A-4 

Equation A-5 

Substitution of the numerical values from Table A-32 into Equa
tions A-7 and A-8 gives the organ doses of  Pu-238 from consumption of 
fruits and vegetables : 

D .  ( lung)  1 . 24 x - 1 0  = 10_4 rem 
D� ( l iver )  = 4 . 8 1  x 10_3 rem 
D� (bone surface)  = 2 . 29 x 10_5 rem 
D� (total body) = 9 . 28 x 10 rem . 

1 

SteE 2 

The organ doses from all  radionuclides are determined by using the 
values of isotope concentrations in Table A-2 and the appropriate DF . 

1 
values from NUREG/CR-0 150 . 

Dt ( lung)  = 5 . 90 x 1 0-3  rem 
Dt ( l iver) = 2 . 1 8 x 1 0-2 rem 
Dt (bone ) = 1 . 92 x 1 0- 1  rem 
Dt (total body) = 3 . 15 x 1 0-2 rem . 
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Calculation of Ingestion Dose  Commitment from Meat Consumption 

The dose resulting from consumption of meat produced by animals  
grazed on contaminated forage is  obtained using the following equations : 
Calculate the radionuclide concentration in meat from animals  grazed on 
contaminated forage using Equation A-5 and the data in Table A-33 where 
Y = 0 . 7  kg/m2 . The result is  

Civ = 5 . 35 x 10-6 �;!. 

Variable 

Sbi 
C .  

1V 

DF . 
1 

TABLE A-33 

DATA FOR MEAT CONSUMPTION 
DECONTAMINATION SOLUTION SPILL SCENARIO 

(Pu-238) 

Quantity 

1 10 

50 

1 . 40 x 10-5 

5 . 35 x 10-6 

Use applicable 
organ dose conver
s ion factors . 

Unit 

kg/yr 

kg/day 

day/kg 

�Ci/kg 

' rem/�Ci 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Table A-4 

The dose from ingestion of meat produced by animals  grazed on 
contaminated forage is given by the equations : 

and 

D f '  m 1 
= Q f ' x DF , m 1 1 

= U f x A x Sb ' x C ,  . m m 1 1V 

(A-9 ) 

(A- 10 )  

The data for calculation of the dose from ingestion of meat produced by 
animal s  grazed on contaminated forage appear in Table A-33 . 
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Step 1 

Substitution of the numerical  values from Table A-33 into Equa
tions A-9 and A- 10 gives the organ doses of Pu-238 from consumption of 
meat produced from animals fed on contaminated forage : 

D .  ( lung) 4 . 56 X - 14 = 10_7 rem 
D� ( l iver) = 1 .  76 x 10_7 rem 
D� (bone surface ) = 8 . 41 x 10_8 rem 
D� (total body) = 3 . 40 x 10 rem . 1. 

SteE 2 

The organ doses from all  radionuclides are determined by us ing the 
values of isotope concentrations in Table A-2  and the appropriate DF . 1. 
values from NUREG/CR-0150 . 

Dt ( lung ) = 6 . 60 x 10-4 rem 
Dt ( liver)  = 3 . 10 x 10-3 rem 
Dt (bone surface) = 5 . 92  x 10-3 rem 
Dt (total body) = 2 . 35 x 10-3 rem . 

Calculation of Ingestion Dose Commitment from Milk ConsumEtion 

The contribution of a s ingle nuclide , Pu-238 , to the maximum 
individual dose commitment through ingestion of milk from animals grazed 
on contaminated forage is given by the equations : 

D f ' C 1. = Q f ' x DF . c 1. 1. 
= U f x A x S . x C . .  c m c1. 1.V 

(A- l l )  

(A- 12)  

The data for calculation of the dose from ingestion of milk produced by 
animals grazed on contaminated forage appear in Table A-34 . 

SteE 1 

Substitution of the numerical values from Table A-34 into Equations 
A- l l  and A- 12 gives the organ doses for isotope i ,  Pu-238 , from milk 
produced by animals grazed on contaminated forage : 
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Variable 

UlJf  
A m 
S . C 1.  

C .  
1.V 

DF . 
1. 

D .  
D� 
D� 
D� 

1. 

SteE 2 

( lung) 
( l iver)  

TABLE A-34 

DATA FOR MILK CONSUMPTION 
DECONTAMINATION SOLUTION SPILL SCENARIO 

(Pu-23B) 

Quantity 

3 10 

50 

2 . 0  x 10-6 

5 . 35 x 10-6 

Use applicable 
organ dose conver
sion factors . 

Unit 

fl/yr 

kg/day 

day/fl 

IJCi/kg 

rem/IJCi 

1 . B4 x - 1 4  = 10_B rem 
7 . 10 x = 10_ 7 rem 

(bone surface ) = 3 . 3B x 10 rem 
x 10-B (total body) = 1 . 37 rem . 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Table A-4 

The organ doses from all radionuclides are determined by using the 
values of isotope concentrations in Table A-2 and the appropriate DF . 

1. 
values  from NUREG/CR-0150 : 

Dt ( lung)  = 5 . 37 x 10-3 rem 
Dt ( liver) = 1 . BO x 10-2 rem 
Dt (bone surface ) = 2 . 79 x 10-2 rem 
Dt (total body) = 1 . 25 x 10-2 rem . 

Calculation of Direct Radiation Pathway Dose 

The direct radiation dose results from material deposited on the 
ground as the result of a decontamination solution spill . The dose 
commitment from ground-plane deposition for 1 yr is  given by the 
equations : , 
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D = t x Sf x C x DF gi x gi gi (A- 13 )  

and 

( l-e  -A . T  s ) C D 1 = gi pi A . PL 1 
(A- 14)  

Step 1 

Since DF . for a beta emitter such as Pu-238 is zero , the total g1 
body contribution from the ground-plane deposition of Pu-238 is zero . 

Step 2 

The ground-plane doses from all  isotopes are determined by using 
the isotope concentrations in Table A-2 and the dose  conversion factors 
from the ISOSHLD code . 

The total whole-body ground-plane depos ition dose from the 
decontamination solution spill is 2 . 75 x 10-4 rem . 

Calculation of Whole-Body Equivalent Doses and Health Effects 

Step 3 

Step 3 consists of summing the dose commitments from all  pathways , 
for all  isotopes , and for a l l  organs at ris k .  The total doses for each 
pathway are given in Table A-35 . 

Step 4 

Organ dose commitments calculated in Step 3 are multiplied by the 
appropriate weighting factor from Table A-6 to calculate the whole-body 
equivalent (WBE ) dose . 

WBE . = 
J 
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Organ 

Liver 

Lung 

TABLE A-35 

INDIVIDUAL PATHWAY ORGAN DOSE COMMITMENTS ( rem) 
DECONTAMINATION SOLUTION SPILL SCENARIO 

Fruits and 
Inhalation Vegetables Meat Milk 

6 . 30xl0-4 2 . 18xl0-2 3 . 10xl0-3  1 . 80xl0-2 

2 . l lxl0-3 5 . 90xl0-3 6 . 6 1xl0-4 S . 37xI0-3  

Bone surface 2 . 89xl0-3 1 . 92xl0- 1  5 . 92xl0-3 2 . 79xI0-2 

Total body 1 . 56xl0-4 3 . 15xl0-2 2 . 35xl0-3 1 . 25xl0-2 

where 

WBE . lung = 1 . 40 x 10-2  (0 . 1 2 )  = 1 . 68 x 10-3 rem 
WBE� liver = 4 . 35 x 10-2 (0 . 06 )  = 2 . 61 x 10-3  rem 
WBE� bone surface = 2 . 29 x 10- 1  (0 . 03 )  = 6 . 87 x 10-3 rem 
WBE� total body = 4 . 65 x 10-2 (0 . 06)  = 2 . 79 x 10-3 rem . J 

Total 

4 . 35xl0-2 

1 . 40xl0-2 

2 . 29xl0- 1  

_ '1  
4 . 65xI0 � 

Using these calculated WBE doses and the procedures outlined in 
Subsection A . l .  3 . 1  and weighting factors from Table A-6 , the maximum 
individual dose from the decontamination solution spil l  s cenario is  

WBE· = 6 . 10 x 10-2  rem . 

The WBE is sufficiently large that the ground-plane dose of 1 . 92 x 
10-5 rem in 1 yr does not contribute significantly to the total dose . 

Step 5 

The population dose commitment is calculated from the maximum 
individual dose as follows : 

Population WBE dose = (6 . 10 x 10-2 ) (0 . 2 ) ( 7 1 , 000) 

= 8 . 66 x 102 man-rem . 
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Step 6 

The health effects associated with the population dose are based on 
the BEIR I I I  Report in which it is estimated that 1 million man-rem 
cause between 75 and 230 exces s cancer fatalities . Multiplying the WBE 

-2 -5 -4 dose by 7 . 5  x 10 and 2 . 3  x 10  gives a range of 6 . 5  x 10 to  2 . 0  x 
- 1  1 0  health effects from the decontamination solution spill s cena rio for 

Alternatives 2 ,  3 ,  and 4 in 1990 . (See Appendix B ,  Tables B-32 , B-3 3 ,  
B-34 , B-35 , and B-36 . )  

A . 1 . 8 . 1 . 3 . 3  Extraction Solvent Fi re 

Actinide sepa ration involves a sol
vent extraction step to sepa rate the 
actinides from the longer-lived fiss ion 
products . The use of a flammable organic  
so lvent could lead to a fire in  the pro
ces sing cell if  a leak should develop . It 
is as sumed that high-level waste is 
spilled on the cell floor concurrently 
with a leak of solvent . The so lvent is  
assumed to ignite . I f  such an  event were 
to occur , the airborne radionuclides would 
enter the cell ventilation system and be 
released to the atmosphere through the 
plant stack . 

• INHALATIO N  

• INGESTION 

EX T R A C T I O N  S O L V E N T  

FIRE 

Inhalation , ingestion , and direct radiation are the pathways by 
which the general public would be exposed to radiation from an 
extraction solvent fire . The calculations show that the most 
significant pathways are inhalation and ingestion as shown in the 
accompanying illustration . Workers would not be affected because 
operations o ccur in isolated cells whe re the a ir  pressure is negative . 
The s cenario is illustrated in Subsection 4 . 5 . 1 . 2 . 2 .  
solvent fire s cenario applies only to Alternative 4 .  
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The s cenario is based on the fol lowing as sumptions : 

• The amount of high-level waste spi lled is 400 R, ( l05 gal )  
( 1  hr o f  operation) . 

• The fire in the cel l  causes 10% of the fission products and 1% 
of the actinides in the spi lled l iquid waste to become 
airborne . 

• The decontamination factor is  109 . 

• -2 The probability of occurrence is 1 x 10  event/yr . 

• A population of 7 1 , 000 is exposed in 1990 . 

The fol lowing sample calculation gives the maximum individual 
whole-body dose commitment for Alternative 4 from the significant radio
nuclide , ruthenium- 106 (Ru- 106) , in 1990 . 

Calculation of Inhalation Pathway Dose 

The contribution of a single isotope (Ru- 106) , to the maximum 
individual dose commitment from the inhalation pathway is given by the 
equations : 

D .  = C .  x V x DF . 
1 1 1 

(A- I )  

and 

V = B x T (A-2)  

and 

C .  = Q . x X 
1 1 Q (A-3 )  

Qi = Q x F .  x C x 1 
s 1 ci 3600T (A-4a ) 

The parameters app lied to the extraction solvent fire appear in 
Table A-36 . 
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Variable 

Qs 
CCi 
F .  

1 

X/Q 

B 

DF . ( lung) 
1 

DF . ( liver)  
1 

TABLE A-36 

DATA FOR EXTRACTION SOLVENT FIRE SCENARIO 
(Ru- 106 )  

Quantity Unit 

80 kg 

9 . 7  x 105 jJCi/kg 

6 . 0  x 10-9 none 

2 . 0  x 10-6 sec/m 3 

2 . 0  3 m /hr 

3 . 80 rem/jJCi 

1 . 15 x 10-2 rem/jJCi 

DF . (bone surface) 1 . 00 x 10-2 rem/jJCi 
1 

DF . (total body) 6 . 18 x 10-2 rem/jJCi 
1 

Step 1 

Reference 

Scenario 

Table A-2 

Scenario 

Scenario 

Working rate . 

Table A-3 

Table A-3 

Table A-3 

Table A-3 

Substitution of the numerical values in Table A-36 into Equa
tions A- I ,  A-2 , A-3 , and A-4a gives the maximum individual organ doses 
from inhalation of Ru- 106 : 

D .  ( lung) 1 . 9 7 x -9 = 10_ 12rem 
D�  ( l iver)  = 5 . 96 x 10 - l2 rem 
D� (bone surface ) = 5 . 1 7 x 10_ 1 1  rem 
D�  (total body) = 3 . 20 x 10 rem . 

1 

SteE 2 

The inhalation o rgan dose commitments from all  radionuclides are 
determined by using the values of isotope concentrations in Table A-2 
and appropriate DF . 

1 
values  from NUREG/CR-0150 . These total dos e  

commitments a re 
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Dt ( lung) 3 . 24 x -9 = 10 - 1 1  rem 
Dt ( l iver)  = 7 . 25 x 10_ 10 rem 
Dt (bone surface)  = 2 . 66 x 10_ 1 1  rem 
Dt (total body) = 6 . 81 x 10 rem . 

Calculation of Ingestion Pathway Dose 

The ingestion pathway has three contributing subpathways :  
ingestion of fruits and vegetables , ingestion of milk , and ingestion of 
meat from animals  grazed on contaminated forage . Basic  to all  three 
subpathways is the radionuclide concentration in vegetation which is  
calculated from Equation A-5 . 

where 

where 

The data 

1 Q .  = Q x F .  x C . x -T. 1 s 1 C1 

for the calculation of C . 
1V 

commitments for the three ingestion 
separately as follows . 

appear in 
subpathways 

(A-6 ) 

(A-4b )  

Table A-37 . Dose 
are calculated 

Calculation of Ingestion Dose Commitment from Fruits and Vegetables 
Consumption 

Calculate the radionuc1ide concentration in fruits and vegetables 
using Equation A-5 and the data in Table A-37 . The result is 

C .  
1V 

-9 = 1 . 0 1  x 10  �Ci/kg . 
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Variable 

R 

X/Q 

7\ e 

t e 
Vd 

y 

B . 1.V 

7\ .  
1. 

t s 
p 
t c 

T 

a .  For 
b .  For 

TABLE A-37 

DATA FOR RADIONUCLIDE CONCENTRATION IN VEGETATION 
EXTRACTION SOLVENT FIRE SCENARIO 

(Ru- 106) 

Quantit}: • Unit Reference 

2 . 0  x 10- 1  none RG 1 . 109 

3 . 0  x 10-6 sec/m 3 Table A-B 
- 1  Assumes 0 hr no 

los s .  

1 . 44 x 103 hr RG 1 . 109 

0 . 0 1 m/sec Engineering 
j udgment . 

2a 2 RG 1 . 109 
0 . 7b kg/m 

5 . 0  x 10-2  none RG 1 . 109 

7 . B5 x 10-5 hr - 1  Ru- 106 

B . 7 7 x 103 hr 1 yr 

240 kg/m 2 RG 1 .  109 

0 hr Maximizes 
concentration . 

B . 7 7 x 103 hr Scenario 

fruits and vegetables consumed directly by man . 
vegetation consumed by meat- or milk-producing animals . 

The dose from ingestion of fruits and vegetables is  determined by 
the equations : 

= Qf ' x DF . 
1. 1. 

Uf x C .  
1.V 

(A- 7 )  

(A-B )  

The data for calculation of the dose from consumption of fruits and 
vegetables appears in Table A-3B . 
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Uf 
DF . 

1 

DF . 
1 

DF . 
1 

DF . 
1 

C .  
1V 

Variable 

TABLE A-38 

DATA FOR FRUITS AND VEGETABLES CONSUMPTION 
EXTRACTION SOLVENT FIRE SCENARIO 

(Ru- 106 ) 

Quantity Unit 

584 kg/yr 

(bone surface ) 9 . 57 x 10-3  rem/IJCi 

(liver)  8 . 27 x 10-3  rem/IJCi 

( lung) 2 . 1 7 x 10-4  rem/IJCi 

(total body) 5 . 94 x 10-3  rem/IJCi 

1 . 0 1  x 10-9 IJCi/kg 

Step 1 

Reference 

RG 1 . 109 

Table A-4 

Table A-4 

Table A-4  

Table A-4 

Equation A-5 

Substitution of the numerical values from Table A-38 into Equa
tions A-7 and A-8 gives the organ doses of Ru- 106 from consumption of 
fruits and vegetables : 

D .  ( lung) 
D� ( l iver)  
D� (bone surface ) 
D� (total body) 

1 

Step 2 

= 
= 
= 
= 

1 . 28 x 
4 . 87 x 
5 . 63 x 
3 . 50 x 

- 10  10_9 rem 
10_9 rem 
10_9 rem 
10 rem . 

The organ doses from all radionuclides are determined by using the 
values of isotope concentrations in Table A-2 and the appropriate DF .  

1 
from NUREG/CR-0 150 . 

'D ( lung) = 5 . 55 x 10-9 rem 
Dt ( l iver)  = 2 . 42 x 10-8 rem 
Dt (bone surface)  = , 1 .  79 x 10- 7  rem 
Dt (total body) = 3 . 23 x 10-8 rem . t 
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Calculation of Ingestion Dose Commitment from Meat Consumption 

The dose resulting from consumption of meat produced from animals  
grazed on  contaminated forage is  obtained using the following equations : 
Calculate the radionuclide concentration in meat produced from animals 
grazed on contaminated forage using Equation A-5 and the data in 

2 Table A-39 where Y = 0 . 7  kg/m . The result is 

C .  = 2 . 88 x 10-9 �Ci/kg . 
1V 

Variable 

Umf 
A m 
Sbi 
C .  

1V 

DF . 
1 

TABLE A-39 

DATA FOR MEAT CONSUMPTION 
EXTRACTION SOLVENT FIRE SCENARIO 

(Ru- 106 ) 

Quantity Unit 

1 10 kg/yr 

50 kg/day 

4 . 0  x 10- 1  day/kg 

2 . 88 x 10-9 �Ci/kg 

Use applicable rem/�Ci 
organ dose conver-
sion factors . 

Reference 

RG 1 . 1 09 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Table A-4 

The dose  from ingestion of meat produced by animals grazed on con
taminated forage is given by the equations : 

(A-9 )  

Q f . = U f x A x Sb . x C .  m 1 m m 1 1V (A- 10)  

The data for calcuation of the dose from ingestion of meat produced by 
animals grazed on contaminated forage appear in Table A-39 . 
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Step 1 

Substitution of the numerical values from Table A-39 into Equa
tions A-9 and A- 10 gives the organ doses of Ru- 106 from consumption of 
meat produced from animals grazed on contaminated forage : 

D .  ( lung ) = 1 . 38 x 10-9 rem 
D: ( l iver) = 5 . 26 x 10-8 rem 
D: (bone surface) = 6 . 08 x 10-8 rem 
D: (total body) = 3 . 7 7  x 10-8 rem . 

1 

SteE 2 

The organ doses from all  radionucl ides are determined by using the 

values of isotope concentrations in Table A-2 and the appropriate DY , 
1 

values from NUREG/CR 0150 : 

Dt ( lung ) = 1 . 96 x 10-9 rem 
Dt ( l iver )  = 5 . 45 x 10-8 rem 
Dt (bone surface ) = 6 . 52 x 10-8 rem 
Dt (total body )  = 3 . 92 x 10-8 rem . 

Calculation of the In  estion Dose Commitment from Milk Consum tion 

The contribution of the significant nuclide , Ru- 106 , to the maximum 
individual dose commitment through ingestion of milk from animals grazed 
on contaminated forage is given by the equations : 

D f ' C 1 
= Q f ' x DY , c 1 1 

= U f x A x S , x C ,  • 
c m C 1  1V 

(A- l l )  

(A- 12 )  

The data for calculation of  the dose from ingestion of milk pro

duced from consumption of contaminated forage appear in Table A-40 . 

SteE 1 

Substitution of the numerical values from Table A-40 into Equations 
A- l l  and A- 12  gives the organ doses for isotope i ,  Ru- 106 , from milk 
p roduced by animals  grazed on contaminated forage : 
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TABLE A-40 

DATA FOR MILK CONSUMPTION 
EXTRACTION SOLVENT FIRE SCENARIO 

(Ru- 106)  

Variable Quantity Unit 

S . c� 
C .  �v 
DF . � 

D .  
D� 
D� 
D� � 

SteE 2 

( lung) 
( l iver)  

3 10 

50 

1 . 0 x 10-6 

2 . 88 x 10-9 

Use appl icable 
organ dose  conver
s ion factors . 

= 9 . 7 1 x 10- 15 
= 3 . 5 7  x 10- 13 

(bone surface ) = 4 . 28 x 10-13  
10-13  . (total body) = 2 . 66 x 

£/yr 

kg/day 

day/£ 

J.JCi/kg 

rem/J.JCi 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Table A-39 

.Table A-34 

The organ doses from all radionuclides are determined by using the 
values of isotope concentrations in Table A-2 and the appropriate DF . � 
values from NUREG/CR-0150 : 

Dt ( lung) = 4 . 94 x 10-9 rem 
Dt ( l iver )  = 1 . 65 x 10-8 rem 
Dt (bone surface)  = 2 . 5 7 x 10-8 rem 
Dt (total body) = 1 . 15 x 10-8 rem . 

Calculation of Direct Radiation Pathway Dose 

The direct radiation dose  results from material deposited on the 
ground as the result of an extraction solvent fire . The dose commitment 
from ground-plane deposition for 1 yr is given by the equations : 
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D = t x Sf x C x DF gi x gi gi (A- 13 )  

-A . t  
( 1  1 s ) - e C = D A .  gi pi PL 

1 
(A- 14) 

Substituting the numerical values from Table A-41 into 
Equations A- 13  and A-14 gives the organ doses for ground-plane direct 
radiation . 

Variable 

DF gi 

t x 
Sf 

A .  
1 

t s 

Step 1 

TABLE A-41 

DATA FOR GROUND-PLANE DIRECT RADIATION 
EXTRACTION SOLVENT FIRE SCENARIO 

(Ru- 106)  

Quantity Unit 

rem/hr 0 IJCi/cc 

1 hr 

0 . 7  none 

-5 
7 . 85 x 10 l/hr 

8 . 7 7 x 103 hr 

Reference 

ISOSHLD 

Scenario 

RG 1 . 109 

Ru- 106 

1 yr 

Since Ru- 106 is  a beta emitter , the dose factor for the ground
p lane dose is zero . Thus the contribution of Ru- 106 is zero . 

Step 2 

The ground-plane doses from all  isotopes are determined by us ing 
the isotope concentrations in Table A-2 and the dose convers ion factors 
from the ISOSHLD code . 

The total whole-body ground-plane deposition dose from the 
extraction so lvent fire scenario is  4 . 18 x 10- 1 0  rem . 
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Calculation of Whole-Body Equivalent Doses and Health Effects 

Step 3 

Step 3 consists of summing the dose commitments from all pathways , 
for all isotopes ,  and for all  organs at risk .  The total doses for each 
pathway are given in Table A-42 . 

Organ 

Bone surface 

Liver 

Lung 

Total body 

Step 4 

TABLE A-42 

INDIVIDUAL PATHWAY ORGAN DOSE COMMITMENTS ( rem) 
EXTRACTION SOLVENT FIRE SCENARIO 

Fruits and 
Inhalation Vegetables Meat Milk 

2 . 66xIO- 10  1 .  79xIO- 7  6 . 52xIO-8 2 . 5 7xIO-8 

7 . 25xIO- l l  2 . 42xIO-8 5 . 45xIO-8 1 . 65xIO-8 

3 . 24XIO-9 5 . 55xIO-9 1 . 96xIO-9  4 . 94xIO-9 

6 . 8 1xIO- l l  3 . 23xIO-8 3 . 92xIO-8 1 . 15xIO-8 

Total 

2 . 70xlO- 7  

9 . 53xIO-8 

1 .  5 7xIO-8 

8 . 31xIO-8 

Organ dose commitments calculated in Step 3 are multiplied by the 
appropriate weighting factor (WT) from Table A-6 to calculate the whole
body equivalent (WEE ) dose ;  

WEE . = D .  x WTj J J 
where 

WEE . bone surface = 2 . 70XIO=� (0 . 03 )  = 8 . lOXlO=� rem 
WEE� l iver = 9 . 53xIO_8 (0 . 06 )  = 5 . 72x IO_9 rem 
WEE� lung = 1 . 57xIO_8 (0 . 12 )  = 1 .  88xIO_9 rem 
WEE� total body = 8 . 3 1xIO (0 . 06 )  = 4 . 99xIO rem 

J 

Us ing these calculated WEE doses and the procedures outlined in 
Subsection A . l . 3 . 1  and the weighting factors from Table  A-6 ,  the maximum 
individual whole-body equivalent dose from the solvent extraction fire 
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s cenario is  

WEE = 2 . 41xl0- 7  rem . 

The WEE is  sufficiently large that the ground-plane dose of 4 . 18 x 
- 10  10  rem in  1 yr  does not contribute s ignificantly to  the total dose . 

Step 5 

The population dose commitment is  calculated from the maximum 
individual dose as follows : 

Population WEE dose = (2 . 41 x lQ�7 ) (0 . 04) (7 1 , 000 ) 
= 6 . 84 x 10 man-rem . 

Step 6 

The health effects associated with the population dose are based on 
the BEIR I I I  Report in which it is  estimated that 1 million man-rem 
cause between 75 and 

-5 dose by 7 . 5  x 10 
230 excess cancer fatalities . Multiplying the WEE 
and 2 . 3  x 10-4  gives a range of 5 . 13 x 10-8 to 

1 . 57  x 10- 7  health effects from the extraction solvent fire s cenario for 
Alternative 4 in 1990 . (See Appendix B ,  Table B-40 . ) 

A . l . 8 . 1 . 3 . 4  Waste Shipment Accident 

Offsite disposal of all  or part of the waste inventory requires 
shipping the waste to a federal geologic repository . The risk 
associated with the waste shipment depends on many factors : the 
solidified waste form , shipment method (truck or  train) , travel dis
tance , and the population distribution a long the route . The waste would 
be packaged in containers and placed in shipping casks that meet 
Department of Transportation specifications for radiation and container 
integrity . A Type B cask must survive certain severe hypothetical 
a ccident conditions that demonstrate resistance to impact , puncture , 
fire , and submersion in water (49 CFR 173 . 398 ) . Under these conditions , 
the Type B package must not release any of  its contents . However , to 
evaluate the effects of a radionuclide release , a shipping cask is 
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as sumed to break open as shown in the 
il lustration in Subsection 4 . 5 . 1 . 2 . 2 .  

Inhalation is the significant 
exposure pathway as shown in the 
illustration . Both individuals and 
the general population 
exposed to radiation . 

The waste shipment 

would be 

accident 

I . IN H A L A T I O N  

s cenario applies to Alternatives 3 ,  4 ,  
and 5 and i s  based on the following 
assumptions : 

WASTE S H I P M E N T  

A C C IDENT 

• The accident occurs at an intersection . 

• No special shipment procedures are followed and accident 
statistics for normal freight operations are used . 

• Shipment accidents occur with equal probability in urban and 
rural areas . 

• Five hundred people per accident are a ffected at and near  the 
s cene of the accident . 

• There are three canisters per shipment for Alternatives 3 and 
5 ,  and one canister  per shipment for Alternative 4 .  

• 

• 

The shipping distance is  2400 km ( 1 , 500 mi ) . 

The release fraction for stabilized calcine is  1 x 10-3 ; the 
-5 release fraction for the more stable glas s  form is 2 . 5  x 10 . 
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• Three canisters of stabilized calcine contain 4800 kg of cal
cine . Three caniste rs of vitrified calcine contain 2800 kg of 
calcine . The s ingle canister of actinide glass contains the 
actinide fraction from 4 . 22 x 105 kg of calcine . 

• The probability of occurrence (event/year)  is : 

Alternative 3 :  2 . 0  x 10-5 in 1990-2000 
(stabilize calcine ) 3 . 0  x 10-6 in 2010-2020 

Alternative 3 :  3 . 0  x 10-5 in 1990-2000 
(glas s )  5 . 0  x 10-6 in 2010-2020 

Alternative 4 :  7 . 0  x 10-8 in 1990-2000 
2 . 0  x 10-8 in 2010-2020 

Alternative 5 :  3 . 0  x 10-5 . 

The fol lowing sample calculation gives the maximum individual 
whole-body dose commitment for Alternative 4 from plutonium-238 (Pu-238) 
in the period 1990 to 2020 . 

The contribution of the s ignificant isotope , Pu-238 , to the maximum 
individual dose commitment from the inhalation pathway is given by the 
equations : 

D .  = C .  x V x DF . 
1 1 1 

(A- 1 ) 

where 

V = B x T (A-2 )  

C .  = Q .  x X 
1 1 Q (A-3 )  

Q .  = Q x F .  x C x 1 
1 S 1 ci 3600T (A-4a) 

Data and parameters applied to a waste shipment accident are presented 
in Table A-43 . 
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Variable 

x/Q 

F .  
1 

T 

B 

DF . 
1 

Step 1 

TABLE A-43 

DATA FOR INHALATION PATHWAY 
WASTE SHIPMENT ACCIDENT SCENARIO 

(Pu-238) 

Quantity Unit 

4 . 22 x 105 kg 

7 . 0  x 104 IlCi/kg 

L O X 10-4 sec/m 3 

2 x 10-5 none 

1 . 0 hr 

2 . 0 3 m /hr 

Use appl icable rem/IlCi 
organ dose conver-
s ion factors . 

Reference 

Scenario 

Figure A-2 

Scenario 

Scenario 

Scenario 

RG 1 . 109 

Table A-3 

Substitution of the numerical values from Table A-43 into 
Equations A-I , A-2 , A-3 , and A-4a gives the organ doses from inhalation 
of Pu-238 : 

D .  ( lung) 
D7 ( l iver) 
D7 (bone surface ) 
D7 (total body) 

1 

SteE 2 and SteE 3 

= 
= 
= 
= 

1 . 99 x 10 1 
2 . 29 x 10� 
1 . 07 x 10  
4 . 5 7 rem . 

rem 
rem 
rem 

The inhalation organ dose commitments from all  radionucl ides are 
determined by using the values of isotope concentrations in Figure A-2 
and appropriate DF . values from NUREG/CR-0150 : 

1 

Dt C lung) = 2 . 14 x 10 1 rem 
Dt ( l iver)  = 2 . 5 1  x 10 1 rem 
Dt (bone surface ) = 1 . 18 x 102 rem 
Dt (total body) = 5 . 05 rem . 
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Step 4 

Organ dose commitments calculated in Step 3 are multiplied by the 
appropriate weighting factors (WT) from Table A-6 to calculate the 
whole-body equivalent (WEE) dose : 

WEE = 1 . 00 x 10 1 rem . 

Step 5 

The population dose commitment is calculated from the maximum 
individual dose for 500 people as follows : 

Population WEE dose = (500 ) x ( 1 . 00 x 10 1 rem) = 3 5 . 0 x 10 man-rem . 

Step 6 

The health effects associated with the population dose are based on 
the BEIR I I I  Report in which it is estimated that each 1 mill ion man- rem 
cause between 75 and 230 excess cancer fatalities . Multiplying the WEE 
dose by 7 . 5 x 10-5 and 2 . 3  x 10-4 gives a range of 0 . 375 to 1 . 15 health 
effects for Alternative 4 in 1990 to 2020 . 
Table B-43 ) .  

(See Appendix B ,  

A . 1 . B . 1 . 4  Migrational Modes 

A . 1 . B . 1. 4 . 1 Living Over the Waste 

To evaluate the effects of living 
over the waste it is postulated that 
houses are built directly over the 
calcine bins without the inhabitants 
being aware of the radioactive waste . 
Radon gas is assumed to enter the 
houses through a concrete s lab floo r .  
Inhalation is the pathway by which the 
inhabitants are exposed to radiation 
as shown in the accompanying illus-
tration . 

A- I l l  
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Should significant cracks develop in the bins , radon gas ( a  
daughter p roduct of radium-226 ) would diffuse from the bins through the 
soil and escape into the atmosphere . I f  a house is  built on soil where 
radon concentrations are elevated , the gas can remain in a confined a rea 
long enough to allow the formation of daughter products that contribute 
to the lung dose of individuals  inside the building . The s cenario i s  
i llustrated in  Subsection 4 . 5 . 2 . 1 . 2 .  The l iving-over-the-waste s cenario 
appl ies to Alternatives 1 ,  2 ,  and 4 in which all or  part of the waste 
inventory is  disposed at the INEL s ite . 

The relationship between radon emiss ions from the soil and radon 
daughter product concentrations in a depends , among other things , on the 
way the building is  constructed . The construction technique a ssumed in 
this analysis is s lab-on-grade . This technique results in c lose 
coupling of the ground and building , so that potential indoor radon 
daughter concentrations are high relative to other methods of construc
tion . 

In this s cenario , it is assumed that : 

• There is a 7 . 6-m (25-ft) layer of clean soil  between the waste 
and the house . 

• The quantity of radon gas is reduced by diffusion through the 
soil to the surface . 

• The p robability of occurrence is  0 . 0 1 event per year .  

• A population of 5 is  exposed . 

The following sample calculation gives the maximum individual 
whole-body dose commitment for Alternative 1 from radon-222 (Rn-222) in 
202 , 000 . Radon continues to increase in concentration in the waste 
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calcine for the first 200 , 000 years . Thus , the greatest l-yr effect 
from living over the waste occurs in 202 , 000 . 

The maximum individual lung dose from inhalation of radon and radon 
daughters is obtained by the use of the equations : 

D = CWL x DF rn rn (A- 3 I )  

The average radon flux from the soil surface and the radon progeny 
concentration in a house of slab-on-grade construction is re lated by an 
empirically derived formula :  

CWL = 0 . 0087 JO . 46 (A-32)  

The radon flux , J ,  at the surface of the clean layer of soil is 
ca lculated from the radon flux , J , at the bin surface to account for o 
the diffusion time through the clean soi l .  The radon flux , J , from the o 
surface of a porous , homogeneous medium is given by : 

(A-33)  

The concentration of radon , C in the void space in a homogene-rn ' 
ous , porous medium is given by : 

C = C (�) rn ra P 

Substituting the relation for C in Equation A-33 gives : rn 

J = 104C x Ep (ADp)�  o ra 

Shielding Layer 

(A-34) 

A layer of clean porous soil on top of a radium-bearing porous soil 
can be expected to attenuate the diffusing radon . At the surface of 
c lean soi l , the radon flux is described approximately by the simple 
attenuation equation : 
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(A-35 ) 

Substituting the values from Table A-44 into Equation A-35 gives 

J = 1 . 08 x 10- 1  C ra 

The potential lung (tracheobronchial )  dose equivalent rate is  
estimated from 

where 

D = C x DF rn WL rn 

DF rn = lOOT 
5840 

CWL = 0 . 0087 JO . 46 

TABLE A-44 

DATA FOR INHALATION PATHWAY 
LIVING OVER THE WASTE SCENARIO 

(Rn-222 ) 

Variable Quantity Unit 

p 1 . 3  glcc  

E 1 none 

C 1 . 5 x 104 pCi/g ra 
Y 760 cm 

A 2 . 1 x 10-6 - 1  sec 

P 0 . 3  none 

D 0 . 024 2 cm /sec 

T 700.0 hr 
i 
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Reference 

Density of calcine . 

Assumes total 
release . 

Figure A-2 

Depth of soil  
laye r .  

Rn-222 

Scenario 

Scenario 

Approximately 
1 -yr residence 
time . 



Calculation of Inhalation Pathway Dose 

Step 1 

The radon daughter dose commitment to the lungs is calculated by 
substituting the values from Equations A-37 and A-32 into Equation A-3 1 .  
The lung is the only organ affected by radon daughters . In the year 
202 , 000 , the Ra-226 concentration in soil is 1 . 5  x 104 pCi/g .  The dose 
commitment to the lungs is D = 3 1 . 0  rem . rn 

Step 2 

Since radon daughters are the only source of exposure in this 
s cenario , the organ dose for all  isotopes is also D = 3 1 . 0  rem . rn 

Step 3 

Since only one pathway contributes to the maximum individual dose 
commitment , the total organ dose commitment is 3 1 . 0  rem . 

Step 4 

The organ dose commitment calculated in Step 3 is multiplied by the 
weighting factor (WT) from Table A-6 to calculate the whole-body 
equivalent (WBE ) dose . 

WBE = (31 . 0  rem) x (0 . 12 )  = 3 . 7  rem 

Step 5 

The population dose commitment is calculated from the maximum 
individual dose as follows : 

Population WBE dose = 3 . 7  rem x 5 people 
= 18 . 5  man-rem . 
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Step 6 

The health effects associated with the population dose are based on 
the BEIR I I I  Report in which it is estimated that 1 mi l lion man-rem 
cause between 75 and 230 excess cancer fatalities . Multiplying the 

-5 -4  population WEE dose by 7 . 5 x 10 and 2 . 3  x 10 gives a range of  
1 . 39 x 10-3 to  4 . 25 x 10-3 health effects from the living-over-the-waste 
s cenario for Alternative 1 in the year 202 , 000 . 
Table B-47 . )  

(See Appendix B ,  

A . l . B . l . 4 . 2  Waste Migration into Groundwater 

Because the containment integrity 
of the calcine bins cannot be guaranteed 
in perpetuity , it is postulated that 
radionuclides in the bins are leached by 
water and eventually migrate to the 
aquifer . Ingestion is  the pathway by 
which a small  population would be 
exposed to radiation as shown in the 
accompanying illustration . The s cenario 
applies to Alternatives 1 ,  2 ,  and 4 in 
which the waste is  disposed at the lNEL . 

( . I N G E S T I O N  

WASTE M IGRATION 

INTO GROUNDW ATER 

In the waste-migration-into-groundwater s cenario four hypothetical 
wel ls are evaluated . The wells  are located at distances of 0 ,  3 ,  1 0 ,  
and 120 mi downgradient from the point o f  inj ection into the aquifer .  
The s cenario i s  illustrated in Subsection 4 . 5 . 2 . 1 .  

The amount of water required to leach the waste is  equivalent to 
about 30 years ' average precipitation at the lNEL . Average annual 
precipitation is assumed to drive contaminated water by hydrostatic 
pres sure from the bin bottom . The contaminated water then seeps through 
the soil  laye r ,  traverses a layer of lava , and reaches the aquifer where 
the radionuclides are transported downgradient to the hypothetical 
wells . 
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The annual precipitation is  22 cm (8 . 5  in . ) .  Very little of this 
moisture actually reaches the aquifer ; most is lost to the atmosphere by 
evaporation and transpiration . If  current weather patterns continue , 
eventual radionuclide migration to the aquifer would be unlike ly .  

This scenario is  evaluated to determine the potential  consequences 
of aquifer contimination . In reality , the underlying Snake River Plain 
Aquifer is  vast , and a very large amount of dilution would occur both 
initially and during the 120-mi underground movement of the water before 
it surfaces near Hagerman in the Snake River Canyon . Ion-exchange 
processes in the soil and in the sediments underlying the waste disposal  
area would further diminish the quantity of radionuclides reaching the 
aquifer .  

The s cenario i s  based on the following as sumptions : 

• After . the containment life of the stainless steel b ins 
(500 years ) , the surrounding concrete and reinforced concrete 
vault are assumed to deteriorate . The bin set covers an area 

2 2 of about 190 m (2 , 000 ft ) and is as sumed to contain the 
entire radionucl ide inventory . 

• Half  of the annual precipitation , 22 cm (8 . 5  in . ) ,  contacts 
and covers 1% of the waste . 

• Thirty years ' average precipitation fills the bin after which 
additional precipitation drives contaminated water by 
hydrostatic pressure from the bin bottom . 

• The leached radionuclides seep through a soil layer 15 m 

(50 ft) thick , which has an effective ion-exchange capacity .  

• The vertical flow rate is  1 cm/day . 

• The probabi lity of  occurrence is  

A- 1 1 7  
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• The populations exposed in 2600 when effects would be maximum 
are : 5 at the 0- and 3-mi wells , 100 at the 10-mi well ,  5000 
at the 120-mi wel l .  

• The radionucl ides that reach the aquifer are assumed to be 
diluted by the volume of water under one vault . This dilution 
flow is about 1 1 0 m3/day/m ( 1200 ft3/day/ft) of vault width . 
The estimated vault width is  15 m (50 ft) which gives an 
annual dilution volume of 6 . 2  x 105 m3/yr (2 . 2  x 107 ft3/yr) . 

The following sample calculation is  for a hypothetical well  located 
at the point of discharge to the aquifer .  The maximum individual 
whole-body dose commitment is  calculated for Alternative 1 from 
cesium- 1 35 (Cs-135)  in 13 , 500 . 

Calculation of Ingestion Pathway Dose 

The ingestion pathway dose is based on the radionuclide 
concentration in the aquifer . The radionucl ide concentration in the 
aquifer is  a function of the time required for radionucl ides to migrate 
to the aquifer .  The time interval required for the leached material to 
reach the aquifer is a function of soil retardation factors calculated 
from the distribution coefficients (Kd) l isted in Table A-9 . 

The time required for a specific isotope to migrate through the 
15-m soil layer is given by Equation A- 16 . 

(Kd , x R + 1 )  
Ti = L �65 wP (A- 1 6 )  

g 

When the e lapsed leach time from the bins is  greater than the 
travel time , the concentration entering the aquifer is  given by either 
Equation A- 1 7  or  Equation A-18 depending upon the pulse width of the 
migrating material .  The pulse width of an instantaneous release from 
the bins is  given by Equation A- 19 . 

PW = 2". 428 Kdi 

A- 1 18 
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If the time over which the isotope is released from the bins ( 100 
yr in this scenario) is greater than the pulse width , the concentration 
reaching the aquifer is represented by a square wave equation : 

z .  = 
1 

(A- l 7 )  

I f ,  however ,  the pulse width i s  greater than the 100-yr release 
time , the concentration reaching the aquifer is more appropriately 
represented by : 

Z .  = 
1 T 

Iti x 365 x 

(27tL 
)

\ 
W T g e 

(Kd . x R 
1 P 

106 
(A- 18 )  

+ 1 )  W a 

For Kdi values of 0 ,  5 ,  and 10 , Equation 1 7  applies . For a l l  other 
Kdi values listed in Table A-9 , Equation 18 applies . The data required 
to evaluate the aquifer concentration using Equation 18 are given in 

-6 Table A-45 and Z .  = 3 . 48 x 10  �Ci/c c .  
1 

Calculation of Food Subpathway Dose from Water Consumption 

Three ingestion subpathways contribute to radiation exposure from 
consumption of contaminated water . The subpathways that result from 
radionuclide migration into water and subsequent ingestion by humans and 
animals are 1 )  direct consumption of drinking water ,  2 )  consumption of 
meat from animals watered at a contaminated source , and 3) consumption 
of milk from animals watered at a contaminated source . 

1 )  Calculation of Ingestion Dose Commitment from Drinking Water 

The contribution of Cs- 135 to the maximum individual dose  
commitment from ingestion of  contaminated water is given by the 
equation : 

D = W x Z .  x 103 x DF . .  pw 1 1 
(A- 1S )  
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Iti 
T e 

Kdi  

R p 
L 

W g 
W a 
T 

DF . 
1. 

DF . 
1. 

DF . 
1. 

DF . 
1. 

W 

Z .  
1. 

Ste,e 

TABLE A-45 

DATA FOR WASTE MIGRATION INTO GROUNDWATER SCENARIO 
( Cs - 135 )  

Variable Quantit� Unit Reference 

1 . 53 x 103 Ci  Figure A-2 

1 day Scenario 

500 meg,/g solid Table A-9 meq/cc  liquid 

5 . 33 g/cc INEL soil . 

1500 cm Soil depth 
under bins . 

1 cm/day INEL data . 

6 . 2  x 101 1  cc/yr Scenario 

1 day Related to Te . 

( lung )  0 rE!m/j.JCi NUREG/CR-0150 

( l iver)  1 . 12 x 10-2 rem/j.JCi NUREG/CR-0150 

(bone surface ) 1 . 30 x 10-2 rem/j.JCi NUREG/CR-0150 

( total  body) 6 . 6 1 x 10-3 rem/j.JCi NUREG/CR-0150 

730 fl/yr RG 1 . 109 

3 . 48 x 10-6 j.JCi/cc Equation A- 18 

1 

Substitution of  the numerical values from Table A-45 into Equation 
A- IS gives the organ doses from ingestion of water containing Cs- 135 : 

D .  ( lung )  = o rem 
D� ( l iver)  = 2 . 84 x 10-2 rem 
D�  (bone surface) = 3 . 29 x 10-2 rem 
D� (total body) = 1 . 67 x 10-2 rem . 1. 
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Step 2 

Since Cs - 135 dominates the dose at 13 , 500 , the total organ doses 
are essentially the same as in Step 1 .  The organ doses from all  
isotopes entering the aquifer  in 1 3 , 500 are given below for rubidium-88 
(Rb-88) and Cs- 135 . 

Dt C lung )  = O .  rem 
Dt ( l iver) = 2 . 85 x 10-2 rem 
Dt (bone surface) = 3 . 30 x 10-2 rem 
Dt (total body) = 1 . 68 x 10-2 rem . 

2 )  Calculation of Ingestion Dose Commitment from Meat Consumption 
(Water)  

The contribution of  a s ingle isotope , Cs- 135 to the maximum 
individual dose commitment through ingestion of meat from animals  
watered at  a contaminated source i s  given by the equations : 

D = Q . x DF . mw mW1 1 

= U x A x S . x Z .  x 103 
mw w W1 1 

(A-22) 

(A-23)  

The data for calculation of the dose from ingestion of meat produced 
from animals watered at a contaminated source appear in Table A-46 . 

Variable 

U mw 
A w 
S wi 
Z .  1 
DF . 1 

TABLE A-46 

DATA FOR MEAT CONSUMPTION (WATER) 
WASTE MIGRATION INTO GROUNDWATER SCENARIO 

(Cs- 1 35 )  

Quantity Unit 

1 10 kg/yr 

50 Mday 

4 . 0  x 10-3 day/kg 

3 . 48 x 10-3  jJCi/Jt 

Use applicable rem/jJCi 
organ dose conver-
s ion factors . 
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Equation A- 18 
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I 
Step 1 

Substitution of the numerical values from Table A-46 into Equations 
A-22 and A-23 gives the organ doses for Cs- 135 from meat produced by 
animals  watered at a contaminated source . 

D .  (lung) = 0 . 0  rem -4 D�  ( l iver )  = 8 . 55 x 10_4 rem 
D� (bone surface) = 9 . 92 x 10_4 rem 
D� (total body) = 5 . 05 x 10  rem . 

1 

SteE 2 

S ince Cs- 135 dominates the dose at 1 3 , 5 00 ,  the total organ doses 
are the same as in Step 1 .  

3 )  Calculation o f  Ingestion Dose Commitment from Milk Consumption 
(Water) 

The dose resulting from consumption of milk  produced by animals  
watered at a contaminated source is  given by Equations A- l l  and A-12 : 

D . = Q . x DF . 
CW1 CW1 1 

u cw x A w x S . x Z .  x 103 . 
W1 1 

(A-24) 

(A-25 ) 

The data needed for calculation of the dose from milk  produced by 
animals  watered at contaminated water are in Table A-47 . 

Substitution of the above values into Equations A-24 and A-25 gives 
the organ doses for Cs- 135 in milk produced by animals  watered at a 
contaminated source . 

D .  ( lung )  = 0 . 0  rem -3 D� ( l iver )  = 8 . 67 x 10_2 rem 
D� (bone surface)  = 1 . 0 1  x 1 0_3 rem 
D� (total body) = 5 . 12 x 10  rem . 

1 
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Variable 

U cw 
A w 
S cw 
Z .  � 
DF . � 

Step 2 

TABLE A-47 

DATA FOR MILK CONSUMPTION (WATER) 
WASTE MIGRATION INTO GROUNDWATER SCENARIO 

Quantity Unit 

310  Q/yr 
60 9.,fday 

1 . 2 x 10-2 day/Q 
3 . 48 x 10-3  IJCi/Q 
Use applicable organ rem/IJCi 
dose conversion factors . 

Reference 

RG 1 . 109 
RG 1 . 109 
RG 1 . 109 
Equation A- 18 
NUREG/CR-0150 

S ince Cs - 135 dominates the dose at 13 , 500 , the total organ doses 
are the same as in Step 1 .  

Calculation of Food Subpathway Dose from Vegetation Consumption 

Three ingestion subpathways contribute to radiation exposure from 
consumption of contaminated vegetation . The subpathways that result 
from growing crops and animal feed with contaminated irrigation water 
are 1 )  ingestion of fruits and vegetables , 2 )  ingestion of milk from 
animals  grazed on contaminated forage , 3 )  ingestion of meat from animals 
grazed on contaminated forage . Bas ic to the subpathways is the isotope 
concentration in i rrigation water used to grow the p roducts consumed by 
man .  The isotope concentration in vegetation i s  calculated a s  follows : 

� - (A + A . ) t  
C .  = D .  R [ 1  - e e � e 
�v p�  Y CA + A . ) e � 
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and 

D .  = Z .  x I x 103 
p1  1 (A-6d) 

Substitution of the numerical values from Table A-48 gives the 
value for C .  : 1V 

C .  = 2 . 3  x 10-2 �Ci/kg . 1V 

Dose  commitments for the three food ingestion subpathways are calculated 
separately in the following paragraphs . 

1 )  Calculation o f  Ingestion Dose Commitment from Fruits and Vegetables 
Consumption 

The dose from contaminated fruits and vetetables is  determined by 
the equations : 

Step 1 

Dfi = Qfi x DFi 
Qfi = Uf X Civ 

(A-l ) 

(A-8 )  

Substitution of  the numerical values from Table A-48 into Equations 
A-7 and A-8 gives the organ doses for Cs- 135 from fruits and vegetables 
consumption : 

D .  (lung) = 0 . 0  rem - 1  D� ( l iver)  = 1 . 5 1  x 10_ 1 rem 
D�  (bone surface) = 1 . 76 x 10_2 rem 
D�  ( total body) = 8 . 93 x 10  rem . 1 

SteE 2 

Since Cs- 135 dominates the dose at 1 3 , 500 , the tota l organ doses 
are the same as in Step 1 .  

2 )  Calculation of  Ingestion Dose Commitment from Meat Consumption 
(Forage) 

The dose resulting from consumption of meat produced by animal s  
grazed on  contaminated forage i s  obtained as follows . For meat produced 
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Variable 

Z .  � 
I 

D pi 
R 

A e 
t e 

y 

B .  �v 
A .  � 
t s 
p 
t c 

Uf 
DF . � 

a .  For 

b .  For 

TABLE A-48 

DATA FOR FRUITS AND VEGETABLES CONSUMPTION 
WASTE MIGRATION INTO GROUNDWATER SCENARIO 

(Cs- 1 35 )  

guantit� Unit 

3 . 48 x 10-6  I-ICi/cc 

8 . 8  x 10-2 2 Qjm -hr 

3 . 06 x 10-4 I-ICi/m2-hr 

2 . 5  x 10- 1 none 

2 . 1  x 10- 3 - 1  hr 

1 . 44 x 103a hr 
7 . 20 x 102b 

2a 2 
0 . 7b kg/m 

L O x 10-2 none 

3 . 4  x 10- 1 1  - 1 hr 

4 . 38 x 105 hr 

240 2 kg/m 

0 hr 

584 kg/yr 

Use applicable dose rem/I-ICi 
conversion factors . 

fruits and vegetables consumed directly by man . 

Reference 

Equation A- 18 

RG 1 . 109 

Equation A-6d 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Cs- 1 35 

50 year  

RG 1 . 109 

Maximum 
concentration . 

RG 1 . 109 

NUREG/CR-0150 

vegetation consumed by meat- or milk-producing amimals . 

by ingestion of contaminated forage , calculate the isotope concentra
tions in vegetation using Equation A-5 and the data in Table A-49 where 
t = 720 hours and Y = 0 . 7  kg/m2 . The result is  e 

C .  = 4 . 64 x 102 I-ICi/kg . �v 
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Variable 

Sbi 
C .  

1V 

DF . 
1 

TABLE A-49 

DATA FOR MEAT CONSUMPTION (FORAGE ) 
WASTE MIGRATION INTO GROUNDWATER SCENARIO 

(Cs-135 )  

Quantity 

1 10 

50 

4 . 0  x 10-3 

4 . 64 x 10-2 

Use applicable 
organ dose conver
sion factors . 

Unit 

kg/yr 

kg/day 

day/kg 

J.JCi/kg 

rem/J.JCi 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

NUREG/CR-0150 

The dose from consumption of meat produced by animals grazed on contam
inated forage is given by the equations : 

x DF . 
1 

(A- 9 )  

(A- I0 )  

The data for calculation of the dose from ingestion of meat produced by 
animals grazed on contaminated forage appear in Table A-49 . 

Step 1 

Substitution of the numerical values from Table A-49 into Equations 
A-9 and A- I0 gives the organ doses for Cs- 135 from meat p roduced by 
animals grazed on contaminated forage . 

D .  (lung ) = 0 . 0  rem -2 D:  ( l iver)  = 1 . 14 x 10_2 rem 
D:  (bone surface ) = 1 . 33 x 10_3 rem 
D: (total  body )  = 6 . 76 x 10 rem . 

1 
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Step 2 

Since Cs- 135 dominates the dose at 1 3 , 5 00 ,  the total organ doses 
are the same a s  in Step 1 .  

3 )  Calculation of Ingestion Dose Commitment from Milk Consumption 
(Forage ) 

The contribution of Cs- 1 35 to the maximum individual dose commit
ment through ingestion of milk from animals grazed on contaminated 
forage is given by the equations : 

D f ' = Q f ' x DF . c 1 c 1 1 
(A- l l  ) 

Q f = U f x A x S . x C .  c i c m C1 1V 
(A- 1 2 )  

The data for calculation of the dose from ingestion of  milk produced by 
animals grazed on contaminated forage appear in Table A-50 . 

Variable 

Ucf 
A m 
S ci 
C .  

1V 

DF . 
1 

Step 1 

TABLE A-50 

DATA FOR MILK CONSUMPTION (FORAGE) 
WASTE MIGRATION INTO GROUNDWATER SCENARIO 

(Cs- 135)  

Quantity Unit 

310  !/yr 

50 kg/day 

1 . 2  x 10-2 day/! 

4 . 64 x 10-2 IJCi/kg 

Use applicable rem/IJCi 
organ dose conver-
s ion factors . 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 .  109 

Equation A-5 

NUREG/CR-0150 

Substitution of the numerical values from Table A-50 into Equations 
A- 1 1  and A- 12 gives the organ doses for Cs - 135 from milk produced from 
animals grazed on contaminated forage : 
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D .  (lung) = 0 . 0  rem -2 D� ( liver )  = 9 . 68 x 10_ 1 rem D� (bone surface ) = 1 . 12 x 10_2 rem D� ( total body) = 5 . 7 1 x 10 rem . � 

SteE 2 

Since Cs- 135 dominates the dose at 13 , 500 , the total organ doses 
are the same as in Step 1 .  

Ca lculation of Whole-Body Equivalent Doses and Health Effects 

SteE 3 

Step 3 consists of summing the dose commitments from all  pathways , 
for all isotopes , and for all  o rgans at risk .  The total doses for each 
pathway are given in Table A-5 1 .  

TABLE A-5 1 

INDIVIDUAL PATHWAY ORGAN DOSE COMMITMENTS ( rem) 
WASTE MIGRATION INTO GROUNDWATER SCENARIO 

Bone Surfa ce Liver Lung Total Bod� 
Drinking Water 3 . 3  x 10-2 2 . 8  x 10-2 0 1 . 68 x 10-2 
Fruits and 
Vegetables 1 . 76 x lO- 1  1 . 5  x lO- 1  0 8 . 8  x 10-2 

Meat from Con tam-
ina ted Forage 1 . 33 x 10-3 1 . 14 x 10-2 0 6 . 67 x 10-3 
Milk  from Con tam-
ina ted Forage 1 . 12 x lO- 1  9 . 68 x 10 -2 0 5 . 7 1 x 10-2 
Meat from Con-

10-4 
10-4 

10-3 taminated Water 9 . 92 x 8 . 55 x 0 5 . 12 x 
Milk  from Con-

x 10-2 
10-3 

10-3 taminated Water 1 . 0 1  8 . 67 x 0 5 . 12 x 
TOTAL 3 . 45 x lO- 1  2 . 9 7 x lO-1  0 1 . 76 x lO- 1  
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Step 4 

Organ dose  commitments calculated in Step 3 are multiplied by the 

appropriate weighting factor (W . )  from Table A-6 to calculate the 
J 

whole-body equivalent (WEE) dose . 

WEE . = D .  x WTj J J 
where 

WEE . (bone surface ) = 3 . 45 x 10- 1  ( 0 . 03) = 1 . 04 x 10-2 rem 

WEE� ( l iver )  = 2 . 97 x 10- 1  ( 0 . 06 )  = 1 . 78  x 10-2 rem 

WEE� ( lung)  = 0 ( 0 . 1 2 )  = o rem 
WEE� ( total body )  = 1 . 76 x 10- 1  ( 0 . 06 )  = 1 . 06 x 1 0-2 rem . 

J 
Using these calculated WEE doses and the procedures outlined in 

Subsection A. 1 . 3 . 1  and weighting factors from Table A-6 , the maximum 

individual dose from the waste migration into groundwater s cenario is  

WEE = 2 . 45 x 10- 1  rem . 

Step 5 

The population dose commitment is  calculated from the maximum 
individual dose as follows : 

Population WEE dose = ( 2 . 45 x 10- 1 ) ( 1 )  (5 ) 

= 1 . 22 man-rem. 

Step 6 

The health effects associated with the population dose are based on 

the BEIR I II Report in which it is estimated that 1 million man-rem 

cause between 75 and 230 excess cancer fatalities .  Multiplying the WEE 

-5 -4 -5 
x 10 and 2 . 3  x 10  , gives a range of 9 . 19 x 10  to 

excess  cancer fatalities from the waste-migration-into-dose by 7 . 5 
2 . 82 x 10-4 

groundwater scenario in the year  1 3 , 500 at the point of discharge to the 

aquifer . (See Appendix B ,  Table B-5 1 . )  
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A . I . B . I . S Intrusional Releases 

A . I . B . I . S . I  Volcanism 

Since the INEL is  located on part of  a volcanic rift zone , the 
effects of  future volcanic occurrences in the area must be considered . 
The mean occurrence interval for all types of activity in the Arco-Big 
Southern Butte area ( see Figure 3-3 )  is  suggested to be 3000 yr . The 
probability for volcanic eruption in the calcine disposal area is 

-B estimated to be about 1 x 10 event per year .  

No dose commitments resulting from a i r  contamination caused by 
volcanic eruption are calculated because the effects would be less than 
the effects of a severe geologic disruption des cribed in Subsection 
A . I . B . I . S . S .  In the event of an eruption outside the calcine disposal 
area , any lava flow covering the bins would mitigate rather than enhance 
radiological effects by entombing the waste . 

A . I . B . I . S . 2  Intrusion into the Waste 

After the cessation of institution
al control at the INEL , it would be 
possible for an individual to dig into 
the waste s ince it is in a near-surface 
disposal complex . This individual could 
be a well driller , an archaeologist , a 
prospecto r ,  or s imply someone who is 
curious . Once the intruder encounters 
the waste , he is exposed to radiation 
from the two s ignificant pathways shown 
in the accompanying il lustration . The 
intruder is exposed to direct penetra
ting radiation and can inhale dust con-

• I N H ALATION 

• D I R E C T  R A D IA T I O N  

INTR UBION INTO 

THE WASTE 

taining radionuclides . The event is  i llustrated in Subsection 
4 . 5 . 2 . 1 . 2 .  The intrusion-into-the-waste s cenario applies to Alterna
tives 1 ,  2 ,  and 4 which involve near-surface disposal at the INEL .  
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Contaminated soil  which has been removed from around breached 
canisters and spread over the surface of the s ite is also a potentia l  
exposure pathway . The effects of l iving at  the contaminated s ite and 
farming in contaminated soil  are evaluated in Subsection A . 1 . 8 . 1 . 5 . 3 .  

The intrusion into the waste s cenario is  based on the following 
assumptions : 

• The probability of  occurrence is  0 . 0 1 event per yea r .  

• A population of 10 individuals  i s  exposed . 

The following sample calculation gives the estimated maximum 
individual whole-body dose  commitment for Alternative 1 from 
p1utonium-239 (Pu-239 ) in the year 3000 . 

Calculation of  Inhalation Pathway Dose 

The contribution of the s ignificant radionuclide , Pu-239 , to the 
maximum individual dose  commitment from the inhalation pathway is given 
by the equations : 

D .  = C .  x V x DF . 
1 1 1 

(A- I )  

where 

V = B x T (A-2)  

and 

C .  = C x C x F .  
1 w c i  1 

(A-3b ) 

The data for calculation of  the inhalation dose from individual 
intrusion into the waste appear in Table A-52 . 
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C w 

C ci  
F . 

1 

B 

T 

DF . 
1 

DF . 
1 

DF . 
1 

DF . 
1 

Step 

A- I ,  

Variable 

(bone surface) 

( lung) 

( l iver )  

(total body) 

1 

TABLE A-52 

DATA FOR INHALATION PATHWAY 
INTRUSION INTO THE WASTE SCENARIO 

( Pu-239 ) 

guantit:y: Unit 

1 . 0  x 1 0-4 g/m 3 

6 . 8  x 1 0- 1  jJCi/g 

1 fraction 

2 m3/hr 

100 hr 

4 . 16 x 1 03 rem/jJCi 

5 . 80 x 1 02 rem/jJCi 

7 . 9 7 x 1 02 rem/jJCi 

1 . 69 x 1 02 rem/jJCi 

Reference 

Scenario 

Figure A-2 

Maximizes dose . 

Working rate . 

Scenario 

Table A-3 

Table A-3 

Table A-3 

Table  A-3 

Substitution of the numerical values  from Table A-52 into Equations 
A-2 , and A-3b gives the maximum individual organ doses  from inhala-

tion of Pu-239 : 

D .  (lung) = 7 . 89 rem 1 D�  ( l iver)  = 1 . 08 x 1 0  rem 
D �  (bone surface)  = 5 . 66 x 10 1 rem 
D�  (total body) = 2 . 30 rem . 

1 

SteE 2 

The inhalation organ dose  commitments from all radionuclides are 
determined by using the values of isotope concentrations from 
Figure A-2 . The appropriate DF . values a re from NUREG/CR-0150 . The 

1 
organ dose  commitments are 
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Dt ( lung) = 3 . 1  x 10 1 rem 
Dt ( l iver) = 4 . 2  x 10 1 rem 
Dt (bone surface) = 2 . 1  x 102 rem 
Dt (total body) = 8 . 9  rem . 

Calculation of Direct Radiation Pathwa� Dose 

The direct radiation dose to an individual intruder into the waste 
i s  determined by the following equation : 

where 

D .  = Q .  x DF . � � g� 

Q .  = C . x F x T x P x 10-6 
� c�  c c 

(A-28 ) 

(A-29 ) 

The data for calculation of the dose from direct radiation appear in 
Table A-53 . 

Step 1 and Step 2 

Substitution of the numerical values from Table A-53 into Equations 
A-28 and A-29 gives the whole-body direct radiation dose from the 
significant nuclide in the year 3000 . 

D .  = 3 . 2  rem . � 

Calculation of Whole-Body Equivalent Doses and Health Effects 

Step 3 

Step 3 cons ists of  summing the dose commitments from all  pathways , 
isotopes ,  and organs at risk .  In  this scenario , the total maximum 
individual doses are calculated separately s ince exposure to external 
direct radiation occurs only at the time of exposure , whi le the inhaled 
material contributes to the 50-yr dose commitment . 
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TABLE A-53 

DATA FOR DIRECT RADIATION PATHWAY 
INTRUSION INTO THE WASTE SCENARIO* 

(Sb- 126 ) 

Variable Quantity Unit Reference 

C ci  3 . 2  x 10-2 IJCi/g Figure A-2 

F 1 . 0  fraction Pure calcine . c 
T 100 hr Scenario 

Pc 1 . 3  g/cc Scenario 

DF . (Nb-93m) 1 . 03 x 104 rem/hr ISOSHLD g1 Ci/cc 

DF . (Sn- 126 ) 1 . 15 x 104 rem/hr ISOSHLD g1 Ci/cc 

DF . (Sb- 126) 7 . 69 x 105 rem/hr ISOSHLD g1 Ci/cc 

DF . (Am-241 )  2 . 66 x 103 rem/hr ISOSHLD g1 Ci/cc 

* These  dose factors were taken from data supplied us ing the shielding 
code ISOSHLD . The four values given here are representative o f  the 
maj or  gamma ray emitters eXisting in the year 3000 . 

The inhalation dose commitments from all pathways for all isotopes 
and all organs are 

Dt C lung )  = 3 . 10 x 10 1 rem 
Dt ( l iver )  = 4 . 20 x 10 1 rem 
Dt (bone surface ) = 2 . 10 x 102 rem 
Dt (total body) = 8 . 90 rem . 

The radiation dose from the direct radiation pathway for all iso
topes is 

Dt = 3 . 2  rem . 
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Step 4 

Organ dose commitments calculated in Step 3 are multiplied by the 

appropriate weighting factors (WT) from Table A-6 , and the direct 

radiation dose is  multiplied by its weighting facto r ,  1 ,  to calculate 

the whole-body equivalent (WBE) dose . 

WBE = 4 . 4  rem , direct radiation , and 

WBE = 17 rem , inhalation . 

For a 1 -yr period , the maximum individual receives a total dose commit

ment of 2 1 . 4  rem from these two s ources . 

Step 5 

The population dose commitment is calculated from the maximum 
individual dose as follows : 

Population WBE dose = ( 10 )  ( 2 1 . 4) 

= 214 man-rem . 

Step 6 

The health effects associated with the population dose are based on 

the BEIR III  Report in which it is estimated that each 1 million man-rem 

cause between 75 and 230 excess cancer fatalities . Multiplying the WBE 

-5 -4 -2 
dose by 7 . 5 x 10  and 2 . 3  x 10  gives a range of  1 . 60 x 10  to 4 . 92 x 

10-2 health effects from the intrusion into the waste scenario for 

Alternative 1 in 3000 . (See Appendix B ,  Table B-67 . )  
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A . l . B . l . 5 . 3 Living at Contaminated Site 

Houses might be built at the dis
posal site after an individual intruder 
ha s deposited contaminated soil on the 
surfa ce ab'ove the bins . Res idents of 
these houses could be exposed to radia
tion from the three pathways shown in 
the ac companying illustration . These 
three pathways are consumption of food 
grown in the contaminated soil , direct 
exposure to penetrating radiation from 
surface contamination , and exposure to 
radon daughters in a house built on the 
contaminated land . The scena rio is 

• INHALATIO N  

• INGESTIO N 
. D I R E C T  R A D IA T I O N  

L I V I N G  A T  
C O N T A M I N  A T E D  S I T E  

illustrated in Subsection 4 . 5 . 2 . 1 . 2 .  The effects of living at the con
taminated site are evaluated for Alternatives 1 ,  2 ,  and 4 which involve 
wa ste disposal at the INEL . 

The scena rio is based on the following as sumptions : 

• The probabil ity of occurrence is  0 . 0 1  event per yea r .  

• A population of 5 individuals l S  exposed to radiation . 

• There is a 1% cal cine concentration in the top l -m (3 . 3-ft)  
layer of so il . 

• The house is built on the surface of a l -m layer of soil 
contaminated with radium . 

The following sample calculation gives the maximum individua l 
whole-body dose commitment for Alternative 1 from technetium-99 (Tc-9 9 ) 
in 3000 . 
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Calculation of  Ingestion Pathway Dose 

The ingestion pathway has three contributing subpathways : inges
tion of fruits and vegetables , ingestion of milk from animals grazed on 
contaminated soil , and ingestion of meat from animals grazed on contami
nated forage . The maximum individual dose commitment from the ingestion 
pathway is  calculated as follows . 

The radionucl ide concentration in vegetation is calculated from 
Equatio.n A-5 . 

where 

C .  
1V 

D . p1 

= D . p1 
- (A + A . ) t e 1 e e 

yeA + A . ) e 1 

1 = P x f x PL x C . x 
S C 1  t s 

] + B .  [ 1  1V 
-A . t  e 1 c 

(A-5 )  

(A-6a) 

The data for the calculation of C .  appear in Table A-5 4 .  Substitution 
1V 

of the numerical values from Table A-54 in Equations A-5 and A-6a gives 
the value for C .  

1V 

C .  = 5 . 25 x 10- 1  �Ci/kg . 
1V 

Dose commitments for the three ingestion subpathways are calculated 
separately as follows . 

Calculation of  Ingestion Dose Commitment from Fruits and Vegetables 
Consumption 

The dose from ingestion of fruits and vegetables is determined by 
the equations : 

= Qfi x DFi 
= Uf x C  . •  

1V 
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Variable 

R 

A. e 
t e 

y 

B .  
1V 

A. .  
1 

t s 
P 

t c 
Ps 
f 

PL 

C ci  

a .  For 

b .  For 

TABLE A-54 

DATA FOR RADIONUCLIDE CONCENTRATION IN VEGETATION 
LIVING AT CONTAMINATED SITE SCENARIO 

(Tc-99 ) 

Quantity Unit Reference 

0 none RG 1 . 109 

2 . 1  x 10-3 hr -1  RG 1 . 109 

1 . 44 x 103a  hr  RG 1 . 109 
7 . 20 x 102b 

2a 2 RG 1 . 109 
0 . 7b kg/m 

0 . 25 none RG 1 . 109 

3 . 70 x 10- 10  hr - 1  Tc-99 

1 hr RG 1 . 109 

240 kg/m 2 RG 1 . 109 

0 hr RG 1 . 109 

1 . 6  g/ cm 3 Idaho soil . 

0 . 0 1 none Scenario 

0 . 15 m RG 1 . 109 

2 . 1  x 10-3 �Ci/g Figure A-2 

fruits and vegetables consumed directly by man . 

vegetation consumed by meat- or milk-producing animals . 

The dose reSUlting from consumption of fruits and vegetables raised 
in contaminated soil is  obtained by substituting the data from 
Table A-55 in Equations A-7 and A-8 . 

A- 138 



TABLE A-55 

DATA FOR FRUITS AND VEGETABLES CONSUMPTION 
LIVING AT CONTAMINATED SITE SCENARIO 

(Tc-99 ) 

Variable Quantity Unit Reference 

Uf 584 kg/yr RG 1 . 109 

DF . ( lung) 0 rem/�Ci Table A-4 
1 

DF . ( l iver )  6 . 28 x 10-4 rem/�Ci Table A-4 
1 

DF . (bone surface)  4 . 10 x 10-4 rem/�Ci Table A-4 
1 

DF . ( total body) 2 . 14 x 10-4 rem/�Ci Table A-4 
1 

C .  5 . 25 �Ci/kg Equation A-5 
1V 

Ste;e 1 

Substitution of  the numerical values from Table A-55 into Equations 
A-7 and A-8 gives the organ doses for Tc-99 from consumption of fruits 
and vegetables . 

D .  ( lung) = 0 . 0  rem 
D� ( l iver) = 1 . 93  rem 
D� (bone surface ) = 1 . 26 rem - 1  D� ( total body) = 6 . 56 x 10  rem . 

1 

Calculation of  I ngestion Dose Commitment from Meat Consum;etion 

The dos e  from consumption of meat produced from animals grazed on 
contaminated forage is given by using the following equations : 

D f ' = Q f ' x DF . m 1 m 1 1 
(A-9 ) 

(A- 1 0 )  

The data for calculation of the dose  from consumption of meat produced 
by animals  grazed on contaminated forage appear in Table A-56 . 
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Variable 

Sbi 
C .  

1V 

DF . 
1 

Step 1 

TABLE A-56 

DATA FOR MEAT CONSUMPTION 
LIVING AT CONTAMINATED SITE SCENARIO 

(Tc-99 ) 

guantitl Unit 

1 10 kg/yr 

50 kg/day 

4 . 0  x 10- 1  day/kg 

5 . 25 J.lCi/kg 

Use applicable rem/J.lCi 
organ dose conver-
s ion factors . 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Table A-4 

Substitution of the numerical values from Table A-56 into Equations 
A-9 and A- 10 gives the organ doses for Tc-99 from consumption of meat 
produced from animals grazed on contaminated forage : 

D .  qung )  = 0 . 0  rem 
D� ( l iver )  = 7 . 25 rem 
D�  (bone surface)  = 4 . 75 rem 
D� (total body) = 2 . 48 rem . 

1 

Calculation of Ingestion Dose Commitment from Milk Consumption 

The contribution of Tc-99 to the maximum individual  dose commitment 
through ingestion of milk from animals grazed on contaminated forage is 
given by the equations : 

D f ' = Q f ' x DF . c 1 c 1 1 
(A- 1 1  ) 

(A- 12 )  

The data for calculation o f  the dose from ingestion o f  milk produced by 
animals grazed on contaminated forage appear in Table A-57 . 
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Variable 

S . 
C 1  

C .  
1V 

DF . 
1 

Step 1 

TABLE A-57  

DATA FOR MILK CONSUMPTION 
LIVING AT CONTAMINATED SITE SCENARIO 

(Tc-99 )  

Quantity Unit 

3 10 fl/yr 

50 kg/day 

2 . 5  x 10-2 day/fl 

5 . 25 I-ICi/kg 

Use applicable rem/I-ICi 
organ dose conver-
s ion factors . 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Table A-4 

Substitution of the numerical values from Table A-57  into Equations 
A- l l  and A- 12  gives the organ doses from Tc-99 in milk produced by 
animals  grazed on contaminated forage . 

D .  ( lung) = 0 . 0  rem 
D: ( l iver)  = 1 . 28 rem - 1  D: (bone surface) = 8 . 34 x 10_ 1 rem 
D: (total body) = 4 . 35 x 10 rem . 

1 

Calculation of  Direct Radiation Pathway Dose 

The dose resulting from direct radiation is  calculated by using the 
following equations : 

where 

D .  = Q . x DF . 
1 1 g1 

-6 Q .  = C . x F x T x P x 10 . 
1 C 1  C C 

(A-28) 

(A-29 ) 

The data for calculation of the dose from direct radiation appear in 
Table A-58 . 
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C . C1  
F c 
T 

DF . gl. 

DF . gl. 

DF . gl. 

DF . g1 

Variable 

(Nb�93m) 

(Sn� 126)  

(Sb- 126) 

(Am-24 1 )  

TABLE A�58 

DATA FOR DIRECT RADIATION PATHWAY 
LIVING AT CONTAMINATED SITE SCENARIO 

( Sb� 126 )  

Quantity Unit Reference 

3 . 2  x 10�2 jJCi/kg Figure A�2 

0 . 0 1 fraction Scenario 

7 . 0  x 103 hr Approximately 
1 yr 

5 . 47 x 103 rem/hr ISOSHLD Ci/cc 

1 . 99 x 104 rem/hr ISOSHLD Ci/cc  

1 . 38 x 106 rem/hr ISOSHLD Ci/cc 

5 . 50 x 103 rem/hr ISOSHLD Ci/cc 

* These dose factors were taken from data supplied using the shielding 
code ISOSHLD for soil s lab geometry . The four values given here are 
representative of  the maj or  gamma ray emitters existing in the year 
3000 . 

Step 1 

Substitution of  the numerical values  from Table A�58 into Equations 
A�28 and A-29 gives the organ doses for antimony� 126 (Sb-126)  from 
direct radiation : 

Step 2 

D .  = 3 . 23 rem . 1 

The whole-body direct radiation doses from all  radionuclides are 
determined by us ing the values of  isotope concentrations in Figure A�2 : 
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Dt = 4 . 40 rem . 

Calculation of Radon Inhalation Pathway Dose 

The lung dose from radon inhalation is  given by the equations : 

D = CWL x DF rn rn (A-31 )  

where 

DF lOOT = 5840 rn (A-37 )  

CWL = 0 . 0087 JO . 46 (A-32 )  

and 
(A-36)  J = 104 C PE (�) � tanh (Y (�(�) \) ra 

The data for calculation of the lung dose from radon daughter products 
appear  in Table A-5 9 .  

Step 1 and Step 2 

Subst.itution of the numerical values from Table A-59 into 
Equations A-3 1 ,  A-37 ,  A-32 ,  and A-36 gives the lung dose for Rn-222 from 
living in a house built on contaminated soil . 

D .  = 0 . 95 rem . 
1 

Calculation of  Whole-Body Equivalent Doses and Health Effects 

Step 3 

Step 3 consists of  summing the doses from all  pathways , a ll  
isotopes ,  and all  organs at  risk . In this scenario , the total maximum 
individual doses are calculated separately because exposure to direct 
radiation and radon occur only at the time of  exposure , while the 
ingestion dose contributes to the 50-yr dose commitment . 
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TABLE A-59 

DATA FOR RADON INHALATION PATHWAY 
LIVING AT CONTAMINATED SITE SCENARIO 

(Rn-222 ) 

Variable Quantity Unit Reference 

C c i  3 . 35 x 10 1 pCi/g Figure A-2 

F 0 . 0 1 none Fraction of c soil  that is  
ca lcine . 

C 0 . 33 pCi/g F x C ci  ra c 
A 2 . 1  x 10-6 -1  Radon sec 

p 1 . 3 g/ cc Calc ine density .  

E 1 none As sumes total 
release . 

Y 100 cm Depth of  soil  
layer . 

P 0 . 3  none Scenario 

D 0 . 024 2 cm I sec Scenario 

tanh (x) x -x Mathematical e - e none identity . x + e -x e 

The 50-yr dose commitments for the ingestion pathway are 

D .  ( lung) 2 . 7  x -3 = 10 1 rem 
D� ( l iver)  = 4 . 6  x 102 rem 
D� (bone surface)  = 1 . 7  x 10 1 rem 
D� (total body) = 1 . 5 x 10 rem . 

� 

The direct radiation pathway dose is  

Dt 
= 4 . 40 rem . 
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The lung dose equivalent from radon exposure is  

D .  = 0 . 95 rem . 
1 

Step 4 

In order to evaluate the effects of  living on the contaminated 
site , the data are summed as follows . The whole-body equivalent (WBE )  
lung dose includes the 1 -yr radon exposure plus the 50-yr dose 
commitment from the ingestion pathway . Weighting factors used are from 
Table A-6 . 

WBE 
WBE 
WBE 
WBE 

( lung ) 
( liver) 
(bone surface ) 
(total body) 

= (2 . 7  x 10-3 rem + 0 . 95 rem) 
= (46 rem) (0 . 06 ) = 2 . 76 rem 
= ( 170 rem) (0 . 03 ) = 5 . 10 rem 
= ( 15 rem) (0 . 06 ) = 0 . 90 rem . 

(0 . 12 ) = 0 . 1 1 rem . 

The total whole-body equivalent (WBE) dose via the ingestion 
pathway for all  isotopes and all organs can be obtained by using the 
procedure outlined in Subsection A . 1 . 3 . 1 ,  i sotope data from Figure A . 2 ,  
and weighting factors from Table A-6 . The total WBE dose for ingestion 
(excluding the lung dose ) is  calculated to be 28 rem . The maximum 
individual whole-body equivalent dose is summarized : 

Lung (radon) = 0 . 1 1 rem 
Direct radiation = 4 . 40 rem 
Ingestion = 28 rem 
WBE = 33 rem . 

SteE 5 

The population dose commitment is  calculated from the maximum 
individual dose as follows : 

Population WBE dose = (5 x 33 ) 
= 165 man-rem . 
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Step 6 

The health effects associated with the population dose are based on 
the BEIR I I I  Report in which it is estimated that 1 million man-rem 
cause between 75 and 230 cancer fatalities . Multiplying the WBE dose by 

-5 -4 -2 -2  7 . 5 x 10 and 2 . 3  x 10  gives a range of  1 . 24 x 10 to  3 . 79 x 10 
health effects from living-at-contaminated-s ite s cenario for Alterna
tive 1 in 3000 ( see Appendix B ,  Table B- 7 1 ) .  

A . l . 8 . 1 . 5 . 4  Aircraft Impact 

Because the calcine waste is in 
near-surface concrete vaults awaiting a 
decis ion on long-term management , the 
effects of an aircraft striking the 
vaults and dispersing some of  the waste 
have been evaluated . Inhalation is the 
significant pathway by which the public 
would be exposed to radiation as shown 
in the accompanying illustration . 

The aircraft impact s cenario is  
evaluated for Alternatives 1 ,  2 ,  3 ,  4 ,  

I - INHALATION 

AIRCRAFT IMPACT 

and 5 during the proces sing period when calcine is in storage at the 
INEL . Beginning about 2060 , after sufficient heat has been dissipated , 
the spaces between the bins and vaults will  be filled with a concrete-
like material .  This type of  decommissioning will be completed about 
2 100 and should preclude the pos s ibility of a radionuclide release from 
aircraft impact after the year 2100 . 

In this scenario , it is postulated that an aircraft looses 
altitude , fa lls on the calcine bin-vault complex , and ruptures some of 
the bins . Should the j et fuel ignite , the waste would become airborne 
in the smoke from the fire . The population would be affected by 
inhalation of the dispersed radionuclides regardless of  the waste form . 
The event is il lustrated in Subsection 4 . 5 . 1 . 2 . 2 .  
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The aircraft impact s cenario is based on the following as sumptions : 

• The impact penetrates a vault and ruptures two bins . 

• 

• 

The volume of waste penetrated is 32 m3 (42 , 000 kg) , and 0 . 1% 
( 42 kg) becomes airborne ; 

The probability of occurrence is  2 x 10-7  event per year 
(ERDA, 1977a ) . 

• A population of 107 , 000 is  exposed in 2020 . 

The following sample calculation gives the maximum individual 
whole-body dose commitment for Alternatives 1 ,  2 ,  3 ,  and 4 from 
p lutonium-238 (Pu-238 )  in the year 2020 . 

The contribution of the s ignificant istope , Pu-238 , to the maximum 
individual dose commitment from the inhalation pathway is  given by the 
equations : 

(A- I )  D .  = C .  x V x DF . 
1 1 1 

where 

V = B x T (A-2 )  

C .  = Qi x X 
1 Q (A-3 )  

and 

Q = x F  x C  x _I_ i Qs i ci  3600T (A-4a ) 

The data for calculation of  the inhalation dose from an aircraft impact 
are given in Table A-60 . 
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Variable 

Qs 
C ci  
F .  

1 

X/Q 

B 
DF . (bone surface) 

1 

DF . ( l iver)  
1 

DF . ( lung) 
1 

DF . ( total body )  
1 

SteE 1 

TABLE A-60 

DATA FOR AIRCRAFT IMPACT SCENARIO 
(Pu-238 )  

Quantity Unit 

42 kg 

5 . 8  x 104 IJCi/kg 

1 none 

7 x 10-6 sec/m 3 

2 3 m /hr 

3 . 27 x 103 rem/IJCi 

7 . 00 x 102 rem/IJCi 

6 . 08 x 102 rem/IJCi 

1 . 40 x 102 rem/jJCi 

Reference 

Scenario 

Fig . A-2 

Scenario 

Table A-7 

Working rate . 

Table A-3 

Table A-3 

Table A-3 

Table A-3 

Substitution of the numerical values from Table A-60 into Equations 
A- I ,  A-2 , A-3 , and A-4a gives the maximum individual organ doses from 
Pu-238 inhalation : 

D .  ( lung) = 5 . 74 rem 
D� ( l iver)  = 6 . 63 rem 1 
D� (bone surface ) = 3 . 09 x 10  rem 
D� ( total body )  = 1 . 32 rem . 

1 

SteE 2 

The inhalation organ d.ose commitments from all  radionuc1ides are 
determined by using the values of  isotope concentrations in Figure A-2 
and the dose conversion factors from NUREG/CR-0150 . 
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The se total dose commitments a re 

D
t 

( lung ) = 1 .  70 x 10 1 
rem 

D
t 

( l ive r )  = 7 . 62 rem 1 D
t 

(bone surfa c e )  = 3 . 5 7 x 10 rem 
D

t 
( total b ody ) = 1 .  75 rem . 

SteE 3 

Step 3 cons i s t s  o f  summing the doses f rom a l l  pathways fo r a l l  

i s otopes and fo r a l l  o rgans at  r i s k .  S ince there i s  only one s igni f i 

c a n t  pa thway for  the a i rc raft impact  s cena r i o , the t o t a l  o rgan dose  

commitments a re tho se given i n  Step 2 .  

SteE 4 

Organ doses  c a l culated in S tep 3 a re multip l ied by the app rop riate 

we ighting fa ctor  (W
T

) from Table  A-6 to c a l culate the maximum individua l 

who le-body equiva lent (WEE ) dose  given below :  

WEE = 4 . 48 rem . 

SteE 5 

The population dose commi tment i s  calcul ated f rom the max imum 

individual dose  for  the 107 , 000 p e r sons p roj e cted to res ide in Sector  7 
i n  2020 a s  fo l lows : 

Population WEE = ( 107 , 000) (4 . 48)  (0 . 2 ) 
4 

= 9 . 59 x 10 man- rem . 

SteE 6 

The hea l th effects a s s o c i ated with the p opulation d o s e  a re b a s ed on 

the BE IR I I I  Rep o rt i n  whi ch it  i s  e s t imated that each 1 million p e r son

rem cause between 75 and 230 exc e s s  cancer fata l it ie s . Multip lying the 
-5 -4 

WEE do s e  by 7 . 5  x 10 and 2 . 3 x 10 gives a range o f  7 . 19 to 22 . 1  
health effects  f rom the a i r c ra ft imp a c t  s cena r i o  for  Alte rnat ive s 1 ,  2 ,  
3 , and 4 i n  2020 . (See App endix B ,  Tables  B-75 , B-76 , B-77 , B-78 , B-79 , 
B-80 , B-8l . )  
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A . 1 . B . 1 . S . S  Severe Geologic Di s ruption 

A severe geologic dis ruption could 
dispe rse waste disposed at the lNEL . 
However , it is impossible to predict 
what significant changes wi ll occur to 
the earth over the time period evaluated 
in this EIS . The purpose of evaluating 
a severe geologic dis ruption is to de
termine the worst conceivable effects of 
waste dispers ion . Consequently , the 
event is postulated so that its effects 
are more severe than would be the ef
fects of other natural phenomena (earth
quakes , tornadoes , floods , etc . ) .  The 

Ie JN H A L A T IO N  
• I N G E S T I O N  

S E V E R E  G E O L O G IC 

D I S R U P T I O N  

general public would be  exposed to radiation by inhalation and ingestion 
pathways as shown in the accompanying illustration . The scenario ap
plies to Alternatives 1 ,  2 ,  and 4 and is il lustrated in Subsection 
4 . 5 . 2 . 2 .  

The severe geologic disruption scenario is modeled as if a 
meteorite were to strike the waste disposal area . The event probability 
used is that of an explosive volcano that disperses the waste . The 
scenario is based on the fol lowing assumptions : 

• The probability of occurrence is -B 1 x 10  event per year . 

• A population of 107 , 000 is exposed in 2020 . 

• A meteorite of approximately 25 m in diameter strikes the 
waste disposal site at a speed of 35 km/sec , pulverizing the 
surrounding rock . 

• One percent of the waste is dispersed . 
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• Fifty percent of the suspended material is uniformly 
distributed in a cylindrical base cloud the dimensions of 
which are 8000 m in diameter by 1200 m high . 

• The maximum individual is  exposed to the base cloud concen
tration for 2 hr (wind speed of approximately 1 m/sec)  at 
7000 m from the point of impact . 

• The radionuclide source term is reduced by 50% to account for 
the distribution of . material between the central and base 
clouds . 

• Ten percent of  the initial release of suspended material is in 
the respirable range . 

The following sample calculation gives the maximum individual 
whole-body dose commitment for Alternatives 1 and 2 from plutonium-239 
(Pu-239 ) in the year  2020 . 

Calculation of Inhalation Pathway Dose 

The contribution of the significant isotope , Pu-239 , to the maximum 
individual dose commitment from the inhalation pathway is given by the 
equations : 

D . = C .  x V x DF . 
1 1 1 (A- I )  

where 

V = B x T (A-2)  

and 

Q x C x F x f 
C .  w ci c s = 

1 V (A-3a) 
C 

The data for calculation of the · inhalation dose appear in Table A-6 1 . 
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TABLE A-6 1  

DATA FOR SEVERE GEOLOGIC DISRUPTION SCENARIO 
(Pu-239 ) 

Variable �uantit� Unit Reference 

� 2 . 04 x 107 kg S cenario 

T 2 . 0  hr Time for 
clouds to 
pas s . 

V 6 . 03 x 1010  3 Calculated m c from s cenario . 

f 0 . 5  none Scenario s 
C c i  7 . 0  x 10-4 Ci/kg Table A-2 

F 0 . 001  none Scenario c 
B 1 . 25 3 Normal breathing m /hr 

rate . 

DF . ( lung) 5 . 80 x 102 rem/IJCi Table A-3 1. 

DF . ( l iver) 7 . 79 x 102 rem/IJCi Table A-3 1. 

DF . (bone surface) 4 . 16 x 103 rem/IJCi Table A-3 1. 

DF . (total body) 1 . 69 x 102 rem/IJCi Table A-3 1. 

Step 1 

Substitution of the numerical values from Table A-61 into Equations 
A- I ,  A-2 , and A-3a gives the o rgan doses from inhalation of Pu-239 . 

D .  ( lung) = 1 . 72 x 10- 1  rem 
D� ( liver) = 2 . 36 x 10- 1  rem 
D� (bone surface)  = 1 . 23 rem_2 D� (total body) = 5 . 0 x 10  rem . 1. 

A-152 



Step 2 

The organ doses from all  radionuclides are determined by using the 
values of isotope concentrations in Figure A-2 and the appropriate DF . 1 
values : 

Dt ( lung) = 4 . 4  x 10 1 rem 
Dt (liver) = 2 . 0  x 10 1 rem 
Dt (bone surface) = 9 . 2  x 10 1 rem 
Dt (total  body) = 4 . 5  rem . 

Calculation of Ingestion Pathway Dose 

The ingestion pathway has three contributing subpathways :  
ingestion of fruits and vegetables , ingestion of milk from animals  
grazed on contaminated forage , and ingestion of meat from animals  grazed 
on contaminated forage . The maximum individual dose commitment from the 
ingestion pathway is calculated by first calculating the radionuc1ide 
concentration in vegetation using Equation A-5 . 

� - (A + A . ) t 
C .  = D .  R [ 1  _ e e 1 e 
1V p1 yeA  + A . ) e 1 

J + B .  [ 1  1V 
-A .  t e 1 c 

(A-5 ) 

For a severe geologic disruption , it is  assumed that t = 0 ,  t = 0 ,  and e c 
A . t  « 1 . Equation A-5 thus then reduces to 1 s 

where 

D . x B .  x t p1 1V S C .  = P 1V 

3600 D . = Ci x Vd x T X t p1 s 
(A-6b ) 

and C .  is calculated using Equation A-3a from the inhalation pathway . 1 

Substituting the numerical values from Tables A-61 and A-62 into 
Equation A-5 gives C .  = 9 . 83 x 10-8 �Ci/kg . 1V 
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Variable 

T 

C ci 
R 

f s 
A e 
F c 
t e 

y 
B .  

1V 

A .  
1 

t s 
Vd 

P 

t c 

TABLE A-62 

DATA FOR RADIONUCLIDE CONCENTRATION IN VEGETATION 
SEVERE GEOLOGIC DISRUPTION SCENARIO 

(Pu-239 ) 

Quantity Unit Reference 

2 hr Cloud passage 
time . 

7 . 0 x 10-4 Ci/kg Table A-2 

0 none No surface 
deposition . 

0 . 5  none Scenario 

2 . 0  x 10-3 hr - 1  RG 1 . 109 

0 . 0 1 fraction Scenario 

0 hr No airborne 
exposure . 

2 kg/m 2 RG 1 . 109 

2 . 5  x 10-4 none RG 1 . 109 

9 . 1 1 x 10-13  - 1  Pu-239 sec 

1 . 0  hr RG 1 . 109 

0 . 0 1 m/sec Maximum 
deposition . 

240 kg/m 2 RG 1 . 109 

0 hr RG 1 . 109 

The ingestion dose commitment from the three contributing sub
pathways can be calculated separately as desc ribed in Subsection A . 1 . B .  
The dose from each subpathway is calculated and the separate doses are 
summed to arrive at the total ingestion dose . In this s cenario , an 
alternative method is used to obtain the total ingestion dose . The dose 
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conversion factors are multiplied directly by the total quantity of 
isotope ingested from the three contributing subpathways .  

Calculation of Quantity of I sotope i Ingested in Fruits and Vegetables 

The quantity of isotope i ingested by consuming contaminated fruits 
and vegetables is determined by the following equation : 

Qf ' = Uf x C ,  
1 1V 

(A-8) 

Substitution of the numerical values from Table A-63 into Equa
tion A-8 gives the quantity of isotope i ingested from contaminated 
fruits and vegetables . 

Variable 

Uf 
DF , 

1 

C ,  
1V 

Q ,  = 5 . 1 1 x 10-5 �Ci 
1 

TABLE A-63 

DATA FOR FRUITS AND VEGETABLES CONSUMPTION 
SEVERE GEOLOGIC DISRUPTION SCENARIO 

(Pu-239 ) 

Quantity Unit 

520 kg/yr 

Use appropriate rem/�Ci 
organ dose conver-
sion factors . 

9 . 83 x 10-8 �Ci/kg 

Calculation of Quantity of I sotope i Ingested in Meat 

Reference 

RG 1 . 109 

Table A-4 

Equation A-5 

The quantity of isotope i ingested from meat produced by animals 
grazed on contaminated forage is  obtained using the following equation : 

Q f ' = U f x A x Sb ' x C ,  m 1 m m 1 1V 
(A- 10)  

The data for calculation of the dose from consumption of meat produced 
by animals grazed on contaminated forage appear in Table A-64 . 
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Variable 

Umf 
A m 
Sbi 
C .  

1V 

TABLE A-64 

DATA FOR MEAT CONSUMPTION 
SEVERE GEOLOGIC DISRUPTION SCENARIO 

(Pu-239 ) 

Quantity Unit 

1 10 kg/yr 

50 kg/day 

1 . 45 x 10-4 day/kg 

9 . 83 x 10-8 IJCi/kg 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Substitution of the numerical values from Table A-64 into Equation 
A- 10 gives the quantity of isotope i ingested from consumption of meat 
produced from contaminated forage : 

-9 = 7 . 84 x 10 IJCi . 

Calculation of Quantity o£ I sotope i Ingested in Milk 

The quantity of isotope i ingested from milk produced by animals 
grazed on contaminated forage is given by the equation : 

Q = U x A x S . x C .  cfi cf  m C1 1V 
(A- 12 )  

The data for  calculation of the dose from consumption of milk produced 
by animals grazed on contaminated forage appear  in Table A-65 . 

Substitution of the numerical values from Table A-65 into Equation 
A- 12 gives the quantity of isotope i from consumption of milk produced 
by animals grazed on contaminated forage . 

-9 Q f . = 3 . 05 x 10 IJCi . c 1 
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Variable 

Ucf 
A m 
S c i  
C . 

1V 

TABLE A-65 

DATA FOR MILK CONSUMPTION 
SEVERE GEOLOGIC DISRUPTION SCENARIO 

(Pu-239 ) 

Quantity Unit 

310 Jl,fyr 
50 kg/day 
2 . 00 x 10-6  day/fl 
9 . 83 x 10-8 I-ICi/kg 

Total Quantity of Isotope i Ingested 

Reference 

RG 1 . 109 
RG 1 . 109 
RG 1 . 109 
Equation A-5 

The total quantity of isotope i ingested from the three subpathways 
is summarized as follows : 

Pathway 

Fruits and vegetables 
Meat 
Milk 
Total Pu-239 (Q . . ) 

1 1  

Quantity (I-ICi )  

5 . 1 1 x 10-5 
7 . 84 x 10-9 
3 . 05 x 10-9  

5 . 1 1 x 10-5 

The ingestion dose commitment for isotope i ,  Pu-239 , is calculated 
from the following equation . 

where 
are 

D .  = Q . . x DF . 
1 1 1  1 

DF . are the dose 
1 

DF . ( lung) 
DF: ( liver)  
DF: (bone surface ) 
DF: (total body) 

1 

conversion factors from Table A-4 .  These  values 

= 9 . 35 x 10-8 rem/I-ICi 
= 4 . 90 x 10- 1  rem/I-ICi 
= 2 . 60 rem/I-ICi 
= 9 . 5 1  x 10-2 rem/I-ICi . 
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Step 1 

Substituting these DF . values and the total quantity ingested in 
1 

the above equation , give the organ doses from all  ingestion subpathways . 

D .  ( lung ) = 4 . 78 x 10- 12 rem 
D� ( l iver) = 2 . 50 x 10-5 rem 
D� (bone surface ) = 1 . 33 x 10-4  rem 
D� (total body) = 4 . 86 x 10-6 rem . 

1 

SteE 2 

The organ doses from all ingestion subpathways and all  isotopes are 
obtained by summation . They are 

Dt (lung) = 7 . 2  x 10- 1  rem 
Dt ( liver) = 3 . 1  rem 1 Dt (bone surface ) = 4 . 0  x 10 rem 
Dt (total  body) = 5 . 8  rem . 

Calculation of Direct Radiation Pathway Dose 

The direct radiation dose results from material depos ited on the 
ground during passage of the contaminated c loud . Since Pu-239 is 
primarily an alpha emitte r ,  it contributes very l ittle to the direct 
radiation dose . Therefore , the sample calculation does not include a 
direct radiation dose . The direct radiation dose is included in Step 4 .  
It is s ignificant only during the first 500 years . 

Calculation of Whole-Body Equivalent Doses and Health Effects 

SteE 3 

Step 3 consists of summing the dose commitments from all  pathways , 
for all  isotopes , and for all  organs at risk .  The total doses for each 
pathway are as follows . 
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Organ Ingestion ( rem) Inhalation ( rem) Total ( rem) 

Dt ( lung) 7 . 2  x 10- 1  4 . 4  x 10 1 4 . 47 x 10 1 
Dt ( l iver)  3 . 1  

10 1 2 . 0  x 10 1 2 . 31 x 10 1 
Dt (bone surface) 4 . 0  x 9 . 2  x 10 1 1 . 32 x 102 
Dt (total body) 5 . 8  4 . 5  1 . 03 x 10 1 

SteE 4 

Organ dose commitments calculated in Step 3 are multiplied by the 
appropriate weighting factor (WT) from Table A-6 to calculate the 
whole-body equivalent (WBE )  dose . 

The direct radiation dose from the ground-plane deposition of all  
isotopes i s  

Direct radiation = 66 . 0  rem . 

The maximum individual whole-body equivalent dose from ingestion 
and inhalation is  

WBE = 18 . 5  rem . 

Combining the direct radiation dose and the whole-body equivalent dose 
gives a total radiation dose commitment from 1 yr of exposure : 

WBE = 84 . 5  rem . 

SteE 5 

The population dose commitment is  calculated from the maximum 
individual dose as follows : 

Population WBE dose = (84 . 5  rem) (0 . 6 ) ( 107 , 000 ) . 

= 5 . 42 x 106 man- rem . 
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Step 6 

The health effects associated with the population dose are based on 
the BEIR I I I  Report in which it is estimated that each 1 million man-rem 
cause between 75 and 230 excess cancer fatalities . Multiplying the WEE 

-5 -4 dose by 7 . 5  x 10 and 2 . 3  x 10 gives a range of 407 to 1 , 250 health 
effects from the severe geologic disruption s cenario for Alternatives 1 ,  
2 ,  and 4 in 2020 . (See Appendix B ,  Tables B-82 through B-86 . )  

A . l . 8 . 2  Repos itory Releases 

A . l . 8 . 2 . 1  Canister Drop 

Waste canisters shipped to an off
site geologic repository could be drop
ped and damaged while being lowered into 
the repository .  Canisters would be 
designed to preclude a release of radio
active waste from such an accident . 
However ,  it was assumed that a canister 
ruptures and releases radionuclides . 
The significant exposure pathways , in
halation and ingestion , are shown in the 
accompanying illustration . The s cenario 
is  applicable to Alternatives 3 ,  4 ,  and 
5 in which radioactive waste is shipped 
to a federal geological repos itory . 

e IN H A L A T I O N  

e lN G E ST I O N  

W A S T E  CANISTER D R O P  

The inhalation pathway occurs at the beginning of the incident . 
Ingestion and direct radiation contribute to the total dose over a 
longer period of time following the incident . The inhalation pathway 
dominates the total dose . The dose from direct radiation is negligible 
compared to the doses from the two significant exposure pathways . This 
scenario applies to the period of repository operation ( 1990-2020) and 
i s  illustrated in Subsection 4 . 5 . 1 . 2 . 2 .  The canister drop produces the 
same effects as the calcine spill at the lNEL . 
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The effects of a canister  drop at a repository are evaluated for 
lNEL waste by using the calculational methodology presented in the GEl S .  
The data have been modified for this E l S  s o  that the dose commitments 
represent only the effects of lNEL high-level waste . The s cenario is 
based on the following as sumptions : 

• A waste canister  is  dropped to the bottom of the mine shaft , 
breaking and releasing part of  its contents to the mine 
ventilation system ; 

• The mine ventilation system is protected by two HEPA filter 
systems which give an overall  decontamination factor of 107 ; 

• The following quantities of waste are released from the stack :  

• The 

Alternative 3 ( stabilize calcine ) : 3 1  kg released to 
the filter for a stack release of 3 1  x 10- 7  kg calcine 
equivalent , 

Alternatives 3 (glas s )  and 5 :  13 kg released to the 
filter  for a stack release of 13 x 10- 7  kg calcine 
equivalent , and 

Alternative 4 :  The waste contains highly concentrated 
actinides .  Because of its high actinide concentration , a 
stack release of 1 . 9  x 10-4 kg calcine equivalent is 
estimated .  

probability of occurrence - 7  is 7 x 10 event per  yea r .  

• A population of 2 , 000 , 000 i s  exposed . 

The following sample calculation gives the estimated maximum 
individual whole-body dose commitment for Alternative 3 ( stabilize 
calcine) for strontium-90 (Sr-90 ) , the most s ignificant radionuclide , 
for the year  1990 . 
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Calculation of Inhalation Pathway Dose 

The contribution of a s ingle radionuclide , S r-90 , to the maximum 
individual dose commitment from inhalation is given by the following 
equations : 

D .  = C .  x V x DF . (A- I ) 
1 1 1 

V = B x T (A-2 )  

c .  = Qi x X (A-3 )  
1 Q 

Q .  = Q x F .  x C x 1 (A-4a ) 
1 s 1 ci 3600T 

The data for calculation of the dose from inhalation appear in 
Table A-66 . 

Step 1 

Substitution of  the numerical values from Table A-66 into Equations 
A- I ,  A-2 , A-3 , and A-4a gives the organ doses from inhalation of Sr-90 : 

D .  ( lung) = 1 . 55 x 10-6 rem 
D� ( liver)  = 3 . 46 x 10-9  rem 
D� (bone surface)  = 4 . 18 x 10-8 rem 
D� (total body) = 1 . 69 x 10-8 rem . 

1 

Step 2 

The organ doses from all  radionuclides are determined by using the 
values of isotope concentrations in Figure A-2 and appropriate DF . 

1 
values . The total dose commitments are 

Dt ( lung)  = 2 . 6 1 x 10-6 rem 
Dt (liver )  = 7 . 82 x 10-7  rem 
Dt (bone surface ) = 3 . 59 x 10-6 rem 
Dt (total body) = 1 . 94 x 10-7 rem . 
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Variable 

C . 
C 1  

F .  
1 

x/Q 

B 

DF . 
1 

TABLE A-66 

DATA FOR INHALATION PATHWAY 
CANISTER DROP SCENARIO 

(Sr-90 )  

Quantity 

3 1  

1 

13 x 106 

1 x 10- 7  

1 . 3  x 10-5 

1 . 25 

Use appropriate 
organ dose con
version factors . 

Unit 

kg 

hr 

�Ci/kg 

none 
3 sec/m 

3 m /hr 

rem/�Ci 

Reference 

Scenario 

Scenario 

Figure A-2 

Scenario 

S cenario 

Scenario 

Table A-3 

Calculation of Ingestion Pathway Dose 

The ingestion pathway has three contributing subpathways : ingestion 
of contaminated fruits and vegetables , ingestion of milk from animals  
grazed on , contaminated forage , and ingestion of meat from animals grazed 
on contaminated forage . The maximum individual dose commitment from the 
ingestion pathway is  calculated a s  follows . 

The radionuclide concentration in vegetation is calculated from 
Equation A-5 . 

where 

C .  = D . 1V p1 
� [ 1  -

- (A + A . ) t  e 1 e e 
yeA + A . ) e 1 
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and 

Q Q x F .  x C . x l i = S 1 C 1  T 

The data for the calculation of  C .  appear in Table  A-67 . 
1V 

TABLE A-67 

(A-4b ) 

DATA FOR RADIONUCLIDE CONCENTRATION IN VEGETATION 
CANISTER DROP SCENARIO 

(Sr-90 ) 

Variable Quantity Unit 

X 1 . 30 x 10-5 3 
Q sec/m 

D pi 1 . 7  x 10-4 \JCi/m2-hr 

Vd 0 . 0 1 m/ sec 

R 2 . 0  x 10- 1  none 

A 0 hr - 1  
e 

8 . 7 7 3 hr t x 102b e 7 . 20 x 10 

2a 2 Y 
0 . 7b kg/m 

B .  1 . 7  x 10-2 none 
1V 

A .  2 . 73 x 10-6 hr - 1  
1 

t 8 . 76 x 10-3 hr s 
P 240 kg/m 2 

Qs 31  kg 

t 0 hr c 
T 1 hr 

a .  For fruits and vegetables consumed directly l y  man . 

Reference 

Scenario 

Equation A-6 

Engineering 
j udgment . 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Sr-90 

RG 1 . 109 

RG 1 . 109 

SCL a. rio 

RG 1 . 109 

Scenario 

b .  For vegetation consumed by meat- o r  milk-producing amimals . 

A- 164 



Substitution of the numerical values from Table A-67 into Equation A-S 
gives the radionuclide concentration in vegetation , 

C .  1V 
-7 = 5 . 18 x 10  �Ci/kg 

Calculation of Ingestion of  Dose Commitment from Fruits and Vegetables 
Consumption 

The dose from ingestion of fruits and vegetables is  determined by 
the equations : 

Uf x C .  1V 

(A- 7 )  

(A-8 )  

The data for  calculation of the dose from consumption of  fruits and 
vegetables appear in Table A-68 . 

Variable 

C .  1V 

Step 1 

TABLE A-68 

DATA FOR FRUITS AND VEGETABLES CONSUMPTION 
CANISTER DROP SCENARIO 

Quantity 

584 

Use appropriate 
organ dose con
version factors . 

5 . 18 x 10-7 

(Sr-90) 

Unit 

kg/yr 

rem/�Ci 

�Ci/kg 

Reference 

RG 1 . 109 

Table A-4 

Equation A-S 

Substitution of the numerical values from Table A-68 into Equations 
A-7 and A-8 gives the organ doses for Sr-90 from fruits and vegetables 
consumption : 
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D .  ( lung) 1 . 80 x 
- 12 = 10_6 rem 

D: ( liver)  = 1 . 76 x 10_4 rem 
D: (bone surface ) = 2 . 60 x 10_5 rem 
D: (total body) = 2 . 86 x 10 rem . 

1 

SteE 2 

The organ doses from a l l  radionuc1ides are determined by using the 
values of isotope concentrations in Figure A-2 . The dose conunitments 
are 

Dt ( lung) = 9 . 1 1 x 10-6  rem 
Dt (liver)  = 3 . 37 x 10-5 rem 
Dt (bone surface)  = 2 . 9 7 x 10-4 rem 
Dt (total body) = 4 . 86 x 10-5 rem . 

Calculation of Ingestion Dose Commitment from Meat ConsumEtion 

The dose resulting from consumption of meat produced by animals  
grazed on contaminated forage is obtained as follows : 

Calculate the radionuc1ide concentration in meat produced by 
animals grazed on contaminated forage using Equation A-5 and the data in 

2 Table A-69 where Y = 0 . 7  kg/m . The result is 

C .  = 1 . 48 x 10-6 �Ci/kg . 
1V 

The dose from meat consumption is given by the equations : 

= Q x DF . mfi 1 

= U x A x Sb - x C . .  mf m 1 1V 

(A-9 ) 

(A- 10)  

The data for calculation of the dose from meat consumption appear  in 
Table A-69 . 
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Variable 

A m 
Sbi 
C .  1V 
DF . 1 

Step 1 

TABLE A-69 

DATA FOR MEAT CONSUMPTION 
CANISTER DROP SCENARIO 

(Sr-90) 

Quantity 

1 10 

50 

6 x 10-4 

1 . 48 x 10-6 

Use applicable 
organ dose con
version factors . 

Unit 

kg/yr 

kg/day 

day/kg 

!-ICi/kg 

rem/!-ICi 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Table A-4 

Substitution of the numerical values  from Table A-69 into Equations 
A-9 and A- 10 gives the organ doses for Sr-90 from meat consumption . 

D .  ( lung) 2 . 90 x - 14 = 10_8 rem 
D: (liver) = 2 . 79 x 10_6 rem 
D1 (bone surface ) = 4 . 26 x 10_7 rem 
D: (total body) = 4 . 61 x 10 rem . 1 

SteE 2 

The organ doses  from all radionuclides are determined by using the 
values of isotope concentrations in Figure A-2 . The total dose commit-
ments are 

Dt ( lung) = 1 . 02 x 10-6 rem 
Dt (liver) = 4 . 78 x 10-6 rem 
Dt (bone surface ) = 9 . 15 x 10-6 rem 
Dt (total body) = 3 . 63 x 10-6 rem . 
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, 

Calculation of Ingestion Dose Commitment from Milk Consumption 

The contribution of isotope i to the maximum individual dose 
commitment as a result of ingesting milk produced by animals  grazed on 
contaminated forage is given by the fol lowing equations : 

(A- l l )  

where 

Q . = U x A x S . x C .  cf1 cf m C1 1V (A- 12)  

The data for calculation of the dose from consumption of 
contaminated milk appear in Table A-70 . 

Variable 

U f ' c 1 
A m 
S ci 
C .  1V 
DF . 1 

Step 1 

TABLE A-70 

DATA FOR MILK CONSUMPTION 
CANISTER DROP SCENARIO 

(Sr-90) 

Quantity Unit 

310 fl/yr 

50 kg/day 

8 x 10 -4 day/fl 

1 . 48 x 10-6 IJCi/kg 

Use applicable rem/IJCi 
organ dose con-
version factors . 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Table A-4 

Substituting the numerical values from Table A-70 into Equations 
A- I I  and A- 12 gives the organ doses from Sr-90 in milk : 

D .  ( lung) 1 . 09 x - 13 = 10_ 7 rem 
D� ( l iver)  = 1 . 05 x 10_5 rem 
D� (bone surface) = 1 . 58 x 10_6 rem 
D� (total body) = 1 .  73 x 10  rem . 1 
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Step 2 

The organ doses from all  radionuclides are determined by using the 
values of isotope concentrations in Figure A-2 and appropriate dose 
conversion factors . The total dose commitments are 

Dt ( lung) = 8 . 29 x 10-6 rem 
Dt ( liver) = 2 . 78 x 10-5 rem 
Dt (bone surface ) = 4 . 31 x 10-5 rem 
Dt (total body) = 1 . 94 x 10-5 rem. 

Calculation of Direct Radiation Pathwax Dose 

The direct radiation dose results from material deposited on the 
ground . The dose commitment from ground-plane deposition is given by 
Equation A-13 . 

D . = t x Sf x C . x DF . g1 X g1 g1 (A- 13 )  

The doses resulting from ground-plane deposition are negligible and 
therefore are not presented . 

Calculation of Whole-Bodx Equivalent Doses and Hea lth Effects 

Step 3 

The doses from all  pathways for each organ are obtained by summa
tion as shown in Table A-7 1 . 

Step 4 

The whole-body equivalent dose (WBE ) for the maximum individual is  
calculated by summing the product of all  organ doses and appropriate 
weighting factors . 

WBE = 9 . 40 x 10-5 rem . 
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Lung 
Liver 
Bone surface 
Total body 

Step 5 

TABLE A-7 1  

INDIVIDUAL PATHWAY ORGAN DOSE COMMITMENTS ( rem) 
CANISTER DROP SCENARIO 

Fruits and 
Inhalation Vegetables Meat Milk 

2 . 6 1x10-6 9 . 1 1x10-6 1 .  02x 10-6 8 . 29x10-6 

7 . 82x10-7 3 . 37x10-5 4 . 78x10-6 2 . 78x10-5 

3 . 59x10-6 2 . 97x10-4 9 . 15x10-6 4 . 3 1x10-5 

1 .  94x10-7  4 . 86X10-5 3 . 63x10-6 1 .  94x10-5 

Total 

2 . 10x10-5 

6 . 70x10-5 

3 . 52x10-4 

7 . 18x10-5 

The population whole-body equivalent dose is  calculated for 
2 million people . 

Population WEE = (2 x 106 ) (9 . 40 x 10-5 rem) (0 . 0 1 )  

= 1 . 88 man-rem . 

Step 6 

The health effects associated with the population dose are based on 
the BEIR I I I  Report in which it is  estimated that each 1 mill ion man-rem 
cause between 75 and 230 excess cancer fatalities . Multiplying the WEE 

- 4  - 5  - 4  dose by 7 . 5  x 10 and 2 . 3  x 10 gives a range of 1 . 4 1  x 10 to 4 . 32 x 
-4 10 health effects for Alternative 3 (stabilize calcine) in 1990 for 

the canister drop s cenario . (See Appendix D ,  Tables B-89 , B-90 . )  
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A . I . B . 2 . 2  Fault and Flooding 

Waste shipped to an offsite 
geologic repository could eventually 
expose the public to radiation if 
water were to enter the repository 
after containment failure of the 
canisters and transport radio-
nuclides to drinking water sources . 
This scenario is illustrated in Sub
section 4 . 5 . 2 . 2 .  The significant 
exposure pathway is ingestion as 
shown in the accompanying illustra
tion . The ingestion pathway in 

, • I N G E S T I O N  

FAULT A N D  F L O O DING 

c ludes several subpathways .  They are consumption of contaminated drink-
ing water , fruits , vegetables , milk , meat , and fish . Direct radiation 
exposure while swimming and boating was evaluated and found to be an 
insignificant dose . 

The effects of fault and flooding at a repository are evaluated for 
lNEL waste by using the calculational methodology presented in the GEl S .  
The data have been modified for this ElS so that the dose commitments 
represent only the effects of the lNEL high-level waste . This s cenario 
is  based on the following assumptions : 

• A fracture or series of fractures , either from the surface or 
from near an aquifer , disrupts the repository , causing waste 
canisters to break open . 

• The fractures connect and permit water to reach the waste . 

• The water leaches and transports radionuclides into surface 
waters that are used for recreation and drinking . 
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• The rate of flow is 2 7  cm/day through 1000 m of  soil . At this 
rate , it would take water a little over 10 yr to reach the 
river . 

• Ion-exchange capacity of the soil is  considered in the 
calculations . The Kd values used in this study are tabulated 
in Table A-9 . 

• The radionuclides that reach the river are a ssumed to be 
diluted by the river volume . 

- 1 3  • The probability of  o ccurrence is  2 x 10 ev�nt per  year .  

• The repository is leached in 2500 . 

• Two million people are exposed . 

The following sample calculation gives the estimated maximum 
individual whole-body dose  commitment for Alternative 3 (stabilize 
calcine ) for technetium-99 (Tc-99 ) in 2600 , when the radionuclides reach 
the river . Prior to 2600 , a ll  doses would be zero . 

Calculation of Ingestion Pathway Dose 

Before the ingestion doses can be calculated , the radionucl ide 
concentration in river water must  be determined (Equations A- 17  and 
A- 18 ) . Contamination is dependent on the travel time required for 
leached radionuclides to reach the river (Equation A- 16 ) . These  values 
are calculated below . 

The time required for a specific radioisotope to migrate through 
1000 m of soil is given by Equation A-16 . 

(Kd . x R + 1 )  
_ 1 P Ti - L 365 W g 

(A- 16 )  
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When the elapsed leach time from the repository is greater than the 
travel time to the river , the radionuclide concentration in the river is  
given either by Equation A- 17 or Equation A- 19 , depending upon the pulse 
width of the migrating material . The pulse width of an instantaneous 
release from the repository is given by Equation A-19 . 

PW = 2 . 428 Kdi (A- 19 ) 

I f  the time over which the isotope is released from the repos itory ( 1  yr 
in this s cenario)  is  greater than the pulse width , the concentration 
reaching the river is  represented by a square wave equation : 

z .  = 
� 

(A- 1 7 )  

I f ,  however ,  the pulse width is  greater than the 1 -yr release time , the 
concentration reaching the river is more appropriately represented by : 

(A- 18)  
T (2rrL ) �  (Kd . x R + 1 )  W W T � P a g e 

For Kdi values of 0 ,  5 ,  and 10 , Equation A- 1 7  applies . For all  other 
Kdi values l isted in Table A-9 , Equation A- 18 applies . 

Calculation of Ingestion Dose Commitment from Water Consumption 

The contribution of Tc-99 to the maximum individual dose commitment 
from ingestion of contaminated water is given by the equation : 

D = W x Z .  x 103 x DF . pw � � 
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where 

z .  = 
1 

Iti x 106 
---

t x W r a 

The data for calculation of Z .  appear in Table  A-72 . 
1 

R 

D 

W g 

W a 
T 

t r 

Variable 

DF . ( lung) 
1 

DF . ( liver) 
1 

DF . (bone surface)  
1 

DF . (tota l body) 
1 

W 

Z .  
1 

TABLE A-72 

DATA FOR WATER CONSUMPTION 
FAULT AND FLOODING SCENARIO 

(Tc-99 ) 

Quantity 

4 . 3  x 104 

1 

o 

5 . 33 

1 . 0  x 105 

27 

3 . 8  x 10 15 

1 

1 

o 
6 . 28 x 10-4 

4 . 10 x 10-4 

2 . 14 x 10-4 

730 

1 . 13 x 10-5 
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Unit 

Ci 

day 

meq/g solid 
meq/ cc liquid 

g/cc  

cm 

cm/day 

cc/yr 

day 

yr 

rem/f.JCi 

rem/f.JCi 

rem/f.JCi 

rem/f.JCi 

f/yr 

f.JCi/cc  

(A- In 

Reference 

Figure A-2 

Scenario 

Table A-9 

lNEL soil 

Soil depth 

Parameter 
from GElS . 

Scenario 

Related to T . e 
Scenario 

NUREG/CR-0150 

NUREG/CR-0 150 

NUREG/CR-0150 

NUREG/CR-0150 

RG 1 . 109 

Equation A- 1 7  



Step 1 

Substitution of the data from Table A-72 into Equation A- IS  gives 
the organ doses for Tc-99 in drinking water : 

D .  ( lung) = 0 . 0  rem -3 D� ( liver)  = 5 . 16 x 1 0_3 rem 
D� (bone surface)  = 3 . 37 x 10_3 rem 
D� (total body) = 1 . 76 x 10 rem . 

1 

SteE 2 

Since Tc-99 is  the only contributing isotope in 2600 , Step 2 is  
identical to Step 1 .  

Calculation of Ingestion Dose Commitment from Freshwater Fish 
ConsUJDI>tion 

The dose resulting from consumption of contaminated freshwater fish 
is obtained by use of the following equations : 

and 

Q = U x Bf . x Z .  x 103 
fwi fw 1 1 

(A-20 ) 

(A-2 1 )  

The data for calculation o f  the dos e  from consumption o f  contaminated 
fish are given in Table A-73 . 

Substitution of the numerical values from Table A-73 into Equations A-20 
and A-2 1  gives the maximum individual dose commitment from fish 
consumption : 

SteE 1 

D .  ( lung) = 0 . 0  rem -3 D� ( liver)  = 2 . 23 x 10_3 rem 
D� (bone surface ) = 1 . 45 x 1 0_4 rem 
D: ( total  body) = 7 . 59 x 10 rem . 1 
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Variable 

z .  
1 

DF . 
1 

Step 2 

TABLE A-73 

DATA FOR FRESHWATER FISH CONSUMPTION 
FAULT AND FLOODING SCENARIO 

(Tc-99 ) 

Quantity 

2 . 1  x 10 1 

1 . 5 x 10 1 

1 . 13 x 10-5 

Use appropriate 
organ dose con
vers ion factors . 

Unit 

kg/yr 
IJCi/kg 
IJCi/.£ 

IJCi/cc 

rem/IJCi 

Reference 

RG 1 . 109 

RG 1 . 109 

Equation A- 1 7  

Table A-4  

Since only one isotope contributes to  the dose , Step 2 is  identical 
to Step 1 .  

Calculation of Ingestion Dose Commitment from Shellfish Consumption 

The dose resulting from consumption of Tc-99 in shellfish is 
obtained by the use of Equations A-20 and A-21 where Ufw is the quantity 
of shellfish consumed . The data for calculation of the dose from 
shellfish consumption are given in Table A-74 . 

Step 1 

Substitution of the numerical values from Table A-74 into Equations 
A-20 and A-2 1 gives the organ dose commitment from shellfish 
consumption : 

D .  ( lung) = 0 . 0  rem -4 D� ( liver) = 1 . 7 7 x 10_4 rem 
D� (bone surface) = 1 . 15 x 10_5 rem 
D� (total body) = 6 . 02 x 10 rem . 

1 
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Variable 

z . ]. 
DF . ]. 

Step 2 

TABLE A-74 

DATA FOR SHELLFISH CONSUMPTION 
FAULT AND FLOODING SCENARIO 

(Tc-99 ) 

Quantity 

5 

5 . 0  

1 . 13 x 10-5 

Use applicable 
o rgan dose con
version factors . 

Unit 

kg/yr 
f,JCi/kg 
f,JCi/i 

f,JCi/c c  

rem/f,JCi 

Reference 

RG 1 . 109 

RG 1 . 109 

Equation A- 1 7  

Table A-4 

Since only one isotope contributes to the dose , Step 2 is identical 
to Step 1 .  

Cal culation of Ingestion Dose Commitment from Meat Consumption (Water) 

The contribution of a s ingle nuclide , Tc-99 , to the maximum 
individual dose commitment from ingestion of meat from animals  watered 
at a contaminated source is given by equations : 

and 

D = 0 . x DF . mw 'row]. ]. 

Q . = U x A x S . x Z .  x 103 
mw], mw w w]. ]. 

(A-22)  

(A-23)  

The data for calculation of  the dose  from consumption of  contaminated 
meat from animals  watered at a contaminated source appear in Table A-75 . 
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Variable 

U mw 
A w 
S . 

W1 

z .  
1 

DF . 1 

Step 1 

TABLE A-75 

DATA FOR MEAT CONSUMPTION (WATER) 
FAULT AND FLOODING SCENARIO 

(Tc-99 ) 

Quantity Unit 

1 . 1  x 102 kg/yr 

5 . 0  x 10 1 R,Jday 

4 . 0  x 10- 1  day/kg 

1 . 13 x 10-5 \JCi/cc 

Use applicable rem/\JCi 
organ dose con-
version factors . 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A- 1 7  

Table A-4 

Substitution of the numerical values from Table A-75 into Equations 
A-22 and A-23 gives the organ doses for isotope i ,  Tc-99 : 

D .  ( lung) = 0 . 0  rem 
D1 ( l iver)  = 1 . 55 x 10-2 rem 
D1 (bone surface) = 1 . 02 x 10-2 rem 
D� (total body) = 5 . 30 x 10-3 rem . 

1 

SteE 2 

Since Tc-99 is  the only isotope that contributes to the dose , the 
total doses a re the same a s  calculated in Step 1 .  

Calculation of Ingestion Dose  Commitment from Milk Consumption (Water)  

The contribution of a s ingle nuclide , isotope i ,  to  the maximum 
individual dose commitment from ingestion of milk produced by animals  
watered at a contaminated source is  given by the equations : 
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D . = Q . x DF . 
CW1 CW1 1 

Q = U x A x S . x Z .  x 103 
cwi cw W W1 1 

(A-24) 

(A-25 ) 

The data for calculation of the dose from consumption of milk produced 
by animals watered at a contaminated source appear in Table A- 76 . 

Variable 

U cw 
A 

W 

S . 
W1 

Z .  
1 

DF . 
1 

Step 1 

TABLE A-76 

DATA FOR MILK CONSUMPTION (WATER) 
FAULT AND FLOODING SCENARIO 

(Tc-99 ) 

Quantity 

3 . 1  x 102 

6 . 0  x 10 1 

2 . 5  x 10-2  

1 . 13 x 10-5 

Use appl icable 
organ dose con
version factors . 

Unit 

fl./yr 

!},/day 

day/!}' 

J,JCi/cc 

rem/J,JCi 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A- 1 7  

Table A-4 

Substitution of  the numerical values from Table A-76 into Equations 
A-24 and A-25 gives the organ doses from ingestion of Tc-99 : 

D .  ( lung) = 0 . 0  rem -3  D� ( l iver)  = 3 . 29 x 10_3 rem 
D� (bone surface ) = 2 . 15 x 10_3 rem 
D� (total body) = 1 . 12 x 10 rem . 

1 

Step 2 

Since Tc-99 is the only isotope that contributes to the dose , the 
total doses are the same as those  calculated in Step 1 .  
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Calculation of Food Subpathway Dose from Vegetation Consumption 

The dose resulting from consumption of food produced by using 
contaminated irrigation water is obtained from the following equations : 

� - (A + A . ) t  
C . = D .  R ..... [_1_-----'e:;.....,..,._

e_.,........,
1
,....--_

e 
_____ ] + B .  1V p1 yeA + A . ) 1V 

e 1 

D . = Z .  x I x 103 
p1 1 

[ 1  
-Aits ]� -A . t  - e e 1 c 

PA . 1 
(A-S ) 

(A-6d) 

The data for the calculation of C .  appear in Table A-77 . Substi-1V 
tution of the numerical values from Table A-77 into Equa�ion A-S gives 
the radionuclide concentration in vegetation : 

C .  = 5 . 1  x 10- 1  �Ci/kg . 1V 

Calculation of Ingestion Dose Commitment from Fruits and Vegetables 
Consumption 

The dose from ingestion of fruits and vegetables is determined by 
equations : 

= Qf ' x DF . 1 1 
= Uf x C .  1V 

(A- 7 )  

(A-8 )  

The data for calculation of  the dose from consumption of fruits and 
vegetables appear  in Table A-78 . 

Step 1 

Substitution of the numerical values from Table A-78 into Equations 
A-7 and A-8 gives the organ doses from Tc-99 in fruits and vegetables : 
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Variable 

D pi  

R 

Z .  1 

A e 

t e 

Y 

I 

B .  1V 

A .  1 

t s 

p 
t c 

a .  For 

b .  For 

D .  
D� 
D� 
D� 1 

TABLE A- 7 7  

DATA FOR RADIONUCLIDE CONCENTRATION IN VEGETATION 
FAULT AND FLOODING SCENARIO 

(Tc-9 9 )  

Quantity Unit Re ference 

9 . 94 x 10-4 J..lCi/m2
-hr Equation A-6d 

2 . 5 x 10 - 1 none RG 1 .  109  

1 . 13 x 10-5 J..lCi/cc  Equation A- 17  

2 . 1  x 10-3 hr - 1  RG 1 . 109 

1 . 44 x 103 a hr RG 1 . 109  
7 . 20 x 102 b 

2a kg/m 2 RG 1 .  109  
0 . 7b 

8 . 8  x 10-2 2 Q/m -hr RG 1 . 109 

2 . 5 x 10- 1 RG 1 . 109  

3 . 7  x 1 0- 10 hr - 1 Tc-99 

4 . 38 x 105 hr RG 1 . 109  

2 . 4  x 102 kg/m 2 RG 1 .  109 

0 hr As sume s no 
hold-up time . 

fruits and vegetables consumed directly by man . 

vegetation consumed by meat- or  mi lk-producing amimals . 

( lung) = 0 . 0  rem 
( l iver )  = 1 . 87 x 10- 1 rem 
(bone surfa ce ) = 1 . 22 x 10- 1 rem 
(tota l body) = 6 . 36 x 10-2 rem . 
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Variable 

C .  
1V 

Step 2 

TABLE A-78 

DATA FOR FRUITS AND VEGETABLES CONSUMPTION 
FAULT AND FLOODING SCENARIO 

(Tc-99 ) 

Quantity 

584 

Use applicable 
organ dose con
version factors . 

5 . 1  x 10- 1  

Unit 

kg/yr 

rem/j.JCi 

j.JCi/kg 

Reference 

RG 1 . 109 

Table A-4 

Equation A-5 

Since Tc-99 is the only isotope that contributes to the dose , the 
total doses are the same as calculated in Step 1 .  

Calculation of Ingestion Dose Commitment from Meat Consumption (Forage ) 

The dose resulting from consumption of meat produced from forage 
grown with contaminated irrigation water is obtained from two separate 
calculations . 

Calculate C .  for meat consumption using Equation A-5 and the data 
1V 2 in Table A-79 where t = 720 hrs and Y = 0 . 70 kg/m . e 

C .  = 0 . 585 j.JCi/kg . 
1V 

The dose from consumption of contaminated meat is given by the 
equations : 

D f . = Q f · x DF . m 1 m 1 1 (A-9 ) 

(A- 10 )  

The data for calculation of the dose from consumption of meat produced 
from animals grazed on contaminated forage appear in Table A-79 . 
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Variable 

Sbi 
C .  

1V 

DF . 
1 

Step 1 

TABLE A-79 

DATA FOR MEAT CONSUMPTION (FORAGE ) 
FAULT AND FLOODING SCENARIO 

(Tc-99)  

Quantity Unit 

1 . 1  x 102 kg/yr 

5 . 0  x 10 1 kg/day 

4 . 0  x 10- 1  day/kg 

5 . 85 x 10- 1  IJCi/kg 

Use applicable rem/IJCi 
o rgan dose con-
version factors . 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Table A-4 

Substitution of  the numerical values from Table A-79 and the value 
for C .  into Equations A-9 and A- I0  gives the organ doses from Tc-99 : 

1V 

D .  ( lung) = 0 . 0  rem - 1  D: ( l iver )  = 8 . 07 x 10_ 1 rem 
D: (bone surface) = 5 . 27 x 10_ 1 rem 
D: (total  body) = 2 . 75 x 10 rem . 

1 

SteE 2 

Since Tc-99 is  the only isotope'::;ithat contributes to the dose , the 
total doses a re the same as calculated in Step 1 .  

Calculation of  Ingestion Dose Commitment from Milk ConsumEtion (Forage ) 

The contribution of  isotope i to the maximum individual dose 
commitment from ingestion of  milk produced by animals  grazed on 
contaminated forage is  given by the equations : 

D = Q x DF cfi cfi i (A- l l  ) 
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and 

(A- 12)  

The data for calculation of the dose from consumption of milk produced 
by animals  grazed on contaminated forage appear in Table  A-SO . 

Variable 

S . C l.  

C .  l.V 

DF . l. 

Step 1 

TABLE A-SO 

DATA FOR MILK CONSUMPTION (FORAGE) 
FAULT AND FLOODING SCENARIO 

(Tc-99 ) 

Quantity Unit 

3 . 1  x 102 R./yr 

5 . 0  x 10 1 kg/day 

2 . 5  x 10-2  day/R. 

5 . S5 x 10- 1  IJCi/kg 

Use applicable rem/IJCi 
organ dose con-
version factors . 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Table A-4 

Substitution of the numerical values from Table A-SO into Equations 
A- I I  and A- 12  gives the organ doses from ingestion o f ,  Tc-99 : 

D .  ( lung) = 0 . 0  rem - 1  D� ( liver) = 1 . 42 x 10_2 rem 
D� (bone surface) = 9 . 29 x 10_2 rem 
D� (total body) = 4 . S5 x 10 rem . l. 

Ste,e 2 

Since Tc-99 i s  the only i sotope that contributes to the dose , the 
total doses are the same a s  calculated in Step 1 .  
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Calculation of Direct Radiation Pathway Dose 

The direct radiation doses from swimming and boating in 
contaminated water have been calculated and are negligible compared to 
the ingestion dose . 

Calculation of Whole-Body Equivalent Doses and Hea lth Effects 

Step 3 

The total maximum individual organ doses for all  pathways and all 
radionuclides is the sum of all  doses calculated above . The selected 
organ doses are summa rized in Table A-81 . 

TABLE A-81  

INDIVIDUAL PATHWAY ORGAN DOSE COMMITMENTS ( rem) 
FAULT AND FLOODING SCENARIO 

(Tc-99) 

Body Total 
Pathwa� Lung Live r Surface Bod� 

Drinking Water 0 . 0  5 . 16 x 10-3 3 . 37 x 10-3 1 .  76 x 10-3 

Freshwater Fish 0 . 0  2 . 23 x 10-3 1 . 45 x 10-3 7 . 59 x 10-4 

Shellfish 0 . 0  1 .  7 7  x 10-4 1 . 15 x 10-4 6 . 02 x 10-5 

Fruits and Vegetables 0 . 0  1 . 87 x 10- 1 1 . 22 x 10- 1 6 . 36 x 10-2 

Meat from Forage 0 . 0  8 . 07 x 10- 1 5 . 27 x 10- 1 2 . 75 x 10- 1 

Meat from Water 0 . 0  1 . 15 x 10-2 1 . 02 x 10-2 5 . 30 x 10-3 

Milk from Forage 0 . 0  1 . 42 x 10- 1 9 . 29 x 10-2 4 . 85 x 10-2 

Milk from Water 0 . 0  3 . 29 x 10-3 2 . 15 x 10-3 1 . 12 x 10-3 

TOTAL 0 . 0  1 . 16 7 . 59 x 10- 1 3 . 96 x 10- 1 
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Step 4 

The whole-body equiva lent dose (WEE ) for the maximum individua l is 
calculated by sununing the product of all organ doses and appropriate 
weighting factors . 

WEE = 1 . 78 rem . 

Step 5 

The population whole-body equiva lent dose is calculated for 
2 million people as follows : 

Population WEE = (2 x 106 ) ( 1 . 78)  (0 . 0 1 )  

= 3 . 56 x 104 man- rem . 

Step 6 

The health effects associated with the population dose are based on 
the BEIR I I I  Report in which it is estimated that each 1 mill ion man-rem 
cause between 75 and 230 excess cancer fatalities . Multiplying the 

I . WEE b 7 5 10-5 and 2 3 10-4 . f 2 67 t popu at10n y .  x . x g1ves a range 0 . 0 
8 . 1 9 health effects for Alternative 3 (stabilize calcine ) in 2600 for 
the fault and flooding scena rio (see Appendix B, Table B-80) . 

A . 1 . 8 . 2 . 3 Solution Mining 

Because bedded and domed salt forma-
tions are being seriously cons idered for a 
federal repos itory ,  solution mining to re
cover table salt is a potential source of 
radiation exposure to populations after in
stitutional control has ceased . The s cen
ario is illustrated in Subsection 4 . 5 . 2 . 2 .  
Ingestion is the only significant pathway by 
which the population would be exposed to 
radiation as shown in the accompanying 
il lustration . The scenario applies to 
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Alternatives 3 ,  4 ,  and 5 in which waste is shipped to a federal geologic 
repos itory . The waste canisters in a repository of bedded or  domed salt 
are assumed to rupture or  dis integrate , thereby exposing the waste . 
During the mining p rocess , radionuclides would be leached and enter the 
food chain in table salt . 

The effects of solution mining at a repos itory are evaluated for 
lNEL waste by using the calculational methodology presented in the GElS . 
The data have been modified for this EIS so that the dose commitments 
represent only the effects of the lNEL high-level waste . This scenario 
is  based on the following assumptions : 

• A population of 40 , 000 , 000 people is exposed . 

• Institutional control has ceased .  

• The probability of occurrence is -6 1 x 10  event per year . 

Based on studies for commerically generated waste , it is estimated 
that 4700 kg of waste would be leached from one of s ix repos itories 
during a s ingle year of solution mining . The 4700-kg release is assumed 
to be lNEL high-level waste and is considered to be a conservative 
estimate . Although this quantity would increase with each year of 
solution mining , it is reasonable to anticipate that the contamination 
would be dis covered and the mining operation would be terminated within 
the l -yr period . Also , the decontamination of table salt that occurs 
during process ing (which would be s ignificant) is not factored into the 
calculation . 

The following sample calculation gives the estimated maximum 
individual whole-body dose commitment for Alternatives 3 ,  4 ,  and 5 for 
strontium-90 (Sr-90 ) , the most s ignificant radionuclide , for the year 
2500 . 
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Calculation of  Ingestion Pathway Dose 

The contribution of  a single radionuclide , Sr-90 , to the 50�yr dose 
conunitment of  an individual consuming contaminated salt is given by 
Equations A-26 and A-27 : 

where 

and 

where 

D .  = C .  x Q x DF . 
1 1 c 1 

D .  = dose conunitment from ingestion of isotope i ( rem) 
1 

Qc = 

DF . = 
1 

C .  = 
1 

annual consumption of  

the dose 
( rem/JJCi )  

Q . x F .  
1 1 
Qp 

conversion 

table salt = 1 . 8  kg/yr 

factor for ingestion of  

(A-26) 

isotope i 

(A-27 ) 

Q .  = 
1 

total inventory of  isotope i at the time o f  interest , 1 . 5 x 
106 JJCi . 

F .  = fraction of  tota l inventory leached during a given yea r  o f  
1 

solution mining operations , 7 . 5  x 10-5 . 

Qp = annual production of  salt from solution mining in the 
repos itory ,  2 . 4  x 109 kg/yr . 

Step 1 

Substituting the numerical values above into Equations A-26 and 
A-27 gives the organ doses from ingestion of Sr-90 . 

D .  ( lung) = 4 . 92 x 10-3 rem 
D� (liver) = 4 . 28 x 10- 7 rem 
D� (bone surface ) = 7 . 12 x 10-5 rem 
D� (total body) = 7 . 82 x 10-6 rem . 

1 

A- 188 



Step 2 and Step 3 

The tota l organ dose commitments from all  radionuclides is the sum 
of all  doses for each organ . 

Dt ( lung) = 3 . 45 x 10-6 rem 
Dt ( liver) = 5 . 70 x 10-2 rem 
Dt (bone surface ) = 2 . 69 x 10- 1 rem 
Dt (whole body) = 1 . 1 1 x 10-4 rem . 

SteE 4 

The whole-body equivalent (WBE ) dose for the maximum individua l is 
calculated by summing the product of all  organ doses and appropriate 
weighting factors . 

WBE = 1 . 7 1 x 10-2 rem . 

SteE 5 

The population whole-body equivalent dose commitment is calculated 
fo r 40 mil lion people : 

Population WBE = (4 x 107 ) x ( 1 . 7 1 x 10-2 rem) = 6 . 84 x 105 man- rem . 

SteE 6 

The health effects associated with the population dose are based on 
the BEIR III  Report in which it is estimated that each 1 million 
person- rem cause between 75 and 230 excess cancer fatalities . Multi
plying the population WBE dose by 7 . 5  x 10-5 and 2 . 3 x 10-4 gives a 
range of  5 1 . 3 to 157 health effects for Alternatives 3 , 4 ,  and 5 in 2200 
for the solution mining scenario (See Appendix B ,  Tables B- 101 , B- 102 , 
B- 103 , B- 104 , B- 105 , B- 106) . 
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A . l . B . 2 . 4  Exploratory Dri l l ing 

Even though the wa s tes di sposed 

in an offs ite repos itory would be 

buried at substantial  depth , it i s  

pos s ible  tha t future drilling oper

ations might brea ch the repos i tory 

and b ring radioactive ma terial  to the 

surface . The s cena rio  is i l lustra ted 

in Subsection 4 . 5 . 2 . 2 .  Inges tion , 

inha lation , and di rect radia tion a re 

the pa thways by whi ch a few indivi

dua ls  would be exposed to  ra diation 

as shown in the a ccompanying i l lus-

- I N H A L A T I O N  
- I N G E S T I O N  

- D I R E C T  R A D I A T IO N  

tration . This s cena rio applies to E X P LO R A T O R Y  D R IL L I N G  

Alterna tives 3 ,  4 ,  and 5 in whi ch 

ra dioa ctive wa s te is  shipped to a 

federa l geo logic repos itory .  

S ince is  a s sumed tha t the drill ing crew i s  unaware that their  

activities a re spreading radi oactive ma terial  a round the dri ll ing s i te , 

it is  pos s ible  that the contaminated land could be used for a housing 

proj ect a fte r drill ing a ctivities have cea sed . In addition to the 

initial  inha lation dose received by dri l l ing crew members , res idents of  

the hous ing proj ect would be exposed to direct radiation , inges tion of  

food grown on contaminated land , and inha lation o f  radon ga s . 

The effects o f  exploratory dril ling a t  a repository a re eva lua ted 

for lNEL wa ste by us ing the ca lculationa l methodology presented in the 

GEl S .  The data have been modi fied for this E I S  so  tha t the dose 

commitments represent only effects of  the lNEL high- level waste . The 

scena rio is ba s ed on the following a s sumptions : 

• Twenty- five individua l s  a re exposed . 

• Institutiona l control has ceased . 
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• The probability of occurrence -7  is  5 x 10 event per year .  

• The housing proj ect is  located on 0 . 5 ha of contaminated land . 

• Five families (25 individual s )  occupy O . I -ha lots . 

The fol lowing sample calculat.ion gives the estimated maximum dose 
commitment for Alternative 3 (stabilize calcine )  for plutonium-238 
(Pu-238 ) , the most significant radionuclide , in the year 2 100 . 

Calculation of Inhalation Pathway Dose 

The contribution of a single radionuclide , Pu-238 , to the maximum 
individual dose commitment from inhalation of radionuclides brought to 
the surface by exploratory drilling is given by the following equations : 

(A- I )  D .  = C .  x V x DF . 1 1 1 

V = B x T (A-2 )  

where 

C .  = C x C x F .  1 w ci 1 (A-3b )  

and 

C Q x F x 
Rf x X = w c r 3 . 15 x 107 Q (A-3c) 

The data for calculation of the inhalation dose appear in Table A-82 . 

Step 1 

Substitution of the numerical values from Table A-82 into Equations 
A- I ,  A-2 , A-3b , and A-3c gives the organ doses due to inhalation of 
Pu-238 : 

D .  ( lung) = 6 . 8 1 x 10- 1  rem 
D: ( liver) = 7 . 84 x 10- 1  rem 
D: (bone surface ) = 3 . 66 rem 1 D: (total  body) = 1 . 57 x 10 rem 1 
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TABLE A-82 

DATA FOR INHALATION PATHWAY 
EXPLORATORY DRILLING SCENARIO 

(Pu-238) 

Variable Quantity Unit Reference 

C ci 3 . 1  x 104 IJCi/kg Figure A-2 

F 0 . 25 r none RG 1 . 109 

Rf 0 . 0 1 1  - 1  RG 1 . 109 yr 

X 1 . 3 x 10-4 3 S cenario Q sec/m 

Qc 3 . 64 x 105 g 25% of the 
contents of one 
can of waste . 

B 1 3 m /hr Working rate . 

T 8760 hr 1 yr 

F .  1 none All airborne . 1 

DF . ( lung) 6 . 08 x 102 rem/IJCi Table A-3 1 

DF . ( liver)  7 . 00 x 102 rem/IJCi Table A-3 1 

DF . (bone surface) 3 . 27 x 102 rem/IJCi Table A-3 1 

DF . (total body) 1 . 40 x 102 rem/IJCi Table A-3 1 

SteE 2 

The organ doses from all radionuclides were determined by using the 
values . of isotope concentrations in Figure A-2 . The total dose com
mitments are 

Dt ( lung ) = 1 . 2  rem - 1  Dt ( l iver) = 9 . 7  x 10 rem 
Dt (bone surface)  = 4 . 6  rem - 1  Dt (total body) = 2 . 0  x 10 rem . 

A- 192 



Calculation of  Ingestion Pathway Dose 

The ingestion pathway has three contributing subpathways : 
ingestion of  fruits and vegetables , ingestion of milk produced by 
animals grazed on contaminated forage , and ingestion of  meat produced 
from animals grazed on contaminated forage . The maximum individual dose 
commitment from the ingestion pathway is calculated by first calculating 
the radionuclide concentration in vegetation using Equation A-5 . 

� (-A + A . ) t  
C .  = D .  R [ 1  _ e e 1 e 

1V p 1  y eA + A . ) e 1 

] + B .  [ 1  - e 1 s ] e -Ai t c 
-A . t  ) 

1V �--�------� PA . 
1 

(A-5 ) 

For drilling into the repos itory , it is assumed that R = 
A . t  « 1 . Equation A-5 then reduces to 

1 s 

0 ,  t = 0 and c 

where 

D . x B .  x t 
p1 1V S C .  = P 1V 

D .. = p1 
Q x F.  x C .  

C 1 C 1  
t X A s 

The data for the calculation of  C .  appear in Table A-S3 . 
1V 

(A-6c )  

Substitution of  the numerical values from Table A-Sl into 
Equations A-5 and A-6c gives 

C .  = 5 . 67 �Ci/kg . 
1V 

The ingestion dose commitment from the three contributing subpath
ways can be calculated separately as des cribed in Subsection A . l . S .  The 
dose from each subpathway is calculated and the separate doses are 
summed to arrive at the total ingestion dose . In this scenario , an 
alternative method is used to obtain the total ingestion dose .  The dose 
conversion factors are multiplyed directly by the total quantity of 
istope ingested from the three contributing subpathways . 
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Variable 

C . 
Cl  

R 

B .  
lV 

A .  
1 

t s 
P 

F .  
1 

A 

t c 

TABLE A-B3 

DATA FOR RADIONUCLIDE CONCENTRATION IN VEGETATION 
EXPLORATORY DRILLING SCENARIO 

Quantity 

1 .  1 x 106 

364 

o 
1 .  7 x 10-2 

2 . 75 x 10-6 

B . 76 x 103 

240 

1 . 0 

5 . 0 x 103 

o 

( Sr-90 )  

Unit 

IJCi/kg 

kg 

none 

none 
- 1  hr 

hr 
2 kg/m 

none 

2 m 

hr 

Reference 

Figure A-2 

Scenario 
0/4 can) 

Scenario 

RG 1 . 109 

Sr-90 

1 yr 

RG 1 . 109 

Alternative 3 ,  
Scenario 

Scenario 

Scenario 

Calculation of Quantity of I sotope i Ingested in Fruits and Vegetables 

The quantity of isotope i ingested by consuming contaminated fruits 
and vegetables is determined by the following equation : 

Qf ' = Uf x C .  
1 lV 

(A-B )  

The data for calculating the quantity of i sotope i from consuming con
taminated fruits and vegetables appear in Table A-B4 . 

Substitution of the numerical values from Table A-B4 into Equation 
A-B gives the quantity of Sr-90 ingested from contaminated fruits and 
vegetables : 
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TABLE A-84 

DATA FOR FRUITS AND VEGETABLES CONSUMPTION 
EXPLORATORY DRILLING SCENARIO 

(Sr-90 ) 

Variable Quantity Unit Reference 

584 

5 . 67 

kg/yr 

\-ICi/kg 

Calculation of Quantity of Isotope i Ingested in Meat 

RG 1 . 109 

Figure A-2 

The quantity of istope i ingested by consuming meat produced by 
animals  grazed on contaminated forage is obtained from Equation A- 10 . 

Q f ' = U f x A x Sb ' x C .  m 1 m m 1 1V 
(A- lO )  

The data for calculating the quantity of istope i from consuming con
taminated meat appear in Table A-85 . 

TABLE A-85 

DATA FOR MEAT CONSUMPTION 
EXPLORATORY DRILLING SCENARIO 

(Sr-90 ) 

Variable Quantity Unit 

Umf 1 10 kg/yr 

A 50 kg/day m 
Sbi 6 . 04 x 10-4 day/kg 

C .  5 . 67 \-ICi/kg 
1V 
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Substitution of the numerical values from Table A-aS into Equation 
A- 10 gives the quantity of Sr-90 ingested from contaminated meat . 

Q = 18 . 7  J.lCi mfi 

Calculation of Quantity of Isotope i Ingested in Milk 

The quantity of isotope i ingested by consuming milk produced by 
animals  grazed on contaminated forage is given by Equation A-12 . 

Q = U x A x S . x C .  cfi cf m C1 1V 
(A- 12) 

The data for calculating the quantity of isotope i from consuming con
taminated milk appear in Table A-86 . 

Variable 

U f ' c 1 

A m 

S ci 
C .  

1V 

TABLE A-86 

DATA FOR MILK CONSUMPTION 
EXPLORATORY DRILLING SCENARIO 

(Sr-90)  

Quantity Unit 

3 10 fl/yr 

50 kg/day 

8 . 0  x 10-4 day/Jl. 

5 . 67 J.lCi/kg 

Reference 

RG 1 . 109 

RG 1 . 109 

RG 1 . 109 

Equation A-5 

Substitution of the numerical values from Table A-86 into Equation 
A- 12 gives the quantity of Sr-90 ingested from contaminated milk .  

Qcfi = 70 . 3 J.lCi 

The total quantity of Sr-90 ingested from all  three subpathways is 
summed as follows : 

Fruits and vegetables 
Contaminated meat 
Contaminated milk 
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Step 1 

Using this total quantity and the appropriate dose conversion fac
tors from Table A-4 gives the following ingestion dose commitments for 
Sr-90 . 

D .  ( lung) 2 . 2  x -5 = 10 1 rem 
D� ( l iver )  = 1 . 9 x 103 rem 
D� (bone surface) = 2 . 9  x 102 rem 
D� (total body) = 3 . 2  x 10 rem . 

1 

SteE 2 

The total organ doses from all  ingestion subpathways and isotopes 
are obtained by summation . They are 

Dt ( lung) = 5 . 8  x 10 1 rem 
Dt ( l iver )  = 2 . 5  x 102 rem 
Dt (bone surface)  = 3 . 2  x 103 rem 
Dt (total body) = 4 . 6  x 102 rem .  

Calculation of Direct Radiation Pathwa� Dose 

The dose resulting from direct radiation from exploratory drilling 
is determined by the fol lowing equations : 

where 

and 

D .  
1 

Q .  
1 

F c 

= Q .  x DF 
1 gi 

= C x F x T x ci c 

Qc = ----=:......---A x PL x P s 

(A-28 ) 

Pc x 10-6 (A-29)  

(A-30) 

The fraction of soil that is calcine waste , F , is calculated by c 
dividing the calcine volume by the soil  volume as  shown in 
Equation A-30 . 
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The data for calculation of the whole-body equivalent dose from 
direct radiation appear in Table A-87 . Since Sr-90 , the isotope used in 
the sample calculation for ingestion and inhalation , is a beta emitter ,  
its contribution to direct radiation i s  zero . Therefore , Ba- 137m is 
used in the direct radiation ca lculation . 

Va riable 

C ci 
T 

DF gi 

Pc 
Ps 
Qc 
A 

PL 

Step 1 

TABLE A-87 

DATA FOR DIRECT RADIATION PATHWAY 
EXPLORATORY DRILLING SCENARIO 

(Ba- 137m) 

Quantity Unit 

1 . 2  x 103 fJCi/g 

7 x 103 hr 

5 . 22 x 105 rem/hr 
Ci/cc 

1 . 3 g/cc 

1600 kg/m 3 

364 kg 

5000 2 m 

0 . 05 m 

Reference 

Figure A-2 

Scenario 

ISOSHLD 

Scenario 

Scenario 

1/4 canister 

Scenario 

Contamination 
depth . 

Substitution of the numerical values from Table A-B7 into Equations 
A-2B , A-29 , and A-30 gives the direct radiation who le-body dose from 
isotope i .  

D .  = 5 . 1  x 103 rem 1 
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Step 2 

The whole-body dose from all  radionuclides is determined by using 
the values of isotope concentrations in Figure A-2 . 

D .  = 5 . 2  x 103 rem 
1 

Calculation of  Whole-Body Equivalent Doses and Health Effects 

Step 3 

The total maximum individual organ doses for all  pathways and all  
radionuclides is the sum of the doses for each organ. 

Inhalation Ingestion 

Dt ( lung) 1 . 2 rem - 1 5 . B  x 10 1 rem 
Dt ( l iver)  9 . 7  x 10 rem 2 . 5  x 102 rem 
Dt (bone surface ) 4 . 6  rem - 1  3 . 2  x 103 rem 
Dt (total body) 2 . 0  x 10  rem 4 . 6  x 102 rem 

SteE 4 

The procedures outlined in Subsection A . 1 . B  are used to determine 
the maximum individual whole-body equivalent dos e ,  population dos e ,  and 
health effects . 

The whole-body equivalent dose (WEE) for the maximum individual is 
calculated by sununing the WEE doses for inhalation , ingestion , and 
direct radiation . In this special case where the effects of  1 yea r ' s 
exposure are evaluated , the dose from direct radiation and the 50-yr 
dose commitment from internal exposure are added .  
pathway WEE doses are 

Inhalation Ingestion Direct Radiation 
- 1  4 . 3  x 1 0  rem 5 . 2 x 102 rem 3 5 . 2  x 10 rem 
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Step 5 

The population whole-body equivalent dose  is  calculated for 25 
persons : 

Population WBE = (25 )  x (5 . 7  x 103 ) = 1 . 43 x 105 man-rem . 

Step 6 

The health effects associated with the population dose  are based on 
the BEIR I I I  Report in which it is  estimated that each 1 mill ion man-rem 
cause between 75 and 230 excess cancer fata l ities . Multiplying the 

-5 -4  population WBE dose by 7 . 5 x 10  and 2 . 3  x 10 gives "a range of 10 . 7  
to 32 . 9  health effects for Alternative 3 (stabil ize calcine ) in 2100 for 
the exploratory drill ing s cenario ( see Appendix B ,  Tables B-107 , B- 108 ) . 
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A . I . 9  Mathematical Models 

Mathematical equations used in Subsection A . I .  S are presented in 
this subsection to provide the reader with clarifying information about 
the terms used in the equations and the specific equations used to 
calculate the doses from a given pathway and s cenario . The equations 
used in Subsection A . I . S are referenced in this  subsection by equation 
number . The term "dose" is  often used in this subsection and means 
SO-yr dose commitment unless  otherwise stated . The equations used to 
calculate the doses are generally grouped by exposure pathway . Equa
tions used to calculate inhalation pathway doses are presented first 
followed by the equations used to calculate ingestion and direct 
radiation pathway doses . Since there are a series of equations used to 
calculate the dose from radon gas exposure , they are grouped separately 
and presented at the end of this subsection . 

A . I . 9 . 1  Calculation of Inhalation Doses 

The contribution of a single radionuclide , isotope i ,  to the 
maximum individual dose  from inhalation is  given by the equations : 

(A- I )  D .  = C .  x V x DF . 
1 1 1 

where 

D .  = dose commitment from inhalation of isotope i ( rem) 
1 

DF . = dose-conversion factor for inhalation of isotope i 
1 ( rem/I-lCi)  

and 

V = B x T (A-2)  

where 

V = volume breathed (m3 ) 

breathing rate 3 B = (m /hr) 

T = exposure time (hr) 
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Calculation of Radionuclide Concentration for Operationa l Release Scenarios 

where 

where 

C .  = Q .  x Q
X 

� � 

C .  = concentration of isotope i at receptor ( �Ci/m3) 
� 

� = atmospheric dispers ion factor (sec/m3) Q 

For routine release : 

For accidental release : 

Q .  = release rate of isotope i ( �Ci/sec)  
� 

Qr = quantity of calcine retrieved ( kg/yr) 

Qp = quantity of fresh calcine produced ( kg/yr) 

T = release time or  time of operation (hr) 

Qs = quantity of calcine released in an accident (kg) 

C . = concentration of isotope i in calcine (�Ci/kg) c� 
F = fraction of isotope i processed that pi 
F = fraction of calcine retrieved that ri 

3600 = conversion factor ( sec/hr) 

106 = conversion factor (�Ci/Ci)  

F .  = fraction of waste which is  calcine . 
� 

is 

is  released 

released 

(A-3 )  

(A-4 )  

(A-4a ) 

Calculation of Radionuclide Concentration for Severe Geologic Disruption 
Scenario 

c .  = 
� 
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where 

C .  = concentration of isotope i at receptor (�Cijm3 ) 1. 
= quantity of waste released (kg) 

= volume of c loud (m3 ) 
[ (4000m) 2 x n x 1200m] = 6 . 03 x 10 10 m3 

f = radionuclide fraction that stays in base cloud s 
F = respirable fraction of released inventory r 

C . = concentration of isotope i in ca lcine (�Cijkg) . c1.  

Calculation of Radionuclide Concentration for Exploratory Drilling Scenario 

and 

where 

C .  = C x C .  x F .  1. W C1. .1. 

C = Q x F x w c r 3 . 15 x 107 x � Q 

C = concentration of waste in air  (kgjm3 ) w 
Qc = quantity of waste dispersed (kg) 

' F  r = fraction of waste available for resuspension 
- 1  = resuspension factor (yr ) 

3 . 15 x 107 = conversion factor from year to second ( secjyr) 

� = atmospheric dispers ion factor ( secjm3 ) 

C . = concentration of isotope i in ca lcine ( �Cijkg) C1.  

F .  = fraction of waste that is  calcine . 1. 

A . 1 . 9 . 2  Calculation of Ingestion Doses 
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A . 1 . 9 . 2 . 1  Calculation of Ingestion Doses from Consumption of Food 
Produced From Contaminated Vegetation 

Three ingestion pathways contribute to radiation exposure from 
consumption of food produced from contaminated vegetation . The pathways 
that result from radionuclide uptake by vegetation through plant roots 
and fol iage are 1 )  ingestion of contaminated fruits and vegetables , 
2 )  ingestion of meat from animals grazed on contaminated vegetation , and 
3 )  ingestion of milk from animals grazed on contaminated vegetation . 
The maximum 50-yr dose commitment from these ingestion pathways is 
calculated by using equations appropriate to the scenario being 
evaluated . The equations required to calculate the ingestion dose from 
food consumption for the scenarios evaluated in this EIS . are included in 
Equations A-5 through A- 12 . 

The radionuclide concentration from uptake by vegetation is  calcu
lated using Equation A-5 : 

where 

C .  �v 
+ A . ) t  � e = D . (R [ 1  _ e

- (Ae 
p� y eA + A . ) 

] + B .  [ 1  � s ] -A . t -A . t  ) 
�v � __ -�e ______ � e � c 

e � PA . � 

C .  = concentration of isotope i in vegetation (IJCi/kg)  �v 
R = fraction retained on leafy portion of the vegetation 

A = environmental decay constant (hr- 1 ) e 
t = crop exposure time (hr) e 

2 Y = crop yield (kg/m ) 

B .  = stable element transfer factor  (vegetation/ soil )  �v 
A .  = radiological decay constant (hr- 1 ) � 
t = soil accumulation time (hr) s 
t = time to consumption (hr ) c 

effective plow layer 2 P = ( kg/m ) 

D . = depos ition rate (IJCi/m2-hr) p� 
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where 

where 

Calculation of ground-plane depos ition rate for airborne releases : 

Q .  = Q x F .  x C . x -
T

1 . � s � c�  

Soil contamination from intrus ion : 

D . p� 
1 = P x f x PL x C . x t s c�  s 

Soil contamination from severe geologic disruption : 

D . p� = C x V x T x 3600 
i d t s 

(A-6) 

(A-4b)  

(A-6a) 

(A-6b ) 

Soil contamination from exploratory drill ing into a repos itory : 

D . = p� 
Qc x Fi x Cci 

t x A s 

Waste migration into groundwater : 

D . = Z .  x I x 103 
p� � 

C .  = concentration of isotope i at receptor (�Ci/m3 ) � 
Vd = depos ition veloc ity (m/sec)  

T = time of release (hr) 

t = soil accumulation time (hr) s 
Ps = soil  density (kg/m3 ) 

f = fraction of soil that is  waste calcine 

Qs = quantity of waste released ( kg )  

Q .  = release rate of isotope i (�Ci/sec) � 
F .  = fraction of waste which is  calcine � 

T = exposure time (hr) 
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PL = plow layer depth (m) 

X/Q = atmospheric dispers ion factor ( sec/m3 ) 

C . = concentration of isotope i in calcine (�Ci/kg) c� 
T = time period of release or cloud passage time (hr) 

3600 = convers ion factor (sec/hr) 

Qc = quantity of waste dispersed (kg) 

F .  = fraction of waste that is  calcine 
� 

A = area over which waste is dispersed (m2 ) 

Z .  = concentration in aquifer (�Ci/cc)  
� 

2 I = irrigation rate (Q/m -hr) 

103 = conversion factor (cc/Q) . 

( 1 )  Calculation of Ingestion Dose from Consumption of Fruits and 
Vegetables 

The dose from ingestion of contaminated fruits and vegetables is 
calculated by using Equations A-7 and A-8 : 

where 

Vf 
C .  �v 
DF . 

� 

Vf x C .  �v 

(A- 7 )  

(A-8 ) 

= dose from ingestion of isotope i in fruits and vegetables 
(rem) 

= consumption rate (kg/yr ) 

= concentration of isotope i in vegetation (�Ci/kg) 

= dose convers ion factor for ingestion of isotope i 
(rem/�Ci ) . 

( 2 )  Ca lculation of  Ingestion Dose from Consumption of Meat 

The dose  from ingestion of meat from animals  grazed on contaminated 
vegetation is calculated by us ing Equations A-9 and A- I0 : 
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where 

where 

D f '  m � = dose from ingestion of isotope i in contaminated meat 
( rem) 

(A-9 ) 

DF . � = dose convers ion factor for ingestion of isotope i ( rem/�Ci) 

Q - U x A x S . x C .  mfi - mf m b� �v 

C .  �v 

= amount of isotope i from ingestion of contaminated 
meat (�Ci/yr) 

= meat consumption rate ( kg/yr) 

= rate at which cows eat contaminated forage (kg/day) 

= stable element trans fer factor for isotope i from 
vegetation into meat (day/kg) 

= concentration of isotope i in vegetation ( �Ci/kg) . 

(A- IO)  

(3 )  Calculation of Ingestion Dose from Consumption of Milk 

The dose from ingestion of milk from animals grazed on contaminated 
vegetation is calculated by us ing Equations A- I I  and A-I2 : 

where 

and 

where 

D f '  c � 

DF . � 

(A- l l  ) 

= dose from ingestion of isotope i in contaminated milk 
( rem) 

= dose convers ion factor for ingestion of isotope i ( rem/�Ci) 

x A x S . x C .  m c� �v (A- 12)  

= amount of isotope i from ingestion of contaminated milk 
( �Ci/yr ) 
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A m 
s . c � 

C .  
�v 

= consumption rate of milk (£/yr) 

= rate at which animals consume contaminated forage (kg/day) 

= stable element transfer factor for isotope i from 
vegetation into milk ( day/£) 

= concentration of isotope i in vegetation (�Ci/kg) . 

A . I . 9 . 2 . 2  Calculation of Ingestion Doses From Consumption of Food 
Produced From Contaminated Water 

Four ingestion pathways contribute to radiation exposure from con-
sumption of food raised with contaminated water .  The pathways that 
result from radionuclide migration into water and ingestion by humans 
and animals a re 1 )  direct potable water consumption , 2 )  freshwater fish 
consumption , 3 )  consumption of meat from animals watered at contaminated 
s ite , and 4) consumption of milk from animals watered at contaminated 
sources . 

( 1 )  Calculation of Ingestion Dose from Water Consumption 

The dose contributions from the drinking water pathways are 
estimated us ing the fol lowing equation : 

where 

D = W x Z .  x 103 x DF . pw � � 
(A- I S )  

D pw = dose from isotope i from ingestion of contaminated water 
(rem) 

z .  
� 

concentration of isotope i in the water (�Ci/ cc )  

W = water consumed (£/yr) 

103 convers ion factor ( cm3/£) 

DF . = dose convers ion factor ( rem/�C i ) . 
� 

The potential dose associated with groundwater leaching of radio
active material from the INEL disposal  s ite and transport to a source of 
drinking water is  derived as follows : 
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where 

T .  = travel time from bin to aquifer for isotope i (yr) 1 

L = distance from bin to aquifer ( em) 

= isotope ion-exchange constant (meq/g solids ) / (meq/cc 
liquids) 

R = ratio of soil density to soil poros ity (g/ cc )  p 
Ps = soil dens ity (g/cc )  

P = porosity 

W = groundwater migration rate ( em/day) . g 

(A- I 6 )  

The following equations are used to determine radionucl ide concen
tration in the aquifer resulting from groundwater migration . 

When the elapsed time is  less than the travel time , the concentra
tion of the i -th nuclide in the aquifer is  zero . When the travel time , 
T . , is  les s than the time elapsed s ince leaching began , the concentra-1 
tion in the aquifer is  given by : 

z .  = 
1 

(A- I n  

When the the travel  time , T . , is  greater than the time elapsed s ince 
1 

leaching began , the concentration in the aquifer is  given by : 

where 

z .  = 
1 

z .  = nuclide concentration in aquifer (�Ci/cc )  1 

Iti = total inventory of isotope i (Ci )  
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L = distance through soil to aquifer  

W = flow rate through soil to aquifer g 
W = aquifer dilution flow ( cc/yr) a 

106 = conversion factor (j.JCi/Ci )  

T = release time related to T (day) e 

( em) 

( em/day) 

t = time over which inventory is released (yr) r 
T = time required to reach ion-exchange equil ibrium between e soil  and water (day) . 

The pulse width is defined by Equation A- 19 : 

PW = 2 . 428 Kdi (A- 19 )  

PW = the pulse width of an instantaneous release from the b ins 
(yr) 

Kdi = distribution coefficient for isotope i ( cc/g) . 

( 2 )  Cal culation of Ingestion Dose From Freshwater Fish Consumption 

The dose resulting from consumption of freshwater fish is  obtained 
by use of the following equations : 

(A-20 ) 

where 

Dfw = dose commitment from ingestion of isotope i in freshwater 
fish ( rem) 

DF . = dose convers ion factor for ingestion of isotope i 
� ( rem/j.JC i )  

and 

Qfwi = Ufw x Bfi x Z .  x 103 (A-2 1 )  
� 

where 

Qfwi = quantity of isotope i ingested by an individual (j.JCi/yr ) 

Ufw = quantity of fish consumed (kg/yr) 
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Bfi = bioaccumulation factor (cc/g)  

z .  = nuclide concentration in water (fJCi/cc )  � 
1 03 = conversion factor (g/kg )  . 

(3 ) Calculation of Ingestion Dose From Meat Consumption 

The contribution of a s ingle radionuclide , isotope i ,  to the SO-yr 
dose commitment from ingestion of meat produced from animals  watered at 
a contaminated source is given by the equations : 

where 

and 

where 

D = Q x DF . mw mwi � (A-22 ) 

D mw = dose commitment from ingestion of isotope i in meat ( rem) 

DF . � 

Qmwi 
U mw 
A w 

S . w� 

z .  � 

= dose convers ion factor for ingestion of isotope i 
( rem/fJCi ) 

= U x A x S . x z .  x 1 03 
mw w w� � (A-23 ) 

= quantity of radionuclide consumed in meat (fJCi/yr) 

= consumption rate (kg/yr) 

= rate at which milk-producing animals drink water (£/day) 

= stable element transfer factor for isotope i from water 
into meat (day/kg) 

= nuclide concentration in aquifer (fJCi/cc )  

106 = convers ion factor ( cc/£) . 

(4 )  Calculation of Ingestion Dose from Milk Consumption 

The contribution of a s ingle radionuclide , isotope i ,  to the SO-yr 
dose commitment from ingestion of milk produced by animals  watered at a 
contaminated source is given by the equation : 
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where 

and 

D . = Q . x DF . 
CW1 CW1 1 

(A-24) 

D . = dose commitment from ingestion of isotope i in milk (�Ci ) 
CW1 

DF .. = 
1 

dose conversion factor for ingestion of  isotope i 
( remj�Ci) 

U cw 

= U x A x S . x z .  x 103 
cw W W1 1 

= quantity of  radionuclide consumed in milk (�Cijyr) 

= consumption rate (Qjyr) 

(A-25 ) 

s . 
W1 

= stable element transfer factor for isotope i from water 
into milk  ( dayjQ) 

A = rate at which milk-producing animals  drink water (Qjday) 
W 

z .  
1 

= nuc lide concentration in aquifer (�Cijcc) 

103 = convers ion factor ( c cjQ) . 

A . 1 . 9 . 2 . 3  Calculation of Ingestion Dose From Consuming Contaminated 
Salt 

The contribution of a s ingle radionuclide , isotope i ,  to the 50-yr 
dose commitment from ingesting contaminated salt is given by the 
equations : 

where 

D .  = C .  x Q x DF . 
1 1 c 1 

(A-26 ) 

D .. = 
1 

dose commitment from ingestion of isotope i in contamina
ted salt (rem) 

Qc = annual consumption of table salt ( kgjyr) 

DF . = 
1 

c .  = 
1 

dose convers ion factor for ingestion of isotope i 
( remj�Ci ) 

concentration of isotope i in salt ( �Ci-yrjkg) 
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and 

where 

c .  = 1 

Q .  = 1 

F .  = 1 

Q .  x F .  1 1 
Qp 

total inventory of isotope i at the time of interest 
(�Ci ) 

fraction of total inventory leached during a year of 
solution mining operations 

(A-27 )  

Qp = annual production of salt  from solution mining in the 
repos itory ( kg/yr) . 

A . l . 9 . 3  Calculation of Direct Radiation Dose 

where 

The dose from direct radiation is given by the equations : 

D . = t x Sf x C . x DF . gl x gl gl (A- 13 )  

C . = the ground-plane concentration of isotope i (�Ci/cm3 ) &1 

C . &1 

DF . &1 

D . gl 

= D . p1 
(1 -

-A . t  
e 1 s ) 
A . PL 1 

(A-14)  

= the open-field ground-plane whole-body dose conversion 
factor for isotope i [ ( rem/hr )/ (�Ci/cc ) ] 

= the annual whole-body dose from i sotope i ( rem) 

Sf = the shielding factor that accounts for the dose reduc
tion due to shielding provided by residential structures 
during occupancy 

A .  = radioactive decay constant (hr- 1 ) 1 
t = the exposure time (hr) x 
t = soil  accumulation time (hr) . s 
PL = soil mixing depth ( cm) 

D = pi calculated from Equation A-6 . 
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Individual Dose From Intrus ion and Exploratory Drill ing 

The dose from direct radiation as the result of individual intru
s ion or exploratory drill ing is determined by the following equations : 

where 

D .  ::; Q .  x DF . 1 1 g1 

D .  ::; annual dose 1 

(A-28 )  

from direct radiation by isotope i ( rem) 

DF ::; dose convers ion factor generated from ISOSHLD code gi [ ( rem/hr) / (Ci/cc ) ] 

and 

Q .  ::; C x F x T x Pc x 10-6 (A-29 ) 1 ci c 
and 

F 
Qc (A-30)  ::; c A x PL x P s 

where 

C ci  concentration of isotope i in ca lcine (IJCi/g )  ::; 

PL ::; depth to which the soil is  mixed (m) (0 . 05 m for direct 
radiation) 

soil density 3 Ps 
::; ( kg/m ) 

Qc 
::; quantity of waste dispersed ( kg )  

10-6 ::; conversion factor (Ci/IJCi ) 

Pc ::; calcine density (g/cc )  

A ::; area over which waste is uniformly dispersed (m2 ) 

F ::; fraction of waste which is  calcine c 
T ::; exposure time (hr) . 

A . 1 . 9 . 4  Calculation of Dose From Radon Daughter EXEosure 

The methodology used to calculate radon exposure is derived from 
two studies : "Radioactivity of Lands and Associated Structures"  
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(Roessle r ,  1978)  and "Radon Migration in the Ground : A Review" (Tanner ,  
1964) . 

D = CWL x DF rn rn (A-3 1 )  

where 

D rn 

DF rn 

= dose equivalent to lung resulting from inhalation of radon 
and its daughters ( rem/yr) 

= concentration of radon and daughters in working levels 
(WL) 

= radon daughter dose convers ion factor  ( rem/WL-yr) 

Equation A-32 is an empirical  equation for concrete s lab floor con
struction and can be expressed as : 

where 

CWL = 0 . 0087 JO . 46 (A-32 ) 

J = average radon flux from the ground upon which a house is 
constructed . �Ground is a homogeneous medium of l imited 
depth . ) (pCi/m - s ) . 

A . 1 . 9 . 4 . 1 Calculation of Radon Flux from a Homogeneous Medium 

The radon flux , J ,  from the surface of a porous , homogeneous o 
medium can be described by 

where 

J = 104 DC o rn 

J = radon flux from the surface (pCi/m2- s )  o 
A = radioactive decay constant of  radon ( s - l ) 

(A-33 ) 

D = diffus ion coefficient for radon diffusing through the fluid 
(ai r ,  water ,  ztc . )  in the void spaces between the solid 
particles (cm /sec) . 
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The concentration of radon , C , in the void space in a homogenern 
ous , porous medium is given by the relation : 

where 

C rn 

C ra 

= C ra x �  p 

= concentration of radium in medium (pCi/ g) 

E = emanation coefficient ( fraction of radon released 
space from material ) 

bulk density of medium 3 p = ( g/ cm ) 

P = porosity of medium (void fraction) 

Substitution of the equation for C gives rn 

Shielding Layer 

to void 

(A-34) 

A layer of " clean" porous material on top of a radium-bearing 
porous material can be expected to attenuate the diffusing radon . At 
the surface of clean material , the radon flux can be described approxi
mately by the s imple attenuation equation 

where 

P 1 J = Jo exp (-Y (AD) � 

Y = thicknes s  of clean material layer (cm) . 

Finite Surface Layer 

(A-35 ) 

The radon flux from the surface of a porous , homogeneous medium of 
l imited depth , bounded above by air and below by an impervious medium , 
can be des c ribed by the equation : 

(A-36)  
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where 

Y = depth of radium-bearing layer ( cm) . 

A . 1 . 9 . 4 . 2  Radon Daughter Concentration in a House on Radium-Bearing 
Soil 

In an average residential  dwelling , the relationship between the 
average indoor radon daughter concentration and the annual lung dose 
equivalent is about 100 mrem/yr per 0 . 001  WL average in the dwelling . 
This relation was obtained by reducing the occupational lung exposure 
data by a factor of 0 . 5  to reflect the lower respiration rate of  indi-
viduals in a res idence . This gives an estimated tracheobronchial dose 
equivalent of 2 . 9  rem per working-level month (WLM) in a house with 
ventilation equivalent to 1 air change/hr . As suming a res ident spends 
as much as 16 hr/day in a radon-contaminated house , his tracheobronchial 
dose  equiva lent per 0 . 001  WL is  estimated to be increased by : 

DF rn 
1WLM 16 hr x 365 days x 2 . 9  rem = 0 . 00 1  WL 1WL x 1 70 h r  

x 
day yr . WLM 

DF = 0 . 1  rem/ . 001  WL . rn 

One additional correction factor is required to ca lculate the con
centration of radon in a residence . The exposure time for the WL is 
16 hr/day x 365 day/yr = 5 , 840 hr/yr . To adj ust for the actual exposure 
time , a factor of 58rO must be included where T is in hours . For the 
s cenarios evaluated in this EIS , an exposure time of 7000 hr was used . 
Therefore , 

DF rn = lOOT 
5840 (A-37 ) 

As suming a house is  built on radium-bearing soil that is unifo rm 
and semi-infinite in extent , the typical dose equivalent rate can be 
estimated in the following way . Over a limited range , 0 . 005 <D <0 . 05 , 
the media diffusion coefficient , D ,  can be approximately determined from 
the function of soil moisture content : 

D « exp ( -0 . 063 x % moisture) .  
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The radon flux from the surface of the sand , J ( �Ci/m2- s )  can be o 
calculated using the relation : 

104C 
� 

J = Ep (AD) (A-38) 0 ra P 

where 

E = 1 . 0  

1 . 3  g/ cm 3 p = 
A 2 . 1  x -6 = 10 /sec 

D 0 . 024 2 = cm /sec 

p = 0 . 3  

104 factor  2 2 = conversion ( cm /m ) 

and then 

J = 5 . 33 C 0 ra 

There are two radon daughter cases considered in this appendix : 
1 )  a house built on 1-m-deep layer of radium-bearing soil and 2 )  a house 
built on 25-ft-deep layer of soil  covering radium-bearing soil . 

( 1 )  House on I -Meter Deep Layer of Radium-Bearing Soil 

The dose equivalence rate associated with residence in a house 
built on a 1 -m (3 . 3-ft)  layer of radium-bearing soil is estimated a s  
follows . The radon flux from the surface of a 1 -m-deep layer of radium
bearing soil on top of an impervious layer  is  approximately 

where 

J = 5 . 33 C o ra 
Y = 100 cm 

-6 A = 2 . 1  x 10  /sec 
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P = 0 . 3  
2 D = 0 . 24 cm /sec 

x -x 
tanh (x) = e - e 

x -x 

Therefore , 

e + e 

J = 3 . 09 C ra 

(2 )  House on 25-Foot-Deep Layer of Soil Covering Radium-Bearing Soil 

The dose equivalence rate associated with residence in a house on a 
7 . 6-m layer (25 ft) of soil  covering radium-bearing soil , semi-infinite 
in extent , is  estimated as follows . The radon flux from the surface is 
estimated by the attenuation method . The appropriate equation i s  

J = J o 

After substituting all  parameters , the following equation is  obtained : 

J = 1 . 08 x 10- 1  C ra 
A . 2 Nonradiological Effects 

The assessment of nonradiological effects for this EIS  cons ists of 
two types of evaluations : the emis s ion of air  pol lutants during the 
construction and operations phases of alternative implementation and the 
evaluation of potential water contaminants during the disposal  phase . 
Water quality effects at the lNEL are evaluated in the waste-migration 
into-groundwater s cenario . Water quality effects at the federal 
geologic repository are evaluated in the fault-and-flooding and solution 
mining s cenarios . 

The methodology used to evaluate the effects of nonradiological air  
and water pollutants consists of five components : 1 )  determination of  
potential air  and water pol lution sources , 2 )  estimation of emiss ion and 
migration rates , 3 )  evaluation of offgas treatment systems and pol lution 
control technology , 4) calculation of ambient air  aQd water pol lutant 
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pollutant concentration increases , and 5 )  evaluation of effects of am-
bient air  and water pollutant concentration increases . The analyses 
are based on the chemical compositions of present and future calcine 
waste shown in Table A-88 . 

TABLE A-88 

CHEMICAL COMPOSITION OF CALCINE 

Composition 

Physical 

Mas s  median particle 
diameter (mm) 3 Bulk dens ity (g/cm ) 

Chemical (wt .%) : 

Zirconium ( Zr02 ) 
Calcium 
Aluminum 
Sodium 
Nitrogen 
Mercury 
Water 
Gross  fiss ion products 

as oxides 

Alumina 
Waste 

0 . 56 - 0 . 70 

1 . 0 - 1 . 2  

88 . 2  - 89 . 1  
1 . 3  - 2 . 0  
3 . 9  - 4 . 1  

2 . 9  
2 . 0  
0 . 6  

Zirconia 
Waste 

0 . 6  - 0 . 8  

1 . 7  

2 1 . 4  
54 . 2  
2 1 . 9  

1 . 9  

0 . 6  

Future 
Waste 

0 . 6  - 0 . 8  

1 . 3  

* 
;� 
;� 
* 
* 
* 
...,� 
i� 

* The chemical compos ition of future calcine will  be s imilar to the 
composition of zirconia waste . In addition , future waste will 
contain approximately 9% cadmium . 

A . 2 . 1  Air Quality 

The evaluation of  potential air pollutants is based on a review of 
the processes required to implement the alternatives . 
emis s ion rates of air  pollutants it was assumed that : 

To calculate 

• All nitrogen pentoxide , mercury , and cadmium contained in the 
calcine would be volatilized and released to the atmosphere 
dur�ng proces s ing ; 
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• Nitrogen oxides produced during thermal decomposition of 
nitric acid used in waste form modification would be directly 
proportional to the consumption of nitric acid ; and 

• An offgas treatment system will be used to control air pollu
tant emis s ions and the process equipment evaporator will be 
equipped with a high efficiency s crubber for 90% or better 
removal of nitrogen oxide . 

EPA-recommended long-term and short-term atmospheric 
models and s ite meteorological data ( see Subsection A . 1 . S )  

dispers ion 
were used 

to estimate ambient air concentrations of the pollutants emitted to 
the atmosphere . 
INEL boundary 

Concentrations were calculated for the point on the 
where concentrations would be a maximum . The annual 

average dispersion factor data presented in Subsection A .  1 .  S for the 
southern portion of the INEL boundary [ approximately 10  mi ( 1 6  km) 
southeast of I CPP ] were used to calculate long-term (annual )  ambient air 
concentration increases of all potential emissions during the 
construction and operational phases . Short-term ( l-hr) ambient air 
concentration increases were ca lculated us ing 1-hr average s ite 
meteorological data . 

To evaluate the impact of the air pollutant concentration increases 
on the general public , INEL workers , and local flora and fauna , calcu
lated concentration increases were compared to applicable EPA ambient 
air quality standards and engineering guidelines . Where the calculated 
increases are below detection l imits of the monitoring equipment , 
effects of pollutants are considered to be insignificant and would not 
affect the health and welfare of the general public , INEL workers , or 
the bioenvironment . 

To evaluate the effects of toxic chemicals which are postulated to 
occur during the disposal phase , water pollutant concentrations in 
hypothetical wells were compared with applicable EPA drinking water 
standards and toxic ingestion levels for cadmium and mercury as oxides . 
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A . 2 . 1 . 2 Construction Phase  

A . 2 . 1 . 2 . 1  Source Terms 

Source terms for air  pol lutant emissions during the construction 
phase were determined by first estimating the amount of equipment and 
diesel fuel required for each a lternative . These estimates were based 
on analyses and comparisons of equipment requirements for construction 
proj ects of s imilar magnitude . The estimated construction activities 
and fuel requirements for each alternative are presented in Table A-89 . 

TABLE A-89 

ESTIMATED CONSTRUCTION ACTIVITIES AND FUEL REQUIREMENTS 

Heavy Diesel 
Duration Equipment Fuel 

Alternative (mo ) ( average ) ( 1 0 3  gal )  

1 .  Leave-in-Place 18 25 375 

2 .  Retrieve , Modify Calcine , 
Dispose at the INEL 

Pelletize Calcine 2 1  30 275 
Convert Calc ine to Glass 36 50 5 75 

3 .  Retrieve , Modify Calc ine , 
Dispose Offs ite 

Stabilize Calc ine 21  35 325 
Convert Calc ine to Glas s  24 35 390 

4 .  Retrieve , Separate Actinides , 
Dispose of Actinides Offs ite , 
Dispose of Depleted Calc ine 
at the INEL 40 50 1 , 1 10 

5 .  Delay Retrieva l , Modify Calc ine , 
Dispose Offs ite 

100 yr 24 35 390 
300 yr 24 35 390 
500 yr 24 35 390 
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The estimated total emis s ions for construction activities include 
dust generated during construction and construction equipment exhaust 
emis s ions . Exhaust emiss ions are directly proportional to diesel fuel 
usage . Approved emis s ion factors for particulates , nitrogen oxides 
(NOx) , carbon monoxide (CO) , sulfur dioxide (S02 ) ' and hydrocarbons were 
used to calculate emis s ion rates (EPA , 1 9 7 7 ) . The particulate emis s ions 
from dust generation were calculated from the land area used for 
construction , the duration of the construction period , and the 
appropriate emis s ion factor . The estimated total emis s ions (tons ) 
during the construction phase for each alternative are presented in 
Table A-90 . 

The estimated total emis s ions were converted to annual emis s ion 
rates ( g/sec)  to provide the source terms used to ca lculate increased 
pol lutant concentrations . The annual emis s ion rates were calculated by 
normalizing the total emis s ions to a 230-day/yr and 8-hr/day construc-
tion s chedule . Emis s ion rates are presented in Table A-9 1 for each 
a lternative . 

A . 2 . 1 . 2 . 2  Dispersion Factors 

The atmospheric dispers ion factor (X/Q) used to determine the 
maximum long-term (annual )  average pollutant concentrations at an INEL 
boundary during the construction phase was obtained from calculations 
based on the dispersion equation for continuous ly emitting point 
sources (Turner , 1970) . An effective release height of ground level was 
used . The vertical dispers ion function for this calculation was 
obtained using the McMullen equation for rural application . 

Stability frequency data were not available for the ICPP s ite ; how
ever , a first order approximation was made of annua l average concentra
tions by using the appropriate wind rose data and assuming the neutral 
stabil ity Class D .  This is  cons idered to be a conservative assumption 
because construction would take place only during daylight hours when 
stability Clas s D conditions would most likely occur . The value of the 
dispers ion factor for long-term concentrations us ing the neutral 
stabil ity class was calculated to be 1 . 7  x 10-8 sec/m3 . 
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TABLE A-90 

ESTIMATED TOTAL EMISSIONS DURING THE CONSTRUCTION PHASE (tons ) 

NO CO S02 
Construction 

Alternative Particulates x Hydrocarbons Time (yr ) 
1 .  Leave-in-Place 26 . 50 76 . 20 1 7 . 70 5 . 70 5 . 40 1 . 50 

2 .  Retrieve , Modify Calcine , 
Dispose at the INEL 

Pelletize Calcine 54 . 00 56 . 00 1 3 . 10  4 . 28 4 . 00 1 .  75 
Convert Calcine to Glas s  93 . 42 109 . 40 25 . 60 8 . 36 7 . 80 3 . 00 

3 .  Retrieve , Modify Calcine , 
Dispose Offsite 

Stabilize Calcine 29 . 44 66 . 16 15 . 50 5 . 06 4 . 72 1 .  75 
Convert Calcine to Glass  33 . 86 78 . 88 18 . 46 6 . 02 5 . 64 2 . 00 

> 
I 4 .  Retrieve , Separate Actinides , N N � Dispose of Actinides Offsite , 

Dispose of Depleted Calcine 
at the INEL 209 . 44 1 78 . 10 41 . 60 1 3 . 60 1 2 . 72 2 . 75 

5 .  Delay Retrieval , Modify Calcine , 
Dispose Offsite 

100 yr 33 . 86 78 . 88 18 . 46 6 . 02 5 . 64 2 . 00 
300 yr 33 . 86 78 . 88 18 . 46 6 . 02 5 . 64 2 . 00 
5 00 yr 33 . 86 78 . 88 18 . 46 6 . 02 5 . 64 2 . 00 



TABLE A-9 1  

ESTIMATED EMISSION RATES FOR AIR POLLUTANTS 
GENERATED DURING THE CONSTRUCTION PHASE (g/sec ) 

Alternative Particulates NO CO S02 Hydrocarbons x 

1 .  Leave-in-Place 2 . 4  7 . 0  1 . 6  0 . 52 0 . 49 

2 .  Retrieve , Modify Calcine , 
Dispose at the INEL 

Pelletize Calcine 4 . 2  4 . 4  1 . 0  0 . 34 0 . 3 1 
Convert Calcine to Gla s s  4 . 3  5 . 0  1 . 2 0 . 38 0 . 36 

3 .  Retrieve , Modify Calcine , 
Dispose Offsite 

Stabilize Calcine 2 . 3  5 . 2  1 . 2  0 . 40 0 . 37 
Convert Calcine to Glas s  2 . 3  5 . 4  1 . 3  0 . 41 0 . 39 

> I 4 .  Retrieve , Separate Actinides , N N \JI Dispose of Actinides Offsite , 
Dispose of Depleted Calcine 
at the INEL 10 . 0  8 . 9  2 . 1  0 . 68 0 . 63 

5 .  Delay Retrieval , Modify Calcine , 
Dispose Offsite 

100 yr 2 . 3  5 . 4  1 . 3  0 . 41 0 . 39 
300 yr 2 . 3  5 . 4  1 . 3  0 . 41 0 . 39 
500 yr 2 . 3  5 . 4  1 . 3  0 . 41 0 . 39 



The dispersion factor used to determine the maximum short-term 
( l -hr ) average pollutant concentration increases at an INEL boundary was 
obtained from calculations based on the Pasquill-Gifford diffusion 
equation for a s ingle ground-level source (Turner ,  1 9 70 ) . The maximum 
concentrations were calculated by assuming a stability Class  F and 
effective release height at ground level . The worst-case dispers ion 
factor for short-term construction activities was calculated to be 
6 . 9  x 10 -6 sec/m3 . 

A . 2 . 1 . 2 . 3  Calculation of Maximum Air Pollutant Concentration Increases 
During Construction 

The maximum long-term and short-term air  pollutant concentration 
increases at an INEL boundary during construction were calculated for 
each a lternative by multiplying the emis s ion rates in Table A-9 1 by the 
appropriate dispersion factor presented in Subsection A . 2 . 2 . 2 .  The 
short-term dispersion factor i s  used to calculate concentrations 
control led by 1- and 3-hr standards . The long-term dispers ion factor i s  
used to calculate concentrations control led by . annual standards . The 
resultant concentration of each pollutant for each a lternative was 
compared with the strictest ambient air  quality s tandard for that 
pollutant . Calculated increases in ambient a ir  concentrations for 
pollutants emitted during construction are presented in Table A-92 .  

The following sample calculation i s  provided for determination of 
the NO concentration during construction activities in Alternative 4 .  x 

Q = 8 . 9  g/sec (from Table A-9 1 )  

X/Q 1 . 7  x 10 -8 sec/m3 ( from Subsection A . 2 . 2 . 2 ) 

NO concentration = Q x X/Q x 

8 . 9  x 1 . 7  x 10-8 
3 = 0 . 15 �g/m . 
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;I> I N N -..J 

Alternat ive 

1 .  Leave-In-Place 

2. Retrieve , Modify Calc ine , 
Dispose at the INEL 

Pel let ize Calcine 
Convert Cal cine to Glass 

3.  Retrieve , Modify Cal cine , 
Dispose Offsite 

Stabil ize Calc ine 
Convert Calcine to Glass 

4.  Retrieve , Separate Actinide s ,  
Dispose of Actinides Offsite , 
Dispose of Depleted Calc ine 
a t  the INEL 

5 .  Delay Ret rieva l ,  Modify Calcine , 
Dispose Offs i te 

100 yr 
300 yr 
500 yr 

Federal standardc 

a .  At southern INEL boundary . 

TABLE A-92 

CALCULATED CONCENTRATION INCREASES 
OF AIR POLLUTANTS FROM CONSTRUCTION ACTIVITY (�g/m3 ) a , b 

Pa rticulates 
(annual geometric mean) 

0 . 04 

0 . 07 
0 . 07 

0 . 04 
0 . 04 

0 . 20 

0 . 04 
0 . 04 
0 . 04 

60 . 00 

NO 
x 

( annua l arithmetic mean) 

0 . 12 

0 . 07 
0 . 09 

0 . 09 
0 . 09 

0 . 15 

0 . 09 
0 . 09 
0 . 09 

100 . 00 

CO 

( l -hr average) 

1 1 . 0  

6 . 9  
8 . 3  

8 . 3  
9 . 0  

15 . 0  

9 . 0  
9 . 0  
9 . 0  

40 , 000 . 0  

SO 
2 

(annua l a r ithmetic mean) 

0 . 009 

0 . 006 
0 . 007 

0 . 007 
0 . 007 

0 . 0 1 0  

0 . 007 
0 . 007 
0 . 007 

80 . 00 

Hydrocarbons 
( 3-br average) 

3 . 4  

2 . 2  
2 . 5  

2 . 6  
2 . 7  

4 . 4  

2 . 7  
2 . 7  
2 . 7  

160 . 00 

b .  A l l  calculated conc5ntra tions a re below i�st rument detection limits . Detection l imit :  s u l fur dioxide , 7 .  2 �g/m
3

; nitrogen oxides , 4 .  3 �8/m3 ; 
particulate s ,  1 �g/m ; hydroca rbons , 16 �g/m . 

c.. 40 CFR 50 . This is the most res t r i c tive standa rd . It is the primary standard for su lfur dioxide and the secondary standard for pa rticulate s ,  
nitrogen oxides , ca rbon monoxide , and hydrocarbons . 



A . 2 . 1 . 3  Operations Phase 

A . 2 . 1 . 3 . 1  Source Terms 

Source terms for primary air pollutant emiss ions during the 
operations phase at the ICPP were determined for particulates , NO , CO , x 
cadmium (Cd) , and mercury (Hg) . The maj or  pollutant emis s ion during the 
routine operations phase is NO . Nitrogen oxides are produced during x 
proces s ing by the thermal decompos ition of nitric a cid in the evaporator 
system and by volatilization of the nitric a cid contained in the 
calcine . Cd and Hg also volatilize during proces s ing . It  is assumed 
that 95% of the Cd and 90% of the Hg are removed by the offgas treatment 
system before release to the atmosphere . The estimated emis s ion rates 
( lb/day) for each alternative are presented in Table A-93 . 

The estimated emis s ion rates in lb/day were converted to emis s ion 
rates in g/sec to provide the source term used to calculate increased 
pollutant concentrations . The estimated emis s ion rates ( g/ sec)  for each 
alternative are presented in Table A-94 . 

A . 2 . 1 . 3 . 2  Dispersion Factors 

The atmospheric dispers ion factor (X/Q)  used to determine the 
maximum long-term (annual )  average pollutant concentrations at an INEL 
boundary during the operations phase i s  the dispers ion factor used for 
elevated releases presented in Subsection A . 1 . S .  The maximum annual 
dispersion factor at an INEL boundary is  4 x 10-8 sec/m3 . 

The dispers ion factor used to calculate the short-term ( l-hr) 
average pollutant concentrations of elevated releases at the southern 
INEL boundary was obtained from calculations based on the Pasquill
Gi fford diffusion equation for a s ingle elevated source (Turner , 1970 ) . 
The maximum concentrations were calculated by assuming a Class F 
stabil ity and effective release height of 76 m cons idering plume buoyan
cy . The calculated dispers ion factor for short-term operational re
leases is 2 . 8  x 10- 7 sec/m3 . 
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TABLE A-93 

ESTIMATED EMISSION RATES FOR AIR POLLUTANTS 
GENERATED DURING THE OPERATIONS PHASE (lbjday) a 

Alternative Particulates NO x CO Cd Hg 

1 .  Leave-in-Place b Negligible 0 0 0 0 . 0  

2 .  Retrieve , Modify Calcine , 
Dispose at  the lNEL 

Pelletize Calcine Negligible 4 , 895 0 40 3 . 8  
Convert Calcine to Glas s  Negligible 2 , 000 0 40 3 . 8  

3 .  Retrieve , Modify Calcine , 
Dispose Offsite 

Stabilize Calcine Negligible 1 , 987 0 4 3 . 8  
Convert Calcine to Glass Negligible 2 , 000 0 4 3 . 8  

4 .  Retrieve , Separate Actinides , 
Dispose of Actinides Offsite , 
Dispose of Depleted Calcine 

O . Oc at the lNEL Negligible 11 , 000 4 , 45 3  40 

5 .  Delay Retrieval , Modify Calcine , 
Dispose Offsite 

100 yr Negligible 2 , 000 0 4 3 . 8  
300 yr Negligible 2 , 000 0 4 3 . 8  
500 yr Negligible 2 , 000 0 4 3 . 8  

a .  To calculate annual emis sions , mUltiply emis sion rates by 230 daysjyr of operation . 
b .  No nitrogen oxides , cadmium , mercury , or carbon monoxide result from the leave-in-place 

alternative . 
c .  No mercury emiss ions result from Alternative 4 .  



TABLE A-94 

ESTIMATED EMISSION RATES FOR AIR POLLUTANTS 
GENERATED DURING THE OPERATIONS PHASE (g/ sec )  

Alternative Particulates NO CO Cd Hg 
x 

1 .  Leave-in-Place Negligible 0 0 0 0 

2 .  Retrieve , Modify Calcine , 
Dispose at the INEL 

Pel letize Ca lcine Negligib le 26 0 0 . 2  0 . 02 
Convert Calcine to Glass  Negligible 1 1  0 0 . 2  0 . 02 

3 .  Retrieve , Modify Calcine , 
Dispose Offs ite 

Stabi l ize Calcine Negligible 10 0 0 . 2  0 , 02 
» Convert Calcine to Glass  Negligible 1 1  0 0 . 2  0 . 02 
I N W 4 .  Retrieve , Separate Actinides , 

0 Dispose of Actinides Offs ite , 
Dispose of Depleted Calcine 
at the INEL Negligible 58 23 0 . 2  0 . 00 

5 .  Delay Retrieval , Modify Calc ine , 
Dispose Offs ite 

100 yr Negligible 1 1  0 0 . 2  0 : 02 
300 yr Negligible 1 1  0 0 . 2  0 . 02 
500 yr Negligible 1 1  0 0 . 2  0 . 02 



TABLE A-95 

CALCULATED CONCENTRATION INCREASES OF AIR POLLUTANTS DURING THE OPERATIONS PHASE (�g/m3 ) 

NO CO Cd Hg 
x (Annual ( l -hr (Annual (Annual 

Alternative Particulates Avera� Average ) Average ) Average ) 

1 .  Leave-In-Place Negligible 0 0 0 0 

2 .  Retrieve , Modify Calcine , 
Dispose at the lNEL 

Pelletize Calcine Negligible 1 . 00 0 0 . 008 0 . 0008 
Convert Calcine to Glas s  Negligible 0 . 44 0 0 . 008 0 . 0008 

3 .  Retrieve , Modify Calcine , 
Dispose Offsite 

Stabilize Calcine Negligible 0 . 40 0 0 . 008 0 . 0008 
Convert Calcine to Glas s  Negligible 0 . 44 0 0 . 008 0 . 0008 

> I 4 .  Retrieve , Separate Actinides , N w Dispos e  of  Actinides Offsite , .... 
Dispose of  Depleted Calcine 
at  the lNEL Negligible 2 . 3  6 . 4  0 . 008 0 

5 .  Delay Retrieval , Modify Calcine , 
Dispos e  Offsite 

100 yr Negligible 0 . 44 0 0 . 008 0 . 0008 
300 yr Negligible 0 . 44 0 0 . 008 0 . 0008 
500 yr Negligible 0 . 44 0 0 . 008 0 . 0008 

Federal Standard* 60 100 40 , 000 None None 

* 40 CFR 50  



A . 2 . 1 . 3 . 3  Ca lculation of Maximum Air Pollutant Concentration Increases 
During Operations 

The long-term and short-term air  pollutant concentration increases 
at the southern INEL boundary during operations were calculated by 
mUltiplying the emission rates in Table A-94 by the dispersion factors 
presented in Subsection A . 2 . 3 . 2 .  The resultant concentrations of each 
pollutant were compared with applicable ambient air  quality standards . 
The ca lculated concentration increases are presented in Table A-95 . 

None of the ca l culated pol lutant concentrations is  above the appli
cable ambient air  quality standard . The calculated concentration for 

3 Cd is well  below the background level of 0 . 03 �g/m . The calculated Hg 
concentration is  below the threshold detection l imit of 0 . 0 1 mg/m3 . 

The fol lowing sample calculation is provided for determination of 
the NO concentration during operations in Alternative 4 .  x 

Q = 58 g/ sec (from Table A-6 )  

X/Q 4 x 10-8 sec/m 3 (from Subsection A . 2 . 3 . 2 ) = 

NO concentration = Q x X/Q x 
= 58 x 4 x 10-8 

2 . 3  �g/m 3 = 

A . 2 . 2  Water Quality 

A . 2 . 2 . 1 Releases at the ICPP 

A . 2 . 2 . 1 . 1  Waste Migration into Groundwater 

Cadmium (Cd) and mercury (Hg) contamination of the groundwater is  
postulated to occur in the waste migration into groundwater scenario 
des cribed initially in Subsection A . 1 . 8 . 1 . 4 . 2 .  
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Since the containment integrity of the calcine storage bins cannot 
be guaranteed in perpetuity , it is as sumed that the waste is leached by 
water into the aquifer .  The amount of water required to leach the waste 
is  equivalent to about 30 years ' average rainfall . Average annual rain
fall is assumed to drive contaminated water by hydrostatic pressure from 
the bin bottom . 

The contaminated water then seeps through a sediment laye r ,  
traverses a layer o f  lava , and reaches the aquifer which transports 
cadmium and mercury downgradient to four hypothetical well s . The first 
well is as sumed to be adj acent to the point of inj ection into the 
aquifer ; the second , 3 miles downgradient from the inj ection point ; the 
third , 10 miles downgradient from the inj ection point ; and the fourth , 
120 miles downgradient from the inj ection point . 

The annual precipitation is  22 cm (8 . 5  in) . Very little of this 
moisture actually reaches the aquifer ;  most is lost to the atmosphere by 
evaporation and transportation . If  current weather patterns continue , 
eventual toxic chemical migration to the aquifer would be unlikely . 
Flooding of the waste bins by the Big Lost River i s  precluded by current 
geologic-hydrologic conditions at the s ite ( see Subsection 4 . 5 ) . 

This s cenario is  evaluated to determine the potential consequences 
of aquifer contamination . In reality ,  the underlying Snake River Plain 
Aquifer is  vas t ,  and a very large amount of di lution would occur both 
initially and during the 1 20-mile underground movement of the water 
before it 
Ion-exchange 

surfaces near Hagerman in the Snake River Canyon . 
processes in the soil layer underlying the bins would 

further diminish the quantity of Cd and Hg reaching the aquifer .  

The s cenario affects Alternatives 1 ,  2 ,  and 4 and i s  based on the 
following assumptions . Mercury is removed during actinide separation so 
is not a potential pollutant in Alternative 4 .  The stainles s  steel 
bins , surrounding concrete , and reinforced concrete vaults deteriorate 
to where incident rainwater can enter the bins and contact the stored 
calcine . A bin set contains about 1400 m3 (50 , 000 ft3 ) of waste and 
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covers an area of about 190 m2 ( 2 , 000 ft2 ) .  The total calcine volume 
will be 545 , 000 ft3 in 2020 . With an average density of 1 . 3 1  gm/cm3 , 
the total weight would be 2 . 04 x 107 kg , of whi ch 0 . 3% is estimated to 
be Hg and 9% is · estimated to be Cd . If  about half of the annual 
incident precipitation , 1 1  cm ( 4 . 25 in . ) ,  contacts the waste , there 
would be enough water during the course of a year to cover about 1% of 
the waste . Although much of the waste is not very leachable , 10% of the 
Cd and Hg in 1% of calcine is  assumed to leach from the waste in 1 yr . 
This  leachate then would leave the disposal area and percolate downward 
to the aquifer .  The vertical distance to the aquifer is about 140 m 
(450  ft ) . Approximately 105 to 120 m ( 350 to 400 ft ) of this is  lava . 
Therefore , the effective ion-exchange capacity is  based on 15 m (50 ft) 
of soil cover .  

The pathways considered for human exposure are water from the 
hypothetical well and the food chain a s  a result of crop irrigation with 
contaminated well water .  

A . 2 . 2 . 1 . 1 . 1  Ca lculation of Aquifer Concentration 

The method used to determine toxic  chemical concentrations in the 
aquifer depends on the relationship between the period of release and 
the pulse width of the aquifer at the point of release . 

The rate of flow through the soil layer above the aquifer is 
as sumed to be 1 cm/day . The actual rate of travel for most  metallic  
contaminants is considerably s lower than this flow rate due to  the 
natural ion-exchange capacity of the soil . The ion-exchange distribu
tion coefficient (Kd) for the soil layer determines the rate of migra
tion from the bins to the aquifer .  The Kd value for both Cd and Hg i s  
100 (ACI , 1979 ) . The cadmium and mercury reaching the aquifer are 
assumed to be diluted only by the flow of the water immediately under 
the ICPP . This  dilution flow is  about 1 10 m3/day/m ( 1200 ft3/day/ft) of 
width . For Alternatives  1 ,  2 (pellets ) ,  and 4 ,  the width of the calcine 
vault is  taken as 15 m (50 ft) , leading to an annual dilution volume of 

A-234 



For Alternative 2 (glas s ) , the 
width of the calcine disposal area is 870 m (2 , 850 ft ) with an annual 
dilution volume of 3 . 5  x 107 m3/yr ( 1 . 2  x 109 ft3/yr) . 

The release time , 100 years ( 1  7 fraction of waste released per 
year ) , i s  assumed to be instantaneous because of the restrictive in
fluence of the percolation rate and ion-exchange distribution coeffi
cients . Calculated release times for the alternatives are :  

Alternative Release Time (years ) 
1 100 
2 (Pellets )  10 , 000 
2 ( Glas s )  1 , 000 , 000 
4 100 

Therefore , for Alternatives 1 and 4 ,  the maximum fraction (F) of the 
instantaneous release entering the aquifer is given by : 

where 

Thus , 

F = 

D = distance to aquifer , 1500 cm ; 

W = leachwater flow rate , 1 cm/day ; 

t = ion-exchange equil ibrium time , 1 day ; 

Kd = ion-exchange distribution coefficient , 

P = soil dens ity , 1 . 6 g/mQ ; and 

soil porosity ,  0 . 3  mQ/liquid/cm 3 p = . 

27t1500\ 1/2  
1 x 1 J 

1 

(100 x 1 .  6 
0 . 3  

= 1 . 9  x 10-5 
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Since F is  the fraction of the release in an "equilibrium stage" of  ion 
exchange , and the equilibrium time is 1 day , the release rate is  given 

6 in kg/day . Therefore , 2 . 04 x 10  kg of calcine i s  leached and the 
maximum amount entering the aquifer is  

-5 6 1 . 9  x 10 x 2 . 04 x 10  = 39 kg/day . 

The aquifer concentration , C ,  is  

C = 39  kgfday x 365 days/yr 
aquifer flow 

Therefore , with an aquifer flow of 6 . 02 x lOl l  m£/yr , the final concentra
tion in Alternatives 1 and 4 would be 

C = 39 kg/day x 365 days/yr = 2 . 3  x 10-8 kg calcine/m£ . 1 1  6 . 02 x 1 0  m£/yr 

For Alternative 2 ,  the :calcine is assumed to enter the aquifer at 
the s ame rate as  it leaves tbe bins . 

In Alternative 2 (pellets ) ,  the fraction of calcine leaving the bin 
is  1 . 0  x 10-4 and the maximum amount entering the aquifer i s  2 . 04 x 103 

kg/yr . The aquifer concentration , C ,  is  

C = 2 . 04 x 103 -9 ��--�-- = 3 . 4  x 10  kg calcine/m£ . 
6 . 02 x lO l l  

I n  Alterpative 2 ( glas s ) , the fraction leaving the bin i s  
-6 101 1 . 0  x 10 and the maximum amount entering the aquifer is  2 . 04 x 

kg/yr . The aquifer concentration , C ,  i s  

C = 2 . 04 x 101 

3 . 5  x 1013  
= 5 . 8  x 10- 1 3  kg calcine/m£ . 

It  is  asswnf ' conservatively , that the calcine concentration (C )  
in the aquifer ,  ' 1 1 be further diluted by a 30° -dispersion plume as  it  
is  transported d wngradient to the 3-mi and 10-mi well s . The 120-mi 
well  is assumed to have the same di lution as the 10-mi well .  

j 
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The dilution factor for each well is  calculated as follows : 

D = distance (mi ) x 1609 . 34 mimi x 2 (tan 30/2 + 15/2) 
f 15 m 

= distance (mi ) x 57 . 5  + 1 . 

Therefore , the dilution factors for the 3- , 10- , and 120-mi wells are 
approximately 1 75 , 575 , and 575 , respectively . 

The diluted calcine concentrations are then found by the equation 

C .  = C/Df ( kg calcine/m£) . m1 

The concentrations in the 0- , 3- , 10- , and 120-mi wells are 

Alternative 2 Alternative 2 
Alternatives 1 and 4 (Pellets)  (Gla s s )  

Co = 2 . 3  x 10-8 Co = 3 . 4  x 10-9 Co = 5 . 8  x 10- 13 

C3 = 1 . 3  x 10- 10 C3 
= 1 . 9 x 10- 1 1  C3 

= 3 . 3  x 10- 15 

C 10 
= 4 . 0  x 10- 1 1  C 10 

= 5 . 9 x 10- 12  C 10 
= 1 . 0  x 10-15 

C120 = 4 . 0  x 10- 1 1  C 120 = 5 . 9 x 10- 12  C 120 
= L O X 10- 15 

The calcine is  as sumed to contain approximately 9% cadmium and 0 . 3% 
mercury by weight . The values for cadmium and mercury concentrations in 
the four hypothetical wells are given in Table A-96 . 

A . 2 . 2 . 1 . 1 . 2  Ingestion Concentrations 

This section presents the models and equations required to estimate 
ingested quantities of cadmium and mercury from drinking water ,  vegeta
tion , and animal products . Typical daily consumption values are given 
in Table A-97 (NRC , 197 7 ) . 
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TABLE A-96 

WELL CONCENTRATIONS OF CADMIUM AND MERCURY 

Concentrationl (mg/i!.) 
Toxic Discharge Federal 

Alternative Chemical Point ! 0 mi 3 mi 10  mi 120 mi Standarda 

1 Cadmium 2 . 1  2 
-2 -3 -3 0 . 010  1 . 2  x 10_4 3 . 6  x 10_4 3 . 6  x 10_4 Mercury 6 . 9  x 10  3 . 9  x 10 1 .  2 x 10  1 . 2  x 10  0 . 002 

4b Cadmium 2 . 1  1 . 2  x 10-2 3 . 6  x 10-3  3 . 6  x 10-3 0 . 010 

2 (Pellets ) 
3 . 1  x 10=; 1 .  7 x 1(� 5 . 3  x 1(� 5 . 3  x 1O=� Cadmium 0 . 010  

Mercury 1 .  0 x 10 5 . 7  x 10 1 .  8 x 10 1 . 8 x 10  0 . 002 

2 (Gla s s )  -5 - 7  9 . 0 x 1(� 9 . 0  x 1(� � Cadmium 5 . 2 x 10_6 3 . 0  x 10_9 0 . 010  
I Mercury 1 .  7 x 10  9 . 9  x 10  3 . 0  x 10  3 . 0  x 10  0 . 002 N w 00 

a .  National Interim Primary Drinking Water Standards (40 CFR 141 ) . 

b .  Mercury is removed before disposal In Alternative 4 .  0 



TABLE A-97  

MAXIMUM DAILY CONSUMPTION VALUES FOR 
THE STANDARD MAN AND ANIMAL 

Conswnption 
Man 

Drinking water 

Fruit , vegtables , and grain 

Leafy vegetables 

Milk (cow) 

Meat (cattle) 

Fish ( freshwater) 

Animal 

Milk (cow) 

Water 

Forage or feed 

Meat (cattle) 

Water 

Forage or feed 

Value 
(Q/day or kg/day) 

(Qw) 2 . 00 

(Qv) 1 . 50 

(Ql) 0 . 20 

(Qm) 0 . 90 

(Qmt ) 0 . 30 

(Qf) 0 . 06 

60 . 0  

50 . 0  

50 . 0  

50 . 0  

The daily ingestion of cadmiwn and mercury from drinking water is  
calculated from 

I = c x Q w Cd , Hg w ' 

where 

I = intake of Cd or Hg from drinking water by well  (mg/day) , w 

c = concentration of Cd or Hg in drinking water by well (mg/ Q) , 
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Qw = amount value of drinking water consumed (f/day) assumed to be 
2 . 0 .  

The vegetation concentrations for fruits , vegetables , and grain , 
leafy vegetables , and forage or feed are calculated by 

where 

v = c d v , lv , mf 
r t Bltb ____ e + 

y p 

v = concentration of Cd or  Hg in vegetation by wel l  v , lv , mf 
(mg/kg) ; 

c = concentration of Cd or  Hg in irrigation water by well 
(mg/f) , C x 1 . 0  x 109 x . 09 Cd and C x 1 . 0 x 109 

x . 003 Hg ; 

d = spray irrigation rate on vegetation (f/m2-sec ) ; 
2 . 42 x 10-5 (30 in . /yr) ; 

r = fraction of Cd or  Hg remaining on vegetation from 
irrigation (dimens ionles s ) , 0 . 25 ;  

te = �( 1  - e-At ) ,  accumulation time for Cd or  Hg depos ited 
on vegetation : vegetables , 1 . 7  x 106 ; forage , 
1 . 4  x 106 ; 

A = environmental removal constant (f/ sec ) , 5 . 7  x 10- 7 ; 

t = vegetation growing season ( sec ) , vegetables , 5 . 2  x 106 , 
forage , 2 . 6  x 106 ; 

2 
Y = agricultural productivity , vegetation yield (kg/m ) :  

vegetables , 2 . 0 ;  forage 0 . 75 ;  
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B1 = stable element trans fer factor for vegetation (kg soil/  
kg vegetation) , Cd = 0 . 30 ,  Hg = 0 . 38 ;  

tb = time duration of irrigation ( s ) , 1 . 58 x 109 (50 yr) ; 

P = effective soil surface dens ity (kgjm2 " 240 . 

The ingestion of cadmium and mercury from fruits ,  vegetables , 
grain , and leafy vegetables , and forage or  feed i s  found by 

where 

where 

Iv , lv , mf = Vv , lv , mf x Qv , lv ,mf ' 

I v , lv ,mf = intake of Cd or Hg from fruit , vegetables and grain (v) , 
leafy vegetables ( Iv) , and forage or  feed (mf) by well  
(mg/day) ; and 

Q v , lv ,mf = consumption value of vegetables (v) , leafy vegetables 
( Iv) , and forage or  feed (mf) by well (kg/day) ; 1 . 50 , 
0 . 20 ,  and 50 . 0 .  

The ingestion value for milk consumption is  

I = Q ( c  Q + I f) B2 , m m mw m 

c = concentration of Cd or  Hg in water by well  (mg/Q) ; 

Qm = milk consumption (Q/day) , 0 . 90 ;  

Qmw = water consumed by cow (Q/day) , 60 . 0 ;  

B2 = stable element transfer factor for milk 
[ (kg forage or Q water/Q milk) / (kg forage or Q water/day) ] ;  

-4 -2 Cd = 1 . 2  x 10 , Hg = 3 . 8  x 10  . 

A-241 



where 

The ingestion value for meat ( cattle ) consumption is  

Imt = intake of Cd or  Hg from meat by well (mg/day) ; 

Qmt = meat consumption (kg/day) , 0 . 30 ;  

Qmtw = water consumed by cattle (Q/day) , 50 . 0 ;  

B3 = stable element trans fer factor for meat 
[ (kg forage or Q water/kg meat ) / ( kg forage or Q water/day) ] 
Cd = 5 . 3  x 10-4 , Hg = 2 . 6  x 10- 1 . 

The ingestion value for fish ( freshwater) consumption at the 120-

mi wel l  is  

where 

I f 

I f 

Qf 

= Qf ( c 120 B4) ,  

= intake of Cd or  Hg from fish at the 120-mi well  
(mg/day) ; 

= fish consumption (kg/day) , 0 . 06 ;  

= concentration in water at the 120-mi well (mg/Q) ; 
Cd = 3 . 6  x 1 0-3 , Hg = 1 . 2  x 10-4 ; 

B4 = bioconcentration factor (Q/kg) ; Cd = 3 . 0 ,  Hg = 10 , 000 . 

The values for I , I , I I ' I f ' I , I  , I f ' and V , VI ' and V f w v v m m mt v v m 
are given in Table A-9B . 
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TABLE A-98 

VEGETATION AND INGESTION VALUES 
FOR CADMIUM AND MERCURY BY WELL FOR ALTERNATIVES 1 and 4 

Well Concentration 
Location Cadium Mercury 

(mi ) 0 3 10  120  0 3 10 120 

Vegetation 
(ms/kg) 

1 . 1  x 102 6 . 4  x 1 0- 1  1 . 9  x 1 0- 1  1 . 9  x 10- 1 2 . 6  x 1 0-2 7 . 9  x 10-3 7 . 9  x 10-3 
Vv , lv 4 . 5  

Vmf 1 . 2 x 102 7 . 1  x 1 0- 1  2 . 1  x 10- 1  2 . 1  x 10- 1  5 . 0 2 . 8 x 10-2 8 . 6  x 10-3 8 . 6  x 10-3 

Ingestion 
(ms/day) 

2 . 4  x 10-2 7 . 2 x 10-3 7 . 2  x 10-3 1 . 4  x 10- 1  7 . 8  x 10-4 2 . 4  x 10-4 2 . 4  x 10-4 
Iw 4 . 2  > I 

1 . 7  x 102 9 . 6  x 10- 1  2 . 9  x 10- 1  2 . 9  x 10- 1 3 . 9  x 10-2 1 . 2  x 10-2 1 . 2  x 10-2 N I 6 . 8  � \,t.) v 
I lv 2 . 2  x 10 1 1 . 3  x 1 0- 1  3 . 8  x 10-2 3 . 8  x 1 0-2 9 . 0  x 10- 1 5 . 2 x 10-3  1 . 6  x 10-3 1 . 6 x 10-3 

Imf 5 . 5  x 103 3 . 2  x 1 0 1 9 . 5 9 . 5  2 . 3  x 102 1 . 3  4 . 0  x 10- 1 4 . 0  x 10- 1  

I 6 . 1  x 1 0- 1  3 . 5  x 10-3  1 . 1  x 1 0-3 1 . 1 x I0-3 8 . 0  4 . 5  x 10-2 1 . 4  x 10-2  1 . 4 x 10-2 
m 

Imt 8 . 9  x 10- 1  5 . 2  x 10-3  1 . 6  x 10-3 1 . 6  x 1 0-3  1 . 8  x 10 1 1 . 0  x 10- 1  3 . 2  x 10-2 3 . 2  x 10-2 

I f NA* NA NA 6 . 5  x 1 0-4  NA NA NA 7 . 2  x 10-2 

* Not applicable because fish are not typically raised in water pumped from wells . The parameter is  evaluated 
at the 120-mi well because springs currently discharge at this  location . 



The total ingestion or  intake value is  expressed a s : 

for the 0- , 3- , and IO-mi wells . The 120-mi well  adds the If ( fish) 
term , 

IT = I + I + I I + I + I + If w v v m mt 

The human body will absorb and retain only a fraction of the total 
amount of cadmium and mercury ingested . Calculated ingestion values 
would be reduced by about 6% for cadmium and 15% for mercury if 
retention were accounted for in the ingestion calculations . Estimated 
ingestion values are given in Table A-99 for cadmium and in Table A- IOO 
for mercury . 

In Alternative 1 ,  the groundwater concentrations at the discharge 
point , 2 . 1  Cd mg/Q and 0 . 069 Hg mg/Q (Tables A-99 and A- IOO ) , convert to 
an estimated ingestion from water and food of 198  mg/day Cd and 
34 mg/day Hg . EPA drinking water standards for cadmium and mercury are 
exceeded at the discharge-point well and cadmium standards are exceeded 
at the 3-mi well . In Alternative 4 ,  the mercury is removed before 
disposal ; the cadmium concentrations a re the same as in Alternative 1 .  

Conservative estimates for total intake of Cd and Hg indicate that 
toxic levels are reached for the discharge-point well and the 3-mi well . 
The amount of cadmium ingested at the discharge-point well would exceed 
15 mg , the level at which emesis occurs . Consequently , the well would 
not be used as a drinking water supply . Aquifer contamination would 
persist for a distance of about 5 mi downgradient of the discharge point 
in an area about 5 mi wide until chemical reactions and dispers ion in 
the aquifer reduced the toxic chemical concentrations to harmless 
levels . 
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Alternat ive 

1 a nd 4 

Food 

Fish  

Wa ter 

Total  

2 ( Pe l l ets ) 

Food 

Fish 

Wa ter 

Total 

2 ( Gl a s s ) 

Food 

Fish 

Wa ter 

Total 

TABLE A-99 

ESTIMATED INGE STION OF 
HYPOTHETI CAL WELLS 

D i s cha rge 
Po int , o mi 3 mi 

1 9 3 . 5 0  1 . 09 9  

NA
b 

NA 

4 . 14 0 . 024 

1 9 7 . 64
c 

1 . 1 2 0
d 

25 . 445 0 . 1 45 

NA NA 

0 . 620 0 . 00 3  

2 6 . 0 7
c 

0 . 15 

0 . 006 0 

NA NA 

0 0 

0 . 0 1 0 . 00 

CADMIUM FROM 
(mg/ day) 

Toxi c  
1 0  m i  1 2 0  m i  Leve l

a 

0 . 33 1  0 . 33 1  

NA 0 . 00 1  

0 . 0 0 7  0 . 00 7  

0 . 34 0 . 34 0 . 5 0 

0 . 044 0 . 044 

NA 0 

0 . 00 1  0 . 00 1  

0 . 05 0 . 0,5 0 . 5 0  

0 0 

NA 0 

0 0 

0 . 00 0 0 . 5 0 

a .  Approximate value for  cadmium a s  a n  oxide (Kj e l l s t rom , 1 9 7 7 ; WHO , 
19 7 7 )  . 

b .  Not app l i cab le . 

c .  Leve l s  not toxi c  due to human eme t i c  response above 1 5  mg . 

d .  Tox i c  leve l exceeded . 
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TABLE A- IOO 

ESTIMATED INGESTION OF MERCURY FROM 
HYPOTHETICAL WELLS (mg/day) 

Discharge Toxic 
Alternative Point , 0 mi 3 mi 10 mi 120 mi Levela 

1 

Food 33 . 700 0 . 189 0 . 06 0 . 060 
Fish NAb NA NA 0 . 072 
Water 0 . 138 0 . 001  0 0 
Total 33 . 84 0 . 19 0 . 06 0 . 13 0 . 30 

2 (Pel lets ) 

Food 5 . 241 0 . 030 0 . 001  0 . 001  
Fish NA NA NA 0 . 0 1 1  
Water 0 . 020 0 0 0 
Total 5 . 26 0 . 03 0 . 00 0 . 0 1 0 . 30 

2 (Glas s )  

Food 0 . 001  0 0 0 
Fish NA NA NA 0 
Water 0 0 0 0 
Total 0 . 00 1  0 0 0 0 . 30 

a .  Approximate value for mercury as an oxide (Nordberg and Strangert , 
1976 ; SEG , 1 9 7 1 ) . 

b .  NA , not applicable . 
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In Alternative 2 (pellets ) ,  the groundwater concentrations at the 
discharge point , 0 . 3  Cd mg/Q and 0 . 005 Hg mg/Q (Tables A-99 and A- IOO ) , 
also exceed EPA drinking water standards . Total ingestion estimates , 
26 . 1  Cd mg/day and 5 . 3  Hg mg/day , indicate that lethal levels are 
reached only at the O-mi well . 

In  Alternative 2 (glas s ) , maximum groundwater concentrations , 5 . 2 x 
10-5 Cd mg/Q and 1 .  7 x 10-6 Hg mg/Q (Tables A-99 and A- IOO ) , do not 
exceed EPA drinking water standards . Total ingestion does not produce 
adverse health effects . 

A . 2 . 2 . 2  Repos itory Releases 

A . 2 . 2 . 2 . 1 Fault and Flooding 

The fault-and-flooding s cenario i s  described in detail  for the 
radiological case in Subsection A . I . B . 2 . 2 .  The s cenario is  the same for 
evaluating the effects of toxic  chemicals in the waste . The compu
tations for Cd and Hg are similar to those in the groundwater migration 
s cenario . In the fault-and- flooding s cenario , the river is analagous to 
the aquifer in the waste-migration-into-groundwater s cenario . The 
fault-andflooding s cenario affects Alternatives 3 and 5 which involve 
waste disposal in a federal geologic repository .  This s cenario does not 
affect Alternative 4 because the actinide waste disposed in a repository 
would not contain nonradiologically toxic chemicals . 

The release times for Alternatives 3 and 5 are 

Alternative 

3 (Stabilize Calcine )  
3 (Glass )  
5 

Release Time (Yr) 

1 
10 , 000 
10 , 000 

Therefore , Alternative 3 ( stabilize calcine ) is treated as an instan
taneous release , and Alternative 3 (gla s s )  and Alternative 5 are treated 
as long-term releases . 
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For Alternative 3 (stablize calcine ) , the fraction of calcine 
released from the repository is 1 . 2  x 10-5 with the following variable 
changes .  

Variable 

D 
W 

Value 

100 , 000 cm 
27 cm/day 

The amount of stabilized calcine entering the river is 2 . 4  x 10 1 kg/day 
and the resultant concentration is 2 . 3  x 10-2  mg/Q . 

For Alternative 3 (glas s )  and Alternative 5 ,  the fraction leaving 
the repository is  2 . 04 x 107 kg over 10 , 000 yr . With - a river flow of 

12 3 . 8  x 10 Q/yr for all the a lternatives , the river calcine concentra-
tion is  5 . 4  x 10-4 mg/Q .  

The concentrations of Cd and Hg in the river are given in  Table 
A- 101 . 

The total ingestion values for cadmium and mercury from the fault 
and flooding s cenario are given in Table A- 102 . These  values do not 
exceed the toxic levels  for Cd and Hg . 

3 

3 

TABLE A- 101  

CADMIUM AND MERCURY CONCENTRATIONS IN A RIVER 
FAULT AND FLOODING SCENARIO (mg/Q) 

Alternative Cadmium 

(Stabilize Calcine ) 2 . 0  x 10-3 

(Glass )  and 5 4 . 9  x 10-5 

Federal Standard* 0 . 0 10 

Mercur}: 

7 . 0  x 10-5 

1 . 6  x 10-6 

0 . 002 

* National Interim Primary Drinking Water Standards (40 CFR 141 ) . 
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3 

3 

TABLE A- 102 

ESTIMATED INGESTION OF CADMIUM AND MERCURY 
FAULT AND FLOODING SCENARIO (mg/day) 

Alternative Cadmium 

(Stabilize Calcine ) 

Food 
Water 

" 
Total 

(Glas s )  and 5 

Food 
Water 

Total 

1 . 8  x 10- 1  
4 . 1 x 10-3 

1 . 8  x 10- 1  

1 . 5  x 10-3 
9 . 7  x 10-5 

1 . 6  x 10-3 

Toxic Level 0 . 50a 

Mercury 

3 . 7  x 10-Z 
1 . 4 x 10-

3 . 7  x 10-2  

3 . 7  x 10-4 
3 . 3  x 1 0-2 

8 . 8  x 10-4 

0 . 30b 

a .  Approximate value for cadmium as an oxide (Kj ellstrom ,  19 77 ; WHO , 
19 7 7 )  . 

b .  Approximate value for mercury as an oxide (Nordberg and Strangert , 
1976 ; SEG , 19 7 1 ) . 

A . 2 . 2 . 2 . 2  Solution Mining 

The solution mining scenario is des cribed in detail in Subsection 
A . 1 . 8 . 2 . 3  for the radiological case . The scenario is  the same for 
evaluating the effects of toxic chemicals in the waste . The solution 
mining scenario affects Alternatives 3 and 5 which involve waste 
disposal in a salt formation at a federal geologic repository . This 
scenario does  not affect Alternative 4 because the actinide waste 
disposed in a repos itory would not contain nonradiologically toxic 
chemicals . Effects would be the same for all waste forms . 

The quantity of Cd or Hg ingested as salt is given by the equation 

I = s c Q s s 
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where , 

s = calcine concentration in salt (kg calcine/kg salt) , fraction 
of inventory x calcine inventory/salt 

= 5 . 58  x 10-8  x 2 . 04 x 107/ 1 . 8  
= 6 . 32 x 10-\ 

c = concentration of Cd o r  Hg in calcine (mg/kg) (Cd = 0 . 09 ,  
Hg = 0 . 003 ) ; 

Q = consumption rate of salt ( kg/day) , 4 . 9  x 10-3 . s 

The daily estimated ingestion rates of Cd and Hg from consumption 
of table salt are given in Table A- 103 . These values as sume consumption 

-4  -6 of 2 Q of water per day , 1 . 4  x 10  mg/Q Cd and 4 . 7  x 10 mg/Q Hg . The 
values do not exceed toxic  levels . 

TABLE A- 103 

ESTIMATED INGESTION OF CADMIUM AND MERCURY 
SOLUTION MINING SCENARIO (mg/day) 

Alternative Cadmium Mercury 

9 . 4  x 10-6 3 and 5 

Toxic  Level 

2 . 8  x 10-4  

0 . 50a 0 . 30b 

a .  Approximate value for cadmium as an oxide (Kj ellstrom , 1977 ; WHO , 
1977 ) . 

b .  Approximate value for mercury a s  an oxide (Nordberg and Strangert ,  
1976 ; SEG ,  1 9 7 1 ) .  
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APPENDIX B 
Detai led Results of 

R ad iolo g i c a l  C a l cul ations 





B . O  DETA I LED RESULTS OF DOSE CALCULAT I ONS AND 
CALCULAT I ON OF NONRADI OLOG I CAL EMI S S I ONS 

B . 1  Organiz a t ion of Append ix 

Append ix B p res ents the results of the max imum individua l and 

population d o s e  commi tment c a l c ulations d i s cus sed in Appendix A .  Data 

a re g iven for each of the release s cena r ios eva luated in the E I S . 

S cena rios inc lude rout ine and abno rma l events p o s tula ted to o c cur during 

a l l  wa s te management imp lementation pha s e s . Imp lementation pha s e s  

inc lude cons truc t i o n , operations and w a s t e  shipment , decontamination and 

decommi s s ioning , and d i s po s a l .  The s cena r i o s  eva luate rout ine ope r a 

t ions , a c c i dents , and abno rma l events p o s tulated to o c cur at b o th the 

I CPP s i te and a fede r a l  geo logic rep o s i t o ry .  

B . 1 . 1  Rad i o l o g i c a l  E f fects 

D o s e  commitment and a s s o c i ated hea lth e f fe c t s  for each s cena rio 

have been l i s ted in tab les whi ch a re i denti fied by the s cena rio t i t l e  

and b y  the a l te rnat ive eva luated . Data a re pres ented f o r  the 5 0 -yea r  

d o s e  commitment t o  a n  indivi dua l receiving the maximum p o s s ib l e  d o s e  and 

fo r the resulting population effects . Rad i o lo g i c a l  e ff e c t s  a re found in 

Sub s ection B .  1 .  1 .  Nonra d i o l o g i c a l  e f f e c t s  of cons t ruct ion and rout ine 

operations and o f  d i spo s a l  a re p res ented in Sub s ection B . 1 . 2 .  The 

fo llowing is a l i s t  o f  the s cena rios that have radi o l o g i c a l  e f fe c t s . 

Operations Pha s e  Relea ses : 

• rout ine operations , 

• routine waste shipment exp o s ure , 

• wa s te s hipment a c c ident , 

• c a l c ine sp i l l , 

• decontamina tion s olution s p i l l , and 

• extraction s o lvent f i re during actinide remova l .  
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1 

Disposal Phase  Releases at the lNEL : 

• waste migration into groundwater after bin dis integration , 
• aircraft impact that strikes the bins , 
• intrusion into the bins by an archaeologist or  prospector ,  
• living at the s ite and consuming food grown in soil that has 

been contaminated by prior intrusions , 
• living over the bins after containment failure , and 
• severe geologic disruption that disperses the waste . 

Disposal Phase Releases at the Repository :  

• waste canister drop down a mine shaft which ruptures the can
ister  and disperses radioactive waste , 

• fault and flooding of the repository which leaches and dis
perses radioactive waste , 

• exploratory drilling which penetrates a waste canister ,  and 
• solution mining at a repository in salt . 

The following is a brief explanation of how the data are presented 
in the tables . Detailed discussion of the calculation procedure is 
found in Subsection A . l . 3 .  A sample table heading is presented below on 
which each column is identified by number  reading from left to right . 

2 3 4 5 8 7 8 9 1 0  
�-Ye.r Dou' C_it.'at to "'xi .. Individual PopuhtioD [f fectl 

1 1  

Total Iocty 10M Who 1 e"'8ody Popa.hlion Whole-Bod), Rangl!' Probab i I i  l)' PopulaUoa 
Year of Do •• Luna Do •• Surface Liver Dole Equivalent Doar £,xpoae-d Equivalent Don Hu l t h  of [vrnt Rhk 

Exposure � � Do •• (R .. ) � (R .. ) (M_d (PIoD·R .. ) Effects �EveDtllYur) �"'D-R!!lYe.rl 

Column 1 is the year  of exposure evaluated for both the maximum 
individual and the population effects . Columns 2 ,  3 ,  4 ,  and 5 must be 
multiplied individually by the appropriate weighting factors ( see 
Subsection A . l . 3 . 2 ) . The sum of Columns 2 ,  3 ,  4 ,  and 5 multiplied by 
the appropriate weighting factors equals Column 6 .  Co lumn 7 multipl ied 
by its weighting factor ( see Subsection A . l . 3 . 2 )  and then multiplied by 
Column 6 equals Column 8 ,  the whole-body equivalent dose in man- rem . 
Column 8 multiplied by the cancer risk factors (see in Subsection A . l . 4 ) 
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equal s  Co lumn 9 ,  the range of health effects . Note that the re are two 

products fo r each year  in this column . This indicates a range of  

results , not two separate health effects . Fina l ly ,  Column 1 1 , 

population risk ,  is  the product of Column 8 multipl ied by Column 10 . 
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B . 1 . 1 . 1  Re leases at the ICPP 

B . 1 . 1 . 1 . 1  Routine Stack Re lease s  

Data fo r routine s tack releases  a t  the I CPP include e ffects fo r the 

implementation of Alte rnative 2 (pelletization and vitrification) , Al

te rnative 3 ( s tabilization and vitrification ) , Alte rnative 4 ,  and Al

te rnative 5 ( retrieva l delayed 100 yea rs , 300 years , and 500 yea rs ) . 
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Year o f  
Exposure 

1 99O. 

2000 . 

201 0 .  

2020 . 

� I (.It 
Year of 

Exposure 

1 990 . 

2000 . 

201 0 .  

202 0 .  

Yea r  o f  
Exposure 

1990 . 

2000 . 

201 0 .  

202 0 .  

50-Year Dose Commit.ent t o  Haximum I ndividual 

Total Body Bone 
Dose Lung Dose Surface Liver DoS4! 

(Rea) (Re .. ) Dose (Rem2 (Rem) 

6 . 29E-07 2 . 92£-07 1 . 0 1 E-06 8 . 70£-07 

6 . 29E-07 2 . 92[-07 1 . 0 \ [-06 8 . 70E-07 

2 . 22E-07 1 . 03E-07 3 . 56£-07 3 . 07E-07 

2 . 22E-07 1 . 03E-07 3 . 56E-07 3 . 07[-07 

TABLE B- 1 

ROUTINE STACK RELEASES AT THE ICPP 
ALTERNATIVE 2 - PELLETIZE CALCINE 

Whole-Body Population 
Equivalent Dose Exposed 

(Rem) (Number) 

3 . 00E-06 1 . 990[ 05 

3 . 00E-06 2 . 3 4 0E 05 

\ . 06E-06 2 . 691)[ 05 

1 . 06[-06 3 . 030[ 05 

TABLE B-2 

ROUTINE STACK RELEASES AT THE ICPP 
ALTERNATIVE 2 - VITRIFY CALCINE 

50-Year Dose C�it.ent to KaKi .. u. Individual 

Total Body Bone Whole-Body Populat ion 
Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed 

(Re_) (Re .. ) Dose (Rem) (Re_) (Rem) (Nu.be r )  

6 . 29E-07 2 . 92£-07 1 . 0 J £-06 8 . 70£-07 3 . 00£-06 1 . 990[ 05 

6 . 29[-07 2 .92E-07 1 . 0 t E-06 8 . 70E-07 3 . 00[-06 2 . 340[ 05 

2 . 22E-07 1 . 03E-07 3 . 56E-07 3 . 07£-07 1 . 0['E-06 2 . 690[ 05 

2 . 22E-07 1 . 03E-07 3 . 56E-07 3 . 07E-07 1 . 06[-06 3 . 030[ 05 

TABLE B-3 

Populat ion E f fects 

Who le-Body Range Probabi l i ty 
Equivalent Dose Hea lth of Event 

(Man-Rem) Effects (Events/Yea r )  

2 . 39[-02 1 . 79E-06 1 . 00 
5 . 49E-06 

2 . 8 1 [ -02 2 . 1 1 [ -06 1 . 00 
1, . 46[-06 

1 . 1 4E -02 1l . 5�E-07 1 . 00 
2 . 62E-06 

\ . 28[-02 9 . 63[-07 1 . 00 
2 . 95E-06 

Population Effects 

Whole-Body Range Probabi l ity 
Equivalent Dose Hea l th of Event 

(Han-Rem) Effects (Events/Yea r )  

2 . 39E-02 \ . 79E-06 1 . 00 
5 . 49E-06 

2 . 8 1[-02 1 . 1 1 E- 0 6  1 . 00 
6 . 46E-06 

\ . 1 4[-02 8 . !l5E-07 1 . 00 
2 . 62E-06 

1 . 28E-02 9 . 63[-07 1 . 00 
2 . 95E-06 

ROUTINE STACK RELEASES AT THE ICPP 
ALTERNATIVE 3 - STABILIZE CALC INE 

50-Year Dose Commitment to Maximum I ndividua l Populat ion Effects 

Total Body Bone Who le- Body Population Who le-Body Range Probabi l  i ty 
Dose Lung Dose Sur face Liver Dose Equ iva lent Dose Exposed Equiva l ent Dose Heal th of Event 

(Rem) (Rem) Dose (Rem) (Rem) (Rem) (NUlDber) (Man-Rem) Effects (Events/Year ) 

1 . 83E-09 9 . 69£- 1 0  5 . 97£-09 2 . 20E-09 6 . 54E-09 1 . 990[ 05 !I . 2 1E -05 3 . 90F-09 1 . 00 
1 . 20E-08 

\ . 83[-09 9 . 69[- 1 0  5 . 97E-09 2 . 20E-09 6 . 54 E -09 2 . 340E 05 6 . 1 :'[ -05 4 . 59[-09 1 . 00 
1 . 4 1 E-08 

6 . 1 2 E - l 0  3 . 04£- 1 0  1 . 98E-09 7 . 29£- 1 0  2 . 52£-09 2 . 690[ 05 2 . 7 1 [ -05 2 . 0 ][-09 1 . 00 
6 . 24E-09 

6 . 1 2 [ - 1 0  3 . 04E- I 0  1 . 98E-09 7 . 29[- 1 0  2 . 52E-09 3 . 030[ 05 3 . 05[-05 2 . 29[-09 1 . 00 
7 . 02E-09 

Population 
Risk 

(Han-Rem/Ye a r )  

2 . 39E-02 

2 . 8 1 E-02 

1 . 1 4 [ -02 

1 . 28E-02 

Population 
Risk 

(Han-Rem/Yea r) 

2 . 39E-02 

2 . 8 1 [ -02 

1 . 1 4E-02 

1 . 28E-02 

Popu lat ion 
Risk  

(Man-Rem/Year) 

5 . 2 1 E-05 

6 . 1 2E-05 

2 . 7 1 E-05 

3 . 0!SE-05 



Year of 
Exposure 

1 990 . 

2000 . 

20 1 0 .  

2020 . 

b:I I Year of 0\ Exposure 

1 990 . 

2000 . 

20 1 0 .  

202 0 .  

Year o f  
Exposure 

2090. 

2100.  

2 1 1 0 .  

2 1 20 .  

TABLE B-4 

ROUTINE STACK RELEASES AT THE ICPP 
ALTERNATIVE 3 - VITRIFY CALCINE 

50-Year Dose Commitment to Maximum Individual Population Effects 

Total Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem) Dose (Rem) 

6 . 29E-07 2 . 92E-07 1 . 0 1 £ -06 

6 . 29E-07 2 . 92E-07 1 . 0 1 [-06 

2 . 22E-07 1 . 0 3E-07 3 . 56E-07 

2 . 22E-07 1 . 03[-07 3 . 56E-07 

Whole-Body Population 
Liver Dose Equiva lent Dose Exposed 

(Rem) (Rem) (Number )  

8 . 70£-07 3 . 00[-06 1 . 990F. 05 

8 . 70E-07 3 . 00E-06 2 . 340F. 05 

3 . 07[-07 1 . 06E-06 2 . 690E 05 

3 . 07E-07 1 . 06E-06 3 . 030E 05 

TABLE B-5 

ROUTINE STACK RELEASES AT THE ICPP 
ALTERNATIVE 4 

Whole-Body Range Probab i l i  ty 
Equivalent Dose Hea ltb of Event 

(Han-Rem) Effects (Eve�ts/Yea r )  

2 . 39[ -02 t . 79F.-06 1 . 00 
5 . 49E-06 

2 . 8 1 E-02 2 . 1  I E-06 
6 . 46E-06 

1 . 0 0  

1 . 1 4E -0 2  8 . 55E-07 
2 . 62E-06 

1 . 00 

1 . 28[-02 9 . 63£-07 
2 . 95E-06 

1 . 00 

50-Year Dose Commitment to Haximum Indivi dual Population Effects 

Total Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem) Dose (Rem) 

2 . 24E-09 1 . 22E-09 8 . 2�E-09 

2 . 24E-09 1 . 22E-09 1) . 1.5E-09 

7 . 82E- I 0  3 . 98£- 1 0  2 . 95[-09 

7 . 82E-I0 3 . 98E- I 0  2 . 95E-09 

Who le-Body Population Whole-Body 
Liver Dose Equiva l ent Dose Exposed Equivalent Dose 

(Rem) (Rem) (Number) (Han-Rem) 

2 . 60E-09 7. 35E-09 1 . 990F. 05 � . 85[-05 

2 . 60E-09 7 . 3:';E-09 2 . 340E 05 6 . 88E-05 

8 . 82[- 1 0  3 . 04£-09 2 . 690F. 05 3 . 27F.-05 

8 . 8'F. - I 0  3 . 04E-09 3 . 030F. 05 3 . 68£-05 

TABLE B-6 

ROUTINE STACK RELEASES AT THE ICPP 
ALTERNATIVE 5 - RETRIEVAL DELAYED 100 YEARS 

Range 
Health 

Ef fects 

4 . 39F. -09 
1 . 35E-08 
5 . t "E - 09 
1 . 58E-08 
2 . 4�E-09 
7 . 52E-09 
2 . 76E-09 
8 . 47E-09 

50-Year Dose Co .. itment to Maximum Individual Population Effects 

Total Body Bone Whole-Body Population Whole-Body Range 
Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed Equivalent Dose Hea l th 

�Rem) (Rem) Dose (Rem) (Rem) (Rem) (Number) (Han-Rem) Effects 

6 . 23E- 1 1  4 . 75E - 1 1  5 . 1 7E - I 0  8 . 80 E- 1 1  1 . 63E- I 0  5 . 460E 05 3 . 56E-06 2 . 67E- I O  
8 . 1 9E - l 0  

6 . 23E- 1 1  4 . 75[- 1 1  5 0 1 7E - I 0  8 . 80F.. - 1 1  1 . 63£ - 1 0  5 . 8 1 0E 05 3 . 79E-06 2 . 84 F - I O  
8 . 7 1 E - I 0  

6 . 23E- 1 1  4 . 75E - 1 1  5 . 1 7 E - I O  8 . 80E- 1 1  1 . 63[ - 1 0  6 . 1 50E 05 4 . 0 1 E-06 3 . 0 1 F - I O  
9 . ?2F. - I 0  

6 . 23E- 1 1  4 . 75E- 1 1  5 . 1 7E - I 0  8 . 80[- 1 1  1 . 6 3E - I 0  6 . 500E 0 5  4 . 24E-06 3 . 1 8£ - 1 0  
9 . 75[ - 1 0  

Probabi l i ty 
of Event 

(Events/Yea r )  

1 . 00 

1 . 0 0  

t . OO 

1 . 00 

Probabi l i ty 
of Event 

(Events/Yea r )  

1 . 00 

1 . 00 

1 . 00 

1 . 00 

Populat ion 
Risk 

(Han-Rem/Yea r )  

2 . 39E-02 

2 . 8 1 E -02 

1 0 1 4E-02 

1 . 28£-02 

Populat ion 
Risk 

(Han-Rem/Yea r )  

5 . 85E-05 

6 . 88E-05 

3 . 27E-05 

3 . 68E-05 

Population 
Risk 

(Han-Rem/Year) 

3 . 56£-06 

3 . 79£-06 

4 . 0 1 E-06 

4 . 24£-06 



Yea r  o f  
Exposure 

2290 . 

2300. 

2 3 1 0 .  

2320 . 

t::D 
, 

...., 

Year of 
Exposure 

2490 . 

2500. 

2 5 1 0 . 

2520 . 

TABLE B-7 

ROUTINE STACK RELEASES AT THE ICPP 
ALTERNATIVE 5 - RETRIEVAL DELAYED 300 YEARS 

50-Year  Dose Commitment to Maximum Ind ividual  Population E f fects 

Tot a l  Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem) Dose (Rem) 

4 . 62[- 1 2  7 . 86[ - 1 2  1 . 0 1 [ - 1 0  

4 . 62[- 1 2  7 . 86[- 1 2  1 . 0 1 [ - 1 0  • 
4 . 62[ - 1 2  7 . 1.16[- 1 2  1 . 0 1 E - l 0  

4 . 62[- 1 2  7 . 86[- 1 2  1 . 0 1 F.- l 0  

Whol e-Body Population Whole-Body 
Liver Dose Equiva l ent Dose Exposed Equ iva lent Dose 

(Rem) (Rem) �NUJDber )  

2 . 1 2[ - 1 1  8 . 6 1 [ - 1 2  6 . 500E 05 

2 . 1 2[- 1 1  8 . 6 1 E- 1 2  6 . 500E 05 

2 . 1 2 [ - 1 1 8 . 6 1 [ - 1 2  6 . S00E 05 

2. 1 2E - l l  8 . 6 I F- 1 2  6 . 500[ 05 

TABLE B-8 

ROUTINE STACK RELEASES AT THE ICPP 
ALTERNATIVE 5 - RETRIEVAL DELAYED 500 YEARS 

(Man-ReID) 

2 . 24[-07 

2 . 24[-07 

2 . 24[-07 

2 . 24E-07 

Range 
Hea l t h  

E ffects 

1 . 68F - 1 1  
5 . 1 ')[ - 1 1  
1 . 68F - l 1 
5 . 1 ')[ - 1 1 
1 .  6B[ - 1 1  
5 . 1 ')[- 1 1  
1 . 6 8F - l l 
5 . 1 5E- l l  

50-Year Dose Commitment to Maximum I ndividua l Population Effects 

Total Body 
Dose Lung Dose 

(Rem) (Rem) 

2 . 54E- 1 2  3 . 54E- 1 2  

2 . 54[- 1 2  3 . 54[- 1 2  

2 . 54[- 1 2  3 . 54[- 1 2  

2 . 54[- 1 2  3 . 54[- 1 2  

Bone 
Surface 

Dose (Rem) 

6 . 00E- l l  

6 . 00F- l l  

6 . 00E - l l  

6 . 00[- 1 1  

Liver Dose 
(Rem) 

1 . 26E- l l  

1 .  26E- l l  

1 . 26E- l l  

1 . 26E- l l  

Whole-Body Population Whole-Body Range 
Equiva lent Dose Exposed Eq uiva lent Dose Hea lth 

(Rem) _Q!umber) (Man-Rem) E f fects 

4 . 27E- 1 2  6 . :l00E O:l 1 . 1 1 [-07 8 . 3 3F - 1 2  
2 . 5')[ - 1 1  

4 . 27E- 1 2  6 . 500E 05 1 .  l l E-07 8.  3 3F - 1 :' 
2 . 55[ - 1 1 

4 . 27[- 1 2  a . 500E O:l 1 . 1 1 [-07 8 . 33F- 1 2  
2 . 5')[- 1 1  

4 . 27E - 1 2  6 . 500[ 05 1 . 1 1[-07 8 . 33E- 1 2  
2 . 55E- l l  

P robab i l  i ty 
o f  Event 

(Events/Ye a r )  

1 . 00 

1 . 00 

1 . 00 

1 . 00 

Probabi l i ty 
of Event 

(Events/Yea r )  

1 . 00 

1 . 00 

1 . 00 

1 . 00 

Popu lat ion 
Ri s k  

(Man-Rem/Yea r )  

2 . 24[-07 

2 . 24E-07 

2 . 24E-07 

2 . 24E-07 

Populat ion 
Risk 

(Man-Rem/Year)  

1 . 1 l E-07 

1 .  l l F.-07 

1 . 1 1 [-07 

1 .  l l F.-07 



B . l . l . l . 2  Routine Was te Shipment Exposure 

Data for routine was te shipment exposure include effects for the 

imp lementation of Alternative 3 ( s tab ilization and vitrification) , Al

ternative 4,  and Alternative 5 ( retrieva l delayed 100 yea rs , 300 yea rs , 

and 500 years ) .  

B-8 



TABLE B-9 

ROUT I NE WASTE SHI PMENT EXPOSURE 
ALTERNATIVE 3 - STAB I L I ZE CALCI NE 

50-Yea r Dose Commi tment to Haximum Individua l Population E f fects 
----�� 

Tota l Body Bone Who le- Body Population Who le-Body Range Probabi I i  ty Popu l a t ion 
Yea r of Dose Lung Dose Surface Liver Dose Equ i va l ent Dose Exposed Equ ivalent Dose Hea lth of  Event R i s k  

Exposure (Rem) (Rem) Dose (Rem) (Rem) (Rem) __ ( Numbe r )  (Man-Rem) E f fects (Event s/Yea r )  (Han-Rem/Yea r )  

1 990 . MA MA MA NA 1 . 900E -02 1 . 250[ 05 2 . 37E 02 1 . 7Rf-02 1 . 00 2 . 37E 02 
5 . 46[-02 2000. MA NA NA HA t . 90I)E -02 1 . 320E 05 2 . 5 1 E  02 1 . 8 8 E - 0 7  1 . 00 2 . 5 1 E  02 

2 0 1 0 .  NA HA NA HA 1 . 900E-02 
5 . 7 7 E -02 

1 . 4 20E 05 2 . 70E 02 2 . 02E-0;> 1 . 00 2 . 70E 02 
6 . 2 t E - 0 2  2020 . MA NA NA NA 1 . 900E-02 1 . 500E 05 2 . 85E 02 2 . 1 4f-07 1 . 00 2 . 85£ 02 
6 . 55E-02 

TABLE B - I 0  

ROUT I NE WASTE SHI PMENT EXPOSURE 
ALTERNATIVE 3 - VITRIFY CALC I NE 

� 50-Year Dose Commitment to Haxi.um Ind i v i dua l Populat ion E f fects 
I 

\0 Total Body Bone Whole-8ody Populat ion Whole-Body Range Probabi li t y  Popul ation 
Yea r  o f  Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed Equiva lent Dose Hea l th of Event R i sk 

Exposure (Rem) (Rell) Dose (Rem) (Rem) (Rem) (NUlllbe r )  (Han-Rem) E f fects (Events/Year) (Han-Rem/Yea r )  

1 990. NA MA NA NA 2 . 900E-02 1 . 250E 05 3 . 62E 02 2 . 7:'E-02 1 . 00 3 . 62E 02 

8 . 34E -02 
2000 . NA NA NA HA 2 . 901)[-02 1 . 320E 05 3 . 83E 02 2 . 87r -02 1 . 00 3 . 83 E  07 

8 . 80[-02 
4 . 1 2 E  02 2 0 1 0 .  NA HA NA NA 2 . 900E-02 1 . 420E 05 4 . 1 2 E  02 3 . 09f-02 1 . 00 

9 . 47E-02 
4 . 3SE 02 2020 . NA HA NA NA 2 . 9001;-02 1 . 500E 05 4 . 35E 02 3 . 2 6[-01 1 . 0 0  

1 .  OOE - O l  

TABLE B- I I  

ROUT INE WASTE SHIPMENT EXPOSURE 
ALTERNATIVE 4 

50-Yea r Dose Commi tment to Hax imum Individual Popu l a t i on E f fects 

Tota l Body Bone Who le-Body Populat ion Who le-Body Range Probab i l  i ty Popul a t ion 
Year o f  Dose Lung Dose Surface Liver  Dose Equ ivalent Dose Exposed Equ iva lent Dose Hea l th o f  Event Risk  

Exposu re (Rem) (Rem) Dose (Rem) ( Rem) (Rem) (Numbe r)  (Man-Rem) E ffects (Events/ Yea r )  (Man-Rem/Yea r )  

1 990. MA NA NA NA 1 . 000E-03 1 . 250E 05 1 . 25E 01 9 . 37f-04 1 . 00 1 . 25[ 0 1  

;> .  B lF.  -03 

200 0 .  NA HA NA NA t . 000E-03 1 . 320E 05 1 . 3 2E 01 9 . 90 E - 0 4  1 . 00 1 . 32f 0 1  
3 . 0 4[-03 

2010.  NA NA itA HA 1 . 000E-03 1 . 420E 05 1 . 4 2E 01 1 . 06E-03 1 . 00 1 . 42E 0 1  

3 . 27E-03 

2020 . NA NA HA HA 1 . 000E-03 1 . 500E 05 1 . 50E 0 1  1 . 1 7E - 0 3  1 . 00 1 . 50E 0 1  

3 . 45E-03 



Year o f  
Exposu re 

2090 . 

2 1 0 0 .  

2 1 1 0 .  

2 1 20 .  

txI 
, 

.... Yea r o f  
o Expos ure 

2 2 9 0 .  

2 1 1) 0 . 

2 3 1 0 .  

2120 . 

Yea r o f  
�xposure 

2 490 . 

2 500 . 

2 5 1 0 .  

2520 . 

TABLE B- 1 2  

ROUT I NE WASTE SHIPMENT EXPOSURE 
ALTERNATIVE 5 - RETRI EVAL DELAYED 1 00 YEARS 

50-Ye a r  Dose Comm i tment to Maximum I nd i vi d u a l  Popu lat ion E f fects 

Tota l Body Bone 
Dos e  Lung Dose S u r face 

(Rem) (Rem) Dose (Rem ) 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

------
Who le-Body Populat ion Who le - Body 

L iver Dose Equivalent Dos e  Exposed Equ iva lent Dose 

�� (Rem ) (Numbe r )  __ (Man-Rem ) 

NA 2 . 1 ::iF - 0 3  2 . 0 90F 05 " . 49F. 02 

NA 2 . 1 ,) E - 0 3  2 . 1 70F 05 " . 6 7 1;:  0 2  

NA 2 . 1 ::iF - (i 3  2 . 250F 05 " . 8 4 [  0 2  

NA 2 . 15E-03  2 . 340[ 0 5  5 . 0.1E 0 2  

TABLE B- 1 3  

ROUT INE WASTE SHI PMENT EXPOSURE 
ALTERNATIVE 5 - RETR I EVAL DELAYED 300 YEARS 

Range 
Hea l th 

E f fects -----

3 . 37E-02 
1 .  03E - O l  
3 . 50F.-02 
1 . 0 7 F - O l  
3 . 61E-02 
1 . 1 I F- O l  
3 . 77E-02 
1 . 1 6E - O l  

50-Year Dose Commitment t o  Maximum Individua l Populat ion E ffects 

Total Body Bone 
Dose Lung Dose Surface 

(ReID) (Rem) Dose (Rem) 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

Whole-Body Popula tion Whole-Body 
Live r  Dose Equiva lent Dose Exposed Equ iva l ent Dose 

(Rem) 

NA 
NA 
NA 
NA 

(Nem ) (Number) (Man-Nem) 

1 . 9/o0E-03 2 . 500£ 05 " . 90£ 02 

1 . 9 6 0 E - 0 3  2 . 500£ 0 5  " . 90£ 0 2  

1 . 9 I>C1 F - 0 3  2 . 500£ 0 5  " . 90£ /) 2  

1 . 960E-03 2 . 500£ 05 ...  90£ 02 

TABLE B- 1 4  

ROUTINE WASTE S H I PMENT EXPOSURE 
ALTERNATIVE 5 - RETR I EVAL DELAYED 500 YEARS 

Range 
Hea lth 

E f fects 

3 . 67F.-02 

1 . t 3F-0 1 
3 . 67F.-02 
1 . 1 3[-01 
3 . 6 7£-02 
1 . t 3F-OI 
3 . 67F.-02 
1 .  1 3 E -O l 

Probabi l i ty 
o,f Event 

(Eventstl'ear)  

1 . 00 

1 . 00 

1 . 00 

1 . 00 

P robabi l i ty 
of Event 

(Eve.nts/Yea r )  

1 . 00 

1 . 00 

1 . 00 

1 . 00 

50-Yea r Dose Commi tment to Maximum I nd i vidua l Population E f fects 

Tota l Body Bone Who l e-Body PopUlat i on Whol e - Body Range P roba bi l i ty 
Dose Lung Dose Su r face Liver Dose Equ iva lent Dose Exposed Equiva lent Dos e  Hea l th o f  Event 

(Rem) (Rem) Dose (Rem) ( Rem) (Rem) (Numbe r )  (Man-Rem) E ffects (Events/Yea r) 

NA NA NA NA 1 . 9/00[-0 3  2 . :i00£ 05 4 . 90£ 0 2  3 . 67£-02 1 . 00 

NA NA NA NA 1 . 960E-03 2 . 500£ 05 4 . 90£ 02 
1 . 1 3E-O l 
3 . 6 7F.-02 1 . 00 
1 . 1 31::-01  

NA NA NA NA 1 . 9I>C1F-03 2 . 50/)£ 05 ... 90£ 02 3 . 6 7£ -0 2 1 . 00 
1 . 1 3F-O I 

NA NA NA NA 1 . 960E-03 2 . 500£ 05 " . 9/)£ 02 3 . 6 7£-02 1 . 00 
1 . 1 3E-Ol 

Popu l a t ion 
R i s k  

(Man-Rem/Yea r )  

4 . 4 9 E  0 2  

4 . 67E 02 

1 . 8 4 E  02 

5 . 0:IE 02 

Popu l a t i on 
R i s k  

(Man-Rem/Yea r) 

" . 90£ 02 

" . 901:: 02 

" . 901:: 02 

" . 901'.: 02 

Popul a t ion 
R i s k  

(Man-Rem/Yea r) 

4 . 90£ 02 

" . 901:: 02 

" . 901:: 02 

" . 901'.: 02 



B . I . I . I . 3 Occupational Exposure 

Data fo r occupational exposure include effects for the implementa

tion of Alternative 1 ,  Alternative 2 (pelletization and vitrification) , 

Alte rnative 3 ( stabil ization and vitrification) , Alternative 4 ,  and 

Alternative 5 ( retrieval delayed 100 yea rs , 300 years , and 500 yea rs ) .  

Occupationa l exposures a re given for waste management workers at 

the ICPP for routine operations and for Decontamination and Decom

miss ioning . For Alternatives 3 ,  4 ,  and 5 data include train c rew 

members who would be exposed to radiation from shipment of was te to a 

federal repos itory .  

B- l 1  

.. 



,-

Proj ect Phas e  

Ope rations 

Decontamination 
and 

Decommiss ioning 

TABLE B-IS 

OCCUPATIONAL EXPOSURE 
ALTERNATIVE I 

Number of 
Years of  
Expos ure 

o 

2 

Number of 
Worke rs 
Exposed 

o 

o 

B- 1 2  

Average 
Dose/Wo rker 

(Rem/Yr) 

o 

o 

Whole-Body 
Dose  

(Man-Rem) 

o 

o 



TABLE B- 16  

OCCUPATIONAL EXPOSURE 
ALTERNATIVE 2 - PELLETIZE CALC INE 

Number of Number of Ave rage Whole-Body 
Years of Wo rkers Dose/Worker Dos e  

Proj ect Phas e  Exposure Exposed (Rem/Yr) (Man-Rem) 

1 0  40 1 400 
Operations 20 20 1 400 

Decontamination 
and 

Decommis s ioning 2 1 3  1 25 

B- 1 3  



TABLE B- 1 7  

OCCUPATIONAL EXPOSURE 
ALTERNATIVE 2 - VITRIFY CALCINE 

Number o f  Number o f  Average Whole-Body 
Years of Workers Dose/Worker Dose  

Proj ect Pha se Exposure Exposed (Rem/Yr) (Man-Rem) 

Ope rations 10 55 1 500 
20 35 1 700 

De contamination 
and 

Decommi s s ioning 2 25 1 50 

B- 14 



TABLE B-18 

OCCUPATIONAL EXPOSURE 
ALTERNATIVE 3 - STABILIZE CALCINE 

Number of Number of Average Whole-Body 
Years of Workers Dose/Worker Dose  

Proj ect Phase  Exposure Exposed (Rem/Yr ) (Man-Rem) 

Operations 10  45 1 450 
20 25 1 500 

Decontamination 
and 

Decommi s sioning 2 25 1 50 

Waste Shipment 30 90 0 . 1 270 

B-15 



TABLE B - 1 9  

OCCUPAT IONAL EXPOSURE 
ALTERNATI VE 3 - V I TR I FY CALC I NE  

Number of  Number of Average Whole-Body 
Years of Workers Dose/Worker Dose 

Project Phase Exposure Exposed (Rem/Yr) (Man-Rem) 

Operations 1 0  5 0  1 5 0 0  
2 0  3 0  1 600 

Decontamination 
and 

Deconuniss ioning 2 25 1 5 0  

Waste 
Shipment 3 0  9 0  0 . 1  2 7 0  

B-16 



TABLE B-20 

OCCUPATIONAL EXPOSURE 
ALTERNATIVE 4 

Number of Number  of Average Whole-Body 
Years of Workers Dose/Worker Dose 

Proj ect Phase Exposure Exposed (Rem/Yr) (Man-Rem) 

Operations 10 100 1 1 , 000 
20 35 1 700 

Decontamination 
and 

Decommissioning 2 38 1 75 

Waste 
Shipment 30 90 0 . 0 1 27 

B- 1 7  



TABLE B-2 1 

OCCUPATIONAL EXPOSURE 
ALTERNATIVE 5 - RETRIEVAL DELAYED 100 YEARS 

Number of Number of Average Whole-Body 
Years of  Worke rs Dose/Worker Dose 

Proj ect Phase  Exposure Exposed (Rem/Yr) (Man-Rem) 

Operations 30 50 0 . 5 750 

Decontamina tion 
and 

Decommis s ioning 2 30 0 . 5  30 

Waste 
Shipment 30 90 0 . 05 135 

B- 18 



TABLE B-22 

OCCUPATIONAL EXPOSURE 
ALTERNATIVE 5 - RETRIEVAL DELAYED 300 YEARS 

Number of Number of Average Whole-Body 
Years of Workers Dose/Worker Dose 

Proj ect Phase Exposure Exposed (Rem/Yr) (Man-Rem)  

Operations 30 50 0 . 3  450 

Decontamination 
and 

Deconuniss ioning 2 30 0 . 3  18  

Waste 
Shipment 30 90  0 . 03 8 1  

B-19 



TABLE B-23 

OCCUPATIONAL EXPOSURE 
ALTERNATIVE 5 - RETRIEVAL DELAYED 500 YEARS 

Number of Number of Average Whole-Body 
Years of Workers Dose/Worker Dose 

Proj ect Phase Exposure Exposed (Rem/Yr) (Man-Rem) 

Operations 30 50 0 . 1  150 

Decontamination 
and 

Decommiss ioning 2 30 0 . 1  6 

Waste 
Shipment 30 90 0 . 0 1 27 

B-20 



B . l . l . l . 4 Accidental Releases 

B . 1 . 1 . 1 . 4 . 1 Calcine Spill  

Data for accidental releases at the JCPP due to  a calcine spill in
clude effects for the implementation of Alternative 2 (pelletization and 
vitrification) , Alternative 3 (stabi lization and vitrification) , Alter
native 4 ,  and Alternative 5 ( retrieval delayed 100 years , 300 yea rs , and 
500 years ) .  

B-21 



Yea r  o f  
Exposure 

1 990 . 

2000 . 

201 0 .  

2020 . 

tI:1 Yea r  o f  , � Exposure 

1 990 . 

2000. 

20 1 0 .  

2020 . 

Yea r o f  
EX20sure 

1990. 

2000 . 

20 1 0 .  

2020 . 

TABLE B-24 

ACCI DENTAL RELEASE AT THE I CPP DUE TO CALC I NE SPILL 
ALTERNATI VE 2 - PELLETI ZE CALC I NE 

50-Year Dose Commitment to Max imum I nd i v idua l Popu l a t ion E f fects 

Tot a l  Body Bone Whole-Body Populat ion Who le- Body Range 
Dose Lung Dose Surface Live r  Dose Equiva lent Dose Exposed Equiva lent Dose Hea l th 

(Rem) (Rem ) Dose (Rem) (Rem) ( Rem) ( Numbe r )  (Man-Rem ) E f fects 

6 . 95E- I O  2 . 05£- 1 0  1 . 4 I E-09 6 . 49[-10 9 . I OE - I O 
7 . 1 00E 0 4  2 . 58E-06 1 . 9 4 E - I 0  

S . 9 4 E - I 0  

6 . 95E- I O  2 . 05E- I O  3 . 4 1 [-09 6 . 49F- 1 0  9 . 1 0E - I 0 8 . 300E 04 3 . 02E-06 2 . � 7[- 1 0 
6 . 951'.: - 1 0  

6 . 95E - I O 2 . 05[- 1 0 3 . 4 1 [- 09 6 . 49£- 1 0 9 . t OE- 1 0 9 . 500E 0 4  3 . 46E-06 2 . 59E - I 0  
7 . 9')1'.: - 1 0 

6 . 95E-l0 2 . 05E - I O  3 . 4 1 E -09 6 . 49F- I 0  9 . 1 0E - I O  1 . 070E 05 3 . 89E-06 � . 9 2f - l 0  
8 . 96£- 1 0 

TABLE B-25 

ACCIDENTAL RELEASE AT THE I CPP DUE TO CALCINE SPI LL 
ALTERNATIVE 2 - VITRIFY CALC INE 

Probab i l i ty 
of Event 

(Events/Yea r )  

0 . 2(10 

0 . 200 

0 . 200 

0 . 200 

50-Yea r Dose Commitment to Maximum Indiv idua l Popu l a t i on E f fects 

Tota l Body Bone Whole-Body Populat ion Whole-Body Range Probabi l i ty 
Dose Lung Dose S u r face Liver Dose Equ i va lent Dose Exposed Equ i va lent Dose Hea l t h  o f  Event 

(Rem) (Rem) Dose (Rem) (Rem) (Rem) (NUlBber) (Man-Rem) E f fects (Events/Yea r )  

6 . 95E- I O 2 . 05E- I O 3 . 4 I E-09 6 . 49£- 1 0  9 . 1 0E -l 0  7 . 1 00E 0 4  2 . 58E-06 1 . 94[- 1 0 0 . 200 

5 . 94[-10 
6 . 95E - I O  2 . 05E- l 0  3 . 4 1 f-09 6 . 49£-10 9 . I OE - l 0  8 . 300E 04 3 . 02E-06 2 . :'7[ - 1 0  0 . 200 

6 . 9,)E-l0 
6 . 95E- I O  2 . 05E- I O  3 . 4 I E-09 6 . 49E- I O  9 . I OE - I O  9 . S00E 04 3 . 46E-06 2 . 59f - I O  0 . 200 

7 . 9� [ - 1 0  
6 . 95 E - I O  2 . 05E-l0 3 . 4 1 [-09 6 . 49[- 1 0  9 . I OE - l0 1 . 070E 05 3 . 89E - 06 2 . 9:'E - I O  0 . 200 

8 . 96[- 1 0  

TABLE B-26 

ACCIDENTAL RELEASE AT THE l CPP DUE TO CALC INE SPI LL 
ALTERNATIVE 3 - STAB I L I ZE CALC INE 

50-Ye a r  Dose Commitment to Maximum I n d iv idual Popu l a l i on E f fects 

Tota l  Body Bone Who l e-Body Pop u l a t ion Who le-Body Rangf" P robabi l i ty 
Dose Lung Dose Su rface Liver Dose Equ i va lent Dose Exposed Equ i va l ent Dose Hea I t h  o f  Event 

(Rem) (Rem) Dose (Rem ) (Rem) ___ (Rem) (Numbe r )  (Man-Rem) E f fects (Events/Yea r )  

6 . 9:)E - I O  2 . 05E - I O  1 . 4 1 E-09 6 . 49E - I O  9 . I OE - I O  7 . 1 00E 04 2 . 58E-06 1 . 94 E - I O  0 . 200 
6 . 95E- I O  2 . 05E- I O  3 . 4 I f-09 6 . 49f - l 0  9 ,

'
I OE - I O  

5 . 941'.:- 1 0  
8 . 300E 0 4  3 . 02E -06 � . � 7[ - 1 0  0 . 200 

6 . 9:)E - I O 2 . 05E - I 0 3 . 4 I E-09 6 . 49E - I O  9 . I OE- I O  
6 . 95£- 1 0  

9 . 500E 04 3 . 46E-06 � . 59 F - I 0  0 . 200 
6 . 95E- l 0  2 . 05E - I O  3 . 4 I E-09 6 . 49f - l 0  9 . 1 0f- I O  1 . 0 70E 05 

7 . 9')1' - 1 0  
3 . 89E-06 2 . 92E- I O  0 . 200 

8 . 96E- I O  

Popu lat ion 
R i s k  

(Man-Rem/Yea r )  

5 . 1 7f-07 

6 . 04£-07 

6 . 92f-07 

7 . 79F-07 

Popu la t i on 
R i s k  

iMan-Rem/Yea r )  

5 . 1 7£-07 

6 . 04E-07 

6 . 92f-07 

7 . 79E-07 

Popu l a t ion 
R i sk 

(Man-Re .. /Yea r )  

5 . 1 7f-07 

6 . 04E-07 

6 . 92f-07 

7 . 79f-07 



Year of 
Exposure 

1 990 . 

200 0 .  

20 1 0 .  

2020 . 

tlI:j I Yea r o f  N W Exposure 

1 99 0 .  

2000 . 

201 0 .  

202 0 .  

Yea r of 
Exposure 

2090 . 

2 1 00 . 

2 1 1 0 .  

2 1 20 .  

TABLE B-27 

ACCIDENTAL RELEASE AT THE ICPP DUE TO CALCINE SPILL 
ALTERNATIVE 3 - VITRIFY CALCINE 

50-Year Dose Commitment to Maximum Individua l Popula tion Effects 

Total Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem) Dose (Rem) 

6 . 95E- 1 0  2 . 05E - 1 0  3 . 4 1f-09 

6 . 9� E - 1 0  2 . 05F.: - l 0  3 . 4 1 E-09 

6 . 95E- 1 0  2 . 05E - l 0  3 . 4 1 £-09 

6 . 95E-l0 2 . 05 E - 1 0  3 . 4 I E-09 

Whol e-Body Popula tion Whole-Body 
Liver Dose Equiva l ent Dose Exposed Equiva lent Dose 

(Rem) (Rem) (Number) (Han-Rem) 

6 . 49f - l 0  9 . 1 0f - l 0  7 . 1 00E 0 4  2 . 58E-06 

6 . 49F.: - l 0  9 . 1 0£ - 1 0  8 . 300E 04 3 . 02E-06 

6 . 49f - l 0  9 . 1 0E - l 0  9 . 500E 04 . 3 . 46E-06 

6 . 4 9E- l 0  9 . 1 0E - l 0  1 . 0 70E 05 3 . 89E-06 

TABLE B-28 

ACCIDENTAL RELEASE AT THE ICPP DUE TO CALCINE SPILL 
ALTERNATIVE 4 

Range Probabi I i  ty 
Hea lth . o f  Event 

E f fects (Events/Yea r )  

1 . 94 E - l 0  0 . 200 
5 . 9 4E- l 0  
2 . 27 E - l 0  0 . 200 
6 . 95 E - l 0  
2 . 59E - l 0  0 . 200 
7 . 9:iE:- l 0  
2 . 9:'>E - l 0  0 . 200 
8 . 96 E - l 0  

50-Year Dose Commi tment to Maximum Individua l Population Effects 

Total Body Bone 
Dose Lung Dose Surface 

( Rem) (Rem_) _  Dose (Rem) 

6 . 95[- 1 0  2 . 05E- l 0  3 . 4 1 f-09 

6 . 95E-10 2 . 05F.:-1 0  3 . 4 1 E-09 

6 . 95E- 1 0  2 . 05E - l 0  3 . 4 1 E-09 

6 . 95F.: - 1 0  2 . 05[ - 1 0  3 . 4 1 [ -09 

Whole-Body Population Whole-Body 
Liver Dose Equivalent Dose Exposed Equivalent Dose 

(Rem) ( Rem) (Number) ( Han-Rem) 

6 . 49[ - 1 0  9 . 1 0£- 1 0  7 . 1 00E 04 2 . 58E-06 

6 . 49 E - 1 0  9 . t 0[ - 1 0  8 . 300E 0 4  3 . 02E-06 

6 . 49E - l 0  9 . 1 0f- l 0  9 . 500E 04 3 . 46E-06 

6 . 49E - l 0  9 . I OE - l 0  1 . 070E 0 5  3 . 89E - 06 

TABLE B-29 

ACCIDENTAL RELEASE AT THE ICPP DUE TO CALCINE SPILL 
ALTERNATIVE 5 - RETRIEVAL DELAYED 100 YEARS 

Range 
Hea l th 

E f fects 

1 . 94 f - l 0  
5 . 94 E - l 0  
2 . 27E- I O  
6 . 95E - l 0  
2 . 59£- 1 0  
7 . 95E - l 0  
2 . 9 2E- l 0  
8 . 96E- l 0  

50-Year Dose Commitment t o  Maximum Individual Population Effects 

Total Body Bone Whole-Body Populatioo Whole-Body Range 
Dose Luog Dose Surface Live r Dose Equiva lent Dose Exposed Equivalent Dose Hea lth 

(Rem) (Rem_) _  Dose (Rem) (Rem) (Rem) (Number )  (Han-Rem) E f fects 

8 . 62E- 1 1 8 . 87[ - 1 1 
1 .  930E 05 6 . 85E-07 5. 1 4E- 1 1  

7 . 24E- 1 1  1 . 9 2E- 1 1  4 . 85E- 1 0  1 .  57E - l 0  

5 . 83E- 1 1  1 . 58E - 1 1 4 . 07£- 1 0  7 . 36£ - 1 1  7 . 1 8E - 1 1  2 . 060E 05 5 . 92E-07 4 . 4 4E - 1 I 
1 . 31, " - 1 0  

4 . 7 1 E - 1 1  1 . 30E- 1 1  3 . 45E- l 0  6 . 35E - 1 1 5 . 93 E - 1 1 2 . 1 80E 05 5 . 08E-07 3 . 8 1 [ - 1 1  
1 . 1 7E - l 0  

3 . 82[- 1 1  1 . 0 7E- 1 1  2 . 96[ - 1 0  5 . 54 £- 1 1  4 . 77E - 1 1  2 . 300E 05 4 . 39E-07 3 . 29E - 1 1  
1 . 0 1 E - l 0  

Probabi l ity 
of Event 

(Events/Yea r) 

0 . 200 

0 . 200 

0 . 200 

0 . 200 

Probabi l ity 
o f  Event 

(Events/Year)  

0 . 200 

0 . 200 

0 . 200 

0 . 200 

Population 
Risk 

(Man-Rem/Year )  

5 . 1 7£-07 

6 . 04£-07 

6 . 92E-07 

7 . 79E-07 

Population 
Risk 

(Han-Rem/Yea r) 

5 . 1 7f-07 

6 . 04[-07 

6 . 92[-07 

7 . 79[-07 

Population 
Risk 

(Han-Rem/Yea r )  

1 . 37£-07 

1 . 18£-07 

1 . 02E-07 

8. 78E-01I 



TABLE B-30 

ACC I DENTAL RELEASE AT THE ICPP DUE TO CALC I NE SPILL 
ALTERNATI VE 5 - RETRI EVAL DELAYED 300 YEARS 

SO-Yea r Dose Commitment to Maximum I nd i v idua l Popu lat ion E f fects 

Total Body Bone Who le-Body Population Who le- Body Range Probab i l i ty Popu l a t i on Yea r o f  Dose Lung Dose Sur face Live r Dose Equ ivalent Dose Exposed Equ iva l ent Dose Hea l th of Event R i s k  Exposure (Rem) (Rem) Dose (Rem) ( Rem) (Rem) (Numbe r )  (Man-Rem) E f fects (Events /Yea r ) (Man-Rem/Yea r )  --

6 . 1 9£- 1 2 2 . 300£ 05 5 . 69£-08 4 . 27E - 1 2  0 . 200 1 . 1 4£-08 
2290 . 4 . 06£ - 1 2  1 . 23£- 1 2 8 . 67£- 1 1  t .94£ - 1 1  

1 . 3 1 [ - 1 1  

1 . 1 4£- 1 2 8 . 4 4f- 1 1  t . 79£- 1 1  5 . 93E- 1 2 2 . 300E OS 5 . 46E-08 4 . 09E - 1 2 0 . 200 1 . 09[-08 2300 . 3. 86£ - 1 2 
1 . 251'.:- 1 1  

t . 07£-1 2  8 . 23£- 1 1  t . 74E- 1 1  5 . 70E - 1 2 2 . 300£ 0 5  5 . 24£-0 8 3 . 9 3E - 1 2 0 . 20 0  1 . 05E-08 231 0 . 3 . 69£ - 1 2 
1 . 2 1 £- 1 1  

1 . 00E- 1 2  8 . 03 E- 1 1 1 . 70E- 1 1  5 . 49[ - 1 2  2 . 300E 05 5 . 05E-08 3 . 79£ - 1 2 0 . 200 1 . 01 E-08 2320 . 3 . 55E- 1 2  
1 . 1 6£- 1 1  

'" I N � 
TABLE 8- 3 1  

ACCIDENTAL RELEASE AT THE ICPP DUE TO CALCINE SPILL 
ALTERNATIVE 5 - RETRIEVAL DELAYED 500 YEARS 

SO-Year Dose Commitment to Maximum Individua l Popu l a t i on E f fects 

Total Body Bone Whole- Body Populat ion Who l e - Body Range Probabi Ii ty Popu lat i on 
Year of Dose Lung Dose Surface Liver Dose Equ iva lent Dose Exposed Equ ivalent Dose Hea l th o f  Event R i s k  

Exposure (Rem ) (Rem ) Dose (Rem) (Rem) (Rem) (Number ) (Man-Rem) E ffects ( Events/Yea r ) .Q:!an-Rem/Yea r )  

2490 . 2 . 4 1 £ - 1 2 4 . 96E- 1 3 5 . 80E - 1 1  1 . 21E - 1 1  3 . 7 �E- 1 2 2 . 300E 05 3 . 46E-08 2 . 59E- 1 2  0 . 20 0  6 . 92E-09 
7 . 96£ - 1 2  

2500 . 2 . 37£- 1 2  4 . 82£- 1 3  5 . 70E- 1 1  1 . 2 1 [ - 1 1  3 . 69f- 1 2  2 . 300E OS 3 . 39E-08 2 . 55E- 1 7  0 . 200 6 . 79f-09 
7 . 8 1 1'.: - 1 2  

25 1 0 . 2 . 33£- 1 2 4 . 69E - 1 3  5 . 60£- 1 1  1 . 1 9 £ - 1 1  3 . 61E - 1 2 2 . 300E OS 3 . 34E-08 2 . 50E- 1 2  0 . 200 6 . 68E-09 
7 . 68E- 1 2  

2520 . 2 . 29£- 1 2  4 . 56£- 1 3 5 . 5 1£- 1 1  1 . 1 7E - 1 1 3 . �7E- 1 2  2 . 300E OS 3 . 28E-08 2 . 46E - l :<'  0 . 200 6 . 57f-09 
7 . 55E - 1 2  



B . l . l . l . 4 . 2  Decontamination Solution Spill 

Data for accidental releases  at the Iepp due to a decontamination 

solution spill include effects for the implementation of Alternative 2 
(pelletization and vitrification) , Alternative 3 (stabil ization and 

vitrification) , Alternative 4 ,  and Alte rnative 5 ( retrieva l delayed 100 

years , 300 yea rs , and 500 yea rs ) .  
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TABLE B-32 

ACCI DENTAL RELEASE AT THE I CPP DUE TO DECONTAMINATION SOLUTION SPILL 
ALTERNAT IVE 2 - PELLETIZE CALC I NE 

50-Yea r Dose Commitment to Haximum I nd iv idua l Popu l a t ion E f fects 

Total Body Bone Whole-Body Popu l a t ion Who le-Body Range P robab i l ity Popul a t ion 
Yea r of Dose Lung Dose S u r face L ive r Dose Equ iva l ent Dose Exposed Equ iva l ent Dose Hea l th of Event R i s k  

Exposure (Rem) ( Rem) Dose ( Rem) ( Rem) (Rem) (Numbe r )  (Han-Rem) E f fects (Events/Yea r )  (Han-Rem/Yea r )  

1 990 . 4 . 65[-02 1 . 40[-02 2 . 29[-0 1 4 . 3�[-02 6 . 1 0[-02 7 . 100[ 04 8 . 66[ 02 6 . 50[-02 0 . 1 00 8 . 66[ 0 1  
1 . 99[-01  

2000 . 4 . 65[-02 1 . 40[-02 2 . 29[-01 4 . 35[-02 6 . 1 0[-0;1 8 . 300[ 04 1 . 0 l [  03 7 . 59[-02 0 . 1 00 1 . 0 1 [  02 
:'> . 31[-0 1 

20 1 0 .  4 . 65[-02 1 . 40[-02 2 . 29[-01  4 . 35[-02 6 . 1 0E-02 9 . 500[ 04 1 . 1 6[ 03 8 . 69[-0� 0 . 1 00 1 . 1 6[ 02 
2 . 671:-01 

2020 . 4 . 65[-02 1 . 40[-02 2 . 29[-0 1 4 . 35f.-02 6 . 1 0[-02 1 . 070[ 05 1 . 3 1 [  03 9 . 79[-02 0 . 1 00 1 . 3 1 [  0 2  
3 . 00[-01 

TABLE B-)) 

ACCI DENTAL RELEASE AT THE I CPP DUE TO DECONTAM INATION SOLUTION SPI LL 
ALTERNATI VE 2 - VITRIFY CALCI NE 

50-Yea r Dose Commitment to Hax imum I n d i vidua l Popul a t ion E f fects 

o:l I Tota l Body Bone Who l e-Body Popu lat ion Who le-Body Range Probab i l i ty Popul a t ion N 0\ Yea r o f  Dose Lung Dose Surfa ce L iver Dose Equ i va lent Dose Exposed Equ iva l ent Dose Hea l th o f  Event R i s k  
Exposure ( Rem) ( Rem) Dose ( Rem) ( Rem) (Rem) (Numbe r )  (Han-Rem) E f fects (Events /Yea r )  (Han-Rem/Yea r )  

1 990 . 4 . 65[-02 1 . 40[-02 2 . 29[-01 4 . 35[-02 6 . 1 0[-02 7 . 1 00[ 04 8 . 66[ 02 6 . 50E-02 0 . 100 8 . 66f 01  
1 . 99[ - 0 1  

2000 . 4 . 65[-02 1 . 40[-02 2 . 29[-01 4 . 35[-02 6 . 1 0[-02 8 . 300[ 04 1 . 0 1 [  03 7 . 59[-02 0 . 100 1 . 0 1 F.  O:? 
2 . 33[-0 1 

2 0 1 0 .  4 . 65[-02 1 . 40[-02 2 . 29[-01 4 . 35[-02 6 . 10[-02 9 . S00[ 04 1 . 1 6 [  03 8 . 69[-02 0 . 100 1 . 1 6F 02 
2 . 67[-01 

2020 . 4 . 65[-02 1 . 40[-02 2 . 29f-O l 4 . 3Sf.-02 6 . 10£-0:? 1 . 070[ 05 1 . 3 1 [  03 9 . 79[-02 0 . 1 00 1 . 3 1 [  02 
3 . 00[-0 1 

TABLE B-)4 

ACCIDENTAL RELEASE AT THE I C PP DUE TO DECONTAMI NATION SOLUTI ON SPI LL 
ALTERNATI VE ) - STAB I L I ZE CALCI NE 

50-Yea r Dose Commitment to Haximum I nd i v idua l Popul a t i on E f fects 

Tot a l  Body Bone Who l e-Body Popu lat ion Who l e-Body Range Probab i l i ty Populat ion 
Yea r of Dose Lung Dose Su r face L ive r Dose Equ ivalent Dose Exposed Equ i va l ent Dose Hea l th o f  Event R i s k  

Exposu re (Rem) (Rem) Dose (Rem) (Rem) ( Rem) (Numbe r )  (Han-Rem) E f fects (Events/Yea r )  (Man-Rem/Year)  

1 990 . 4 . 65[-02 1 . 40[-02 2 . 29[-01 4 . 35[-02 6 . 1 0[-02 7 . 1 00[ 04 8 . 66E 02 6 . S0f-02 0 . 100 8 . 66£ 01 
1 . 99[ -0 1 

200 0 .  4 . 65£-02 1 .  40[-02 2 . 29[- 0 1  4 . 35[-02 6 . 10[-0� 8 . 300[ 0 4  1 . 0 l [  03 7 . 59 [ - 02 0 . 100 1 . 01 [  02 
2 . 331:-01 

2 0 1 0 .  4 . 6�[-02 1 . 40[-02 2 . 29[-01 4 . 35[-02 6 . 10[-02 9 . 500[ 04 1 . 1 6[ 03 8 . 69[-02 0 . 100 1 . 1 6£ 0 2  
2 . 67[-01 

2020 . 4 . 65[-02 1 . 40[-02 2 . 29[-0 1 4 . 35f-0:? 6 . 1 0f.-02 1 . 070[ 05 1 . 3 1 [  03 9 . 79[-02 0 . 1 00 1 . 3 1 F.  02 
3 . 00[-0 1 



Yea r  of 
Exposure 

1 990.  

2000 . 

20 1 0 .  

2020 . 

� Yea r of I � Exposure 

1 990 . 

2000 . 

20 1 0 .  

202 0 .  

Yea r of 
Exposure 

2090 . 

2100.  

2 1 1 0 .  

2 1 20 .  

TABLE B-35 

ACC I DENTAL RELEASE AT THE ICPP DUE TO DECONTAMINATION SOLUTION SPI LL 
ALTERNATIVE 3 - VITRIFY CALC I NE 

50-Yea r Dose Commitment to Max imum I ndividua l >pulat ion Effects 

Total Body Bone Who le-Body Popul ation Whole-Body Range Probabi I ity 
Dose Lung Dose Surface Liver Dose Equiva lent Dose Exposed Equ iva lent Dose Hea l th of Event 

(Rem) (Rem) Dose (Rem) (Rem) (Rem) (Numbe r)  (Man-Rem) Effects (Events/Yea r)  

4 . 65[-02 1 . 40[-02 2 . 29[-01 4 . 35[-02 6 . 1 0[-02 7 . 1 00[ 04 8 . 66[ 02 6 . S0[-07 0 . 1 00 

4 . 65[-02 1 . 40[-02 2 . 29£-01 4 . 35£-0:;- 6 . 1 0£-02 
1 . 99[-01 

a . 300[ 04 1 . 0 l [  03 7 . 59F-02 0 . 1 0 0  

4 . 65[-02 1 . 40E-02 2 . 29F.:-OI 4 . 3!i[-02 6 . I OF.:-02 
2 . 31[-01 

9 . S00[ 04 1 . 1 6[ 03 8. 69F-0:;- 0 . 1 00 

4 . 65[-02 1 . 40E-02 2 . 29[- 0 1  4 . 35[-02 6 . 1 0£-0:;-
2 . 67[-01 

1 . 070[ 05 1 . 3 1 [  03 9 . 79[-07 0 . 1 00 
3 . 00[-0 1 

TABLE B-36 

ACCIDENTAL RELEASE AT THE ICPP DUE TO DECONTAMINATION SOLUTION SPI LL 
ALTERNATIVE 4 

50-Yea r Dose Commi tment to Maximum Indivi dua l Population Effects 

Total Body Bone Whole-Body Population Whole-Body Range Probabi I i ty 
Dose Lung Dose Surface Liver Dose Equiva lent Dose Exposed Equivalent Dose Hea lth of Event �m) (Rem) Dose (Rem) (Rem) (Rem) (Numbe r )  (Man-Rem) Effects (Events/Ye a r )  

4 . 65[-02 1 . 40[-02 2 . 29[-0 1 4 . 3�[-02 6 . 1 0[-02 7 . 1 00[ 04 8 . 66[ 02 6 . 50[-02 0 . 1 0 0  
1 . 99F.:-O I 

4 . 65[-02 1 . 40[-02 2 . 29£-0 1  4 . 35£-02 6 . 1 0F:-02 8 . 300[ 04 1 . 0 1 [  03 7 . 59£-02 0 . 1 00 
2 . 33[-01 

4 . 65[-02 1 . 40F.:-02 2 . 29[-0 1 4 . 35[-02 6 . 1 0[ -02 9 . S00[ 04 1 . 1 6[ 03 8 . 69£-02 0 . 1 00 

4 . 65[-02 1 . 40[-02 2 . 29£-01 4 . J5[-02 6 . 1 0£-02 
2 . 67[-01 

1 . 070[ 05 1 . 3 1 [  03 9 . 79[-02 0 . 1 00 
3 . 00[- 0 1  

TABLE B-37 

ACC IDENTAL RELEASE AT THE ICPP DUE TO DECONTAM INATION SOLUTION SPI LL 
ALTERNATIVE 5 - RETRIEVAL DELAYED 100 YEARS 

50-Yea r Dose Commitment to Max imum Individua l PopUla tion Ef fects 

Tota l Body Bone Who le-Body Population Who le-Body Range Probabi l i ty 
Dose Lung Dose Surfa ce Liver Dose Equiva lent Dose Exposed Equiva lent Dose Hea lth of Event 

(Rem) (Rem_) _  Dose (Rem) (Rem) (Rem) (Numbe r)  (Man-Rem) Effects (Events/Yea r)  

4 . 85[-03 1 . 35[-03 3 . 26[-02 5 . 8 1 [-03 5 . 95[-03 1 . 930[ 05 2 . 30[ 02 1 . 71[-0:' 0 . 1 0 0  
5 . :HI[-0� 

3 . 9 1 [-03 1 . 1 1 [-03 2 . 74£-02 4 . 97[-03 4 . 82[-03 2 . 060[ OS 1 . 99[ 02 1 . 49[-0:> 0 . 1 00 
4 . 5 7[-02 

3 . 1 6[-03 9 . 1 5E-04 2. 33F.:-02 4 . 29[-03 3 . 92[-03 2 . 1 80[ 05 1 . 7 1 [  02 1 . 28[-02 0 . 1 00 
3 . 91[-02 

2 . 56[-03 7 . 60E-04 2 . 00£-02 3 . 74[-OJ 3 . 2 1[-03 2 . 300[ 05 1 . 48[ 02 1 . 1 1 [-02 0 . 1 00 
3 . 40[-02 

Population 
Risk 

(Man-Rem/Year) 

8 . 66[ 0 1  

1 . 0 1 [  07 

1 . 16£ 0 2  

1 . 3 1 F:  0 2  

Populat ion 
Risk 

(Man-Rem/Year) 

8 . 66[ 01  

1 . 0 1 [  02 

I . J 6[ 02 

I . J I F:  02 

Popu lat ion 
Risk 

(Man-Rem/Ye a r )  

2 . 30£ 0 1  

1 . 99£ 0 1  

1 . 7 1£ 0 1  

1 . 48£ 0 1  



Year of 
Exposure 

2290 . 

2300 . 

2 3 1 0 .  

2320 . 

t= I N 00 

Year of 
Exposure 

2490 . 

2500 . 

251 0 .  

2520 . 

TABLE B-38 

ACCI DENTAL RELEASE AT THE ICPP DUE TO DECONTAHINATION SOLUTION SPILL 
ALTERNATI VE 5 - RETRIEVAL DELAYED 300 YEARS 

50-Year Dose Commitment to Hax imum Individual Populat ion Effects 

Total Body 
Dose Lung Dose 

(Rem) (Rem) 

2 . 74E-04 9 . 40E-05 

2 . 6 I E -04 8 . 78£-05 

2 . 50E-04 8 . 24E-05 

2 . 40E-04 7 . 75E-05 

Bone Whole-Body Population Whole-Body 
Surface Liver Dose Equivalent Dose Exposed Equivalent Dose 

Dose (Rem) (Rem) (Rem) (Number) (Han-Rem) 

5 . 87E-03 1 . 24E-03 4 . 20(-04 2 . 300E 05 1 . 93E 0 1  

5 . 7 I E -03 I .  :;> 1 [-03 4 . 02[-04 2 . 300E 05 1 . 85E 0 1  

5 . 571:: -03 1 . I RF.-03 3 . 81.tE-04 2 . 300E OS 1 . 78E 01 

5 . 4 3E-03 1 . 1 5£-03 3 . 73E-04 2 . 300E 05 1 . 72E 0 1  

TABLE B-39 

ACCIDENTAL RELEASE AT THE JCPP DUE TO DECONTAHINATION SOLUTION SPI LL 
ALTERNATI VE 5 - RETRI EVAL DELAYED 500 YEARS 

Range 
Health 

Effects 

1 . 45E-03 
4 . 44(-0 3  
1 . 39E-03 
4 . 2,)E-03 
1 . 33E-03 
4 . 08E-03 
1 . 29E-03 
3 . 9SE-03 

Probabi l ity 
of Event 

(Events/Year) 

0 . 1 0 0  

0 . 1 00 

0 . 1 00 

0 . 100 

50-Year Dose Commitment to Haximum Individua l Populat ion Effects 

Total Body Bone Whole-Body Population Whole-Body Range Probabi l ity 
Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed Equivalent Dose Hea l th of Event 

(Rem) (Rem) Dose ·  (Rem) _(Rem) (Rem) (Number )  (Han-Rem) Effects (Events/Yea r) 

1 . 63E-04 3 . 87E-05 3 . 9 I E -03 8 . 29E-04 2 . 54E-04 2 . 300E 05 1 . 1 7E 0 1  8 . 76E -04 0 . 1 00 
2 . 69E-03 

1 . 60E-04 3 . 76E-05 3 . 85£-03 8 . 15E-04 2 . 50[-04 2 . 300E 05 1 . 15E 0 1  8 . 62E-04 0 . 100 
2 . 64E-03 

1 . 57E-04 3 . 6I1E-05 3 . 78E-03 8 . 02E-04 2 . 45E-04 2 . 300E 05 1 . 1 3E 0 1  8 . 45E-04 0 . 100 
2 . 59E-03 

1 . 55E-04 3 . 56£-05 3 . n£-03 7 . 88[-04 2 . 4 I E-04 2 . 300E 05 I . I I E  0 1  8 . 3 1 £ -04 0 . 1 00 
2 . 55(-03 

Population 
Risk 

(Han-Rem/Yea r) 

1 . 93E 00 

1 . 85E 00 

1 . 78E 00 

1 . 72E 00 

Popu lat ion 
Risk 

(Han-Rem/Yea r) 

1 . 1 7£ 00 

1 . 1 5£ 00 

1 . 1 3£ 00 

I .  l i E 00 



B . l . l . l . 4 . 3  Extraction Solvent Fire 

Data for accidental releas e s  at the Iepp due to an extraction sol

vent fire include only the effects from implementation of  Alternative 4 .  
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� I 
c..> o 

Yea r o f  
Exposure 

1 99 0 .  

2000 . 

20 1 0 .  

2020 . 

TABLE 8-40 

ACCIDENTAL RELEASE AT THE ICPP DUE TO EXTRACTION SOLVENT FIRE 
ALTERNATIVE 4 

50-Yea r Dose Commitment to Hax imum I ndividual Populat ion E ffects 

Tota l Body Bone Who le- Body Popu lat ion Whole-Body Range 
Dose Lung Dose Surface Liver Dose Equ iva lent Dose -ExpQ_,;�d_ Equiva lent Dose Hea lth 

(ReID) (Rem) Dose (Rem) (Rem) (Rem) (Number) �n-Rem) E f fects 

8 . 3 tE -08 1 . 57E-08 2 . 70E-07 9 . 53E -08 2 . 4 1 E -07 7 . 1 0 0 E  04 6 . 84E-04 5 . 1 3[-08 

8 . 3 1 E-08 1 . 57[-08 2 . 70f-07 9 . 53f-08 2 . 4 1 E -07 
1 . 57E-07 

8 . 300E 0 4  8 . 00E-04 6 . 00E-08 

8 . l t E -08 1 . 57E-08 2 . 70E-07 9 . 53E-08 2 . 4 t E -07 
1 . 8 4E-07 

9 . S00E 04 9 . 1 6E-04 6 . 87E-08 

8 . l1 E -08 1 . 57E-08 2 . 70E-07 9 . 53F-08 2 . 4 1 f - 0 7  
2 . 1 1 E -07 

1 . 0 70E 05 1 . 03E-03 7 . 74E-08 
2 . 37E-07 

P robab i l i ty Populat ion 
of Event Risk 

(Events/Yea r )  (Han-Rem/Yea r) 

1 . 000E-02 li�lr4f-06 
1 . 000E-02 8 . 00f-06 

1 .  000E-02 9 . 1 6 E-06 

1 . 000E-02 1 . 03E-05 



B . 1 . 1 . 1 . 4 . 4  Waste Shipment Accident 

Data for releas e s  due to a waste s hipment accident include effects 

from the implementation of alternatives that involve offs ite s hipment to 

a federal repository .  These  alternatives are Alternative 3 ( s tabi l iza

tion and vitrification) , Alternative 4 ,  and Alternative 5 (retrieval 

delayed 100 yea rs , 300 yea rs , and 500 yea rs ) . 
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Yea r of 
Exposure 

1 990-2000 

201 0-2020 

ttl I VJ N 
Yea r  o f  

Exposure 

1 990-2000 

2010-2020 

Yea r of 
Exposure 

1 990-2000 

201 0-2020 

50-Year Dose Commitaent to Haxu-um I nd ividua l 

Total Body Bone 

TABLE B-41 

RELEASE DUE TO WASTE SHIPMENT ACCIDENT 
ALTERNATIVE 3 - STABILIZE CALCINE 

Whol e-Body Population 

Popul a t i on E f fects 

Whol e-Body Range Probabi l ity 
Dose Lung Dose Surfa ce Liver Dose Equi va lent Dose Exposed Equiva l ent Dose Hea l t h  of Event 

(Rem) (Rem) Dose (Rem) 

3 . 3 1 E  00 4 . 46E 01 6 t l l E  01 

3 . 3 1 E  00 4 . 46E 0 1  6 . UE 0 1  

(Rem) (Rem) (Number) 

1 . 34E 0 1  9 . 7RE 00 500 . 

1 . 34£ 0 1  9 . 78E 00 500 . 

TABLE B-42 

RELEASE DUE TO WASTE SHI PMENT ACC IDENT 
ALTERNATI VE 3 - VITRIFY CALC I NE 

50-Year Dose Commitment to Maximum I n d i v i dua l 

Total Body Bone 
Dose Lung Dose Surface 

( Rem) (Rem) Dose ( Rem) 

4 . 3 1 E-02 5 . 8 1 £ -0 1 7 . 9R[-0 1 

4 . 3 1 £-02 5 . 8 1 [ - 0 1  7 . 98£-0 1 

Who l e-Body Popul a t i on 
Liver Dose Equiva l e n t  Dose Exposed 

( Rem) ( Rem) ( Numbe r )  

1 . 7 4 [ -0 1 1 . 2 7 [ - 0 1  500 . 

1 . 7 4 [ - 0 1  1 . 2 7[ - 0 1  500 . 

TABLE B-43 

RELEASE DUE TO WASTE SHI PMENT ACCIDENT 
ALTERNATIVE 4 

50-Yea r Dose Commi tment to Hax imum I nd iv i dua l 

Tot a l  Body Bone Whole-Body Popul a t i on 

(Man-Rem) E f fects ( Events/Yea r) 

4 . 89[ 03 3 . 6 7 F - O l  2 . 000E-05 
1 . 1 2[ 00 

4 . 89E 03 3 . 67£-01 3 . 000[-06 
1 . 1 2[ 00 

Popu l a t i on E f fects 

Who l e-Body Range Probab i l i t y  
Equiva lent Dose Hea l th of Event 

(Han-Re_l!!2_ E ffects (Events /Yea r )  

6 . 3 5 [  0 1  4 . 76[-03 3 . 000£-05 
1 . 46[-02 

6 . 35[ 0 1  4 . 76E-03 5 . 000E-06 
1 . 46[-02 

Popu l a t i o n  E f fects 

Who l e-Body Range Probab i l i t y  
Dose Lung Dose Surface Liver Dose Equ i va l en t  Dose Exposed Equivalent Dose Hea I th of Event 

( Rem) (Rem) Dose (Rem) ( Rem) (Rem) (Numbe r )  (Han-Rem) E f fects ( Even t s / Yea r )  

5 . 05[ 00 2 . t 4E 0 1  1 . I R [  02 2 . 5 1 E  0 1  I . OO E  0 1  SOO t 5 . 00 [  03 3 . 7 5 [ - 0 1  7 . 000[ - 08 
1 . 1 ')[ 00 

5 . 05£ 00 2 . 1 4[ 0 1  1 . 1 8£ 02 2 . 5 1 [  01 1 .  OO[ 01 500 . 5 . 00[ 03 3 . 75£-0 1 2 . 000[-09 
1 .  1 ')[ 00 

Popul a t ion 
R i s k  

(Man-Rem/Yea r )  

9 . 7R£-02 

1 . 47[-02 

Popu l a tion 
R i s k  

(Han -Rem/Yea r )  

1 . 90[-03 

3 . 1 7£-04 

Popu l a t i on 
R i s k  

(Han-Rem/Yea r )  

3 . 50 [ - 04 

1 . 00[-04 



TABLE B-44 

RELEASE DUE TO WASTE S H I PMENT ACC I DENT 
ALTERNAT I VE 5 - RETR I EVAL DELAYED 100 YEARS 

50-Yea r Dose Comm i tment t o  Ma x i mum I n d i v i d u a l  Popu l a t i on E f fe c t s  

Yea r o f  
Expo s u re 

2090 . 

2 1 00 . 

2 1 1 0 .  

2 1 20 .  

To t a l  Body 
Dose 

(Rem) 

1 . 90E-02 

1 . 77E-02 

1 . 65[-02 

1 . 54E-02 

Lung Do s e  
(Rem) 

1 . 1 3E -Ol 

1 . 00E-Ol 

8 . 96E-02 

8 . 04E-02 

Bone 
S u r fa c e  

D o s e  ( Rem ) 

4 . 24E-Ol 

3 . 9 7 £ - 0 1  

3 . 72E-Ol 

3 . 49f-01 

L i v  .. r Dose 
( Rem) 

9 . 03[-02 

8 . 45[-02 

7 . 92E-02 

7 . 42[-02 

Who l .. - Body 
Equ iva l .. nt Dose 

( Rem) 

4 . 1 I E -02 

3 . 7 7 [ - 0 ?  

3 . 4 7 E - 0 2  

3 . 20E-02 

TABLE B-45 

Popul a t i on 
Exposed 
( N umb e r )  

500 . 

500 . 

5 0 0 .  

5 0 0 .  

Who l e -Body 
E q u i v a l en t  Dose 

( Ma n -Rem) 

2 . 05E 0 1  

I . B8E 0 1  

1 . 7 3E 0 1  

l . bOE 0 1  

RELEASE DUE TO WASTE S H I PMENT ACC I DENT 
ALTERNAT I VE 5 - RETR I EVAL DELAYED 300 YEARS 

Ra nge 
Hea l t h  

E f fe c t s  

1 . 54[-03  
4 . 71[ -0 3  
1 . 4 J E -03 
4 . 3 4 E - 0 3  1 .  30E - 0 3 
3 . 9 9[-03 
1 .  20E-03 
3 . 6B E -03 

OJ 50-Yea r Dose Comm i tmen t  to Maximum I nd iv i d u a l  Pop u l a t i o n  E f fe c t s  

I W W 
Yea r o f  

Expo s u re 

2290 . 

2300 . 

2 3 1 0 .  

2320 . 

Yea r o f  
Expo s ure 

2490 . 

2500 . 

2 5 1 0 .  

2520 . 

Tota I Body 
Dose 

( Rem) 

5 . 88[-03 

5 . 62[-03 

5 . 37E-03 

5. 1 4 E-03 

Lung Dose 
( Rem) 

2 . 3 4( -0 2  

2 . 22[-02 

2 . t  l E -02 

2 . 0 1 E-02 

Bone 
S u r face 

Dose ( Rem) 

1 .  36[-01 

1 .  30E-O l 

1 . 24E-Ol 

1 . 1 9 E - O l  

L i v e r  Dose 

�� 
2 . 8:;[-02 

2 . 72[-02 

2 . 60£-02 

2 . 49£-02 

Who I e - Body 
Equ i v a l e n t  \)ose 

___ (_R�m_) __ 

1 . 1 4 E -0 2  

1 . 09[-02 

1 . 04E-02 

9 . 9 1 E -03 

TABLE B-46 

Pop u l a t i o n  
Exposed 
(Numbe r )  

� o o  t 
500 , 

500 . 

500 . 

Who l e - Body 
Equ iva l e n t  Do s e  

(Ma n - Rem) 

:'; . 70E 00 

5 . 4:';E 00 

5 . 20E 00 

4 . 95E 00 

RELEASE DUE TO WASTE SHI PMENT ACC I DENT 
ALTERNAT I VE 5 - RETR I EVAL DELAYED 500 YEARS 

Range 
Hea l t h 

E f fe c t s  

4 . 2 7F - 0 4  
1 . 3 I E - 0 3  
4 . 09 [ - 0 4  
1 . :'5 E - 0 3  
3 . 90E - 0 4  
1 . 20E-03 
3 . 7 :' E - 0 4  
1 . 1 4 E - 0 3  

50-Yea r D o s e  Comm i tment to Max imum I nd iv i d u a l  Popu l a t i on E f f e c t s  

Tota l Body 
Dose 

(Rem) 

2 . 90[-03 

2 . 82E-03 

2 . 76E-03 

2 . 69[-03 

Lung Dose 
(Rem) 

1 . 07[ -02 

1 . 04£-02 

1 . 0 I E-02 

9 . 84[-03 

Bone 
S u r face 

Dose ( Rem ) 

6 . 68E-02 

6 . 5 1 E-0:1 

6 . 35E-02 

6 . 20f-02 

Live r Dose 

-(� 
1 . 38[-02 

1 . 3:';£-02 

1 . 3 1 E -0 2  

1 . 28[ -02 

Who l e - Body 
Equ iva l e n t  Do s e  

(Rem) 

5 . 4 7[ - 0 3  

5 . 3 3£-03 

5 . 20E-03 

5 . 07E-03 

Popu l a t i o n  
Exposed 
(Numbe r )  ------

500 . 

500 . 

�oo . 
500 . 

Who l e - Body 
Equ i va l e nt Do se 

( M a n -Rem) 

2 . 73E 00 

2 . 66E 00 

2 . 60E 00 

2 . 53 [  00 

Ra nge 
Hea l t h  

E f fe c t s  

2 . 05 E - 0 4  
6 . 29E-04 
2 . 00E-04 
6 . 1 1 E - 0 4  
1 . 95£-04 
:'; . 9BE -04 
1 . 9 0 E - 0 4  
5 . 83E-04 

P robab i l i t y 
01 Event 

(Eve_n t s / Y  .. a r )  

3 . 000E-05 

3 . 000E-O:'; 

3 . 000E-05 

3 . 000[ -05 

Probab i l i ty 
o f  Event 

(Events /Yea r )  

3 . 000[-05 

3 . 000E-05 

3 . 000E-05 

3 . 000E-05 

Proba b i l i t y 
o f  Eve n t  

( Even t s /Yea r )  

3 . 000£ -0:'; 

3 . 000E-05 

3 . 000E-05 

3 . 000E-05 

Pop u l a t i o n  
R i s k  

(Man-Rem/Yea r )  

6 . 1 6£ -04 

5 . 65E-04 

5 . 20£-04 

4 . 80£-04 

Popu l a t i o n  
R i s k  

( Ma n-Rem/Ye a r )  

1 . 7 1 E-04 

1 . 63£-04 

1 . 56[-04 

1 . 49[-04 

PopU l a t i o n  
R i s k  tMan-Rem/Yea r )  

8 . 20£-05 

7 . 99£-05 

7 . 80[-05 

7 . 60E-05 



B . I . I . I . s Migrational Releases 

B . I . I . I . s . I  Living Over the Waste 

Data for effects resulting from migrational releases  a t  the Iepp to 

future generations living over the waste include e ffects for the imple

mentation of  Alternative 1 ,  Alternative 2 (pelletization and vitrifica

tion) , and Alternative 4.  The effects eva luated a re from radon emanation 

and the buildup of  radon daughter  products  s hould waste containment 

fail . 

B-34 



Yea r o f  
Expo s u r e  

250 0 .  

300 0 .  

"00 0 .  

7000 . 

120.00 .  

22000 . 

5200 0 .  

102000 . 

20200 0 .  

502000 . 

1 002000 . 

tJ:t , 
w 
U1 

Yea r o f  
Expo s u re 

2500 . 

3000 . 

"000 . 

7000 . 

1 2000 . 

22000 . 

52000 . 

102000 . 

202000 . 

50200 0 .  

1 002000 . 

50-Ye a r  Dose Commitment to Maximum I nd i v i d u a l  

Tota l Body 
Dose 

(Rem ) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

Lung Dose 
(Rem) 

9 . 20E-Ol 

1 . 90E 00 

3 . 50E 00 

7 . 10E 00 

l . tOE 01 

1 . 60E 01  

2 . JOE 0 1  

2 . 80E 0 1  

J . l 0E 0 1  

2 . "OE 0 1  

1 . 30E 0 1  

Bone 
S u r f a ce 

Dose (Rem ) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

Liver Dose 
( Rem ) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

50-Yea r Dose Commi tment to Haximum I nd i vidua l 

To t a l  Body 
Dose 

( Rem) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

Lung Dose 
(Rem) 

7 . 60E-Ol 

1 . 50E 00 

2 . 90F. 00 

5 . 90E 00 

9 . 20E 00 

1 . 30E 01  

1 . 90E 01  

2 . "OE 01  

2 . 60E 0 1  

2 . 00E 01  

1 . 1 0E 01  

Bone 
Surface 

Dose (Rem) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

Liver Dose 
(Rem) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

TABLE 8-47 

L IV I NG OVER THE WASTE 
ALTERNAT I VE 

Whol e - Body 
Equ i va l e n t Do se 

(Rem ) 

1 . 1 0E-Ol 

2 . 20[-01 

" . 20E-Ol 

8 . 50[-01 

1 . 30E 00 

1 . 90[ 00 

2 . 8"E 00 

3 . "0£ 00 

3 . 70E 00 

2 . 90£ 00 

1 . 50E 00 

TABLE B-48 

Popu l a t i on 
Exposed 
(N umbe r )  �------

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

LIVING OVER THE WASTE 
ALTERNAT I VE  2 - PELLETI ZE CALC INE 

Whole-Body 
Equiva l en t  Dose 

(Rem) 

9 . 20E-02 

1 .  90[-01 

3 . 50E-Ol 

7 . 1 0E-Ol 

1 . 10E 00 

1 . 60E 00 

2 . 30E 00 

2 . 80E 00 

3 . 1 0E 00 

2 . "0E. 00 

1 . JOE 00 

Popu l a tion 
Exposed 
(Number) 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

Popu l a t i on E f fe c t s  

Who l e - Body 
Equ i va l ent Dose 

(Man-Rem) 

5 . 50E-Ol 

1 . 10E 00 

2 . 1 0E 00 

... 25E 00 

... . 50E 00 

9 . 50E 00 

1 . "OE 0 1  

1 . 70E 0 1  

1 . 8SE 0 1  

1 . "5E 0 1  

7 . 50E 00 

Range 
Hea l t h  

E f fe c t s  

" . 1 2E -05 
1 . 26E-0" 
R . ;>�E-05 
2 . 53E-04 
1 . 57E-04 
.. . 8 3E-0" 
J . 1 9E-0" 
9. 77E-O" 
" . 87E-0" 
1 . "9E-03 
7 • 1 2E -0" 
2 . 1 8E-03 
1 . 05E-03 
3 . 22E-03 
1 . 27E-0] 
3 . 91E-03 
1 . 39E-0] 
" . 25E-03 
1 . 09F.-0] 
3 . 33E-03 
5 . 62E-0" 
1 .  72E-03 

Proba b i l i ty 
o f' Event 

( Eve!'t s / Yea r )  

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 00I)E-02 

1 . 000£-02 

1 . 000E-02 

1 . 000�-02 

Pop u l a t ion E ffec t s  

Whole-Body 
Equ ivalent Dose 

(Han-Rem) 

" . 60(-0 1 

9 . 50E - O l  

1 . 7SE 00 

J. 5SE 00 

5 . 50E 00 

8 . 00E 00 

1 . lSE 01 

1 . "OE 0 1  

1 . 5SE 0 1  

1 . 20E 0 1  

6 . 50E 00 

Range 
Hea l t h 

E f fects 

3 . "5[-05 
1 . 06E-0" 
7 . 11E -05 
2 . 1 8E-0" 
1 . 3 1 E - 0 "  
" . 02E-0" 
2 . 6"'[-0" 
8 . 16E-0" 
" . 1 2E -0" 
1 . 26E-03 
... . OOE-O .. 
1 . 8"E-03 
8 . 62E-0" 
2 . 6"E-03 
1 . 0,)E-03 
3 . 22E-03 
1 . 1 "'E-03 
3 . 56E-03 
9 . 00[-0" 
2 . 76E-03 
" . 87E-0" 
1 . "9E-03 

P robabi I i  ty 
of Evenl 

( Even ts/Ye a r )  

. 1 .  000E-02 

1 . 000E-02 

1 . 000E -02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

Popu l a t i on 
R i s k  

(Han- Rem/Yea r )  

5 . 50E-03 

1 . 10E-02 

2 . 10E-02 

" . 25E-02 

6 . 50E-02 

9 . 50E-02 

1 . "OE-OI 

1 . 70E-OI 

1 . 85E-OI 

1 . "5E-Ol 

7 . 50E-02 

Popu l a t i on 
R i s k  

(Han-Rem/Yea r) 

" . 60E-03 

9 . 50E-03 

1 . 75E-02 

3 . 55E-02 

5 . 50E-02 

8 . 00E-02 

1 . 15E-Ol 

1 . "OE-Ol 

1 . 55E-Ol 

1 . 20E-Ol 

6 . 50E-02 



Yea r o f  
Exposure 

2:100 . 

3000. 

4000 . 

7000 . 

1 2000 . 

22000 . 

52000 . 

1 02000 . 

20200 0 .  

:102000 . 

1 002000 . 

t,:j I W 
'" 

Yea r o f  
Exposure 

2500 . 

3000 . 

400 0 .  

7000 . 

1 2000. 

22000 . 

:12000 . 

1 0200 0 .  

20200 0 .  

:102000. 

1 002000 . 

50-Yea r Dose Commitment to Maximum Individua l  

Tot a l  Body 
Dose 

(Rem) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

Lung Dose 
( Rem) 

1 . 30E-OI 

2 . 60E-Ol 

4 . 80F.-OI 

9 . 80E-OI 

1 . :lOE 00 

2 . 20E 00 

3 . 20E 00 

3 . 90E 00 

4 . 20F. 00 

3 . 30E 00 

1 . 80E 00 

Bone 
Su rface 

Dose ( Rem) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

L iver Dose 
(Rem) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

50-Yea r Dose Commitment to Maximum I nd i vidual 

Tot a l  Body 
Dose 

(Rem) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

Lung Dose 
( Rem) 

1 . 80E-02 

3 . 70E-02 

6 . 90E-02 

1 . 40E-OI 

2 . 20E-OI 

3 . IOE-01 

4 . 60E-OI 

:I . 60E-OI 

6 . IOE-OI 

4 . 80E-OI 

2 . 60E-O I 

Bone 
Surface 

Dose (Rem) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

Liver Dose 
(Rem) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

TABLE B-49 

L I V I NG OVER THE WASTE 
ALTERNATIVE 2 - V I TR I FY CALCINE 

Who le-Body 
Equ iva lent Dose 

( Rem) 

1 .  50E-02 

3 . IOF-02 

!i . 70E-02 

1 .  20E-OI 

1 . 80E-OI 

2 . 60E-OI 

3 . 80E-O I 

4 . 70f- 0 1  

:I . I OE-O I 

4 . 00[-0 1 

2 . IOE 00 

TABLE B-50 

Popul a t ion 
Exposed 
(Number)  

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

:1 . 00 

LI VING OVER THE WASTE 
ALTERNAT I VE 4 

Who l e-Body 
Equivalent Dose 

( Rem) 

2 . 20E-03 

4 . 40E-03 

1I . 30E-03 

1 . 70[-0;;> 

2 . 60E-02 

3 . 80E-02 

5 . 50E-02 

6 . 80[-02 

7 . 30E-02 

5 . 80[-02 

3 . IOE-02 

Popu l a tion 
Exposed 
( Number)  

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

Popu l a t ion E ffects 

Who le-Body 
Equ iva l pllt Dose 

(Man-Rem) 

7 . 50E-02 

1 . 5:iE-01 

2 . 85E-O I 

6 . 00E-O I 

9 . 00E-OI 

1 . 30E 00 

1 . 90E 00 

2 . 35F. 00 

2 . 55E 00 

2 . 00E 00 

1 . 05E 0 1  

Range 
Hea l t h  

Effects ----

5 . 6 ?f - 06 
1 . 72[-05 
I .  H . [ -05 
3 . 56[-05 
2 . 1 4 E-05 
6 . 55E-05 
4 . 50[-05 
1 . 38E-04 
� . 75E-05 
2 . 07E-04 
9 . 75E-05 
2 . 99E-04 
1 . 4 2E-Q4 
4 . 37E-04 
1 .  7�E-04 
5 . 40E-04 
1 . 9 1 [-04 
5 . 86E-04 
1 . 50E-04 
4 . 60E-04 
7 . 87E-04 
2 . 4 I E-03 

Popu l a t i on E f fects 

Who le-Body 
Equ i va l ent Dose 

(Man-Rem) 

1 . 1 0 [ -02 

2 . 20E-02 

4 . 1 5E-02 

1I . 50F. -02 

1 . 30E-OI 

1 . 90F.-OI 

2 . 75E-O I 

3 . 40E-OI 

3 . 65E-OI 

2 . 90[-01 

1 . 55E-OI 

Range 
Hea l t h  

E f fects ---

1I . 2'iE-07 
2 . 53E-06 
1 . 6,)E-06 
5 . 06E-06 
:1 . 1 1 E -06 
9 . 54E-06 
� . 37F.-06 
1 . 95E-05 
9 . 75E-06 
2 . 99E-05 
1 . 4 2E-05 
4 . 37E-05 
2 . 0�[-05 
6 . 3 2 E-05 
2 . 55E-05 
7 . 8;;>E-05 
2 . 74E-05 
8 . 39E-05 
2 . 1 7E-05 
6 . 67E-O:l 
1 . I�E-05 
3 . 56E-05 

Probabi l i ty 
of Event 

(Event s/Yea r )  

1 .  000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

Probabi  l i ty 
of Event 

(Events /Yea r )  

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

Popu lat ion 
R i s k  

(Ma n-Rem/Yea r )  

7 . :lOE-04 

1 . 55E-03 

2 . 85E-03 

6 . 00E-03 

9 . 00E-03 

1 . 30E-02 

1 . 90E-02 

2 . 35E-02 

2 . 55E-02 

2 . 00E-02 

1 . 05E-OI 

Popu l a t ion 
R i s k  

(Man-Rem/Yf>a r )  

1 . I OE-04 

2 . 20E-04 

4 . 1 5E -0 4  

8 . :lOE-04 

1 . 30E-03 

1 . 90E-03 

2 . 75E-03 

3 . 40E-03 

3 . 6:1E-03 

2 . 90E-03 

1 . 55E-03 



B . 1 . 1 . 1 . 5 . 2  Waste Migration Into Groundwater 

Data for migrational releases at the Jepp as the result of  waste 
migration into groundwater include effects for the implementation of Al
ternative 1 (0- , 3- , 10- , and 120-mile wells ) ,  Alternative 2 (pelletiza 
tion 0- , 3- , 10- , and 120-mile wells and vitrification 0- , 3- , 10- , and 
120-mile wells ) ,  and Alternative 4 (0- , 3- ,  10- , and 120-mile wells ) .  

B-37 



TABLE B-5 1  

WASTE M I GRATION I NTO GROUNDWATER 
ALTERNATI VE 1 

O-MI LE WELL 

50-Yea r Dose Commi tmen t to Max imum I nd i v i d ua l  Popu l a t i on E f fects 
--"-

Tot a l  Body Bone Who l e- Body Popul a t ion Who l e - Body Range Probabi  I i  ty Popula t i on 
Yea r o f  Dose Lung Dose Su r face Live r  Dose Equiva l en t  Dose Exposed Equiva l e n t  Dose Hea l th of Event R i sk 

Exposure ( Rem) (Rem) Dose (Rem )  ( Rem ) ( Rem) (Numbe r )  �a n-Rem ) _ E f fe c t s  (Ev�n�/Yearl LMan-Rem/Yea r )  

2500 . 2 . 42£ 0 1  O . OOE-Ol 4 . 64E 0 1  7 . U E 0 1  1 . 09E 0 2  5 . 00 5 . 45E 02 4 . 09E-07 1 . 000E-06 5 . 45[-04 
1 .  2')£ -01  

3600 . 4 . 9 1 E - 1 1  7 . 42E- 1 8  4 . 44 E - I 0  2 . 9:; [ - 1 2  5 . 64E- 1 1  5 . 00 2 . 82 [ - 1 0  2 . 1 1 £ - 1 4  1 . 000E-06 2 .8 :1 E - 1 6  
6 . 49[- 1 4  

1 3500 . 1 . 76E-Ol O . OOE-Ol 3 . 45E-Ol 2 . 9 7E-Ol 2 . 45E-Ol 5 . 00 1 .  22E 00 9 . 1 9E-05 1 . 000E-06 1 . 27.E-06 
2 . 82E-04 

24500 . 5 . 32E 0 1  1 . 60E-02 3 . 29E 02 4 . 12F 0 1  3 . 33E 0 1  5 . 00 1 . 66E 02 1 . 25E-02 1 . 000E-06 1 . 66£-04 
3 . 83E-02 

TABLE B-5� 

WASTE HIGRATION INTO GROUNDWATER 
ALTERNATIVE 1 

3-HILE WELL 

50-Year Dose Commi tment to Haximum Individual Population Effects 

t:rl I Total Body Bone Whole-Body Population Whole-Body Range Probabi I i  ty PopUlat ion 
w Year of Dose Lung Dose Sur face Liver Dose Equivalent Dose Exposed Equivalent Dose Health of  Event Risk 00 

Exposure (Rem) (Rem) Dose (Rem) (Rem) (Rem) (Number) (Han-Rem) Effects (Events /Yea�l (Han-Rem/Yea r ) 

2500 . 1 . 40E-O l O . OOE-Ol 2 . 68E-Ol 4 . 1 1 E-Ol 6 . 30E-01 5 . 00 3 . 1 5E 00 2 . 36£-04 1 . 000E-06 3 . 15E-06 

3600. 2 . 84E-1 3  4 . 29E-20 2 . 57£-1 7 1 . 7 1 E - 1 4  3 . 26E - 1 3  5 . 00 1 . 63E- 1 2  
7 . 24E-04 
l . nE- 1 6  1 . 000E-06 1 . 63£-1 8  

1 3500 . 1 . 02E-03 O . OOE-Ol 1 . 99£-03 1 . 72E-03 1 . 42E-03 
3 . 7�E- 1 6  

5 . 00 7 . 1 0E-03 5 . 32E-07 1 . 000E-06 7 . 10E-09 

24500 . 3 . 08E-Ol 9 . 25E-05 1 . 90£ 00 2 . 38E-Ol 1 . 92E-Ol 
1 . 63E-06 

5 . 00 9 . 60E-Ol 7 . 20E-05 1 . 000E-06 9 . 60E-07 
2 . 2 1E-04 

TABLE B-53 

WASTE MIGRAT ION INTO GROUNDWATER 
ALTERNATI VE 1 
I O-MILE WELL 

50-Yea r Dose Comm i tment to Haximum I nd ividua l Popu l a t ion Effects 

Tota l  Body Bone Who le-Body Popul at ion Who le-Body Range Probab i l i ty Pop u l a tion 
Yea r o f  Dose Lung Dose Surface Liver Dose Equiva lent Dose Exposed Equiva l ent [Jose Hea l t h  o f  Event R i s k  

Exposure (Rem )  ( Rem) Dose (Rem) (Rem) ( Rem )  (Number )  (Man - Rem )  Effect s  (Events/Yeau (Man-Rem/Yea r )  

250 0 .  4 . 21 E-02 O . OOE-Ol 8 . 07E-02 1 . 24E-Ol 1 . 90E-Ol 1 0 0 .  1 . 90E 0 1  1 . 41£-03 1 . 000E-06 1 . 90E-05 
4 . 3 7E -03 

3600 . 8 . 54E- 1 4  1 . 29E-20 7 . 72E - 1 3  5 . 1 3£ - 1 �  9 . 8 1 [ - 1 4  1 00 .  9 . 8 1 E - 1 2  7 . 36 E - 1 6  1 . 000E-06 9 . 8 1 [ - 1 8  
2 . 26E- 1 5  

1 3500 . 3 . 06[-04 O . OOE-Ol 6 . 00E-04 5 . 1 7E-04 4 . 26E-04 1 0 0 .  4 . 26E-02 3 . 1 9E-06 1 . 000E-06 4 . 26£-08 
9 . 80E-06 

5 . 79£-06 24500 . 9 . 25E-02 2 . 78E-05 5 . 72[-01 7. 1 7E-0:1 5 . 79£-02 1 0 0 .  5 . 79E 0 0  4 . 34E-04 1 . 000E-06 
1 . 31E-03 



50-Year Dose Commitment to Haximum Individua l 

Tot a l  Body Bone 
Yea r  o f  Dose Lung Dose Sur face Liver Dose 

Exposure (Rem) (Rem_) _ Dose (Rem) (Rem) 

2500 . 4 . 2 1 E -02 O . OOE-O l 8 . 07[-02 1 . 24E-Ol 

3600 . 8 . 54E - 1 4  1 . 29E-20 7 . 72f- 1 3  5 . 1 3 E - 1 5  

1 3500 . 3 . 06E-04 O . OOE - O l  6 . 00E-04 5. 1 7E-04 

24500 . 9 . 25E-02 2 . 78E-05 5 . 72[-01 7 . 1 7f-07 

to 
, 

w 
\0 

50-Year Dose Commitment to Haximum I ndividua l 

Total Body Bone 
Yea r o f  Dose Lung Dose Surface L iver Dose 

Exposure (Rem) (Relll ) Dose (Rem) (Rem) 

250 0 . 2 . 42[-01 O . O O E - O l  4 . 64[-0 1 7 . 1 1 E -O l  

3000 . 2 . 42E-Ol O . OOE-Ol 4 . 64[-01 7 . 1 0 f - O l  

3600 . 2 . 42E-Ol 5 . 28[-20 4 . 63[-0 1 7 . 0 9[-01 

4000. 2 . 4 1 [ - 0 1  3 . 48E-24 4 . 62E-Ol 7 . 0IlE-0 1 

4700 . 2 . 4 1 E-Ol 1 . 68E-3 1 4 . 6 1 [ - 0 1  7 . 06 [ - 0 1  

7000 . 2 . 39[-01 O . OOE-Ol 4 . 58 [ - 0 1  7 . 0 1 f -O l  

1 2000 . 2 . 35E-Ol O . OOE-Ol 4 . 50E-Ol 6 . 90E-Ol 

1 3500 . 1 . 25E-02 0 . 00[-01 2 . 45f.-02 2 . 1 1 E-02 

22000 . 1 . 24E-02 0 . 00[-0 1 2 . 44E -02 2 . 1 1 [ -02 

24500 . 7 . 55E 00 2 . 26E-03 4 . 67f 0 1  5 . 8SE 00 

TABLE 8-54 

WASTE H IGRATION INTO GROUNDWATER 
AL TERNA TI VE 1 
120-HILE WELL 

Whole-Body Popul a t ion 
Equivalent Dose Exposed 

(Rem) (Number2 
1 . 90[-01 5 . 000E 03 

9 . 8 1 f - 1 4  S . OOO[ 03 

4 . 21>E-04 S . OOOE 03 

5 . 79[-02 5 . 000[ 03 

TABLE B-55 

WASTE H IGRATION INTO GROUNDWATER 
ALTERNATIVE 2 - PELLETIZE CALCINE 

O-HILE WELL 

Whole-Body Populat ion 
Equ i va lent Dose Exposed 

(Rem) (Number )  

1 . 09[ 00 5 . 00 

1 . 09E 00 5 . 0 0 

1 . 09E 00 5 . 00 

1 . 08f 00 5 . 00 

1 . 01l[ 00 5 . 00 

1 . 0 7E 0 0  5 . 00 

1 . 06[ 00 5 . 00 

1 . 74f-02 5 . 00 

1 . 73[-02 5 . 00 

4 . 73 [  00 5 . 00 

Popul a t i on E f fects 

Whole-Body Range 
Equiva lent Dose Hea l t h  

(Han-Rem) E ffects 

9 . 50E 02 7 . 1 :'f-02 
2 . 1 8[ - 0 1  

4 . 90[- 1 0  3 . 68[- 1 4  
1 . 1 3E - 1 3  

2 . 1 3 [  00 1 . 60E-04 
4 . 90[-04 

2 . 89[ 02 2 . 1 7E-02 
6 . 66[-02 

Popul a tion E f fects 

Whole-Body Range 
Equ i va lent Dose Hea lth 

(Han-Rem) E f fects 

5 . 45E 00 4 . 09 [ - 0 4  
1 . 25E-03 

5 . 45[ 00 4 . 09[-04 
1 . 2 5 [ -03 

5 . 4S[ 00 4 . 09f-04 
1 . 25[-03 

5 . 40[ 00 4 . 05E-04 
1 . 2 4E-03 

5 . 40[ 00 4 . 05[-04 
1 . 24E-03 

5 . 35E 00 4 . 0 1 E-04 
1 . 21E-03 

5 . 30[ 00 3 . 97[-04 
1 .  22E-03 

8 . 70[-02 6 . 52f-06 
2 . 00E -05 

8 . 65E-02 6 . 49E-06 
1 .  99[ -05 

2 . 36[ 0 1  1 . 7 7E-03 
5 . 44E -03 

Probabi l i ty 
o f  Event 

(Events/Year)  

1 . 000f-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

Probabi l i ty 
of Event 

(Events/Yea r )  

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000[-06 

1 . 000[-06 

1 . 000E-06 

Population 
Risk 

(Han-Rem/Ye a r )  

9 . 50E-04 

4 . 90[- 1 6  

2 . 1 3 [-06 

2 . 89[-04 

Popu l ation 
R i s k  

(Han-Rem/Ye a r )  

5 . 45[-06 

5 . 45E-06 

5 . 45[-06 

5 . 40[-06 

5 . 40E-06 

5 . 35[-06 

5 . 30E-06 

8 . 70f -08 

8 . 65[-08 

2 . 36[-05 

""" 



TABLE B-56 -----

WASTE M I GRATION INTO GROUNDWATER 
ALTERNAT I VE 2 - PELLETIZE CALC I NE 

3-MI LE WELL 

50-Year Dose Commitment to Maximum I nd i v idua l Popu l a t ion Ef fects 

Tota l Body Bone Whole- Body Popul a t ion Who l e-Body Range P roba b i l  i t y  Popu l a t ion 
Year of Dose Lung Dose Surface Liver Dose Equiva lent Dose Exposed Equ i va l ent Dose Hea l t h  of Event R i sk 

Exposure ( Rem) ( Rem) Dose (Rem) ( Rem) (Rem) (Numbe r )  (Man-Rem) E f fects (Evel'lts/Yea r )  (Man-Rem/Yea r )  

2500. 1 . 40[-03 0 . 00£-01 2 . 68£-03 4 . 1 1 [ -03 6 . 30[-03 5 . 00 3 . 1 5£-02 2 . 36[-06 1 . 000[-06 3 . 1 5[-08 
7 . 24£-06 

3000 . 1 . 40[-03 0 . 00[-01 2 . 68£-03 4 . 1 0£-03 6 . 30[ -03 5 . 00 3 . 1 5£-02 2 . 36F-06 1 . 000[-06 3 . 1 5f-08 
7 . 24£-06 

3600 . \ . 40£-03 3 . 05[-22 2 . 68£-03 4 . 1 0[-03 6 . 30[-03 5 . 00 3 . 1 5[-02 2 . 36[ -06 1 . 000£ -06 3 . 1 5£-08 
7 . 24[ -06 

4000 . 1 . 39[-03 2 . 0 1 [-26 2 . 67[-03 4 . 09£-03 6 . 24[-03 5 . 00 3 . 1 2[-02 2 . 34£-06 1 . 000[-06 3 . 1 2[-08 
7 . 1 8[-06 

4700. \ . 39[-03 9 . 7 1[-34 2 . 66[-03 4 . 08[-03 6 . 24[-03 5 . 00 3 . 1 2[-02 2 . 34[-06 1 . 000[ -06 3 . 1 2[-08 
7 . 1 8[-06 

7000. 1 . 38E-03 0 . 00[-01 2 . 65f-03 4 . 0:)[-03 6 . 1 8[-03 5 . 00 3 . 09[-02 2 . 32[-06 1 . 000[-06 3 . 09[-08 
7 . 1 1[-06 

1 2000 . 1 . 36[-03 O . OOE-Ol 2 . 60[-03 3 . 99[-03 6 . 1 3[-03 5 . 00 3 . 06[-02 2 . 30£-06 1 . 000[-06 3 . 06[-08 
7 . 0,)[-06 

1 3500. 7 . 23[-05 0 . 00[-01 1 . 42[-04 1 . 22[-04 1 . 0 1 [-04 5 . 00 5 . 05[-04 3 . 79[-08 1 . 000[-06 5 . 05f-l0  
1 . 1 1,[-07 

22000 . 7 . 1 7[-05 0 . 00[-01 1 . 4 t E-04 1 . 22[-04 1 . 00[-04 5 . 00 5 . 00[-04 3 . 75f-08 1 . 000[-06 5 . 00F- I 0  
1 . 1 5[-07 

24500 . 4 . 36[-02 1 . 3 1E-05 2 . 70f-Ol 3 . 38[-02 2. 73f-02 S . OO 1 . 36[-01 1 . 02[-05 1 . 000[-06 1 . 36[-07 
3 . 1 4[-OS 

ttl 
, TABLE B-5 7  

"'" 
0 

WASTE M I GRATION INTO GROUNDWATER 
ALTERNAT IVE 2 - PELLETI ZE CALC I NE 

I O-MILE WELL 

50-Yea r Dose Commitment to Ma x imum I ndividual Popu lat i on E ffects 

Tot a l  Body Bone Who le-Body Popula t i on Who l e-Body Range Probab i  I i  ty Popu lat ion 
Yea r of Dose Lung Dose Su r fa ce Liver Dose Equiva lent Dose Exposed EqUiva lent Dose Hea l t h  o f  Event R i s k  

Exposure ( Rem) ( Rem) Dose ( Rem) (Rem) ( Re'!!.L ___ (Numbe r )  (Man-Rent) E ffects ( Events /Yea r )  (Man-Rem/Yea r )  

2S00 . 4 . 2 1 [-04 0 . 00[-01 8 . 07[-04 1 . 24[-03 1 . 90[-03 100 .  1 . 90£-01  1 . 4:'[-OS 1 . 000[-06 1 . 90f-07 
4 . 37[-05 

3000 . 4 . 21 [-04 0 . 00[-01 8 . 07f-04 1 . 23£-03 1 . 90[-03 100 . 1 . 90[-0 1 1 . 42£-05 1 . 000[-06 1 . 90[-07 
4 . 3 7£ -05 

3600 . 4 . 2 1£-04 9 . 18[-23 8 . 0')[-04 1 . 23[-03 1 . 90£ -03 100.  1 . 90[- 0 1  1 . 4::'F -05 1 . 000[ -06 1 . 90[-07 
4 . 37[-05 

4000 . 4 . 19[-04 6 . 0S[-27 8 . 03f-04 1 . 23[-03 1 . 88£-03 100 . 1 . 88[-01 1 . 4 1 F-OS 1 . 000[-06 1 . 88[-07 
4 . 3;![-OS 

4700 . 4 . 19[-04 2 . 92[-34 8 . 02[-04 1 . 23[-03 1 . 88[-03 100 . 1 . 88 [ - 0 1  1 . 4 I F - O S  1 . 000[-06 1 . 88[-07 
4 . 32[-05 

7000 . 4 . 1 6[-04 0 . 00[-01 7 . 97[-04 1 . 22[-03 1 .  86[-03 100 .  1 . 8 6 [ - 0 1  1 . 39[-05 1 . 000[-06 1 . 86£-07 
4 . 28[-05 

1 2000. 4 . 09[-04 0 . 00[-0 1 7 . 83[-04 1 . 20[-03 1 . 84£-03 1 0 0 .  1 . 84£-01  1 . 38[-OS 1 . 000[-06 1 . 84f-07 
4 . 23[-OS 

1 3:500 . 2 .  1 7E-0:5 0 . 00[-01 4 . 26£-OS 3 . 67f-05 3 . 03f-05 1 0 0 .  3 . 03[-03 2 . 27£-07 1 . 000[-06 3 . 03f-09 
6 . 97[-07 

22000. 2 . 16[-0� 0 . 00[-01 4 . 24[-OS 3 . 67[-OS 3 . 0 1 [-OS 100.  3 . 0lE -03 2 . 26[-07 1 . 000[-06 3 . 0 1 F-09 
6 . 92[-07 

24S00 . 1 . 3 1£-02 3 . 9 3[-06 8 . 1 2£-02 1 . 02[-02 8 . 23£-03 100.  8 . 23£-01  6 .  1 7£-OS 1 . 000[ -06 8 . 23F-07 
1 . 89[-04 



= , 
� 

Year o f 
Exposure 

2500 . 

3000. 

3600. 

4000 . 

4700. 

7000 . 

12000. 

1 3500. 

22000. 

24500. 

50-Year Dose Commitment to Maximum I ndivi dual 

Total Body 
Dose Lung Dose 

(Rem) ( Rem) 

4 . 21 E-04 0. 00E-01 

4 . 21 E-04 0 . 00E-01 

4 . 21E-04 9 . 1 8E-23 

4 . 19E-04 6 . 05E-27 

4 . 1 9E-04 2 . 91.E-34 

4 . 16E-04 0 . 00E-01 

4 . 09E-04 0 . 00E-01 

2 . 1 7E-05 0 . 00E-01 

2 . 16E-05 0 . 00E-01 

1 . 31E-02 3 . 9 3E-06 

Bone 
Surface 

Dose (Rem) 

8 . 07E-04 

8 . 07£-04 

8 . 0�E-04 

8 . 03F.-04 

8 . 02E-04 

7 . 97E-04 

7 . 83E-04 

4. 26£-05 

4 . 24E-05 

8 . 1 2E-02 

Liver Dose 
(Rem) 

1 .  24E-0.3 

1 . 23E-03 

1 . 23E-03 

1 . 23£-03 

1 . 23E-03 

1 . 22F.-03 

1 . 20E-03 

3 . 67F.-05 

3 . 67E-05 

1 . 02E-02 

TABLE B-58 

WASTE M I GRATION INTO GROUNDWATER 
ALTERNAT IVE 2 - PELLET IZE CALCINE 

120-MlLE WELL 

Who l e-Body 
Equiva lent Dose 

(Rem ) 

1 . 90E-03 

1 . 90£-03 

1 . 90E-03 

1 . 88F.-03 

1 . 88E-03 

1 . 86E-03 

1 . 84£-03 

3 . 03E-0� 

3 . 0 1 E-05 

8. 23E-03 

TABLE B-59 

Pop u l a t i on 
Exposed 
(Numbe r )  

5 . 000E 0 3  

5 . 000E 03 

5 . 000E 03 

5 . 000E 03 

5 . 000E 03 

5 . 000E 03 

5 . 000E 03 

5 . 000E 03 

5 . 000E 03 

5 . 000E 03 

WASTE H I GRAT ION INTO GROUNDWATER 
ALTERNATIVE 2 - V I TRI FY CALC I NE 

O-HILE WELL 

Popu l a t ion Ef fects 

Who le-Body 
Equ iva lent Dose 

(Han-Rem) 

9 . 50E 00 

9 . 50E 00 

9 . 50E 00 

9 . 40E 00 

9 . 40E 00 

9 . 30E 00 

9 . 20E 00 

1 . 5 1 E-Ol 

1 . 50E-Ol 

4 . 1 1 E 01 

Range 
Hea l t h  

E f fects 

7 . 1 2[-04  
2 . 1 8E-03 
7 . 1 2E-04  
2 . 18E -03 
7 . 1 2E-04 
2 . 1 8E-03 
7 . 05E-04 
2 . 1 6 E -03 
7 . 05E-04 
2 . 1 6E-03 
6 . 97E-04 
2 . 1 4E-03 
6 . 90E-04 
2 . 1 2E-03 
1 . 1 4E-05 
3 . 48E-05 
1 . 1 3E-05 
3 . 46E-05 
3 . 09E-03 
9 . 46E-03 

Proba b i l ity 
o f  Event 

( Even t s / Y ea r )_ 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-0l> 

�------------------------------------------------------------------------------------------------

Year o f  
Exposure 

2500 . 

3000 . 

3600 . 

4000 . 

4700 . 

7000 . 

1 2000 . 

1 3500 . 

22000 . 

24500. 

52000. 

102000 . 

202000. 

502000 . 

1 002000 . 

50-Yea r Dose Commitment to Maximum I nd i v i dua l 

Total Body 
Dose 

(Rell) 

5 . 37E-05 

5 . 36E-05 

5 . 35E-05 

5 . 34E-05 

5 . 33E-05 

5 . 29E-05 

5 . 2 1 E-05 

5 . 46E-05 

5 . 3 1 E-05 

1 . 72E-03 

2 . 15E-03 

2 . 63E-03 

2 . 76E-03 

1 . 58E-03 

4 . 63E-04 

Lung Dose 
(Rem) 

0 . 00E-01 

O . OOE-Ol 

1 . 1 7E-23 

7 . 7 1 E-28 

3 . 72E-35 

0 . 00E-01 

0 . 00E-01 

O . OOE-Ol 

0 . 00E-01 

5 . 0 lE-07 

5 . 1 1 E-07 

5 . 08E-07 

4 . 5lE-07 

2 . 42E-07 

8 . 58E-08 

Bone 
Surface 

Dose (Rem ) 

1 . 03E-04 

1 . 03£-04 

1 . 02E-04 

1 . 02E-04 

1 . 01.E-04 

1 . 0 lF.-04 

9 . 97E-05 

1 . 05£-04 

1 . 02E -04 

1 . 04E-02 

1 . 42E-02 

1 . 96E-02 

2 . 26£-02 

1 . 37F-01. 

4 . 1 �E-03 

L iver Dose 
(Rem) 

1 . 59E-04 

1 . 57F-04 

1 . 57E-04 

1 . 57£-04 

1 . 56E-04 

1 . 55£-04 

1 . 53E-04 

1 . 57E-04 

1 . 53E-04 

1 . 45F.-03 

1 . 3 1 E-03 

1 . 40E-03 

1 . 43E-03 

8 . 70£ -04 

3 . 23E-04 

Who l e-Body 
Equiva l en t  Dose 

( Rem) 

2 . 4 1E-04 

2 . 4 1 E-04 

2 . 4 1 E-04 

2 . 40E-04 

2 . 40E-04 

2 . 38E-04 

2 . 34E-04 

2. 36E-04 

2 . 30E-04 

1 .  25E-03 

1 . 50E-03 

1 . 83E-03 

1 . 95[-03 

1 . 1 3£-03 

3 . 39E-04 

Pop u l a t ion 
Exposed 
(Number)  

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

s . oo 
5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

Popul a t ion E f fects 

Who le- Body 
Equ iva lent Dose 

(Han-Rem) 

1 . 20E -03 

1 . 20E-03 

1 . 20E-03 

1 . 20E-03 

1 . 20E-03 

1 .  1 9E-03 

1 . 1 7E -03 

1 . 18E-03 

1 . 1 �E-03 

6 . 2,)E-03 

7 . 50E-03 

9 . 1 :iE-03 

9 . 75E -03 

5 . 65E-03 

1 . 69E-03 

Range 
Hea l th 

Effects  

9 . 0 4E ·-08 
�. 77E-07 
9 . 04E -08 
2 . 77E-07 
9 . 04E -08 
2 . 77E -07 
9 . 00E-08 
2 . 76E-07  
9 . 00E-08 
2 . 76E-07 
8 . 92E-08 
2 . 74E-07 
8 . 77E-08 
2 . 69E-07 
8 . 85E-08 
2 . 7 1 [ -07  
8 . 62E -08 
2 . 64E-07 
4 . 69E-07 
1 . 44E-06 
5 . 62E-07 
1 . 72E-06 
6 . 86E-07 
2 . 1 0E-06 
7 . 3 1 E-07 
2 . 24E-06 
4 . 24E-07 
1 . 30E-06 
1 . VE-07 
3 . 90E-07 

Proba b i l i ty 
of Event 

(Even t s / Yea r )  

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 .  000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 .  000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 . 000E-06 

1 .  000E-06 

1 . 000E-06 

Popu l a t i on 
R i s k  

(Han-Rem/ Yea r )  

9 . 50E-06 

9 . 50F-06 

9 . 50F-06 

9 . 40£-06 

9 . 40E-06 

9 . 30E-06 

9 . 20F-06 

1 . 5 1 E-07 

1 . 50F.-07 

4 . 1 1 £-05 

Pop u l a t i on 
R i s k  

(Han-ReDl/ Yea r )  

1 . 20E-09 

1 . 20E -09 

1 . 20E-09 

1 . 20E-09 

1 . 20E-09 

1 . 1 9E-09 

1 . 1 7E-09 

1 .  1 9E-09 

1 . 1 5E-09 

6 . 25E-09 

7 . 50E-09 

9 . 1 5E-09 

9 . 7:5E-09 

5 . 65E-09 

1 . 69E-09 



TABLE B-60 

WASTE M IGRATION I NTO GROUNDWATER 
ALTERNATI VE 2 - VITRIFY CALC INE 

3-MILE WELL 

50-Year Dose Commi tment to Max imum I nd i v i dua l Popu l a t ion E f fects 

Total  Body Bone Who le-Body Popu l a t ion Who le-Body Range Probab i l  i t y  Popu l a t i on 
Yea r o f  Dose Lung Dose Surface L iver Dose Equ i va lent Dose Exposed Equivalent Dose Hea l th of Event R i s k  

Exposure ( Rem) ( Rem_) _ Dose (Rem) (Rem )  ( Rem) (Number) (Man-Rem) Effects (Event s /Yea r )  (Man-Rem/Yea r )  

2500 . 3 . 1 0E-07 O . OOE-Ol 5 . 95E-07 9 . 1 3[-07 1 . 39[-06 5 . 00 6 . 9,)E-06 ') . 2 1 [ - 1 0  1 . 000[-06 6 . 95[- 1 2  
1 . 60[ -09 

3000 . 3 . 1 0[-07 0 . 00[-01 5 . 95£-07 9 . 08[-07 1 . 39[-06 5 . 00 10 . 95[ -06 5 . 2 1 1': - 1 0  1 . 000[-06 6 . 95E- 1 2  
1 . 60E-09 

3600 . 3 . 09[-07 6 . 76E-26 5 . 90[ -07 9 . 08[-07 1 . 39[-06 5 . 00 10 . 95[-06 5 . 2 1 [ - 1 0  1 . 000[-06 6 . 95E- 1 2  
1 .  60[-09 

4000. 3 . 09[-07 4 . 46[-30 5 . 90E-07 9 . 08[-07 1 . 39E-06 5 . 00 6 . 95[-06 5 . 2 1 [ - 1 0  1 . 000E-06 6 . 95E - 1 2  
1 . 60[ -09 

4700 . 3 . 09E-07 2 . 1 5[-37 5 . 90E-07 9 . 02E-07 1 . 39E-06 5 . 00 6 . 95[-06 5 . 2 1 [ - 1 0  1 . 000E-06 6 . 95E- 1 2  
1 . 60E-09 

7000 . 3 . 06E-07 O . OOE-Ol 5 . 8 4E-07 8 . 96E-07 1 . 38E-06 5 . 00 6 . 90E-06 5 . 1 7£ - 1 0  1 . 000[-06 6 . 90E- 1 2  
1 . 59[-09 

1 2000 . 3 . 0 1 £-07 O . OOE-Ol 5 . 76E-07 8 . 84[-07 1 . 35[ -06 5 . 00 6 . 75E-06 5 . 0I,E- I 0  1 . 000E-06 6 . 75 E - 1 2  
1 . 55E-09 

1 3500 . 3 . 1 6E-07 O . OOE-Ol 6 . 07E-07 9 . 08E-07 1 . 31oE-06 5 . 00 6 . 80E-06 5 . 1 0 £ - 1 0  1 . 000E-06 6 . 80E- 1 2  
ttl 1 . 56E-09 

, 22000 . 3 . 0 7E-07 O . OOE-Ol 5 . 90E -07 8 . 84[-07 1 . 33E-06 5 . 00 6 . 65E-06 4 . 99 E - I 0  1 . 000E-06 6 . 65 E - 1 2  � 1 . 53E-09 N 24500 . 9 . 94E-06 2 . 90E-09 6 . 0 1 E-05 8 . 38E-Olo 7 . 23E-06 5 . 00 3 . 6 1 [ -05 2 . 7 I E-09 1 . 000E-06 3 . 6 1 E - l l  
8 . 3 1 E-09 

5200 0 .  1 . 24 E -05 2 . 95E-09 8 . 2 I E-05 7 . 57E-06 8 . 67E-06 5 . 00 4 . 33E-05 3 . 25E-09 1 . 000E-06 4 . 33E- l l  
9 . 97[ -09 

1 0 2000 . 1 . 52E-05 2 . 94[-09 1 . 1 3£-04 8 . 09£-Oio 1 . 06E-05 5 . 00 5 . 30E-05 1 . 97E-09 1 . 000[-06 5 . 30E- l l  
1 . 22E-08 

20200 0 .  1 . 60E-05 2 . 6 1 E -09 1 . 3 I E- 0 4  8 . 27E-06 1 . 1 3E-05 5 . 00 5 . 65E-05 4 . 24E -09 1 . 000E-06 5 . 65E - l l  
1 . 30E-08 

50200 0 .  9 . 1 3E-06 1 . 40E-09 7 . 92E-05 5 . 03[-06 6 . 53E-06 5 . 00 3 . 2IoE-05 2 . 45E-09 1 . 000E-06 3 . 26E- l l  

1 . 9"[-06 
7 . 5 1 E -09 

1 002000 . 2 . 68E-06 4 . 96E- I 0  2 . 40E-05 1 . 87E-06 5 . 00 9 . 80E-06 7 . 35£ - 1 0  1 . 000E-06 9 . 80E- 1 2  
2 . 25E-09 



TABLE B-6 1 

WASTE MI GRAT ION INTO GROUNDWATER 
ALTERNATI VE 2 - V ITRIFY CALC INE 

I O-I1ILE WELL 

50-Yea r Dose Commi tment to Max imum Indivi dual Popu l a t i on E f fects 

Total  Body Bone Who le-Body Populat ion Whole-Body Range Probabi I i t y  Populat ion 
Yea r of Dose Lung Dose Surface L iver Dose Equ iva l ent Dose Exposed Equ iva lent Dose Hea l t h  of Event R i s k  

Exposure (Rem) (Rem) Dose (Rem) (Rem) (Rem) (Number) (Man-Rem) E f fects ( Events/Yea r) (l1an-Rem/Yea r) 

2500 . 9 . 34E-08 0 . 00[ -01 1 . 79[-07 '2 . 75E-07 4 . 1 9[-07 1 00 .  4 . 1 9E-05 3 . 1 4E-09 1 . 000[-06 4 . 1 9[- 1 1  
9 . 64E-09 

300 0 .  9 . 32E-08 O . OOE-Ol 1 .  79[-07 2 . 73[-07 4 . 1 9E-07 1 0 0 .  4 . 1 9E-05 3 . 1 4E-09 1 . 000E-06 4 . 19E- 1 1  
9 . 64£ -09 

3600 . 9 . 30E-08 2 . 03£-26 1 . 77E-07 2 . 73E-07 4 . 1 9E-07 1 0 0 .  4 . 1 9E-05 3 . 1 4E-09 1 . 000E-06 4 . 1 9E- 1 1  
9 . 64£ -09 

4000 . 9 . 29£-08 1 . 34E-30 1 . 77E-07 2 . 73E-07 4. 1 7E-07 100 . 4 . 1 7E-05 3 . 1 3£-09 1 . 000E-06 4 . 1 7E- 1 1  

t;xj 
9 . 59£-09 

, 4700 . 9 . 27E-08 6 . 47E-38 1 .  77£-07 2 . 7 1 E-07 4 . 1 7[-07 1 0 0 .  4 . 1 7E-05 3 . 1 3E-09 1 . 000[-06 4 . 1 7E- 1 1  

� 9 . 59E-09 

LV 7000 . 9 . 20E-08 0 . 00£-01 1 . 76£-07 2 . 70£-07 4. 1 4E-07 1 0 0 .  4 . 1 4£-05 3 . 1 0E-09 1 . 000E-06 4 . 1 4 [- 1 1  
9 . 52E-09 

1 2000 . 9 . 06E-08 O . OOE-Ol 1 . 73E-07 2 . 6I,E-07 4 . 07E-07 1 00 .  4 . 07E-05 3 . 05E-09 1 . 000E-06 4 . 07£ - 1 1  
9 . 36£-09 

1 3500 . 9 . 50£-08 O . OOE-Ol 1 . 83[-07 2 . 73E-07 4 . 1 0£-07 1 0 0 .  4 . 1 0E-05 3 . 07E-09 1 . 000E-06 4 . 1 0E- 1 1  
9 . 43£-09 

22000 . 9 . 23E-08 O . OOE -Ol 1 . 77E-07 2 . 66E-07 4 . 00E-07 1 00 .  4 . 00E-05 3 . 00E-09 1 . 000E-06 4 . 00E- 1 1  
9 . 20E-09 

24500 . 2 . 99E-06 8 . 7 1E - l 0  1 . 8 1 E-05 2 . 52E-06 2 . 1 7[-06 1 0 0 .  2 . 1 7E-04 1 . 63E-08 1 . 000E-06 2 . 1 7E - l 0  
4 . 99E-08 

52000 , 3 . 74E-06 8 . 89E - l 0  2 . 47E-05 2 . 29E-06 2 . 6 1E-06 1 00 .  2 . 6 1 E-04 1 . 9I,E-08 1 . 000E-06 2 . 6 1 E - l 0  
6 . 00E-08 

1 02000. 4 . 57E-06 8 . 83£- 1 0  3 . 4 1 E -05 2 . 43[-06 3 . 1 8E-06 1 00 .  3 .  1 8E-04 '2 . 38E-08 1 . 000E-06 3 . 1 8E - l 0  

7 . 3 1 E-08 

202000 . 4 . 80E-06 7 . 84E- l0 3 . 93E-05 2 . 49E-06 3 . 39E-06 1 0 0 . 3 . 39E-04 2 . 54E-08 1 . 000E-06 3 . 39 E - l 0  

7 . 80E-08 

502000 . 2 . 75E-06 4 . 2 1 E - l 0  2 . 38E-05 1 . 5 1 E-06 1 . 97E-06 1 0 0 .  1 . 97E-04 t . 49E-08 1 . 000E-06 1 . 97E - l 0  
4 . 53E-08 

1002000 . 8 . 05E-07 1 . 49E-l0 7 . 23E-06 5 . 62E-07 5 . 90E-07 1 00 .  5 . 90E-05 4 . 42£ -09 1 . 000E-06 5 . 90E - 1 1  

1 . 36E-08 



TABLE B-62 

WASTE M I GRATION INTO GROUNDWATER 
ALTERNATIVE 2 - VITRIFY CALC INE 

1 20-M I LE WELL 

50-Year Dose Commi tment to Max imum Ind i vi dua l Popu l a t i on E f fects 

Tot a l  Body Bone Who le-Body Popu l a t ion Whol e - Body Range Probab i l i t y  Popu l a t i on 
Yea r o f  Dose Lung Dose Surface Live r Dose Equ i va l ent Dose Exposed Equi va lent Dose Hea l th of Event Risk  

Exposure (Rem) ( Rem) Dose ( Rem) (Rem ) (Rem ) (Numbe r) (Man-Rem) E f fects (Events/Yea r) (Man-Rem/Yea r )  

2500 . 9 . 34[-08 O . OOE-Ol 1 . 79E-07 2 . 7�E-07 4 . 1 9E-07 5 . 000[ 03 2 . 09E-03 1 . 57E-07 1 . 000E-06 2 . 09E-09 
4 . 82 E - 0 7  

3000 . 9 . 32E-08 O . OOE-Ol 1 . 79E-07 2 . 73E-07 4 . 1 9E-07 5 . 000E 03 2 . 09[ -03 1 . 57E-07 1 . 000E-06 2 . 09E-09 
4 . 82[-07 

3600. 9 . 30£-08 2 . 03E-26 1 . 77E-07 2 . 73£-07 4 . 1 9£ -07 5 . 000E 03 2 . 09£-03 1 . 57 £ - 07 1 . 000E-06 2 . 09[-09 
4 . 82E-07 

4000. 9 . 29E-08 1 . 34[-30 1 . 77£-07 2 . 73E-07 4 . 1 7E-07 5 . 000E 03 2 . 08[-03 1 . 56E-07 1 . 000E-06 2 . 08[-09 
4 . 80E -07 

4700 . 9 . 27E-08 6 . 47E-38 1 . 77E-07 2 . 7 1 E-07 4 . 1 7E-07 5 . 000E 03 2 . 08E-03 1 .  56E-07 1 . 000E-06 2 . 08E-09 

ttl 4 . 80E-07 
7000 . 9 . 20E-08 O . OOE-Ol 1 . 76E-07 2 . 70E-07 4 . 1 4F.-07 5 . 000E 03 2 . 07E-03 1 . 55E-07 1 . 000E-06 2 . 07£-09 I 4 . 76E -07 � 1 2000 . 9 . 06E-08 0 . 00[-01 1 . 73E-07 2 . 66E-07 4 . 07E-07 5 . 000E 03 2 . 01[-03 1 . 53E-07 1 . 000E-06 2 . 03E-09 � 4 . 68E-07 

1 3 500 . 9 . 50E-08 O . OOE-Ol 1 . 83E-07 2 . nE-07 · 4 . 1 0£-07 5 . 000E 03 2 . 05E-03 1 . 54E-07 1 . 000E-06 2 . 05E-09 

22000 . 9 . 23£-08 O . OOE-Ol 1 . 77[-07 2 . 66E-07 4 . 00E-07 
4 . 7 1 E-07 

5 . 000[ 03 2 . 00E-03 1 . 50E-07 1 . 000E-06 2 . 00E-09 
4 . 60E-07 

24500. 2 . 99[-06 8 . 7 1 E - I 0  1 . 8 1 E -·05 2 . 52E-06 2 . 1 7E-06 5 . 000E 03 1 . 08E-02 8 . 1 4E-07 1 . 000E-06 1 . 09E-08 

52000 . 3 . 74£-06 8 . 89E - I 0  2 . 47E -05 2 . 28E-06 2 . 6 1 [ -06 
2 . 50E-06 

1 . 30E-08 5 . 000E 03 1 . 30E-02 9 . 79E-07 1 . 000E-06 
3 . 00E-06 

1 02000. 4 . 57E-06 8 . 83E- I 0  3 . 4 1£-05 2 . 43E-06 3 . 1 8E-06 5 . 000E 03 1 . 59E-02 1 . 1 9E -06 1 . 000E-06 1 . 59[-08 
3 . 66E-06 

202000 . 4 . 80E-06 7 . 84[ - 1 0  3 . 91E-05 2 . 49E-06 3 . 39E-06 5 . 000E 03 1 . 69[-02 1 . 27[-06 1 . 000E-06 1 . 69E-08 

502000 . 2 . 75E-06 4 . 2 1 E - I 0  2 . 38F.-05 1 . 5 1 £-06 1 . 97E-06 
3 . 90E-06 

5 . 000E 03 9 . 85E -03 7 . 39E-07 1 . 000E-06 9 . 85[-09 

1 002000 . 8 . 05E-07 1 . 49E-I0 7 . 23E-06 5 . 62E-07 5 . 90E-07 
2 . 27E-06 

5 . 000E 03 2 . 95E-03 2 . 2 1 E-07 1 . 000E-06 2 . 95E-09 
6 . 78E-07 



tJ:l , � VI 

Yea r of  
Expo� 

2500 . 

360 0 .  

1 3500 . 

2450 0 .  

Yea r of  
Exposure 

2500 . 

3600 . 

1 3500. 

24500 . 

TABLE B-63 

WASTE MIGRATION INTO GROUNDWATER 
ALTERNATIVE 4 

O-MILE WELL 

SO-Year Dose Commitment to Maximum I ndividua l 

Total Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem) Dose (Rem) 

2 . 40E 0 1  O . OOE-Ol 4 . 61)E 01 

4 . 86E- 1 1  7 . 35E- 1 8  4 . 40E- l 0  

1 . 74[-01 0 . 00£-01 3 . 42E-Ol 

1 . 06£-02 3 . 1 9E-06 6 . 58E-02 

Who le-Body Populat ion 
Liver Dose Equiva lent  Dose Exposed 

(Rem ) (Rem ) (Number) 

7 . 04[ 0 1  1 . 0RE 02 5 . 00 

2 . 92E- I 7.  5 . 58E- 1 1  5 . 00 

2 . 94E-Ol '2 . 42E-Ol 5 . 00 

8 . 24£-03 6 . 66E-03 5 . 00 

TABLE B-64 

WASTE MI GRATION I NTO GROUNDWATER 
ALTERNATIVE 4 

3-M I LE WELL 

SO-Yea r Dose Commitment to Max imum Ind ivi dua l 

Total  Body Bone Who le-Body Popula t ion 

Population Effects 

Who le-Body Range Probabi l i ty 
Equiva lent Dose Hea l t h  of  Event 

(Man-Rem) Effec ts (Events/Yea r )  

5 . 40E 02 4 . 05E-02 1 . 000£-06 
1 . 24E-Ol 

2 . 79E- l 0  2 . 09E- 1 4  1 . 000E-06 
6 . 4 2E - 1 4  

1 . 2 1 E  00 9 . 07[-05 1 . 000E-06 
2 . 78E-04 

3 . 3 3E-02 2 . 50E-06 1 . 000E-06 
7 . 66E-06 

Populat ion E f fects 

Who le-Body Range Probabi l i ty 
Dose Lung Dose Surface Liver Dose Equiva lent Dose Exposed Equiva lent Dose Hea lth  o f  Event 

(Rem) (Rem) Dose (Rem ) (Rem) (Rem ) (NumberL (Man-Rem) Effec ts (Even ts/Year)  

1 . 39£-01 0 . 00£-01 2 . 66E-Ol 4 . 07E-Ol 6 . 24E-Ol 5 . 00 3 . 1 2E 00 2 . 34f-04 1 . 000[-06 
7 . 1 8 E -04 

2 . 8 1 E - 1 3  4 . 25£-20 2 . 54£- 1 2  1 . 69E- 1 4  3 . 23E- 1 3  5 . 00 1 . 6 1 E - 1 2  1 . 2 1 E - 1 6  1 . 000E-06 
3 . 7 1 E - 1 6  

1 . 01£-03 0 . 00[-0 1 1 . 98£-03 1 . 70£-03 1 . 4I)E-03 5 . 00 7 . 00E-03 5 . 25E-07 1 . 000E-06 
1 . 61 £-06 

6 . 1 3E-05 1 . 84E-08 3 . 80[-04 4 . 76[-05 3 . 85E-05 5 . 00 1 .  92£-04 1 . 44£-08 1 . 000E-06 
4 . 43£-08 

Popu l a t ion 
Risk 

(Man-Rem/Yea r) 

5 . 40£-04 

2 . 79£-1 6  

1 . 2 1 E-06 

3 . 33E-08 

Popula t ion 
Risk 

(Man-Rem/Yea r )  

3 . 1 2£-06 

1 . 6 1 f - 1 8  

7 . 00£-09 

1 . 92£- 1 0  



Year o f  
Exposure 

� I 
� a-

2500 . 

360 0 .  

1 3500 . 

24500 . 

Yea r o f  
Exposure 

2500 . 

3600 . 

1 3500 . 

24500 . 

TABLE B-65 

WASTE MIGRATION I NTO GROUNDWATER 
ALTERNATIVE 4 

IO-MILE WELL 

50-Year Dose Commitment to Maximum I nd ividual 

Tota l Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem_) _ Dose (Rem) 

4 . 1 7E -02 O . OOE-Ol 8 . 00E-02 

8 . 45E - 1 4  1 . 28E-20 7 . 65E- 1 3  

3 . 01[-04 O . OOE-Ol 5 . 95E-04 

1 . 84[-05 5 . 55E-09 1 . 1 4E-04 

Whole-Body Popul ation 
Liver Dose Equiva lent Dose Exposed 

(Rem ) (Rem) (Number )  

1 . 2::>E-Ol 1 . 89E-Ol 1 0 0 .  

5 . 08 E - 1 5 9 . 70E- 1 4  100 . 

5 . 1 1 [-04 4 . 2 1 [-04 1 0 0 .  

1 . 43[-OS 1 . 1 6[-05 1 0 0 .  

TABLE B-66 

WASTE MIGRATION INTO GROUNDWATER 
ALTERNATIVE 4 
I 20 - M I LE WELL 

50-Year Dose COlllJli tment to Maximum I ndividual 

Total Body Bone Whol e-Body Population 
Dose Lung Dose Surface L i ver Dose Equ iva lent Dose Exposed 

( Rem) (Rem) Dose (Rem) (Rem) (Rem ) (Number )  

4 . 1 7[-02 O . OOE-Ol 8 . 00E-02 1 . 22[-01 1 . 88[-01 5 . 000[ 03 

8 . 45[- 1 4  1 . 28E-20 7 . 65E- 1 3  5 . 08[- 1 5  9 . 70[- 1 4  5 . 000E 0 3  

3 . 03E-04 O . OOE -Ol 5 . 9�[ -04 5 . 1 1 £-04 4 . 2t[-04 5 . 000[ 03 

1 . 84[-05 5 . 55E-09 1 . 1 4£-04 1 . 43[-05 1 . 1 6E - 05 5 . 000[ 03 

Pop u l a tion E f fects 

Whol e-Body Range Probab i l i ty Pop u l a t ion 
Equival ent Dose Hea l th o f  Event R i s k  

(Man-Rem) E ffects (Events/Yea r )  (Man-Rem/Yea r )  

1 . 88E 0 1  1 . 4 1 E - 0 3  1 . 000[-01> 1 . 88[-05 
4 . 32E-03 

9 . 70E- 1 2  7 . 27E - 1 6  1 . 000E-06 9 . 70[- 1 8  
2 . 23£ - 1 5  

4 . 2 1 E-02 3 . 16E-06 1 . 000[-06 4 . 2 1 E-08 
9 . 68E-06 

1 . 1 6E-03 8 . 70E-08 1 . 000E-06 1 . 16[-09 
2 . 67[-07 

Popu l a t ion E ffects 

Whole-Body Range Probab i l  i ty Popu l a t ion 
Equ ivalent Dose Hea l th of �;vent R i s k  

(Man-Rem) Effects ( Event s/Yea r )  (Man-Rem/Yea r )  

9 . 40E 0 2  7 . 05E-02 1 . 000E-06 9 . 40[-04 
2 . 1 6E - O l  

4 . 85E- l 0  3 . 64[- 1 4  1 . 000E -06 4 . 85[- 1 6  
1 . 1 2[- 1 3  

2 . 10E 00 1 .  58E -04 1 . 000[-06 2 . 1 0[-06 
4 . 84[-04 

5 . 80[-02 4 . 35[-06 1 . 000[-06 5 . 80[-08 
1 . 33[-05 



B . 1 . 1 . 1 . 6  Intrusional Releases  

B . 1 . 1 . 1 . 6 . 1  Individual Intrus ion 

Data for releas e s  at the I CPP as the result of individual intrus ion 

into the dis integrated was te bins include effects for the implementation 

of  Alternative 1 ,  Alternative 2 (pelletization and vitrification) , and 

Alternative 4 .  

B-47 



t::I:' I � CO 

Year o f  
Exposure 

250 0 .  

3000. 

4000 . 

7000 . 

1 2000 . 

22000 . 

52000 . 

1 02000 . 

20200 0 .  

502000 . 

1 002000. 

Yea r  o f  
Exposure 

2500 . 

3000 . 

4000. 

7000 . 

1 2000 . 

22000 . 

52000 . 

102000 . 

202000 . 

502000. 

1 002000 . 

TABLE B-67 

RELEASE DUE TO I ND I V I DUAL I NTRUS I ON I NTO B I NS 
ALTERNATI VE 1 

50-Year Dose Comm i tment to Hax imum I nd iv idual Popu l a t ion E f fects  

Total  Body 
Dose 

( Rem) 

1 . 80E 01 

8 . 90E 00 

5 . 00E 00 

3 . 40E 00 

2 . 60E 00 

1 . 60E 00 

6 . 30E-Ol 

2 . 00E-Ol 

8 . 30E-02 

5 . 00E-02 

2 . 20E-02 

Lung Dose 
(Rem) 

6 . 70E 0 1  

3 . 1 0E 0 1  

1 . 70E 0 1  

1 . 20E 0 1  

9 . 10E 0 0  

5 . 90E 0 0  

2 . 40E 0 0  

8 . 70E-Ol 

4 . 20E-Ol 

2 . 40E-Ol 

9 . 80E-02 

Bone 
Surface 

Dose (Rem) 

4 . 20E 02 

2 . 1 0E 07 

1 . 20E 02 

8 . 30r 0 1  

6 . 30E 0 1  

4 . 00E 0 1  

1 . 50E 0 1  

4 . 70E 0 0  

1 . 80E 0 0  

1 . 1 0E 0 0  

4 . 80E-Ol 

L iver Dose 
(Rem) 

8 . 60E 0 1  

4 . 20E 0 1  

2 . 30E 0 1  

1 . 60E 0 1  

1 . 20E 0 1  

7 . 70[ 00 

2 . 90E 00 

8 . 70E-Ol 

3 . 1 0E-O l 

1 . 80E-Ol 

7 . 60E-02 

Who le-Body 
Equivalent Dose 

(Rem) 

4 . 38E 0 1  

2 . 1 4[ 0 1  

1 . 34E 0 1  

1 . 03E 0 1  

8 . 60E 00 

6 . 60E 00 

4 . 1 0E 00 

2 . 59E 00 

1 . 46E 00 

5 . 74E-Ol 

3 . 1 0E-Ol 

TABLE B-68 

Populat ion 
Exposed 
(Numbe r )  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

Who le-Body 
Equ iva lent Dose 

(Han-Rem) 

4 . 39E 02 

2 . 1 4E 02 

1 . 34E 02 

1 . 03E 02 

8 . 60E 0 1  

6 . 60E 0 1  

4 . 1 0E 0 1  

2 . 59E 0 1  

1 . 46E 0 1  

5 . 74E 00 

3 . 10E 00 

RELEASE DUE TO INDIVIDUAL INTRUSION INTO B INS 
ALTERNATIVE 2 - PELLETI ZE CALCINE 

Range 
IIea l th 

E f fects 

3 . 2Bf-02 
1 . 0 l E - 0 1  
1 . 60E-02 
4 . 92E-02 
1 . 00E-02 
3 . 08E-02 
7 . 72E-03 
2 . 37E-02 
6 . 45E-03 
1 . 98E-02 
4 . 95E-03 
1 . 52E-02 
1 . 07E-03 
9 . 4 3E-03 
1 . 94E-03 
5 . 96E-03 
1 . 09E-03 
3 . 36E-03 
4 . 30E-04 
1 . 32E-03 
2 . 32E-04 
7 . 1 3E-04 

50-Yea r Dose Commitment to Hax imum Individua l Pop u l a t ion E f fects 

Tot a l  Body 
Dose 

( Rem) 

1 . 40E 00 

7 . 10E-01 

4 . 00E-Ol 

2 . 70E-Ol 

2 . 1 0E-01 

1 . 30E-01 

5 . �OE-02 

1 . 60E-02 

6 . 60E-03 

4 . 00E-03 

1 . 70E-OJ 

Lung Dose 
. ( Rem) 

5 . 30E 00 

2 . 50E 00 

1 . 40E 00 

9 . 50E-01 

7 . 30E-Ol 

4 . 70E-Ol 

1 . 90E-Ol 

7 . 00E-02 

3 . 40E-02 

1 . 90E-02 

7 . 80E-03 

Bone 
Surface 

Dose (Rem) 

3 . 30E 0 1  

1 . 70E 0 1  

9 . 60E 00 

6 . 70E 00 

5 . 10E 00 

3 . 20[ 00 

1 . 20E 00 

3 . 80[-01 

1 .  50E-Ol 

8 . 90[-02 

3 . 80E-02 

Liver Dose 
( Rem) 

6 . 90E 00 

3 . 30[ 00 

1 . 90E 00 

1 . 30[ 00 

9 . 70E-O l 

6 . 1 0E-Ol 

2 . 30[-0 1  

7 . 00E-02 

2 . 50E-02 

1 . 40E-02 

6 . 1 0E-03 

Whole- Body 
Equiva lent Dose 

( Rem) 

1 . 0SE 01 

4 . 70E 00 

3 . 9SE 00 

3 . 52[ 00 

3 . 29E 00 

2 . 95E 00 

2 . 40E 00 

1 . 73E 00 

1 . 0 1 E  00 

3 . 47[-01 

1 . 83E-Ol 

Popula tion 
Exposed 
(Number )  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

Whol e - Body 
EqUivalent Dose 

(Han-Rem) 

1 . 0SE 02 

4 . 70E 0 1  

3 . B5E 0 1  

3 . 52E 0 1  

1 . 29E 0 1  

2 . 9SE 0 1  

2 . 40E 0 1  

1 . 73E 0 1  

1 . 0 1 E  0 1  

3 . 47E 0 0  

1 . 83 E  00 

Range 
Hea l t h  

E ffec t s  

7 . 87 E - 0 3  
2 . 4 1 [ - 0 2  
3 . 5 :' E - 0 3  
1 .  OBE - 0 2  
2 . 8 9 E - 0 3  
8 . B � E - 0 3  
2 . 64E-03 
8 . 1 0E - 0 3  
2 . 47E-03 
7 . 57E-03 
2 . 2 IE-03 
6 . 78E-03 
1 . 80E-03 
5 . 52E-03 
1 . 30E-03 
3 . 98E-03 
7 . 57E-04 
2 . 32E-03 
2 . 60E-04 
7 . 98E-04 
1 . 37E-04 
4 . 2 1 E-04 

Probab i l i ty 
of Event 

( Events/Yea r )  

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

Probab i l i ty 
of Event 

( Events/Ye a r )  

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

Popu l a t ion 
R i s k  

(Han-Rem/Year )  

4 . 38E 00 

2 . 1 4 E  00 

t . 34E 00 

1 . 03E 00 

8 . 60E-Ol 

6 .601-.& 

4 . 1 0E-Ol 

2 .59,-01 

1 . 46E-01 

5 . 74£-02 

3 . 10E-02 

Populat ion 
R i s k  

(Han-Rem/Yea r )  

1 . 0SE 00 

4 . 70E-O l 

3 . 85E-Ol 

3 . 52E-01 

3 . 29E-O l 

2 . 95E-Ol 

2 . 40E-01 

1 . 73E-O l 

1 . 0 1E-Ol 

3 . 47E-02 

1 . 83E-02 



Yea r o f  
Exposure 

2500 . 

3000. 

4000 . 

700 0 .  

1 2000 . 

22000 . 

52000 . 

1 02000 . 

202000 . 

502000 . 

1 00200 0 .  

b::I I +' \0 

Yea r o f  
Exposure 

2500 . 

3000 . 

4000 . 

700 0 .  

1 2000. 

22000 . 

52000 . 

102000 . 

202000. 

502000 . 

1002000 . 

TABLE B-6<) 

RELEASE DUE TO I NDIVIDUAL I NTRUSrON I NTO B I NS 
ALTERNATIVE 2 - VITRIFY CALC I NE 

50-Yea r Dose Commitment to Nax imum I nd ividua l Popu l a t ion E f fe c t s  

Tot a l  Body 
Dose 

(Rem ) 

6 . 00[-02 

2 . 90[-02 

1 . 60[-02 

1 . 1 0[-02 

8 . 50E-03 

5 . 40E-03 

2 . 10E-03 

6 . 60[-04 

2 . 70E-04 

1 . 60E-04 

7 . 20E-05 

Lung Dose 
(Rem) 

2 . 20E-01 

1 . 00E-Ol 

5 . 70E-02 

3 . 90E-02 

3 . 00E-02 

1 . 90E-02 

7 . 80E-03 

2 . 90E-03 

1 . 40E-03 

7 . 80E-04 

3 . 20E-04 

Bone 
Surface 

Dose (Rem) 

1 . 40E 00 

6 . 90E-01 

4 . 00E-Ol 

2 . 80F.-01 

2 . 10E-Ol 

1 . 30E-Ol 

5 . 00E-02 

1 . 60E-02 

6 . 1 0E-03 

3 . 70E-03 

1 . 60E-03 

Liver Dose 
( Rem) 

2 . 80E-Ol 

1 . 40E-01 

7 . 70E-02 

5 . 30E-02 

4 . 00E-02 

2 . 50E-02 

9 . 50E-03 

2 . 9(1F.-03 

1 . 00E-03 

6 . 00E-04 

2 . 50E-04 

Who l e - Body 
Equiva l ent Dose 

(Rem) 

6 . 80E-Ol 

3 . 05£-01 

2 . 5 1 E -Ol 

2 . 3 1 E-Ol 

2 . 26E- O l  

2 . 00[-01 

1 . 64E-Ol 

1 . 2 l E - 0 1  

6 . 8�E-02 

2. 1 3E-02 

1 . 0l E -02 

TABLE B-70 ----

popul a t ion 
Exposed 

�umbe r) 

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

Who le- Body 
Equ ivalent Dose 

(Nan-:Rena) 

6 . 80E 00 

3 . 0:;E 00 

2 . 5 1£ 00 

2 . 3 1 E  00 

2 . 2"E 00 

2 . 00E 00 

1 . 64E 00 

1 . 2 1 E  00 

6 . 8�£-01 

2 . 1 3E - 0 1  

1 . 0lE -Ol 

RELEASE DUE TO I ND I V I DUAL INTRUS ION I NTO B I NS 
ALTERNAT I VE 4 

Range 
Hea l th 

E f fects --���. 

5 . 1 0E - 0 4  
1 .  :;6E-03 
? 29E-04 
7 . 0  U :  -04 
1 . !l8E-04 
5 . 77[-04 
1 . 71[-04 
5 . 3 I E -04 
1 . 69E-04 
5 . 20[-04 
1 . 50[-04 
4 . 60[-04 
1 .  21E-04 
3 . 77[-04 
9 . 07E-05 
2 . 78E- 0 4  
5 . 1 4E -05 
1 . 58E-04 
1 . 60[ -05 
4 . 90[-05 
7 . 57E-06 
2 . 32E-05 

Probabi l i ty 
of Event 

( Even t s / Yea r )  

1 . 000E-02 

1 .  OOO[ -02 

1 .  000[ -02 

1 . 000[-02 

1 . 000[ -02 

1 . 000E -02 

1 . 000[-02 

1 . 000[-02 

1 . 000[-02 

1 . 000E-02 

1 . 000E-02 

50-Year Dose Commitment to Haximum I nd ividua l Popu l a t i on E f fects 

Tot a l  Body 
Dose 

(Rem) 

4 . 00[-03 

1 . 80E-03 

1 . 00E-03 

7 . 20[-04 

5 . 60E-04 

3 . 70E-04 

1 . 60E-04 

7 . 30E-05 

4 . 20E-05 

2 . 30[-05 

1 . 10[-05 

Lung Dose 
(Rem) 

2 . 80E-02 

8 . 40E-03 

5 . 60E-03 

4 . 50E-03 

3 . 90E-03 

3 . 20E-03 

2 . 30E-03 

1 . 70E-03 

1 . 20E-03 

4 . 80E-04 

1 . 10E-04 

Bone 
Surface 

Dose (Rem) 

8 . 40E-02 

4 . 20[-02 

2 . 40E-02 

1 . 70E-02 

1 . 30E-02 

8 . 10E-03 

3 . 1 0E-03 

9 . 70E-04 

3 . 90E-04 

2 . 40E-04 

1 . 1 0E-04 

Live r  Dose 
(Rem) 

1 . 70E-02 

8 . 40£-03 

4 . 70E-03 

3 . 2(1E-03 

2 . 50E-03 

1 . 60E-03 

6 . :lOE-04 

2 . 00E-04 

8 . 1 0E-05 

5 . 00E-05 

2 . 50E-05 

Whole-Body 
Equiva lent Dose 

( Rem) 

8 . 5 1E 00 

:S . 90E 0(1 

3 . 80E 00 

3 . 80£ 00 

1 . 70E 00 

3 . 40E 00 

2 . 90E 00 

2 . 20E 00 

1 . 30E 00 

4 . 60E-Ol 

2 . 60E-Ol 

Popul a tion 
Exposed 
(Number )  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

1 0 . 0  

Who l e - Body 
Equiva lent Dose 

(Nan-ReID) 

8 . 5 1 E  0 1  

3 . 90E 0 1  

3 . 80E 0 1  

3 . 80E 0 1  

1 . 70E 0 1  

3 . 40E 0 1  

2 . 90E 0 1  

2 . 20E 0 1  

1 . 30E 0 1  

4 . 60E 00 

2 . 60E 00 

Range 
Hea l th 

E f fe c t s  ----

6 . 38E -03 
1 . 96E-02 
2 . 92E -03 
8 . 97E - 0 3  
2 . 8:;E -03 
8 . 74E-03 
2 . 85E-03 
8 . 74E-03 
2 . 77E-03 
8 . 5 I E -03 
2 . 55E-03 
7 . 82[-03 
2 . 1 7E-03 
6 . 67E-03 
1 . 6:;E-03 
5 . 06E-03 
9 . 75E-04 
2 . 99E -03 
1 . 4'>E-04 
1 . 06E-03 
1 .  9�;E -04 
5 . 98E-04 

Probab i l  i ty 
of Event 

( Events/Ye a r )  

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

PopU l a t i on 
R i sk 

( Na n-Rem/Yea r )  

6 . 80E-02 

3 . 05E-02 

2 . 5 l E -02 

2 . 3 1E-02 

2 . 26E-02 

2 . 00E-02 

1 . 64E-02 

1 . 2 l E -02 

6. 85E-03 

2 . 13E-03 

1 . 0 1E-03 

Popul a t ion 
R i s k  

(Nan-Rem/Year)  

8 . 5 1 E-Ol 

3 . 90E-01 

3 . 80E-01 

3 . 80E-01 

3 . 70E-0 1 

3 . 40E-Ol 

2 . 90E-01 

2 . 20[-01 

1 . 30E-01 

4 . 60E-02 

2 . 60E-02 



B . 1 . 1 . 1 . 6 . 2  Exposure From Living at the Contaminated Site 

Data for effects  on future generations resulting from l iving at the 

contaminated s i te include effects for the implementation of Alterna

tive 1 ,  Alternative 2 (pelletization and vitrification) , and Alterna 

tive 4 .  Contamination of the ICPP s ite i s  a ssumed to result from a 

p revious intrus ion by an individua l ,  such a s  an a rchaeologist  o r  pro

spector ( see Sub section B . l . l . l . 6 . 1 ) . 

B-50 



Yea r o f  
Exposure 

2500 . 

300 0 .  

4000 . 

7000. 

1 2000. 

22000. 

52000 . 

1 0201)0 . 

202000 . 

502000.  

1 002000 . 

ttl I VI 
I-' 

Yea r  o f  
Exposure 

2500 . 

3000. 

400 0 .  

7000 . 

1 2000 . 

22000 . 

52000 . 

1 02000 . 

20200 0 .  

502000 . 

1 002000 . 

TABLE B- 7 I  

EXPOSURE DUE TO L IV ING AT CONTAMI NATED S I TE 
ALTERNATIVE I 

50-Yea r Dose Commitment to Maximum Ind ividua l Popu l a t i on Effects  

Tot a l  Body 
Dose 

(Rem) 

2 . 40E 01 

1 .  501: 01 

1 . 1 0E 01 

1 . 1 0 E  01 

1 . 50E 01 

2 . 1 0E 0 1  

3 . 70E 0 1  

:'i . 20r 0 1  

5 . 90E 01  

3 . 401: 0 1  

9 . 00E 00 

Bone 
Lung Dose Surface Liver Dose 

(Rem) Dose (Rem) (Rem) 

6 . 70E - O l  3 . 60F 02 a . 60E 0 1  

9 . 33E-Ol 1 . 70E 0 2  4 . 60E 0 1  

1 . 80E 00 5 . 1 0E 01 2 . 00E 01 

3 . ... 0E 00 2 . 30E 01 1 . 50E 0 1 

S . 70E 00 2 . BO[ 0 1  1 . 70E 0 1  

B . l 0E 00 4 . 00E 0 1  2 . 101: 01 

1 . 20E 0 1  6 . BOE 0 1  3 . 10f 01  

1 . :'i0[ 0 1  9 . 70E 0 1  4 . 00[ 0 1  

1 . 60E 0 1  1 . 1 0 E  0 2  4 . 40[ 0 1  

1 . 20[ 0 1  6 . BOE 0 1  2 . 50[ 0 1  

6 . 60E 00 2 . 20E 0 1  7 . 00 [  0 0  

Who le-Body 
Equiva l en t  Dose 

(Rem) 

5 . 3 1 f  O J  

3 . 30E 0 1  

2 . 46E 0 1  

2 . 3"'E 0 1  

2 . 67E 0 1  

:I . ORE 0 1  

4 . 1 5E 0 1  

5 . 1 0E 0 1 

5 . 3 1 [  0 1  

2 . 9RE 0 1  

B . 30[ 0 0  

TABLE B - 7 2  

Popul a t i on 
Exposed 
(Numbe rL 
5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

Who le-Body 
Equivalent Dose 

( Man-Rem) 

2 . 65E 02 

1 . 65E 02 

1 . 23E 02 

1 . I R E  02 

1 . 33E 02 

1 . 54E 02 

2 . 0BE 02 

2 . 55E 02 

2 . 6SE 02 

1 . 49E 02 

4 . 1 SE 0 1  

EXPOSURE DUE TO LIVING AT CONTAMINATED SITE 
ALTERNATIVE 2 - PELLETIZE CALC INE 

Range 
Hea l th 

E f fects 

1 .  99E-02 
6 . 1 1 E-02 
1 . 24E-02 
3 . 79E-02 
9 . 2:>E-03 
2 . B3f-02 
B . B:;E-03 
2 . 7 1 E-02 
1 . 00E-02 
3 . 07E-02 
1 . 1 5E-02 
3 . 54E-02 
1 . 56E-02 
4 . 7 7E-02 
1 . 9 1 E-02 
5 . B6E-02 
1 . 99E-02 
6 . 1 1 E -02 
1 . 1 2E-02 
3 . 43E-02 
3 . 1 1 E -03 
9 . 54E-03 

Probabi  I i  ty 
of Event 

(Events/Yea r )  

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

50-Yea r Dose Commitment to Maximum Individua l  Popul a t ion E f fe c t s  

Tot a l  Body 
Dose 

(Rem) 

1 . 90[-01 

1 . 20E-Ol 

B . 60E-02 

B . 90E-02 

1 .  20[-01 

1 . 70E-Ol 

2 . 90E-Ol 

4 . 1 0E - O l  

4 . 70[-01 

2 . 70E-Ol 

7 . 21)1:-02 

Bone 
Lung Dose Surface 

(Rem) Dose (Rem) 

3 . 92[-01 2 . 90E 00 

7 . 90E-01 1 . 40E 00 

1 . �OE 00 4 . 1 0[ - 0 1  

3 . 00E 00 1 . 90[-01 

4 . 70[ 00 2 . 30[-01 

6 . 70E 00 3 . 20E - 0 1  

9 . 90[ 00 3 . 401:-01 

1 . 20[ 01 7 . 70[ - 0 1  

1 . 301: 0 1  R . 90[ -01 

1 . 00E 0 1  5 . 40[-0 1 

5 . 50E 00 1 . 70[ - 0 1  

Who le-Body 
Liver Dose Equiva lent Dose 

(Rem) (Rem) 

6 . 90[-01 B . ORE 00 

3 . 60[-0 1 3 . 6 1 E  00 

1 . 60[-01  3 . 2 4 1:  00 

1 . �OE - O l  3 . 3 1 E  0 0  

1 . 40[-0 1 3 . 441: 00 

1 . 70[ - 0 1  3 . 52f 0 0  

2 . :'i0[-01  3 . 60E 00 

3 . 20[-01  3 . 3B[ 00 

3 . 50[-01  2 . B I E  00 

2 . 00[-01  1 . 60E 00 

5 . 60[-02 7 . 93E-O l 

Popul a t ion 
Exposed 
(Numbe r )  

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

Whole-Body 
Equivalent Dose 

(!'Ian-Rem) 

4 . 04E 01 

I . BOE 01 

1 . 62E 0 1  

1 . 6SE 0 1  

1 . 72E 0 1  

1 . 76E 0 1  

1 . 80E 0 1  

1 . 69E 0 1  

1 . 40E 0 1  

B . OOE 00 

3 . 96E 00 

Range 
Hea l th 

E f fects 

3 . 03E-03 
9 . 29E-03 
1 . 35E-03 
4 . 1 5E-03 
1 . 2 1 E-03 
3 . 73E-03 
1 . 24E-03 
3 . 8 1 E-03 
1 . 29E-03 
3 . 96E-03 
1 . 32E-03 
4 . 05E-03 
1 . 35E-03 
4 .  1 4E-03 
1 . 2 7E -03 
3 . 89E-03 
1 . 0SE-03 
3 . 23E-03 
6 . 00E-04 
1 . B4E-03 
2 . 9 7E -04 
9 . 1 2E-04 

Proba b i l ity 
o f  Event 

(Events/Yea r )  

1 . 000E -02 

1 . 000E -02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

Popu l a t ion 
R i s k  

(Man-Rem/ Yea r )  

2 . 6SE 00 

1 . 6SE 00 

1 . 23E 00 

1 . 1 9E 00 

1 . 33E 00 

1 . 54E 00 

2 . 07E 00 

2 .55E 00 

2 . 65E 00 

1 . 49E 00 

4 . 1 5E-Ol 

Popu l a t ion 
R i s k  

(Man-Rem/ Yea r )  

4 . 04E-Ol 

1 . 80E-Ol 

1 . 62E-Ol 

1 . 65E-Ol 

1 . 72E-Ol 

1 . 76E-Ol 

1 . 80E-Ol 

1 . 69E-Ol 

1 . 40E-Ol 

8 . 00E-02 

3 . 96E-02 



txI I U1 N 

Yea r  o f  
Exposure 

2S0 0 .  

3000 . 

4000 . 

7000 . 

1 2000 . 

22000 . 

52000 . 

1 02000 . 

202000 . 

502000 . 

1 002000 . 

Yea r  o f  
Exposure 

2:'i00 . 

3000 . 

4000 . 

7000 . 

1 2000 . 

22000 . 

52000 . 

1 02000 . 

20200 0 .  

502000 . 

1002000 . 

TABLE B-73 

EXPOSURE DUE TO LIVING AT CONTAMINATED SITE 
ALTERNATIVE 2 - VITRIFY CALCINE 

50-Yea r Dose Commitment to Haximum Individual Population Effects 

Tota l Body Surf�ce 
Dose Lung Dose Bone Dose 

(Re_) (Rem) � 
7 . 90£ -04 3 . 90F-Ol 1 . 20£-02 

5 . 00E-04 7 . 90E-Ol 5 . 60E-03 

3 . 50f-04 I . S0F 00 1 . 70f-03 

3 . 70£-04 3 . 00[ 00 7 . 70E - 04 

4 . 80f-04 4 . 70f. 00 9 . 40£-04 

7 . 00[-04 6 . 70E 00 1 . 30E-03 

1 . 20F-03 9 . 90f 00 2 . 2�F -03 

1 . 70E-03 1 . 20E 0 1  3 . 20[-03 

1 . 90F-03 1 . 30£ 01 3 . 70f.-03 

1 . 1 0E-03 1 . 00[ 0 1  2 . 20[-03 

3 . 00£-04 � . �OF. 00 7 . 1 0f-04 

Liver Dose 
(Rem) 

2 . 80£-03 

1 . �0[-03 

6 . 70F-04 

4 . 90[-04 

5 . bOf -04 

6 . 90F-04 

1 .  00£-03 

1 . 30[-03 

1 . 40f-03 

8 . 30[-04 

2 . 30f-04 

Who le-Body 
Equiva lent Dose 

(Rem) 

7 . 7:lE 00 

3 . 40F 00 

3 . 09f. 00 

3 . 1l1E 00 

3 . 27£ 00 

3 . : H f  00 

l . 30F 00 

3 . 00[ 00 

2 . 4 1 F.  00 

1 . 39[ 00 

7 . Hf-Ol 

TABLE B-74 

Population 
Exposed (NUillber) 
5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

Whole-Body 
Equiva l ent Dose 

(Han-Rem) 

3 . 81JE 0 1  

1 . 70E 0 1  

1 . 54E 0 1  

1 .  5 8 E  0 1  

1 . 63E 0 1  

1 . 65E 0 1  

1 . 6:lE 0 1  

1 . 50E 0 1  

1 . 20E 0 1  

6 . 90E 00 

3 . 67E 00 

EXPOSURE DUE TO LIV ING AT CONTAMINATED SITE 
ALTERNATIVE 4 

Range 
Hea l th 

Effects ---
2 . 9 1 E -03 
8 . 9 1 E-03 
1 . 27E-03 
3 . 9 1 [ -03 
1 . 1 5E -03 
3 . 54E-03 
1 . 1 8E-03 
3 . 63E-03 
1 . 23E-03 
3 . 76E-03 
1 . 24E-03 
3 . 8 1 E-03 
1 . 24E-03 
3 . 79E-03 
1 . 1 2E-03 
3 . 45E-03 
9 . 04E-04 
2 . 77E-03 
5 . 1 7E-04 
1 . 59E-03 
2 . 7:lE-04 
8 . 44E-04 

50-Year Dose Commi tment to Haximum Individua l Populat ion Effects 

Tota l Body 
Dose 

(Rem) 

4 . 70f. 00 

3 . 60£ 00 

3 . S0F. 00 

3 . 50E 00 

3 . 50f. 00 

3 . 30E 00 

3 . 00E 00 

2 . 60E 00 

1 . 9�E 00 

7 . 40F.-OI 

1 . 70f.-O l 

Lung Dose 
(Rem) 

2 . 09F.-Ol 

1 . 90f-02 

.1 . {'of. -02 

7 . 30E-02 

t . l 0 F. - 0 1  

I . MF-Ol 

2 . 40E-Ol 

2 . 90[-0 1 

l . I OE-OI 

2 . :';0[-01 

1 . 30F.-Ol 

Bone 
Surface 

Dose (Rem) 

1 .  401'. 0 1  

6 . 80[ 00 

� . 80f. 00 

6 . 70[ 00 

lI . ME 00 

6 . 40[ 00 

� . 90E 00 

5 . 00f 00 

3 . bOf. 00 

1 . 40E 00 

3 . 30f.-Ol 

Liver Dose 
(Rem) 

I . l Of 0 1  

1 . 00E O t  

1 . 00f 0 1  

1 . 00f 0 1  

1 . 00f 0 1  

9 . ME 00 

8 . 90[ 00 

7 . M[ 00 

5 . S0f 00 

2 . 1 0 £  00 

4 . lIOE-01 

Who l e-Body 
Equivalent Dose 

(Hem) 

2 . 70f. 0 1  

2 . 02£ 0 1  

2 . 02£ 0 1  

2 . 0 1 [ 0 1  

1 . 90E 0 1  

l . a7[ 0 1  

1 . 7 1 E  0 1  

1 . 42E 0 1  

9 . 5 4 F.  00 

3 . 49[ 00 

7 . 75E-Ol 

Populat ion 
Exposed 
(Number) 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

5 . 00 

Who le-Body 
Equiva lent Dose 

(Han-Rem) 

1 . 3�E 02 

1 . 0 1 E  02 

1 . 0 1 E  02 

1 . 00E 02 

9 . 50E 0 1  

9 . 35E 0 1  

8 . 55E 0 1  

7 . 10E 0 1  

4 . 77E 0 1  

1 . 74E 0 1  

3 . 87E 00 

Range 
Hea l th 

E f fects ---
1 . 0 1 E -02 
3. 1 0E -02 
7 . 57E-03 
2 . 32E-02 
7 . 57E-03 
2 . 32E-02 
7 . 54E-03 
2 . 3 1 [-02 
7 . 1 2E-03 
2 . 1 8E-02 
7 . 0 1 E -03 
2 . 1 5E-02 
6 . 4 1 E -03 
1 . 97E-02 
5 . 32E-03 
1 . 63E-02 
3 . 58E-03 
1 . 1 0E -02 
1 . 3 1 [ -03 
4 . 0 1 E-03 
2 . 9 1 E -04 
8 . 9 1 E -04 

Probabi l i ty 
of Event 

(Event s/Yea r )  

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E -02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E -02 

1 . 000E-02 

Proba b i l  i ty 
o f  Event 

(Events/Yea r)  

1 . 000E -02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E -02 

1 . 000E -02 

1 . 000E-02 

1 . 000E-02 

1 . 000E-02 

1 . 000E -02 

Population 
R i s k  

(Han-Rem/Yea r)  

3 . 87E-Ol 

1 . 70E-Ol 

1 . 54E-Ol 

1 . 58E-Ol 

1 . 63E-Ol 

1 . 65E-Ol 

1 . 65E-Ol 

1 . 50E-Ol 

1 .  20E-Ol 

6 . 90E-02 

3 . 67E-02 

Popu l a t ion 
R i s k  

(Han-Rem/Yea r)  

1 . 35E 00 

1 . 0 1 E  00 

1 . 0 1 E  00 

1 . 00E 00 

9 . 50E-Ol 

9 . 35E-Ol 

8 . 55E-Ol 

7 . 1 0E-Ol 

4 . 77E-Ol 

1 . 74E-Ol 

3 . 87E-02 



B . 1 . 1 . 1 . 6 . 3  Aircraft Impact 

Data for relea ses  resulting from an a i rcraft impact at the ICPP 

include effects for the implementation of Alternative 1 ,  Alternative 2 ,  

Alternative 3 ,  Alternative 4 ,  and Alternative 5 (retrieval delayed 

100 years , 300 years , and 500 years ) .  Effects a re a ssumed to be in

dependent of the was te form . Effects apply to Alternative 3 only during 

the period of  operations . 
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Year of  
Exposure 

1 990. 

2000 . 

20 1 0 .  

2020. 

2060 . 

ttl Year of  0, Exposur� 
� 

1 990. 

2000. 

201 0 .  

2020. 

2060. 

Yea r of 
Exposure 

1 990. 

2000. 

201 0 .  

2020. 

TABLE B-75 

ACCIDENTAL RELEASE AT THE ICPP DUE TO AIRCRAFT IItPACT 
ALTERNATIVE 1 

50-Yea r Dose Commitment to Maximum I nd ividual Popula t ion Effects 

Tot a l  Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem) Dose (Rem) 

1 . 94E 00 2 . 09E 01 l . 87E 01 

1 . 88E 00 1 . 96E 0 1  l . 77E 01 

1 . 8 1 E  00 1 . 82E 0 1  l . 66E 01 

1 . 75E 00 1 . 70E 01 l . 57E 0 1  

1 . 25E 00 8 . 9 1 E  00 2 . 72E 01 

Whole-Body Population Who le-Body 
Liver Dose Equivalent Dose Exposed Equivalent Dose 

(Rem) (Rem_) _, __ (Number)  (Han-Rem) 

8 . 29E 00 5 . 20E 00 7 . 100E 04 7 . l8E 04 

8 . 06E 00 4 . 95E 00 8 . l00E 04 8 . 22E 04 

7 . 8lE 00 4 . 7 1 E  00 9 . 500E 04 8 . 95E 04 

7 . 62E 00 4 . 48E 00 1 . 070E 05 9 . 59E 04 

5 . 80E 00 2 . 86E 00 1 . 560E 05 8 . 92E 04 

TABLE B-76 

ACCIDENTAL RELEASE AT THE ICPP DUE TO AIRCRAFT IItPACT 
ALTERNATIVE 2 

Range 
Hea l th 

Effects 

5 . 54E 00 
1 . 70E 0 1  
6 . 1 6E 00 
1 . 89E 0 1  
6 . 7 1 E  00 
2 . 06E 0 1  
7 . 1 9E 00 
2 . 2 1 E  01 
6 . 6 9E 00 
2 . 05E 01 

50-Year Dose Co .. it.ent to Maximum I ndividual Populat i on Effects 

Total Body Bone 
Dose Lung Dose Surface 

( Rea) (Rem) Dose (Rem) 

1 . 94E 00 2 . 09E 0 1  J . 87E 01 

1 . 88E 00 1 . 96E 01 3 . 77E 01 

1 . 8 1 E  00 1 . 82E 01 J . 66E 0 1  

1 . 75E 00 1 . 70E 01 3 . 57£ 01 

1 . 25E 00 8 . 9 1E 00 2 . 72E 01 

Whole-Body Popul a t ion Whole-Body 
Liver Dose Equivalent Dose Exposed Equivalent Dose 

(Rem) (Rem) (Number)  (Man-Rem) 

8 . 29E 00 5 . 20E 00 7 . 100E 04 7 . l8E 04 

8 . 06E 00 4 . 95E 00 8 . l00E 04 8 . nE 04 

7 . 8lE 00 4 . 7 1 E  00 9 . 500E 04 8 . 95E 04 

7 . 62E 00 4 . 48E 00 1 . 070E 05 9 . 59E 04 

5 . 80E 00 2 . 86E 00 1 . 560E 05 8 . 92E 04 

TABLE B- 77 

ACCIDENTAL RELEASE AT THE ICPP DUE TO AIRCRAFT IMPACT 
AL TERNA TI VE 3 

Range 
Hea l th 

Effects 

5 . 54E 00 
1 . 70E 0 1  
6 . 1 6E 00 
1 . 89E 0 1  
6 . 7 1 E  00 
2 . 06E 0 1  
7 . 1 9E 00 
2 . 2 1 E  0 1  
6 . 69E 0 0  
2 . 05E 01 

Probabi l i ty 
of Event 

(Events/Year) 

2 . 000E-07 

2 . 000[-07 

2 . 000E-07 

2 . 000[-07 

2 . 000E-07 

Probabi l ity 
of  Event 

(Events/Year) 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

50-Yea r Dose Commitment to Maximum Individual Popu l a t ion Effects 

Total Body Bone Whole-Body Popula tion Who le-Body Range Probab i l i ty 
Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed Equiva lent Dose Hea l th of Event 

(Rem) (Rem) Dose (Rem) (Rem) (R�'!I.L __ _  jNumberL ---- (Han-Rem) Effects (Events/Yea r) 

1 . 94E 00 2 . 09E 0 1  l . 87E 01 8 . 29E 00 5 . 20E 00 7 . 1 00E 04 7 . l8E 04 5 . 54E 00 2 . 000[ -07 
1 .  70[ 01 

1 . 88E 00 1 . 96E 01 l . 77E 01 8 . 06E 00 4 . 95E 00 8 . l00E 04 8 . nE 04 6 0 1 1,E 00 2 . 000E -07 
1 . 89E 01 

1 . 8 1 E  00 1 . 82E 0 1  l . 66E 0 1  7 . 8lE 00 4 . 7 1 E  00 9 . 500E 04 8 . 95E 04 6 . 7 1 E  00 2 . 000E-07 
2 . 06E 01 

1 . 75E 00 1 . 70E 01 l . 57E 01 7 . 62E 00 4 . 48E 00 1 . 070E 05 9 . 59E 04 7 0 1 9E 00 2 . 000E-07 
2 . 2 1 E  0 1  

" 

Popu lation 
Risk  

(Han-Rem/Yea r) 

1 . 48E-02 

1 . 64E-02 

1 . 79E-02 

1 . 92E-02 

1 . 78E-02 

Populat ion 
Risk 

(Man-Rem/Yea r) 

1 . 48E-02 

1 . 64E-02 

1 . 79E-02 

1 . 92E-02 

1 . 78E-02 

Popu l a t i on 
R isk  

(Man-Rem/Yea r)  

1 . 48E-02 

1 . 64E-02 

1 . 79E-02 

1 . 92E-02 



tt:I 
I 

VI 
VI 

Yea r o f  
Exposure 

1 99 0 .  

2000 . 

2 0 1 0 . 

2020 . 

2060 . 

Year o f  
Exposure 

1990 . 

2000 . 

20 1 0 .  

2020 . 

2060 . 

2090 . 

TABLE B - 7 8  

ACCI DENTAL RELEASE A T  THE lCPP DUE TO A I RCRAFT I HPACT 
ALTERNATI VE 4 

50-Year Dose Commitment to Haximum I nd iv idua l Popu l a t ion E f fecls 

Total Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem) Dose (Rem ) 

1 . 94E 00 2 . 09E 01  3 . S7E 01  

1 . SSE 00 1 .  96E 0 1  l . 77E 0 1  

l . S 1 E  00 l . S2E 0 1  3 . 66E 0 1  

1 . 75E 0 0  1 . 70E 0 1  3 . 57E 0 1  

1 . 25E 00 S . 9 1E 00 2 . 72E 0 1  

Who l e- Body Pop u l a t i o n  Who l e - Body 
Liver Dose Equiva lent Dose Exposed Equiva lent Dose 

(Rem) ( Rem) (Number )  (Han-Rem) 

S . 29E 00 5 . 20E 00 7 . 1 00E 04 7 . l8E 04 

S . 06E 00 4 . 95E 00 8 . JOOE 04 S . 22E 04 

7 . SlE 00 4 . 7 1 E  00 9 . 500E 04 B . 9SE 04 

7 . 62E 00 4 . 48E 00 1 . 070E 05 9 . 59E 04 

5 . 80E 00 2 . 86E 00 1 . 560E 05 8 . 92E 04 

TABLE B-79 

ACCIDENTAL RELEASE AT THE ICPP DUE TO A IRCRAFT I MPACT 
ALTERNATIVE 5 - RETRI EVAL DELAYED 100 YEARS 

Range 
Hea l th 

E f fects 

5 . 5 4E 00 
1 . 70E 0 1  
6 . 1 6E 00 
I . B9E 0 1  
6 . 7 1 E  00 
2 . 06E 0 1  
7 . t 9E 00 
2 . 2 1 E  0 1  
6 . 69E 00 
2 . 05E 0 1  

50-Year Dose C08Ditment t o  Maximum Individual Population E f fects 

Tot a l  Body Bone Whole-Body Population Whol e -Body Range 
Dose Lung Dose Surface Liver Dose Equiva lent Dose Exposed Equivalent Dose Hea l th 

(Rell) (Rell) Dose (Rem) (Rem) (Rem) (NliMler )  (Han-Rem) E f fects 

1 . 94E 00 2 . 09E 0 1  3 . 87E 0 1  S . 2'1E 00 5 . 20E 00 7 . 1 00f 04 7 . J8E 04 5 . 54E 00 
1 .  70E 0 1  

1 . SSE 0 0  1 . 96E 0 1  3 . 77E 0 1  S . 06E 0 0  4 . 95E 00 8 . 300E 04 8 . 22E 04 6 . t 6E 00 

1 . SlE 00 1 .S2E 0 1  3 . 66E 0 1  7 . S3E 00 4 . 7 1 E  00 
1 . 89E 01 

9 . 500E 04 8 . 95E 04 6 . 7 1 E  00 

1 . 7�E 00 1 . 70E 0 1  3 . 57E 0 1  7 . 62E 00 4 . 4SE 00 
2 . 06E 01 

1 . 070E 05 9 . 59E 04 7 . t 9E 00 

1 . 25E 00 S . 9 1 E  00 2 . 72E 0 1  5 . S0E 00 2 . S6E 00 1 . 560E 05 
2 . 2 1 E  0 1  

8 . 92E 04 6 . 69E 00 
2 . 05E 0 1  

9 . 9SE-Ol 5 . 94E 00 2 . 22E 0 1  4 . 73E 00 2 . 1 5E 00 1 . ?lOE 05 S . lOE 04 6 . 22E 00 
1 . 9 1E 0 1  

Probab i l i t y 
of Event 

(Events/Yea r )  

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

Probab i l ity 
o f  Event 

( Event s/Yea r) 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

Popu l a t ion 
R i s k  

( Han-Rem/ Yea r )  

1 . 48E-02 

1 . 64E-02 

1 . 79E-02 

1 . 92E-02 

1 . 78E-02 

Popu l a t ion 
R i s k  

( Han-Rem/Yea r )  

1 . 4SE-02 

1 . 64E-02 

1 . 79E-02 

1 . 92E-02 

1 . 78E -02 

1 . 66E-02 



Year o f  
Exposure 

to I IJ1 0\ 

1 990 . 

2000 . 

20 1 0 .  

2020 . 

2060 . 

2090 . 

2 1 00 . 

2200 . 

2290. 

Year o f  
Exposure 

1 990. 

2000 . 

20 1 0 .  

2020 . 

2060 . 

2090 . 

2 1 00 .  

2200 . 

2290 . 

2300 . 

2400 . 

2490. 

TABLE B-SO 

ACCIDENTAL RELEASE AT THE ICPP DUE TO AIRCRAFT IMPACT 
ALTERNATIVE 5 - RETRIEVAL DELAYED 300 YEARS 

50-Yea r Dose Commitment to Maximum Individua l Popul a t i on Effects 

Tota l Body 
Dose Lung Dose 

(Rem) (Rem) 

1 . 94E 00 2 . 09E 0 1  

1 . 88E 00 1 . 96E 0 1  

1 . 8 1 E  00 1 . 82E 0 1  

1 . 75E 00 1 . 70E 0 1  

1 . 25E 00 8 . 9 1 E  00 

9 . 98E-Ol 5. 94E 00 

9 . 28E-Ol 5 . 26E 00 

4 . 9 1 E-Ol 2 . 12E 00 

J . 08E-Ol 1 . 2JE 00 

Bone 
Surface 

Dose (Rem) 

J . 87E 0 1  

3 . 77E 0 1  

3 . 61>[ 0 1  

3 . 57E 0 1  

2 . 72E 0 1  

2 . 22E 0 1  

2 . 08E 0 1  

1 . UE 0 1  

7 . 12E 00 

Liver Dose 
(Rem) 

8 . 29E 00 

8 . 06E 00 

7 . 83E 00 

7 . 62E 00 

5 . 80E 00 

4 . 7JE 00 

4 . 43E 00 

2 . J9E 00 

1 . 50E 00 

Whol e-Body 
Equiva lent Dose 

(Rem) 

5 . 20E 00 

4 . 95E 00 

4 . 7 l E 00 

4 . 48E 00 

2 . 86E 00 

2 . 1 5 E  00 

1 . 98E 00 

9 . 7 1 E-Ol 

5 . 97E-Ol 

Population 
Exposed 
(Number )  

7 . 1 00E 0 4  

8 . JOOE 0 4  

9 . 500E 0 4  

1 . 070E 05 

1 . 560E 05 

1 . 930E 05 

2 . 060E 05 

2 . 300E 05 

2 . 300E 05 

TABLE B-Sl 

Whole-Body 
Equiva l ent Dose 

(Man-Rem) 

7 . J9E 04 

8 . 22E 04 

8 . 95E 04 

9 . 59E 04 

8 . 92E 04 

8 . 30E 04 

8 . 1 6E 04 

4 . HE 04 

2 . 75E 04 

ACCIDENTAL RELEASE AT THE ICPP DUE TO AIRCRAFT IMPACT 
ALTERNATIVE 5 - RETRIEVAL DELAYED 500 YEARS 

Range 
Hea l th 

Effects 

5 . 54E 00 
1 . 70E 01 
6 . 1 6E 00 
1 . 89E 01 
6 . 7 1 E  00 
2 . 06E 01 
7 . 1 9E 00 
2 . 2 l E  01 
6 . 69E 00 
2 . 05E 01 
6 . 22E 00 
1 . 9 1 E  01 
6 . 1 2E 00 
1.  88E 01 
3 . 3!lE 00 
1 . 0JE 0 1  
2 . 06E 00 
6 . 32E 00 

Probabi l i ty 
of Event 

(Events/Yea r )  

2 . 000E -07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E -07 

2 . 000E-07 

2 . 000E -07 

2 . 000E -07 

50-Yea r Dose Commitment to Maximum Individual Populat ion Effects 

Tot a l  Body 
Dose 

(Rem) 

1 . 94E 00 

1 . 88E 00 

1 . 81E 00 

1 .  75E 00 

1 . 25E 00 

9 . 98E-01 

9 . 28E-Ol 

4 . 9 1E - 0 1  

3 . 08E-Ol 

2 . 95E-Ol 

1 . 98E-Ol 

1 . 52E-Ol 

Lung Dose 
( Rem) 

2 . 09E 0 1  

1 . 96E 0 1  

1 . 82E 0 1  

1 . 70E 0 1  

8 . 9 1 E  00 

5 . 94E 00 

5 . 26E 00 

2 . 1 2E 00 

1 . 2JE 00 

1 . l 7E 00 

7 . 5 1 E - O l  

5 . 59E-Ol 

Bone 
Surface 

Dose (Rem) 

J . 87E 0 1  

J . 77E 0 1  

J . 66E 0 1  

J . 57E 0 1  

2 . 72E 0 1  

2 . 22E 0 1  

2 . 08E 0 1  

1 . 13E 0 1  

7 . 12E 00 

6 . 80E 00 

4 . 57E 00 

J . 50E 00 

Liver Dose 
(Rem) 

8 . 29E 00 

8 . 06E 00 

7 . 83E 00 

7 . 62E 00 

5 . 80E 00 

4 . 73E 00 

4 . 43E 00 

2 . 39£ 00 

1 . 50E 00 

1 . HE 00 

9 . 53E-Ol 

7 . 24E-Ol 

Whole-Body 
Equiva lent Dose 

(Rem) 

5 . 20E 00 

4 . 95E 00 

4 . 7 1 E  00 

4 . 48E 00 

2 . 86E 00 

2 . 15E 00 

1 . 911E 00 

9 . 7 1 E - O l  

5 . 97E-Ol 

5 . 69E-Ol 

3 . 78E-Ol 

2 . 87E-Ol 

Population 
Exposed 
(NUlllber) 

7 . 1 00E 04 

8 . 300E 04-

9 . 500E 04 

1 . 070E 05 

1 . 560E 05 

1 . 930E 05 

2 . 060E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300f. 05 

2 . 300E 05 

2 . 300E 05 

Whole-Body 
Equiva lent Dose 

(Man-Rem) 

7 . 38E 04 

8 . 22E 04 

8 . 95E 04 

9 . 59E 04 

8 . 92E 04 

8 . 30E 04 

8 . 1 H 04 

4 . 47E 04 

2 . 75E 04 

2 . 62E 04 

1 . 74E 04 

1 . J2E 04 

Range 
Hea lth 

E ffects 

5 . 54E 00 
1 . 70E 0 1  
6. 1 6E 00 
1 . 89E 0 1  
6 . 7 1 E  00 
2 . 06E 0 1  
7 . 19E 00 
2 . 2 1 E  0 1  
6 . 69E 0 0  
2 . 05E 0 1  
6 . 22E 00 
1 . 9 1 E  0 1  
6 . l 2E 0 0  
1 . 88E 0 1  
J . J5E 00 
1 . 0JE 0 1  
2 . 06E 00 
6 . J2E 00 
1 . 96E 00 
6 . 02E 00 
1 . JOE 00 
4 . 00E 00 
9 . 90E-Ol 
3 . 04E 00 

Probabi 1i ty 
of Event 

(Events/Year)  

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2 . 000E-07 

2. 000E-07 

Populat ion 
R i s k  

(Han-Rem/Yea r )  

1 . 48E-02 

1 . 64E-02 

1 . 79£-02 

1 . 92E-02 

1 . 78E-02 

1 . 66E-02 

1 . 63E-02 

8 . 93E-03 

5. 49E-03 

Population 
Risk 

(Man-Rem/Year) 

1 . 48E-02 

1 . 64E-02 

1 . 79E-02 

1 . 92E-02 

1 . 78E-02 

1 . 66E-02 

1 . 63E-02 

8 . 93E-03 

5 . 49E-03 

5 . 23E-OJ 

3 . 48E-OJ 

2. 64E-OJ 



B . l . l . l . 6 . 4  Severe Geologic Disruption 

Data for releases  resulting from a s evere geologic disruption at 

the ICPP include effects for the implementation of Alternative 1 ,  Alter

native 2 (pelletization and vitrification) , Alternative 4 ,  and Alterna

tive 5 ( retrieval delayed 100 years , 300 years , and 500 years ) .  No data 

were calculated for the effects of volcanic activity , tornadoes , earth

quakes , and floods , s ince the severe geologic disruption event causes 

maximum effects on the public . 
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Year of  
Exposure 

t7j 

1990. 

2000. 

2010 .  

2020. 

2060. 

2 1 00 .  

2200 . 

2300 . 

2400. 

0. 2500. 

00 2600. 

2700. 

2800. 

2900. 

3000. 

4000. 

7000. 

1 2000. 

22000. 

52000. 

1 02000 . 

202000. 

502000. 

1002000. 

TABLE B-82 

ACCIDENTAL RELEASE AT THE I CPP DUE TO SEVERE GEOLOGIC DI SRUPTION 
ALTERNATIVE I 

50-Yea r Dose Commitment to Maximum I nd ividua l Populat ion E f fects 

Tota l Body 
Dose 

(Rem) 

4 . 80E 00 

7 . 10E 00 

8 . 90E 00 

1 . 03E 0 1  

5 . 40E 00 

3 . 27E 00 

1 . 38E 00 

7 . 69E-Ol 

5. 1 2E-Ol 

3 . 81E-Ol 

3 . 1 1E-Ol 

2 . 6 1E-Ol 

2 . 3 1E-Ol 

2 . 1 1 E-O l 

1 . 9 1E-Ol 

1 . 01 E-Ol 

7 . 26E-02 

5 . 58E-02 

3 . 62E-02 

1 . 5 1 E-02 

7 . 20E-03 

5 . 00E-03 

3 . 00E-03 

9 . 70E-04 

Lung Dose 
(Rem) 

2 . 1 4 E  01 

3 . 05E 0 1  

3 . 76E 0 1  

4 . 4 7E 0 1  

2 . l3E 0 1  

1 . 4 1 E  0 1  

5 . 5 1 E  00 

3 . 00E 00 

1 . 90E 00 

1 . 40E 00 

1 . 10E 00 

9 . 3 1 E -Ol 

8 . 1 1 E-Ol 

7 . 3 1E-Ol 

6 . 6 1 E-Ol 

3 . 72E-Ol 

2 . 55E-Ol 

1 . 98E-Ol 

1 . 3 1 E-Ol 

6 . 70E-02 

3 . 80E-02 

3 . 09E-02 

2 . 20E-02 

1 . 1 4E-02 

Bone 
Surface 

Dose (Rem) 

5 . 80[ 01 

8 . 60[ 01 

1 . 10[ 02 

1 . 3Z[ 02 

8 . 50E 01 

5 . 99[ 0 1  

2 . 96E 0 1  

1 . 8 1 [  0 1  

1 . 20[ 0 1  

8 . 82[ 00 

7 . 12[ 00 

6 . 1 1 [  00 

5 . 4 1 [  00 

4 . 81[ 00 

4 . 4 1 [  00 

2 . 50E 00 

1 . 80[ 00 

1 . 30E 00 

8 . 52E-Ol 

3 . 24E-Ol 

1 . 05E-Ol 

4 . 52E-02 

2 . 68E-02 

1 . 1 2E-02 

Liver Dose 
(Rem) 

9 . 70[ 00 

1 . 42E 0 1  

1 . 87E 01 

2 . 3 1E 0 1  

1 . 62[ 0 1  

1 . 15E 01 

6 . 25[ 00 

3 . 71E 00 

2 . s 1 [  00 

1 . 80[ 00 

1 . 50E 00 

1 . 20E 00 

1 . 10E 00 

9 . 73[-01 

8 . 83E-Ol 

4 . 9 1 [ -01 

3 . 4 1 E-Ol 

2 . 6 1E-Ol 

1 . 6 1 [-01 

6 . 27E-02 

2 . 03E-02 

9 . 00E-03 

5 . 20[-03 

1 . 99E-03 

Who le-Body 
Equivalent Dose 

(Rem) 

4 . 23[ 01 

6 . 03[ 01 

7 . 1 s[ 0 1  

8 . 4sE 0 1  

3 . 39[ 0 1  

1 . s8[ 01 

3 . 56[ 00 

1 . 6 1 [  00 

9 . 94[-01 

7 . 24[-01 

5 . 83[ -01 

4 . 93[-01 

4 . 33[-01 

3 . 93[-01 

3 . 53E-Ol 

2 . 02[-01 

1 . 42E-Ol 

1 . 03E-Ol 

6 . 9sE-02 

2 . 96E-02 

1 . 36E-02 

9 . 01 E-03 

5 . 75[-03 

2 . 38E-03 

Populat ion 
Exposed 
(Number )  

7 . l OO[ 04 

8 . 300[ 04 

9 . s00[ 04 

1 . 070[ 05 

1 . s60[ OS 

2 . 060[ 05 

2 . 300E 05 

2 . 300[ OS 

2 . 300[ 05 

2 . 300[ OS 

2 . 300[ OS 

2 . 300[ 05 

2 . 300[ OS 

2 . 300[ OS 

2 . 300[ OS 

2 . 300[ OS 

2 . 300E OS 

2 . 300[ OS 

2 . 300E OS 

2 . 300E OS 

2 . 300[ 05 

2 . 300[ OS 

2 . 300[ 05 

2 . 300E 05 

Whole-Body 
Equiva l ent Dose 

(Han-Rem) 

1 . 80[ 06 

3 . 00[ 06 

4 . 08[ 06 

s . 42[ 06 

3 . l 7[ 06 

1 . 9S[ 06 

4 . 9 1 [  05 

2 . 22[ 05 

1 . J7 [  05 

9 . 99E 04 

8 . 0S[ 04 

6 . 80[ 04 

s . 98[ 04 

s . 42[ 04 

4 . 87[ 04 

2 . 79E 04 

1 . 9h[ 04 

1 . 42[ 04 

9 . s9[ 03 

4 . 08E OJ 

1 . 88E 03 

1 . 24[ 03 

7 . 93[ 02 

3 . 28E 02 

Range 
Hea lth 

Ef fects ---
1 . 35E 02 
4 . 1 4 E 02 
2 . 2�E 02 
6 . 9 1 [  02 
3 . 06[ 02 
9 . 37[ 02 
4 . 07E 02 
1 . 2s[ OJ 
2 . 3Q[ 02 
7 . JO[ 02 
1 . 41)[ 02 
4 . 49[ 02 
J . 6Q[ 0 1  
1 . 1 JE 0 2  
1 . 67[ 01 
s o l l [ 01 
1 . 0J[ 01 
3 . 1 s[ 0 1  
7 . 49[ 00 
2 . JOE 0 1  
6 . 0J[ 00 
1 . 8s[ 0 1  
s . 1 0[ 00 
1 . s6[ 0 1  
4 . 48E 00 
1 . 37[ 0 1  
4 . 07[ 00 
1 . 2s[ 0 1  
J . 6SE 00 
1 . 1 2 [  01 
2 . 09E 00 
6 . 4 1 [ 00 
1 . 4 7E 00 
4 . s 1 [  00 
1 . 07[ 00 
3 . 27[ 00 
7 . 1 9[-01 
2 . 2 1[ 00 
3 . 06[-01 
9 . 40[-01 
1 . 41[-01 
4 . J2[ -01 
9 . 33[-02 
2 . 86[-01 
s . 95E-02 
1 . 83[-01 
2 . 46E-02 
7. 55E-02 

Probab i l ity 
o f  Event 

(Events/Yea r )  

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 .  000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000E-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000[-08 

1 . 000E-08 

Population 
Risk 

(Han-Rem/Yea r )  

1 . 80[-02 

3 . 00[-02 

4 . 08[-02 

5 . 42[-02 

3 . 1 7[-02 

1 . 95[-02 

4 . 9 1 [-03 

2 . 22[-03 

1 . 37[-03 

9 . 99E-04 

8 . 05E-04 

6 . 80[-04 

5 . 98[-04 

5 . 42[-04 

4 . 87[-04 

2 . 79E-04 

1 . 96[-04 

1 . 42E-04 

9 . 59[-05 

4 . 08E-05 

1 . 88E-05 

1 . 24E-05 

7 . 93[-06 

3. 28E-06 



Yea r o f  
Exposure 

1 990 . 

2000 . 

2010.  

2020. 

2060. 

2 100. 

2200. 

2300 . 

2400. 

� 2500. V1 \0 2600. 

2700 . 

2800. 

2900 . 

3000 . 

4000. 

7000 . 

1 2000 . 

22000. 

52000 . 

102000 . 

202000. 

502000 . 

1 002000 . 

TABLE B-83 

ACCI DENTAL RELEASE AT THE ICPP DUE TO SEVERE GEOLOG I C  DISRUPT ION 
ALTERNAT I VE 2 - PELLET I ZE CALC I NE 

50-Year Dose Commitment to Maximum I nd i v i d u a l  Popu l a t i on E [ fects 

Tota l Body 
Dose 

(Rem) 

4 . BOE 00 

7 . t OE 00 

8 . 90E 00 

1 . 03E 0 1  

5 . 40E 00 

3 . 27E 00 

1 . 38E 00 

7 . 69E-Ol 

5 . 1 2E-OI 

3 . 8 IE-O I 

3 .  I 1E-OI 

2 . 6 IE-Ol 

2 . 3 1E-OI 

2 . 1 1E-OI 

1 . 9IE-Ol · 

1 . 0I E-Ol 

7 . 26E-02 

5 . 58E-02 

3 . 62E-02 

1 . 5 IE-02 

7 . 20E-03 

5 . 00E-03 

3 . 00E-03 

9 . 70E-04 

Lung Dose 
( Rem) 

2 . 14E 0 1  

3 . 0SE 01 

3 . 76E 0 1  

4 . 47E 0 1  

2 . 33E 01 

1 . 4 1 E  01 

5 . 5 1 E  00 

3 . 00E 00 

1 . 90E 00 

1 . 40E 00 

I . IOE 00 

9 . 3 I E-Ol 

8. I 1E-OI 

7 . 3 I E-OI 

6 . 6 I E-OI 

3 . 72E-�1 

2 . 55E-Ol 

1 . 98E-�1 

1 . 3 1 E-Ol 

6 . 70E-02 

3 . 80E-02 

3 . 09E-02 

2 . 20E-02 

1 . 1 4E-02 

Bone 
S u r fa ce 

Dose (Rem) 

5 . 80E 0 1  

8 . 60E 0 1  

I . IOE 02 

1 . 32E 02 

8 . 50E 01 

5 . 99E 01 

2 . 96E 01 

1 . 8 1 E  0 1  

1 . 20E 0 1  

8 . 82E 00 

7 . 1 2E 00 

6 . 1 1 E 00 

5 . 4 1E 00 

4 . 8 1 E  00 

4 . 4 1 E  00 

2 . 50E 00 

1 . 80E 00 

1 . 30E 00 

8 . 52£-01 

3 . 24E-OI 

1 . 05E-OI 

4 . 52E-02 

2 . 68E-02 

1 . 1 2E-02 

L i ve r  Dose 
( Rem) 

9 . 70E 00 

1 . 42E 0 1  

1 . 87E 0 1  

2 . 3 1E II I  
1 . 62E 0 1  

1 . 15E 0 1  

6 . 25f 0 0  

3 . 7 1 E  0 0  

2 . 5 1 E  00 

1 . 80E 00 

1 . 50E 00 

1 . 20E 00 

I . I OE 00 

9 . 73E-OI 

8 . 83E-OI 

4 . 9 I E-OI 

3 . 4 I E-OI 

2 . 6 1E-O l  

1 . 6IE-OI 

6 . 27E-02 

2 . 03E-02 

9 . 00E-03 

5 . 20E-03 

1 . 99E-03 

Who l e- Body 
Equ iva l en t  Dose 

(Rem )  

4 . 23E 01 

6 . 03E 01 

7 . 1 5E 01 

8 . 45E 01 

3 . 39E 0 1  

1 . 58E 0 1  

3 . 56E 00 

1 . 6 1 E  00 

9 . 94E-OI 

7 . 24E-OI 

5 . 83E-OI 

4 . 93E-OI 

4 . 33E-OI 

3 . 93E-OI 

3 . 53E-OI 

2 . 02E-OI 

1 . 42E-OI 

1 . 03E-Ol 

6 . 95E-02 

2 . 96E-02 

1 . 36E-02 

9 . 0 I E-03 

5 . 75E-03 

2 . 38E-03 

Pop u l a t ion 
Exposed 
(Numbe r )  

7 . 1 00E 0 4  

8 . 300E 0 4  

9 . 500E 04 

1 . 070E 05 

1 . 560E 05 

2 . 060E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

2 . 300E 05 

Who l e - Body 
E,!u i va l en t  Dose 

( Man-Rem) 

1 . 80E 06 

3 . 00E 06 

4 . 08E 06 

5 . 42E 06 

3 . 1 7E 06 

1 0 95E 06 

4 . 9 1 E  05 

2 . 22E 05 

1 . 37E 05 

9 . 99E 04 

8 . 05E 04 

6 . 80E 04 

5 . 98E 04 

5 . 42E 04 

4 . 87E 04 

2 . 79E 04 

1 . 96E 04 

1 . 42E 04 

9 . 59E 03 

4 . 08E 03 

1 . 8SE 03 

1 . 24E 03 

7 . 93E 02 

3 . 2aE 02 

Range 
Hea l th 

E f fec t s 

1 . 35E 0 2  
4 . 1 4E 0 2  
2 . 25E 0 2  
6 . 9 1 E  0 2  
3 . 0'<'E 0 2  
9 . 37E 0 2  
4 . 0][ 0 2  
1 .  2 5 E  0 3  
2 . 38E 0 2  
7 . 30E 0 2  
1 . 46E 0 2  
4 . 4 9E 0 2  
3 . baE 0 1  
I . UE 0 2  
1 . 67E 0 1  
5 . 1 1 E 0 1  
1 . 03E 0 1  
3 . 1 5E 0 1  
7 . 49E 00 
2 . 30E 0 1  
6 . 03E 00 
1 . 85E 0 1  
5 . t OE 00 
1 . 56E 0 1  
4 . 48E 00 
1 . 37E 0 1  
4 . 07E 00 
1 . 25E 0 1  
3 . 65E 00 
1 . 12E 0 1  
2 . 09E 00 
6 . 4 1 E  00 
1 . 47E 00 
4 . 5 1 E 00 
1 . 07E 00 
3 . 27E 00 
7 . 1 9E-OI 
2 . 21E 00 
3 . 06E-OI 
9 . 40E-OI 
1 . 4 I E -OI 
4 . 32E-OI 
9 . 33E-02 
2 . 86E-OI 
5 . 95E-02 
1 .  83E-OI 
2 . 4'<'E-02 
7 . 55E-02 

P rohab i l i ty 
of Event 

(Even t s / Y,>a F1 
1 . 000E-08 

1 . 000E-08 

1 0 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

Popu l a t i on 
R i s k  (Man-Re� Yea r )  

1 . 80E-02 

3 . 00E-02 

4 . 08E-02 

5 . 42E-02 

3. 1 7E-02 

1 . 95E-02 

4 . 9 I E-03 

2 . 22E-03 

1 . 37E-03 

9 . 99E-04 

8 . 05E-04 

6 . 80E-04 

5 . 98E-04 

5 . 42E-04 

4 . 87E-04 

2 . 79E-04 

1 . 96E-04 

1 . 42E-04 

9 . 59E-05 

4 . 08E-05 

1 . 88E-05 

1 . 24E-05 

7 . 93E-06 

3 . 28E-06 



Yea r o f  
Exposure 

1 990 . 

2000 . 

2 0 1 0 .  

2020 . 

2060 . 

2 1 0 0 .  

220 0 .  

'=:=' 2300 . 

g; 2400 . 

2500 . 

2600 . 

270 0 .  

2800 . 

2900 . 

3000 . 

4000 . 

7000 . 

1 2000 . 

22000 . 

5200 0 .  

1 0200 0 .  

202000 . 

502000 . 

1 002000 . 

TABLE B-84 

ACC I DENTAL RELEASE AT THE I CPP DUE TO SEVERE GEOLOGI C  DISRUPTION 
ALTERNATI VE 2 - VITRIFY CALC INE 

50-Year Dose Commi tment to Hax imum I nd iv idua l Popu l a t i on E f fects 

Tot a l  Body 
Dose Lung Dose 

( Rem) (Rem) 

4 . 80[ 00 

7 . 1 0[ 00 

8 . 90[ 00 

1 . 03E 0 1  

5 . 40[ 0 0  

3 . 27[ 00 

1 . 38[ 00 

7 . 69[-01 

5 . 1 2[-01 

3 . 8 1[-01 

3 . 1 1 [-01 

2 . 6 1[-01 

2 . 3 1[-01 

2 . 1 1 [-01 

1 . 9 1[-01 

1 . 0 1[-01 

7 . 26[-02 

5 . 58[-02 

3 . 62[-02 

1 . 5 1[-02 

7 . 20[-03 

5 . 00[-03 

3 . 00[-03 

9 . 70E-04 

2 . 1 4[ 0 1  

3 . 05[ 0 1  

3 . 76[ 0 1  

4 . 47[ 0 1  

2 . 33[ 0 1  

1 . 4 1 [  0 1  

5 . 5 1 [  00 

3 . 00[ 00 

1 . 90[ 00 

1 . 40[ 00 

1 . 1 0[ 00 

9 . 3 1[-01 

8 . 1 1 [-01 

7 . 3 1 [ - 0 1  

6 . 6 1 [ - 0 1  

3 . 72[-01 

2 . 55[-0 1 

1 . 99[-01 

1 . 3 1[-01 

6 . 70[-02 

3 . 80[-02 

3 . 09[-02 

2 . 20[-02 

1 . 1 4[-02 

Bone 
Surface 

Dose (Rem) 

5 . 80[ 01 

8 . 60[ 0 1  

1 . 1 0[ 02 

1 . 32[ 02 

8 . 50[ 0 1  

5 . 99[ 0 1  

2 . 96[ 0 1  

1 . 8 1 [  0 1  

1 . 20[ 0 1  

8 . 82[ 0 0  

7 . 1 2[ 0 0  

6 . 1 1 [ 0 0  

5 . 4 1 [  0 0  

4 . 8 1 [  0 0  

4 . 4 1 £  00 

2 . 50[ 00 

1 . 80[ 00 

1 . 30[ 00 

8 . 52[-01 

3 . 24[-01 

1 . 05[-01 

4 . 52[-02 

2 . 68[-02 

1 . 1 2[-02 

Live r  Dose 
(Rem) 

9 . 70[ 00 

1 . 42[ 0 1  

1 . 87[ 0 1  

2 . 3 1 [  0 1  

1 . 62[ 0 1  

1 . 15[ 0 1  

6 . 25[ 0 0  

3 . 7 1 [  0 0  

2 . 5 1 [  00 

1 . 80[ 00 

1 . 50[ 00 

1 . 20[ 00 

1 . 1 0[ 00 

9 . 73[-0 1 

8 . 83[-01 

4 . 9 1 [-01 

3 . 4 1 [- 0 1  

:;; . 6 1[-01 

1 . 6 1[-01 

6 . 27[-02 

2 . 03[-02 

9 . 00[-03 

5 . 20[-03 

1 . 99[-03 

Who le-Body 
Equ iva lent Dose 

(Rem) 

4 . 23E 0 1  

6 . 03[ 0 1  

7 . 1 5[ 0 1  

8 . 45[ 0 1  

3 . 39[ 0 1  

I . S8[ 0 1  

3 . 56[ 00 

1 . 61[ 00 

9 . 94[-01 

7 . 24[- 0 1  

5 . 83[- 0 1  

4 . 93[-01 

4 . 33[-01 

3 . 93[-01 

3 . 53[-01 

2 . 02[-01 

1 . 42[-01 

1 . 03[-01 

6 . 95[-02 

2 . 96[-02 

1 . 36[-02 

9 . 0 1 [-03 

5 . 75[-03 

2 . 38[-03 

Pop u l a t i on 
Exposed 
(NumheEL 

7 . 1 00[ 0 4  

a . 300[ 0 4  

9 . 500[ 04 

1 . 070[ 05 

1 . 560[ 05 

2 . 060[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

2 . 300[ 05 

Who le-Body 
Equivalent Dose 

(Han-Rem) 

1 . 80[ 06 

3 . 00[ 06 

4 . 09[ 06 

5 . 42[ 06 

3 o l7[ 06 

1 . 95[ 06 

4 . 9 1 [  05 

2 . 22[ 05 

1 . 37[ 05 

9 . 99[ 04 

8 . 05[ 04 

6 . 80[ 04 

5 . 98[ 04 

5 . 42[ 04 

4 . 87[ 04 

2 . 79[ 04 

1 . 96[ 04 

1 . 42[ 04 

9 . 59[ 03 

4 . 08[ 03 

1 . 88[ 03 

1 . 24[ 03 

7 . 93[ 02 

3 . 28[ 02 

Range 
Hea l th 

E f fect s ---
1 . 3:';[ 02 
4 . 1 4[ 02 
., "')[ 0" 6 : 91 [  02 
3 . 0"'[ 02 
9 . 37[ 02 
4 . 07[ 02 
1 . 25[ 0 3  
2 . 38[ 02 
7 . 30[ 02 
1 . 46[ 02 
4 . 49[ 02 
3 . 68[ 01 
I . D[ 02 
1 . 67[ 0 1  
5 o l 1 [  0 1  
1 . 03[ 0 1  
3 . 1 5[ 0 1  
7 . 49[ 00 
2 . 30[ 0 1  
6 . 03[ 00 
1 . 85[ 0 1  
5 . 10[ 00 
1 . 56[ 0 1  
4 . 48[ 00 
1 . 37[ 0 1  
4 . 07[ 00 
1 . 25[ 0 1  
3 . 65[ 00 
1 . 1 2[ 0 1  
2 . 09[ 00 
6 . 4 1 [  00 
1 . 47[ 00 
4 . 5 1 [  00 
1 . 07[ 00 
3 . 27[ 00 
7 . 1 9[-01 
2 . 2 1 [  00 
3 . 06[-01 
9 . 40[ - 0 1  
1 . 4 1 [ - 0 1  
4 . 32[ - 0 1  
9 . 33[-02 
2 . 86[-0 1  
5 . 95[-02 
1 . 83[-01 
2 . 46[-02 
7 . 55[-02 

P ro!Jab i l  i ty 
o f  Event 

(Events/Yea r )  

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

1 . 000[-08 

Popu l a t i on 
R i s k  

(Han-Rem/Yea r )  

1 . 80[-02 

3 . 00[-02 

4 . 08[-02 

5 . 42[-02 

3 . 1 7[-02 

1 . 95[-02 

4 . 9 1 [-03 

2 . 22[-03 

1 . 37[-03 

9 . 99[-04 

8 .05[-04 

6 . 80[-04 

5 . 98[-04 

5 . 42[-04 

4 . 87[-04 

2 . 79[-04 

1 . 96[-04 

1 . 42[-04 

9 . 59[-05 

4 . 08[-05 

1 . 88[-05 

1 . 24[-05 

7 . 93[-06 

3 . 28[-06 



TABLE B-85 

ACCIDENTAL RELEASE AT THE I CPP DUE TO SEVERE GEOLOGIC DISRUPTION 
ALTERNATIVE 4 

50-Yea r Dose Commitment to Haximum I nd ividua l Populat ion E f fects 

Tota l Body Bone Whole-Body Population Who le-Body Range Proba b i l i t y  Populat ion 
Year of Dose Lung Dose Surface Liver Dose Equiva lent Dose Exposed Equiva lent Dose Hea lth of Event R i s k  

Exposure ( Rem) (Rem) Dose (Rem) (Rem_) _  ( Rem) (Numbe r) Ulan-Rem) E f fects (Events/Yea r )  (Man-Rem/Yea r )  

1 990. 4 . 80E 00 2 . 1 4[ 0 1  5 . 80[ 01 9 . 70[ 00 4 . 23[ 01 7 . 1 00[ 04 1 . 80[ 06 1 . 3r,[ 02 1 . 000[-08 1 . 80[-02 
4 . 1 4 [  02 

2000. 4 . 52[ 00 1 . 95[ 0 1  2 . 86[ 01 2 . 37[ 00 5 . U[ 0 1  8 . 300[ 04 2 . 70E 06 2 . 0JE 02 1 . 000[-08 2 . 70[-02 
6 . 22E 02 

2010 .  5 . 6 1 E  00 2 . 46[ 01 3 . 58f 0 1  2 . 9 1 [  00 6 . 40[ 01 9 . 500[ 04 3 . 65[ 06 2 . 74[ 02 1 . 000[-08 3 . 65[-02 
8 . 39E 02 

2020. 6 . 39[ 00 2 . 77[ 01 4 . 09[ 0 1  3 . 24 [  00 7 . 53[ 0 1  1 . 070[ 05 4 . 8lE 06 3 . 61f 02 1 . 000[-08 4 . 83[-02 
1 . U [ 03 

2060. 2 . 42[ 00 1 . 03[ 01 1 . 54[ 01 1 . 29[ 00 2 . 79[ 0 1  1 . 560[ 05 2 . 6 1 E  06 1 . 96E 02 1 . 000E-08 2 . 6 1 [-02 
6 . 01 E  02 

2 1 00 .  9 . 37[-01 4 . 0 1 [  00 5 . 94[ 00 4 . 98[-01 1 . U [ 01 2 . 060E 05 1 . 37E 06 1 . 03E 02 1 . 000[-08 1 . 37[-02 
3 . 1 6E 02 

tI:l 2200. 8 . 82[-02 3 . 7 1[-01 5 . 48[-01 5 . 1 7[-02 1 . 10E 00 2 . 300E 05 1 . 52E 05 1 . HE 01 1 . 000E-08 1 . 52[-03 
I 3 . 49[ 01 0\ 2500. 3 . 54[-04 6 . 1 4[-04 2 . 58[-03 1 . 00[-03 2 . 85E-03 2 . 300[ 05 3 . 93E 02 2 . 95E-02 1 . 000[-08 3 . 93[-06 � 9 . 05E-02 

3000. 2 .  38E-04 2 . 06[-04 1 . 26[-03 7 . 60[-04 1 . 69[-03 2 . 300[ 05 2 . 33[ 02 1 . 75[-02 1 . 000[-08 2 . 33[-06 
5 . 36E-02 

4000 . 2 . 22[-04 1 . 70[-04 8 . 90[-04 6 . 79[-04 1 . 65[-03 2 . 300[ 05 2 . 28[ 02 1 . 7 1 [ -02 1 . 000[-08 2 . 28[-06 
5 . 24[-02 

7000. 2 . 1 5[-04 1 . 95[-04 7 . 30[-04 6 . 38£-04 1 . 63[-03 2 . 300[ 05 2 . 25[ 02 1 . 69[-02 1 . 000[-08 2 . 25[-06 
5 . 1 7E-02 

1 2000 . 2 . 02[-04 2 . 43[-04 6 . 40[-04 6 . 1 2[-04 1 . 59E-03 2 . 300[ 05 2 . 1 9[ 02 ! . 65f-02 1 . 000[-08 2 . 1 9[-06 
. 05 -02 

22000. 1 . 98[-04 2 . 98[-04 5 . 30E-04 5 . 83[-04 1 . 52[-03 2 . 300E 05 2 . 10E 02 1 . 57E-02 1 . 000[-08 2 . 10E-06 
4 . 82[-02 

52000. 1 . 73[-04 3 . 79[-04 3 . 95[-04 5 . 1 3[-04 1 . 33[-03 2 . 300[ 05 1 . B4E 02 1 . 38[-� 1 . 000[-08 1 . 84£-06 

102000. 
4 . 22[- 2 

1 . 5 1 [-04 4 . 47[-04 3 . 00[-04 4 . 24[-04 1 . 09[-03 2 . 300E 05 1 . 50E 02 1 . 1 3E-02 1 . 000[-08 1 . 50[-06 
3 . 46[-02 

202000. 1 . 1 1 [-04 4 . 66[-04 2 . 08[-04 3 . 1 2[-04 7 . 27[-04 2 . 300E 05 1 . 00[ 02 7 . 52[-03 1 . 000[-08 1 . 00[-06 

502000 . 4 . 1 5[-05 
2 . 31 E-02 

3 . 50[-04 8 . 40[-05 1 . 2 1 [-04 2 . 67[-04 2 . 300[ 05 3 . 68E 0 1  2 . 76[-03 1 . 000[-08 3 . 68E-07 
B . 47[-03 

1 002000 . 9 . 83[-06 1 . 82[-04 2 . 03[-05 2 . 65[-05 7 . 66[-05 2 . 300E 05 1 . 06[ 0 1  7 . 93[-04 1 . 000[-08 1 . 06E-07 
2 . 43[-03 



txI I aN 

Yea r of  
Exposure 

1990. 

2000. 

2010. 

2020 . 

2060 . 

2 100 . 

Yea r of 
Exposure 

1 990. 

2000 . 

201 0 .  

2020 . 

2060. 

2 1 00 .  

2200. 

2300 . 

TABLE B-86 

ACCIDENTAL RELEASE AT THE ICPP DUE TO SEVERE GEOLOGIC DISRUPTION 
ALTERKATIVE 5 - RETRIEVAL DELAYED 100 YEARS 

50-Year Dose Commitment to Haximu. Individual Population Effects 

Total Body 
Dose Lung Dose 

(Rem) �Rem) 

4 . 80E 00 2 . 1 4E 0 1  

7 . IOE 00 3 . 05E 01 

1 . 90E 00 3 . 76E 01 

1 . 0lE 01 4 . 47E 0 1  

5 . 40E 00 2 . 33E 01 

3 . 27E 00 1 . 4 1E 0 1  

Bone Whole-Body Population Whole-Body 
Surface Liver Dose Equiva lent Dose Exposed Equiva lent Dose 

Dose �Rem� (Rem) �RetII� (Nu.ber) (Han-Rem) 

S . 80E 0 1  9 . 70E 00 4 . 23E 01 7 . 1 00E 04 1 . 80E 06 

8 . 60E 01 1 . 42E 01 6 . 03E 0 1  8 . 300E 04 3 . 00E 06 

I . IOE 02 1 . 17E 0 1  7 . 15E 0 1  9 . 500E 04 4 . 08E 06 

1 . 32E 02 2 . 3 1 E  0 1  8 . 45E 0 1  1 . 070E 0 5  5 . 42E 0 6  

1 . 50E 0 1  1 . 62E 0 1  3 . 39E 0 1  1 . 560E 0 5  3 . 1 7E 06 

5 . 99E 0 1  I . ISE 0 1  I . S8E 0 1  2 . 060E 05 1 . 95[ 06 

TABLE B-87 

ACC I DENTAL RELEASE AT THE I CPP DUE TO SEVERE GEOLOGIC DISRUPTI ON 
ALTERNAT I VE 5 - RETRlEVAL DELAYED 300 YEARS 

Range 
Health 

Effects 

1 . 3:1E 02 
4 . 14E 02 
2 . 25E 02 
6 . 9 1 E  02 
3 . 06E 02 
9 . 37E 02 
4 . 07E 02 
1 . 2:1[ 03 
2 . 39E 02 
7 . 30E 02 
1 . 46E 02 
4 . 49E 02 

50-Year Dose Commitment to Maximum Ind ividua l Popu l a t i on Ef fects 

Total Body Bone Who le-Body Population Who le-Body Range 
Dose Lung Dose Surface Liver Dose Equiva lent Dose Exposed Equivalent Dose Hea l th 

(Rem) (Rem) Dose (Rem) (Rem) (Rem) (Nu.ber)  (Han-Rem) Effects 

4 . 80E 00 2 . 1 4E 0 1  5 . 80E 0 1  9 . 70E 00 4 . 23[ 0 1  7 . 1 00E 04 1 . 80[ 06 1 . 3�[ 02 
4 . 1 4[ 02 

7 . I OE 00 3 . 05E 01 8 . 60E 0 1  1 . 42E 0 1  6 . 0lE 0 1  a . 300E 04 3 . 00[ 06 2 . 25E 02 
6 . 9 1 E  02 

8 . 90E 00 3 . 76E 01 I . IOE 02 1 . 87E 0 1  7 . 1 5E 0 1  9 . 500[ 0 4  4 . 08[ 06 3 . 06[ 02 
9 . 37[ 02 

1 .0lE 01  4 . 47E 0 1  1 . 32E 0 2  2 . 31 E  0 1  1 . 45E 0 1  1 . 070E 05 5 . 42E 06 4 . 07[ 02 
1 . 25E 03 

5 . 40E 00 2 . 33E 0 1  8 . 50E 0 1  1 . 62E 0 1  3 . 39E 0 1  1 . 560E 0 5  3 . 1 7E 0 6  2 . 39E 0 2  
7 . 30E 02 

3 . 27E 00 1 . 41 E  0 1  5 . 99E 0 1  1 . 1 5E 0 1  l . 58E 0 1  2 . 060E 0 5  1 . 95E 0 6  1 . 46[ 02 
4 . 49E 02 

1 . 38E 00 5 . 5 1 E  00 2 . 96£ 01 6 . 25E 00 3 . 56E 00 2 . 300E 05 4 . 9 1E 05 3 . 68E 0 1  
1 . I lE 0 2  

7. 69E-OI 3 . 00E 00 I . I I E  0 1  3 . 7 1 E  00 1 . 6tE 00 2 . 300E 05 2 . 22E 05 1 . 67E 0 1  
5 . I IE 0 1  

Probabi lity 
of Event 

(Events/Year) 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000[-08 

1 . 000[-08 

Probab i l i ty 
o f  Event 

(Events/Yea r )  

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

1 . 000E-08 

Population 
Risk 

(Man-Rem/Yea r)  

1 . 80E-02 

3 . 00E-02 

4 . 08E-02 

5 . 42E-02 

3 . 1 7[-02 

1 . 95[-02 

Popula t i on 
Risk  

(Man-Rem/Yea r )  

1 . 80E-02 

3 . 00E-02 

4 . 08E-02 

5 . 42E-02 

3 . 1 7E-02 

1 . 95E-02 

4 . 9IE-03 

2 . 22[-03 



TABLE B-88 

ACCIDENTAL RELEASE AT THE ICPP DUE TO SEVERE GEOLOGIC DISRUPTION 
ALTERNATIVE 5 - RETRIEVAL DELAYED 500 YEARS 

50-Year Dose Co .. i tment to Maximum Individual Population Effects 

Total Body Bone Whole-Body Popul a t ion Who le-Body Range Probabi l ity Population 
Yea r of Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed Equiva lent Dose Health of Event R i s k  

Exposure (Rem) (Rem) Dose (Rem) (Rem) (Rem) (Numbe r )  (tlan-Rem) Effects (Events/Yea r)  (tlan-Rem/Year)  

1 990. 4 . 80E 00 2 . 14E 01 � . 80r. 0 1  9 . 70E 0 0  4 . 23f. 0 1  7 . 100E 0 4  1 . eOE 0 6  1 . 35E 0 2  1 . 000E-08 1 . 80E-02 
4 . 14E 02 

txl 2000 . 7 . 10[ 00 3 . 0SE 01 8 . 60E 0 1  1 . 4 2E 0 1  6 . 03E 0 1  8 . 300E 04 3 . 00E 06 2 . 2:iE 02 1 . 000E-08 3 . 00E-02 
6 . 9 1 E  02 I 20 1 0 .  8 . 90[ 00 3 . 76E 0 1  1 . 10E 0 2  1 . 87E 0 1  7 . 15E 0 1  9 . 500E 04 4 . 08E 06 3 . 06E 02 1 . 000E-08 4 . 08E-02 0\ w 9 . 37E 02 

2020. 1 . 03E 01 4 . 47E 0 1  1 . 32E 02 2 . 3 1 E  0 1  8 . 45E 0 1  1 . 070E 05 5 . 42E 06 4 . 0 7E 02 1 . 000E-08 5 . 42E-02 
1 .  25E 03 

2060. 5 . 40E 00 2 . 33E 01 8 . �OE 01 1 . 6 2E 0 1  3 . 39E 01 1 . 560E 05 3 . 1 7E 06 2 . 31JE 02 1 . 000E-08 3 . 1 7E-02 
7 . 30E 02 

2100. 3 . 27E 00 1 . 4 1 E  01 5 . 99E 01 1 . 1 5E 01 1 . 58E 01 2 . 060E 05 1 . 95E 06 1 . 46E 02 1 . 000E-08 1 . 95E-02 
4 . 49E 02 

2200. 1 . 38E 00 5 . 5 1 E  00 2 . 96E 01 6 . 25E 00 3 . �6E 00 2 . 300E 05 4 . 9 1 E  05 3 . 68E 0 1  1 . 000E-08 4 . 9 1 E-03 
1 . I lE 02 

2300 . 7 . 69E-Ol 3 .00E 00 1 . 8 1 E  01 3 . 7 1 E  00 1 . 6 1 E  00 2 . 300E 05 2 . 22E 05 1 . 67E 0 1  1 . 000E-08 2 . 22E-03 
5 . I I E  0 1  

2400. 5 . 1 2[-0 1 1 . 90E 00 1 . 20E 0 1  2 . 5 1 E  00 9 . 94E-OI 2 . 300E 05 1 . 37E 05 1 . 01E 01 1 . 000E-08 1 . 37E-03 
3 . 1 5E 0 1  

2500. 3 . 8lE-01 1 . 40E 00 8 . 82E 00 1 . 80E 00 7 . 24E-Ol 2 . 300E O� 9 . 99E 04 7 . 49E 00 1 . 000E-08 9 . 99E-04 
2 . 30E 0 1  



B . l . l . 2 Repos itory Relea ses 

B . l . l . 2 . l  Was te Canister Drop 

Data for operationa l rel ea ses resulting from a canister drop at the 

repos itory include effects for the implementation of Alternative 3 

( s tabi l ization and vitrification) , Alternative 4 ,  and Alternative 5 

( retrieval delayed 100 yea rs , 300 years , and 500 years ) . 
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Yea r of  
Exposure 

1 990-2020 

ttl Yea r of J.- Ex�osure 
VI 

1 990-2020 

Yea r o f  
Exeosure 

1990-2020 

TABLE B-89 

OPERATIONAL RELEASE AT THE REPOSITORY DUE TO CANISTER DROP 
ALTERNATIVE 3 - STABILIZE CALCINE 

50-Year Dose Commitment to Haximu. Individual Popu lation Effects 

Total  Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem) Dose ( Rem) 

7 . 1 8E-05 2 . 1 O[-O� 3 . 5;1[-04 

Who le-Body Population Who le-Body 
Liver Dose Equivalent Dose Exposed Equivalent Dose 

(Rem) (Rem) (NUlllber) (Han-Rem) 

6 . 70E-0::; 9 . 40[-05 2 . 000E 06 1 . 88E 00 

TABLE B-90 

OPERATIONAL RELEASE AT THE REPOSITORY DUE TO CANISTER DROP 
ALTERNATIVE 3 - VITRIFY CALCINE 

Range 
Hea lth 

E f fects 

1 . 4 1 E-04 
4 . 32E-04 

Probabi l ity 
of Event 

(Events/Year )  

7 . 000E-07 

50-Year Dose Commitment to Haximum Individual Popula t i on Effects 

Total Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem) Dose ( Rem) 

1 . 00E-05 2 . 94E-06 4 . 92E-05 

Whole-Body Population Whole-Body 
Liver Dose Equiva lent Dose Exposed Equivalent Dose 

(Rem) (Rem) (NU8ber )  (Han-Rem) 

9 . 36E-06 1 . 3 l E-05 2 . 000[ 06 2 . 62[ -0 1  

TABLE B-9 1 

OPERATIONAL RELEASE AT THE REPOS ITORY DUE TO CANI STER DROP 
ALTERNAT I VE 4 

Range 
Hea l th 

Effects 

1 .  96[-05 
6 . 03E-05 

50-Yea r Dose Commi tment to Haximum Indiv i d u a l  Popu l a t i o n  Effects 

Total Body Bone Who l e-Body Populat ion Who l e - Body Ra nge 
Dose Lung Dose S u rface Liver Dose Equ i va l ent Dos e  Exposed Equ iva l en t  Do s e  Hea l th 

(Rem) (Rem) Dose (Rem) ( Rem) ( Rem) (Numbe r)  (Han-Rem) E ffec t s 

6 . 90E-05 5 . 1 2[-05 8 . 1 2£-04 1 . 68[-04 1 . 02[ -04 2 . 000[ 06 2 . 04[ 00 1 . 53[-04 
4 . 69E-04 

Probabi li ty 
of  Event 

(Events/Yea r )  

7 . 000E-07 

P roba b i  I i  t y  
o f  Event 

( Even t s/ Yea r )  

7 . 000[ -0 7 

Population 
Risk 

(Han-Rem/Yea r )  

1 . 32E-06 

Populat ion 
Risk 

(Han-Rem/Yea r )  

1 . 83£-07 

Popu l a t i o n  
R i s k  

(Hall -Rem/Yea r )  

1 . 43[-06 



Yea r of 
Exposure 

2090. 

2 1 00 .  

2 1 1 0 .  

2 1 20 .  

txI I 0-0-
Yea r of 

Exposure 

2290. 

- 2300. 

2310. 

2320. 

Year o f  
Exposure 

2490. 

2500. 

251 0 .  

2520. 

TABLE B-92 

OPERATIONAL RELEASE AT THE REPOSITORY DUE TO CANISTER DROP 
ALTERNATIVE 5 - RETRIEVAL DELAYED 100 YEARS 

50-Year Dose Commitment to Maximum I ndividua l Popu lat ion Effects 

Tot a l  Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem) Dose (Rem) 

1 . 04[-06 2 . 73E-07 6 . 98E-06 

8. 40E-07 2 . 23E-07 5 . 86E-06 

6. 78E-07 1 . 84E-07 4 . 96E-06 

5 . 50E-07 1 . 52E-07 4 . 25E-06 

Who le-Body Populat ion Who le-Body 
Liver Dose Equival ent Dose Exposed Equivalent Dose 

(Rem) (Rem) (NUlllber)  (Man-Rem) 

1 . 24E-06 1 . 28E-06 2 . 000E 06 2 . 56E-02 

1 . 06E-06 1 . 03E-06 2 . 000E 06 2 . 06E-02 

9 . 1 3E-07 8 . 40E-07 2 . 000E 06 1 . 6BE-02 

7. 95E-07 6 . 87E-07 2 . 000E 06 1 . 37E-02 

TABLE 8-93 

OPERATIONAL RELEASE AT THE REPOSITORY DUE TO CANISTER DROP 
ALTERNATIVE 5 - RETRIEVAL DELAYED 300 YEARS 

Range 
Hea lth 

Effects 

1 . 92E-06 
5 . 89E-06 
1 . 54E-06 
4 . 74E-06 
1 . 26E-06 
3 . 86E-06 
1 . 03E-06 
3 . 1 6E-06 

50-Year Dose Commit.ent to Haximwa Individual Population Effects 

Total Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem) Dose (Rem) 

5 . 83E-08 ·1 . 67[-08 1 . 25E-06 

5 . 54E-08 1 .55E-08 1 . 2 1 E-06 

5 . 3 1E-08 1 . 45E-08 1 . 18E-06 

5 . 1 0E-08 1 . 36E-08 1 . 15E-06 

Whole-Body Population Whole-Body 
Liver Dose Equivalent Dose Exposed Equivalent Dose 

(Rem) (Rem) (NUilber)  (Man-Rem) 

2 . 63E-07 8 . 88E-08 2 . 000E 06 1 . 78E-03 

2 . 57E-07 8 . 50E-08 2 . 000E 06 1 . 70E-03 

2 . 50E-07 8 . 1 7E-08 2 . 000E 06 1 . 63E-03 

2 . 44E-07 7 . 88E-08 2 . 000E 06 1 . 58E-03 

TABLE B-94 

OPERATIONAL RELEASE AT THE REPOSITORY DUE TO CANISTER DROP 
ALTERNATIVE 5 - RETRIEVAL DELAYED 500 YEARS 

Range 
Hea lth 

E ffects 

1 . 33E-07 
4 . 08E-07 
1 . 77E-07 
3 . 9 1 E-07 
1 . 23[-07 
3 . 76E-07 
1 . 1 BE-07 
3 . 62E-07 

Probabi l i ty 
o f  Event 

(Events /Yea r )  

7 . 000E-07 

7 . 000[-07 

7 . 000E-07 

7 . 000E-07 

Proba b i l i ty 
of Event 

(Events/Yea r )  

7. 000E-07 

7 . 000E-07 

7 . 000[-07 

7 . 000E-07 

50-Year Dose Commitment to Maximum I nd ividual Popula t ion Effects 

Total Body Bone Io'ho le-Body 
Dose Lung Dose Surface Liver Dose Equivalent Dose 

(Rem) (Rem) Dose (Rem) (Rem) (Rem) 

3 . 4 7E-08 6 . 70E-09 8 . 33E-07 1 . 77E-07 5 . 40E-08 

3 . 4 1 E-08 6 . 52E-09 8 . 19E-07 1 . 74E-07 5 . 30E-08 

3 . 35E-08 6 . 34E-09 8 . 06E-07 1 . 7 1E-07 5 . 2 1 E-08 

3 . 30E-08 6 . 17E-09 7 . 92E-07 1 . 68E-07 5 . 1 2E-08 

Popula t ion wbo le-Body 
Exposed Equiva l ent Dose 
(Numbe r )  (Man-Rem) 

2 . 000E 06 1 . 08E-03 

2 . 000£ 06 1 . 06E-03 

2 . 000E 06 1 . 04E-03 

2 . 000E 06 1 . 02E-03 

Range 
Hea lth 

E ffect s  

e . l 0[-OB 
2 , 48[-07 
7 . 95E-08 
2 . 41[-07 
7 .1I1 E-08 
2 . 40E-07 
7 . 68E-08 
2 . 36[-07 

Probab i l i ty 
o f  Event 

(Ev,:n_t �L'i,=-�·l 
] ,fIOO[-O] 
7 . VOOI:-07 

7 . 000E-07 

7 . 000E-07 

Popul a t ion 
R i s k  

(Man-Rem/ Yea r )  

1 . 79E-08 

1 . 44E-08 

1 .  1 8E-08 

9 . 62E-09 

Populat ion 
R i s k  

(Man-Rem/Yea r )  

1 . 24E-09 

1 . 1 9E-09 

1 . 1 4£-09 

1 . 1 0E-09 

Popu lat i on 
R i s k  (Han-Re!l!.LYea r ). 

7 . 56E-l0 

7 . 42E - l 0  

7 . 29E- l 0  

7 . 1 7E-l 0 



B . l . l . 2 . 2  Fault and Flooding 

Data for migrational releases  as the result of fault and flooding 

at the repository include effects for the implementation of Alterna

tive 3 ( s tabi lization and vitrification) , Alternative 4 ,  and Alterna

tive 5 ( retrieval delayed 100 yea rs , 300 years , and 500 years ) .  
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Year of 
Exeosure 

2500. 

2600. 

269300. 

535900. 

� I 0\ 00 

Yea r of 
Exposure 

2500. 

2600. 

2700 . 

2800. 

2900. 

3000 . 

4000. 

7000. 

1 2000. 

269300 . 

535900. 

TABLE B-95 

MIGRATIONAL RELEASE AT THE REPOS I TORY DUE TO FAULT AND FLOODING 
ALTERNAT I VE 3 - STABI LIZE CALCINE 

50-Year Dose Commitment to Maximum Ind ividua l Popul a t ion Effecls 

Total Body Bone Whole-Body Populat ion Whole-Body Range Probabi l i ty 
Dose Lung Dose Surface Liver Dose Equiva lent Dose Exposed Equiva l enl Dose Hea l th of Evenl 

(Rem) (Rem) Dose (Rem) (Rem) ( Rem) Number (Man-Rem) E f fects (Event s/Yea r )  

0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 2 . 000[ 06 0 . 00 0 . 00 2 . 000[ - 1 3  
3 . 96[-01 0 . 00[-01 7 . 59[-01 1 . 1 6 [  00 1 . 78[ 00 2 . 000[ 06 3 . 56E 04 2 . 6 7[ 00 2 . 000[ - 1 3  

3 . 91 [-05 
8 . 1 9[ 00 

0 . 00[-01 7 . 69[-05 6 . 62[-05 5 . 45[-05 2 . 000[ 06 1 . 09[ 00 8 . 1 7[-05 2 . 000[ - 1 3  
2 . 33[-03 2 . 82[-07 1 . 87[-02 2 . 30[-03 2 . 7 1 [-03 

2 . 5 1 £-04 
2 . 000[ 06 5 . 42[ 01 4 . 06[-03 2 . 000[ - 1 3  

1 . 25[-02 

TABLE B-96 

MIGRATIONAL RELEASE AT THE REPOSITORY DUE TO FAULT AND FLOODING 
ALTERNATIVE 3 - VITR IFY CALCI NE 

50-Yea r Dose Commitment to Maximum Ind ividual Popul a t ion Effects 

Total Body Bone Whole-Body Populat ion Who le-Body Range Probab i l i ty 
Dose Lung Dose Surface Liver Dose Equiva l ent Dose Exposed Equiva lent Dose Hea l th of Event 

(Rem) ( Rem_) _  Dose (Rem) (Rem) (Rem) (Number) (Man-Rem) E f fects (Events/Yea r )  

0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 2 . 000[ 06 0 . 00 0 . 00 2 . 000[ - 1 3  
3 . 96[-05 0 . 00[-01 7 . 59[-05 1 . 16[-04 1 . 78[-04 2 . 000[ 06 3 . 56[ 00 2 . 6 7[-04 2 . 000[ - 1 3  

8 . 19[-04 
3 . 96[-05 0 . 00[-01 7 . 59[-05 1 . 1 6[-04 1 . 78[-04 2 . 000[ 06 3 . 56[ 00 2 . 67[-04 2 . 000[- 1 3  

8 . 1 9[-04 
3 . 96[-05 0 . 00[-01 7 . 5 9[-05 1 . 16[-04 1 . 78[-04 2 . 000[ 06 3 . 56[ 00 2 . 67[-04 2 . 000[ - 1 3  

8 . 1 9[-04 
3 . 96[-05 0 . 00[-01 7 . 58[-05 1 . 16[-04 1 . 78[-04 2 . 000[ 06 3 . 56[ 00 2 . 67[-04 2 . 000[ - 1 3  

8 . 1 9[-04 
3 . 96[-05 0 . 00[-01 7 . 58[-05 1 . 16[-04 1 . 78[-04 2 . 000[ 06 3 . 56[ 00 2 . 6 7[-04 2 . 000[ - 1 3  

8 . 1 9[-04 
3 . 94[-05 0 . 00[-01 7 . 56[-05 1 . 16[-04 1 . 77[-04 2 . 000[ 06 3 . 54[ 00 2 . 65[-04 2 . 000[ - 1 3  

8 . 1 4£-04 
3 . 9 1 [-05 0 . 00[-01 7 . 48[-05 1 . 1 5[-04 1 . 76[-04 2 . 000[ 06 3 . 52[ 00 2 . 64[-04 2 . 000[ - 1 3  

8 . 1 0[-04 
3 . 84[-05 0 . 00[-01 7 . 36[-05 1 . 1 3[-04 1 . 73[-04 2 . 000[ 06 3 . 46[ 00 2 . 59[-04 2 . 000[ - 1 3  

7 . 96[-04 
1 . 37[-05 0 . 00[-01 2 . 69[-05 2 . 3 2[-05 1 . 9 1[-05 2 . 000[ 06 3 . 82[-01 2 . 86[-05 2 . 000[ - 1 3  

8 . 79[-05 
1 . 63£-03 1 . 98[-07 1 . 31 [-02 1 . 6 1 [-03 1 . 89[-03 2 . 000[ 06 3 . 78[ 01 2 . 83[-03 2 . 000[ - 1 3  

8 . 69[-03 

._-----

Popu l a t i on 
Risk 

(Han-Rem/Yea r )  

0 . 00 

7 . 1 2[-09 

2 . 1 8[ - 1 3  

1 . 08[- 1 1  

Popu l a t ion 
Risk  

(Han-Rem/Yea r )  

0 . 00 

7 . 1 2[ - 1 3  

7 . 1 2[ - 1 3  

7 . 1 2[ - 1 3  

7 . 12[- 1 3  

7 . 12[- 1 3  

7 . 08[- 1 3  

7 . 04[- 1 3  

6 . 92[- 1 3  

7 . 64[- 1 4  

7 . 56[- 1 2  



Yea r of 
Exposure 

2500. 

2600 .  

3000 . 

4000 . 

7000 . 

12000 . 

26930 0 .  

535900 . 

!:XI I 0--0 

Yea r of 
Exposure 

2700 . 

2800 . 

2900 . 

3000 . 

4000. 

7000. 

1 2000 . 

269.00. 

SJ6IM. 

TABLE B-9 7 

MIGRATIONAL RELEASE AT THE REpOSITORY DUE TO FAULT AND FLOODING 
ALTERNATI VE 4 

50-Year Dose Commitment to Maximum Individua l Popu lat ion E f fects 

Total Body Bone 
Dose Lung Dose Surface 

(Rem) (Rem) Dose (Rem) 

0 . 00 0 . 00 0 . 00 

3 . 96E-07 O . OOE-Ol 7 . 59E-07 

3 . 96E-07 O . OOE-Ol 7 . 58E-07 

3 . 94E-07 O. OOE-Ol 7 . 56E-07 

3 . 9 lE-07 O . OOE-Ol 7 . 48E -07 

3 . 84£-07 O . OOE-Ol 7 . 36E-07 

1 . 37[-07 O . OOE-Ol 2 . 69E-07 

1 . 63E-03 1 . 97E-07 1 . 3 1 [-02 

Who le-Body Population Who l e-Body 
Liver Dose Equiva lent Dose Exposed Equivalent Dose 

(Rem) (Rem) (Number )  (Man-ReID) 

0 . 00 0 . 00 2 . 000E 06 0 . 00 

1 . 1 6E-06 1 . 78E-06 2 . 000E 06 3 . 56E-02 

1 . 16E-06 1 . 78E-06 2 . 000E 06 3 . 56[-02 

1 .  1 6E-06 1 . 77E-06 2 . 000E 06 3 . 54E-02 

1 . 15E-06 1 . 76E-06 2 . 000E 06 3 . 52E-02 

1. 1 3E-06 1 . 73E-06 2 . 000E 06 3 . 46E-02 

2 . 32E-07 1 . 9 1E-07 2 . 000[ 06 3 . 82E-03 

1 . 6 1E-03 1 . 89E-03 2 . 000E 06 3 . 78E 0 1  

TABLE B-98 

MIGRATIONAL RELEASE AT THE REpOSITORY DUE TO FAULT AND FLOODING 
ALTERNATIVE 5 - RETRIEVAL DELAYED 100 YEARS 

Range 
Hea lth 

E f fects 

0 . 00 

2 . 67E-06 
8 . 19E-06 
2 . 67E-06 
8 . 1 9E-06 
2 . 65E-06 
8 . 1 4E-06 
2 . 64E-06 
8 . 1 0E-06 
2 . 59E-06 
7 . 96E-06 
2 . 86E-07 
8 . 79E-07 
2 . 83E-03 
8 . 69E-03 

-------
Probab i l i ty Populat ion 

of  Event Risk  
(Events/Yea r )  (Man-Rem/Yea r )  

2 . 000E - 1 3  0 . 00 

2 . 000E- 1 3  7 . 1 2E-15 

2 . 000E- 1 3  7 . 1 2E- 15 

2 . 000E - 1 3  7 . 08E- 15 

2 . 000E - 1 3  7 . 04£- 1 5  

2 . 000E- 1 3  6 . 92E- 15 

2 . 000E - 1 3  7 . 64E - 1 6  

2 . 000E - 1 3  7 . 56E- 1 2  

50-Yea r Dose Commitment to Maximum Ind ividual Populat ion Effects 

Total Body Bone Whole-Body Populat ion Whole-Body Range Probab i l ity Populat ion 
Dose Lung Dose Surface Liver Dose Equiva lent Dose Exposed Equivalent Dose Hea l th of Event R i s k  

(Rem) (ReID) Dose (Rem) (Rem) (Rem) (Number) (l1an-Rem) E f fec ts (Events /Yea r )  ( l1an-RelD/Year)  

3 . 96E-05 0 . 00£-01 7 . 59£-05 1 . 1 11£-04 1 . 7RE-04 2 . 000[ 06 3 . 56E 00 2 . 67£-04 2 . 000[- 1 3  7 . 1 2£- 1 3  
8 . 1 9£-04 

3 . 96E-05 O . OOE-Ol 7 . 59£-05 1 . 1I1E-04 1 . 78E-04 2 . 000E 06 3 . 56E 00 2 . 67[-04 2 . 000[ - 1 3  7 . 1 2[ - 1 3  
8 . 1 9[-04 

7 . 1 2[-1 3 3 . 96E-05 O . OOE-Ol 7 . 58[-05 1 . 1 11£-04 1 . 7I1E-04 2 . 000E 06 3 . 56E 00 2 . 67[-04 2 . 000E- 1 3  

3 . 96E-05 O . OOE-Ol 7 . 58£-05 1 . 111£-04 1 . 78E-04 2 . 000E 06 
8 . 1 9£-04 

3 . 56E 00 2 . 67F-04 2 . 000E - 1 3  7 . 1  2[- 1 3  

3 . 94£-05 O . OOE-Ol 7 . 511£-05 1 . 1 6E-04 1 . 77E-04 
8 . 19£-04 

2 . 000E 06 3 . 54E 00 2 . 65[-04 2 . 000E - 1 3  7 . 08f - 1 3  

1.9 tE-05 0 . 00£-01 7 . 48£-05 1 . 15E-04 1 . 7"E-04 
8 . 1 4£-04 

2 . 000E 06 3 . 52E 00 2 . 64[-04 2 . 000E- 1 3  7 . 04£- 1 3  

3 . 84E-05 0 . 00(-01 7 . 3I1E-05 1 . 1 3£-04 1 . 73[-04 2 . 000E 06 3 . 46E 00 
8 .�Of.-04 
2 .  9£-04 2 . 000E - 1 3  6 . 92£- 1 3 

1 . 37[-05 1 .91£-OS 
7 .96E-04 

2 . 000E-13 7 . 64[-1 4  0.001:-01 2 . 69£-05 2.32[-05 2 .000[ 06 3 . 82(-0 1 2 . 8.,-05 
I.'.-OJ · I.t"-OJ 1 .11£-02 1 •• ar·OJ 1 •• ·Ol-

8. 79£-05 
2 .... -.U 7.W-12 2.0001 .. 1.71[ 01 i··Jr-Ol 

.69(-OJ 



Year of 
Exposure 

2900 . 

3000 . 

4000 . 

7 00 0 .  

1200 0 .  

269600 .  

536200. 

td I 
...... o 

Year o f  
Exposure 

3 1 00 .  

4000. 

7000 . 

1 2000. 

269800. 

536400. 

TABLE B-99 

MIGRATIONAL RELEASE AT THE REPOSITORY DUE TO FAULT AND FLOODING 
ALTEDATIVE 5 - RETRIEVAL DELAYED 300 YEARS 

50-Year Dose C�itment to Haxiaua Individual Population Effects 

Total Body Bone 
Dose Luug Dose Surface 

(Rem� (Rem) Dose (Rem) 

3 . 96E-05 O . OOE-Ol 7 . 58E-05 

3 . 96E-05 O . OOE-Ol 7 . 58E-05 

3 . 94E-05 O . OOE-Ol 7. 56E-05 

3 . 91 E-05 O . OOE-Ol 7 . 48£-05 

3 . 84£-05 O . OOE-Ol 7. 36£-05 

1 . 37£-05 0 . 00£-0 1 2 . 69E-05 

1 .63£-03 1 . 97£-07 1 . 31 £-02 

Whole-Body Population Whole-Body 
Liver Dose Equivalent Dose Exposed Equivalent Dose 

(Rem) (Rem) (NUllber) (Man-Rem) 

1 . 1 6£-04 1 . 78£-04 2 . 000[ 06 J . 56E 00 

1 . 1 6E-04 1 . 78E-04 2 . 000E 06 J . 56[ 00 

1 . 16E-04 1 . 77E-04 2 . 000E 06 J . 54E 00 

1 . 1!S£-04 1 . 76£-04 2 . 000[ 06 J . 52[ 00 

1 . 1 3£-04 1 . 73E-04 2 . 000E 06 J . 46E 00 

2 . 32[-05 1 . 9 1 E-05 2 . 000E 06 3 . 82E-Ol 

1 . 61 £-03 1 . 89£-03 2 . 000E 06 3 . 78[ 0 1  

TABLE B-100 

MIGRATIONAL RELEASE AT THE REPOSITORY DUE TO FAULT AND FLOODING 
ALTERNATIVE 5 - RETRIEVAL DELAYED 500 YEARS 

Range 
Health 

Effects 

'2 . 67[-04 
8 . 1 9E-04 
2 . 6 1£-04 
8 . 19E-04 
2 . 65[-04 
8 . 1 4£-04 
2 . 64[-04 
8 . 1 0£-04 
2 . 59£-04 
7 . 96£-04 
2 . 86E-05 
8 . 79E-05 
2 . 83E-03 
8 . 69E-03 

Probab i l i ty 
of Event 

(Events/Yea r )  

2 . 000E- 1 3  

2 . 000E- 1 3  

2 . 000E- 1 3  

2 . 000E - 1 3  

2 . 000E - 1 3  

2 . 000E - 1 3  

2 . 000E - 1 3  

50-Year Dose Commitment t o  Maximum Individual Population Effects 

Total Body Bone Whole-Body Population Whole-Body Range Probabi l ity 
Dose Luug Dose Surface Liver Dose Equivalent Dose Exposed Equivalent Dose Hea lth of Event 

(Rem) (Rem) Dose (Rem) �Rem) (Rem) (NUlllber)  (Han-Rem) Effects (Events/Yea r )  

3 . 96E-05 0 . 00£-01 7. 58£-05 1 .  1 6f.-04 1 . 78f.-04 2 . 000E 06 3 . 56E 00 2 . 67E-04 2 . 000£- 1 3  
8 0 1 9[-04 

3 . 94£-05 O . OOE-Ol 7 . 56E-05 1 . I I1E-04 1 . 77£-04 2 . 000E 06 3 . 54E 00 2 . 65[-04 2 . 000£- 1 3  
8 . 1 4E-04 

3 . 9 1 £-05 O . OOE-Ol 7 . 48£-05 1 . 1 5£-04 1 . 76£-04 2 . 000E 06 3 . 52E 00 2 . 64 [ -04 2 . 000£ - 1 3  
8 . 1 0£-04 

3 . 84£-05 0 . 00£-01 7 . 36£-05 1 . 1 :1E-04 1 . 71E-04 2 . 000E 06 3 . 46E 00 2 . 59E-04 2 . 000E- 1 3  
7 . 96E-04 

1 . 37£-05 0 . 00£-0 1 2. 69£-05 2 . 32E-05 1 . 9J £-05 2 . 000E 06 3 . 82E-OJ 2 . 86E-05 2 . 000E- J 3  
8 . 79£-05 

1 . 63£-03 1 . 97E-07 1 . 3 1 [ -02 1 . 6 1 £-03 1 . 89E-03 2 . 000£ 06 3 . 78£ 0 1  2 . 83E-03 2 . 000£- 1 3  
8 . 69[-03 

Population 
Risk 

(Han-Rem/Yea r)  

7 . 1 2E- 1 3  

7 . 1 2E - 1 3  

7 . 08E- 1 3  

7 . 04£- 1 3  

6 . 92E- 1 3  

7 . 64£- 1 4  

7 . 56E- 1 2  

Populat ion 
R i s k  

(Han-Rem/Yea r)  

7 . 1 2E- 1 3  

7 . 08E- 1 3  

7 . 04E- 1 3  

6 . 92£- 1 3  

7 . 64E- 1 4  

7 . 56E- 1 2  



B . 1 . 1 . 2 . 3  Solution Mining 

Data for migrational releases as the result of s o lution mining at 

the repos itory include effects for the imp lementation of Alternative 3 

( s tabi l ization and vitrification) , Alternative 4 ,  and Alte rnative 5 

( retrieval delayed 100 years , 300 yea rs , and 500 years ) . 

B-7 1  



TABLE B-101 

MIGRATIONAL RELEASE AT THE REPOSITORY DUE TO SOLUTION MINING 
ALTERNATIVE 3 - STAB I LI ZE CALCINE 

50-Year Dose Com.itment to Maximum I ndividual Populati on Effects 

Total Body Bone Whole-Body Population Whole-Body Range Probabi l i ty Population 
Year of Dose Lung Dose Surface Liver Dose Equiva lent Dose Exposed Equiva lent Dose Hea l th of Event R i s k  

Exposure (Rem) (Rem) Dose (Rem) (Rem) (Rem) (Nwaber) (Man-Rem) Effects (Events /Yea r )  (Man-Rem/Yea r)  

2500. 1 . 1 1E-02 3 . 45E-06 2 . 69E-01 5 . 70E-02 1 . 71 E-02 4 . 000E 07 6 . 84E 05 5 . 1 JE 01 1 . 000E-06 6 . 84E-01 
1 .  57E 02 

2600. 9 . 50E-03 8 . 33E-07 2 . 28E-Ol 4 . 85E-02 1 . 45E-02 4 . 000E 07 5 . 80E 05 4 . 35E 0 1  1 . 000E-06 5 . 80E-0 1 
1 . 33E 02 

2700 . 8 . 16E-03 5 . 24E-07 1 . 95E-Ol 4 . 1 3E-02 1 . 24E-02 4 . 000E 07 4 . 96E 05 3 . 72E 0 1  1 . 000E-06 4 . 96E-01 
1 . 1 4E 02 

2800 . 7 . 02E-03 4 . 54E-07 1 . 66E-Ol 3 . 53E-02 1 . 06E-02 4 . 000E 07 4 . 24E 05 3 . 11lE 0 1  1 . 000E-06 4 . 24E-01 
9 . 75E 01 

2900 . 6 . 06E-03 4 . 1 3E-07 1 . 42E-01 3 . 02E-02 9 . 1 2E-03 4 . 000E 07 3 . 65E 05 2 . 74E 0 1  1 . 000E-06 3 . 65E-Ol 
8 . 39E 0 1  

300<1 . 5. 25E-03 3 . 81 E-07 1 . 22E-Ol 2 . 59E-02 7 . 83E-03 4 . 000E 07 3 . UE 05 2 . 35E 0 1  1 . 000E-06 3 . 1 3E-O l 
7 . 20E 0 1  

tXI 4000 . 1 . 5 1E-03 2 . 3 1 E-07 2 . 84E-02 5 . 97E-03 1 . 93E-03 4 . 000E 07 7 . nE 04 5 . 79E 00 1 . 000E-06 7 . 72E-02 
1 . 78E 0 1  

I 
7000 . 5 . 55E-04 1 . 92E-07 4 . 4 1 E-03 8 . 72E-04 4 . 18E-04 4 . 000E 07 1 . 67E 04 1 . 25E 00 1 . 000E-06 1 . 67E-02 � N 3 . 85E 00 

1 2000 . 5 , <40E-04 1 .  89E-07 3 . 66E-03 6 . 80E-04 3 . 69E-04 4 . 000E 07 1 . 41lE 04 1 . U E 00 1 . 000E-06 1 . 48E-02 
3 . 39E 00 

22000. 5 . 51 E-04 1 . 87E-07 3 . 27E-03 5 . 23E-04 3 . 44E-04 4 . 000E 07 1 . 38E 04 1 . 0JE 00 1 . 000E-06 1 . 38E-02 
3 . 1 6E 00 

52000. 6 . 2 1E-04 1 . 83E-07 3 . 75E-03 4 . 1 7E-04 3 . 73E-04 4 . 000E 07 1 . 49E 04 1 . 17E 00 1 . 000E-06 1 . 49E-02 
3 . 4JE 00 

102000 . 6 . 99E-04 1 . 74E-07 4 . 84E-03 4 . 24£-04 4 . 32E-04 4 . 000E 07 1 .  73E 04 1 . 30E 00 1 . 000E-06 1 . 73E-02 

202000. 

3 . 97E 00 
6 . 98E-04 1 . 48E-07 5 . 48E-03 4 . 34E-04 4 . 50E-04 4 . 000E 07 1 . 80E 04 1 . 35E 00 1 . 000E-06 1 . 80E-02 

502000 . 

4 . 1 4E 00 
3. 93E-04 7 . 76E-08 3 . 38E-03 2 . 7 1E-04 2. 65E-04 4 . 000E 07 1 . 06E 04 7 . 95E-01 1 . 000E-06 1 . 06E-02 

1002000. 1 . 23E-04 
2 . 44E 00 

2 . 88E-08 1 . 10E-03 1 . 07E-04 8 . 66E-05 4 . 000E 07 3 . 46E 03 2 . 60E-01 1 . 000E-06 3 . 46E-03 
7 . 97E-01 



TABLE B- 1 02 

HI GRATIONAL RELEASE AT THE REPOSITORY DUE TO SOLUTION H I N I NG 
ALTERNATIVE 3 - VITRIFY CALC INE 

50-Year Dose Commitment to Haximum Individua l Popu lat ion Effects 

Total Body Bone Whole-Body Popul a t ion Who le-Body Range P robabi l i l y Popu l a t i on 
Yea r of Dose Lung Dose Sur face Liver Dose Equiva lent Dose Exposed Equ i va l enl Dose Hea l th of Event Ri sk 

Exeosure ( Rem) (Rem) Dose (Rem) (Rem) (Rem) (Number )  (Han-Rem) Effects ( Events /Yea rl (Ha.!.l.-Rem/'!:ea r )  

2500. 1 .  1 1E-02 3 . 45E-06 2 . 69E-Ol 5 . 70E-02 1 . 7 1E -02 4 . 000E 07 6 . 8 4 E  05 5 . UE 01  1 . 000E-06 6 . 84E-Ol 
1 . 57E 02 

2600. 9 . 50E-03 8 . 33E-07 2 . 28E-Ol 4 . 85[-02 1 . 45E-02 4 . 000E 07 5 . 80E 05 4 . 35E 01 1 . 000E-06 5 . 80E-Ol 
1 . J3E 02 

2700. 8. 1 6E-03 5. 24E-07 1 . 95E-Ol 4 . 1 3E-02 1 . 24E-02 4 . 000E 07 4 . 96E 05 3 . 71.E 0 1  1 . 000E-06 4 . 96E-Ol 
1 . t 4E 02 

2800. 7 . 02E-03 4 . 54E-07 1 . 66E-Ol 3 . 53E-02 1 . 06E-02 4 . 000E 07 4 . 24E 05 3 . t BE 01 1 . 000E-06 4 . 24E-Ol 
9 . 75E 01 

2900 . 6 . 06E-03 4 .  1 3E-07 1 . 42[-01 3 . 02E-02 9 . 1 2[-03 4 . 000E 07 3 . 65E 05 2 . 74E 01 1 . 000E-06 3 . 65E-Ol 
8 . 39E 01 

3000. 5. 25E-03 3 . 8 1 [-07 1 . 22E-Ol 2 . 59E-02 7 . 83E-03 4 . 000E 07 3 . 1 3E 05 2 . 3�E 01 1 . 000E-06 3 . 13E-O l 
7 . 20E 0 1  

4000. 1 . 5 1 E-03 2 . 3 1 E-07 2 . 84E-02 5 . 97E-03 1 . 93E-03 4 . 000E 07 7 . 72E 04 5 . 79E 00 1 . 000E-06 7 . 72E-02 
tJ:I 1 . 78E 01 
I 7000. 5 . 55E-04 1 . 92E-07 4 . 4 1[-03 8 .  72E-04 4 . 18[-04 4 . 000E 07 1 . 6 7 E  04 ! . 25E 00 1 . 000E-06 1 . 67E-02 ...., . 85E 00 

w 1 2000 . 5 . 40E-04 1 . 89E-07 3 . 66E-03 6 . 80E-04 3 . 69E-04 4 . 000E 07 1 . 48E 04 1 . 1 t E  00 1 . 000E-06 1 . 48E-02 
3 . J9E 00 

22000 . 5 . 5 1 E-04 1 . 87E-07 3 . 27E-03 5 . 23E-04 3 . 44E-04 4 . 000E 07 1 . 38E 04 1 . 03E 00 1 . 000E-06 1 . 38E-02 
3 . 16E 00 

52000. 6 . 21[-04 1 . 83E-07 3 . 75E-03 4 .  1 7E-04 3 . 73E-04 4 . 000E 07 1 . 49E 04 t . 1 2E 00 1 . 000E-06 1 . 49E-02 
3 . 43E 00 

102000. 6 . 99[-04 1 . 74E-07 4 . 84E-03 4 . 24E-04 4 . 32E-04 4 . 000E 07 1 . 73E 04 1 . JIIE 00 1 . 000E-06 1 . 73E-02 
3 . 97E 00 

202000. 6 . 98E-04 1 . 48E-07 5 . 48E-03 4 . 34E-04 4 . 50E-04 4 . 000E 07 1 . 80E 04 1 . 35E 00 1 . 000E-06 1 . 80E-02 
4 . 1 4 E  00 

502000 . 3 . 93E-04 7 . 76E-08 3 . 38E-03 2 . 7 1E-04 2 . 65[-04 4 . 000E 07 1 . 06E 04 7 . 95E-Ol 1 . 000E-06 1 .06E-02 
2 . 44E 00 

1002000. 1 . 23E-04 2 . 88E-08 1 . 10[-03 1 . 07E-04 8 . 66E-05 4 . 000E 07 3 . 46E OJ 2 . 60E-Ol 1 . 000[-06 3 . 46E-03 
7 . 97[-01 



TABLE 8-103 

MIGRATIONAL RELEASE AT THE REPOSITORY DUE TO SOLUTION MINING 
ALTERNATIVE 4 

50-Year Dose Commi�ent to Maximum Individual Population Effects 

Total Body Bone Whole-Body Population Whole-Body Range Probabi l i ty Population 
Year of  Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed Equiva lent Dose Hea l th of Event Risk  

Ex20sure (Re .. � (Rem) Dose (Rem) (ReID) (Rem) -.!Numbe rL (Han-Rem) Effects (Events/Yea r )  (Han-Rem/Yea r) 

2:100. 1 .  1 1E-02 6 . 3!5E-07 2 . 68E-Ol :I . 70E-02 1 . 71 E-02 4 . 000E 07 6 . 84E 0:1 5 . 1 3E 0 1  1 . 000E-06 6 . 84[-01 
1 . 57E 02 

2600. 9 . :lOE-03 :I . :lOE-07 2 . 28E-Ol 4 . 84E-02 1 . 45E-02 4 . 000E 07 5 . 80E 05 4 . 35E 0 1  1 . 000E-06 :I . 80E-Ol 
1 . 33E 02 

2700. 8 . 1 :1E-03 4 . 96E-07 1 . 95E-Ol 4. 1 3E-02 1 . 24E-02 4 . 000E 07 4 . 96E 05 3 . 72E 0 1  1 . 000E-06 4 . 96E-O l 
1 . 1 4E 02 

2800. 7 . 02E-03 4 . 51E-07 1 . 66E-Ol 3 . :l3E-02 1 . 06E-02 4 . 000E 07 4 . 24E 05 3 . 1IJE 01 1 . 000E-06 4 . 24E-Ol 
9 . 75E 0 1  

2900. 6 . 06E-03 4 . 1 3E-07 1 . 42E-Ol 3 . 02E-02 9. 1 1 E-03 4 . 000E 07 3 . 64E 05 2 . 73E 0 1  1 . 000E-06 3 . 64E-Ol 
B . 3I1E 01 

3000. :I . 2:1E-03 3 . 8 1E-07 1 . 22E-Ol 2 . 59[-02 7 . 83E-03 4 . 000E 07 3 . 1 3E 05 2 . 35E 0 1  1 . 000E-06 3 .  1 3E-Ol 
7 . 20E 01 

4000. 1 . :lOE-03 2 . 3 1E-07 2 . 84E-02 :I . 97E-03 1 . 93E-03 4 . 000E 07 7 . 72E 04 :I . 79E 00 1 . 000E-06 7 . 72E-02 
1 . 7BE 01 

tlI:I 7000 . :I . :l4E-04 1 . 9 1E-07 4 . 4 1 E-03 8 . 70E-04 4 . 1 5E-04 4 . 000E 07 1 . 66E 04 1 . 24E 00 1 . 000E-06 1 . 66E-02 
I 3 . 82E 00 

-.I 1 2000 . :I .  39E-04 1 . 89[-07 3 . 65E-03 6 . 78E-04 3 . 66E-04 4 . 000E 07 1 . 46E 04 1 . 10E 00 1 . 000E-06 1 . 46E-02 
� 3 . 37E 00 

22000. :I . 50E-04 1 . 87E-07 3 . 27E-03 5 . 21E-04 3 . 4 1 E-04 4 . 000E 07 1 . 36E 04 1 . 02E 00 1 . 000E-06 1 . 36E-02 
3 . 1 4E 00 

52000 . 6 . 20E-04 1 . 83E-07 3 . 75E-03 4 . 1:1E-04 3 . 70E-04 4 . 000E 07 1 . 4BE 04 1 . 1 1 E 00 1 . 000E-06 1 . 48E-02 
3 . 40E 00 

102000 . 6 .  98E-04 1 . 74E-07 4 . 83E-03 4 . 22E-04 4 . 30E-04 4 . 000E 07 1 . 72E 04 1 . 29E 00 1 . 000E-06 1 . 72E-02 
3 . 96E 00 

202000. 6 . 97E-04 1 . 48E-07 :I . 48E-03 4 . 32E-04 4 . 4I1E-04 4 . 000E 07 1 . 79E 04 1 . 34E 00 1 . 000E-06 1 . 79E-02 
4 . 12E 00 

:102000 . 3 . 92E-04 7 . 76E-08 3 . 37E-03 2 . 69E-04 2 . 63E-04 4 . 000E 07 1 . 05E 04 7 . 89E-Ol 1 . 000E-06 1 . 05E-02 
2 . 42E 00 

1002000. 1 . 22[-04 2 . 88E-08 1 . 1 0E-03 1 . 06[-04 8 . 59E-O:l 4 . 000E 07 3 . 44E 03 2 . 58E-Ol 1 . 000E-06 3 . 44E-03 
7 . 90E-Ol 



TABLE B-I04 

MIGRATIONAL RELEASE AT THE REPOSITORY DUE TO SOLUTION MINING 
ALTERNATIVE 5 - RETRIEVAL DELAYED 100 YEARS 

50-Yea r  Dose Commitment to Maximum I ndividua l Population Effects 

Total Body Bone Whole-Body Population Who le-Body Range Probab i l ity Populat ion 
Year of Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed Equivalent Dose Hea lth of  Event R i s k  

Exposure (Rem) (ReID) Dose (ReID) (ReID) (Rem) (Number) (rolan-Rem) E ffects (Events/Yea r )  (Man-Rem/Yea r )  

2600. 9 . 50E-03 8 . 33E-07 2 . 28E-Ol 4 . 85E-02 1 . 45E-02 4 . 000E 07 5 . 80E 05 4 . 35E 01 1 . 000E-06 5 . 80E-Ol 
I . HE 02 

2700. 8. 16E-03 5 . 24E-07 1 . 95E-Ol 4. 1 3E-02 1 . 24E-02 4 . 000E 07 4 . 96E 05 3 . 72E 01 1 . 000E-06 4 . 96E-Ol 
1 . 1 4E 02 

2800. 7 . 02E-03 4 . 54[-07 1 . 66E-Ol 3 . 53E-02 1 . 06E-02 4 . 000E 07 4 . 24E 05 J . 1 8E 01 1 . 000E-06 4 . 24E-Ol 
9 . 75E 01 

2900. 6 . 06E-03 4. 1 3E-07 1 . 42E-Ol 3 . 02E-02 9 . 1 2E-03 4 . 000E 07 J . 65E 05 2 . 74E 0 1  1 . 000E-06 3 . 65E-Ol 
8 . J9E 01 

3000 . 5 . 25E-03 3 . 8 l E -07 1 . 22E-Ol 2 . 59E-02 7 . 83E-03 4 . 000E 07 J . 1 JE 05 2 . 35E 0 1  1 . 000E-06 3 .  1 3E-Ol 
7 . 20E 01 

4000. 1 . 5lE-03 2 . 3lE-07 2 . 8 4E-02 5 . 97E-03 1 . 93E-03 4 . 000E 07 7. 72E 04 5 . 79E 00 1 . 000E-06 7. 72E-02 

4 . 18E-04 
1 . 78E 0 1  

7000. 5 . 55E-04 1 . 92E-07 4 . 4 1E-03 8 . 72E-04 4 . 000E 07 1 . 67E 04 1 . 25E 00 1 . 000E-06 1 .  67E-02 
J . 85E 00 txI 1 2000. 5 . 40E-04 1 . 89[-07 3 . 66E-03 6 . 80E-04 3 . 69E-04 4 . 000E 07 1 . 48E 04 1 . I l E 00 1 . 000E-06 1 . 48E-02 I J . J9E 00 -.a 22000. 5 . 51E-04 1 . 87E-07 3 . 27E-03 5 . 23E-04 3 . 44E-04 4 . 000E 07 1 . 38E 04 1 . 03E 00 1 . 000E-06 1 . 38E-02 U1 
J . 1 6E 00 

52000. 6 . 2 lE-04 1 . 83E-07 3 . 75E-03 4 . 1 7E-04 3 . 73E-04 4 . 000E 07 1 . 49E 04 1 . 1 2E 00 1 . 000E-06 1 . 49E-02 

102000. 6 . 99E-04 1 . 74E-07 4 . 84E-03 4 . 24E-04 4 . J2E-04 
3 . 43E 00 

4 . 000E 07 1 . 73E 04 I . JOE 00 1 . 000E-06 1 . 73E-02 
3 . 97E 00 

202000. 6 . 98E-04 1 . 48E-07 5. 48E-03 4 . 34E-04 4 . 50E-04 4 . 000E 07 1 . 80E 04 1 . 35E 00 1 . 000E-06 1 . 80E-02 

2 . 65E-04 
4 . 14E 00 

502000 . 3 . 93[-04 7 . 76E-08 J . 38E-03 2 . 71 E-04 4 . 000E 07 1 . 06E 04 7 . 95E-Ol 1 . 000E-06 1 . 06E-02 

1002000. 1 . 23E-04 8 . 66E-05 
2 . 44E 00 

2 . 88E-08 1 . 10E-03 1 . 07E-04 4 . 000E 07 3 . 46E OJ 2 . 60E-Ol 1 . 000E-06 J . 46E-03 
7 . 97E-O l 



TABLE B- I05 

HIGRATIONAL RELEASE AT THE REPOSITORY DUE TO SOLUTION HINING 
ALTERNATIVE 5 - RETRIEVAL DELAYED 300 YEARS 

50-Year Dose Commitment to Haximum Individual Population Effects 

Total Body Bone Whole-Body Population Whole-Body Range Probabi l i ty Population 
Year of Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed Equiva lent Dose Hea lth of Event Risk 

EXl!0sure {Rem) (Rem) Dose (Rem) (Rem) (Rem) (Number)  (Han-Rem) Effects (Events/Yea r)  (Han-Rem/Yea r)  

2800. 7 . 02E-03 4 . 54[-07 1 . 66E-Ol 3 . 53E-02 1 . 06E-02 4 . 000E 07 4 . 24E 05 3 . 1 8E 01  1 . 000E-06 4 . 24E-OI 
9 . 75E 01 

2900. 6.06E-03 4 .  1 3E-07 1 . 42E-Ol 3. 07E-02 9 . 1 2E-03 4 .000E 07 3 . 65E 05 2 . 74E 01 1 . 000E-06 3 . 65E-Ol 
8 . J9E 0 1  

3000. 5. 25E-03 3 . 8 1 E-07 1 . 22E-Ol 2 . 59E-02 7 . 8 3E-03 4 .000E 07 3 . 1 3E 05 2 . 35E 01  1 . 000E-06 3. 1 3E-OI 
7 . 20E 01 

4000. 1 .5 I E-03 2 . 3 1E-07 2 . 84E-02 5 . 97E-03 1 . 93E-03 4 . 000E 07 7 . 72E 04 5 . 79E 00 
1 .  78E 0 1  

1 . 000E-06 7 . 72E-02 

7000. 5 . 55E-04 1 . 92E-07 4 . 4 I E-03 8 . 72E-04 4 . 1 8E-04 4 . 000E 07 1 . 67E 04 1 . 25E 00 1 . 000E-06 1 . 67E-02 
3 . 85E 00 

1 2000. 5 . 40E-04 1 .89[-07 3 . 66E-03 6 . 80E-04 3 . 69E-04 4 . 000E 07 1 . 48E 04 1 . I l E 00 1 . 000E-06 1 . 48E-02 
3 . 39E 00 

22000. 5 . 5 IE-04 1 . 87E-07 3 . 27E-03 5 . 23E-04 3 . 44E-04 4 . 000E 07 1 . 38E 04 1 . 03E 00 1 . 000E-06 1 . 38E-02 
3 . 16E 00 

52000. 6 . 2 1 E-04 1 . 83E-07 3 . 75E-03 4 . 1 7E-04 3. 73E-04 4 . 000E 07 1 . 49E 04 1 . 1 2E 00 1 . 000E-06 1 . 49E-02 

1 02000 . 6 . 99E-04 1 . 74E-07 4 . 84E-03 4 . 24E-04 4 . 32E-04 
3 . 4JE 00 

4 . 000E 07 1 . 73E 04 1 . 30E 00 1 . 000E-06 1 . 73E-02 

202000. 6. 98E-04 
3 . 97E 00 

1 . 48E-07 5 . 48E-03 4 . 34E-04 4 . 50E-04 4 . 000E 07 1 . 80E 04 1 . 35E 00 1 . 000E-06 1 . 80E-02 

502000. 3 . 93E-04 7 . 76E-08 
4 . l 4E 00 

3 . 38E-03 2 . 7 IE-04 2 . 65E-04 4 . 000E 07 1 . 06E 04 7 . 95E-OI 1 . 000E-06 1 . 06E-02 

1002000. 1 . 23E-04 
2 . 4 4E 00 

2 . 88E-08 1 . I OE-03 1 . 07f-04 8 . 66E-05 4 . 000E 07 3 . 46E 03 2 . 60E-OI 1 . 000E-06 3 . 46E-03 
7 . 97E-Ol tc 

, 
....... TABLE B-I06 0'\ 

HIGRATIONAL RELEASE AT THE REPOSITORY DUE TO SOLUTION MINING 
ALTERNATIVE 5 - RETRIEVAL DELAYED 500 YEARS 

50-Year Dose Commitment to Haximum Individual Popu lation Effects 

Total Body Bone Whole-Body Population Whole-Body Range Probabi l i ty Populat ion 
Year of  Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed Equivalent Dose Hea lth of  Event Risk 

Exposure (Rem� (ReID) Dose (Rem) (Rem) (Rem) (Nuaber) (Han-Rem) Effects (Events/Yea r)  (Han-Rem/Yea r )  

3000. 5 . 25E-03 3 . 81E-07 1 . 22E-Ol 2 . 59E-02 7 . 83E-03 4 . 000E 07 3. 1 3E 05 2 . 35E 01 1 . 000E-06 3 . 1 3E-OI 
7 . 20E 01  

4000. 1 . 5IE-03 2 . 3 1 E-07 2 . 84E-02 5 . 97E-03 1 . 93E-03 4 . 000E 07 7 . 72E 04 5 . 79E 00 1 . 000E-06 7 . 72E-02 
1 . 78E 01 

7000. 5 . 55E-04 1 . 92E-07 4 . 41 E-03 8 . 72E-04 4 . 18E -04 4 . 000E 07 1 . 67E 04 1 . 25E 00 1 . 000E-06 1 . 67E-02 
3 . 85E 00 

1 2000. 5 . 40E-04 1 . 89E-07 3. 66E-03 6 . 80E-04 3 . 69E-04 4 . 000E 07 1 . 48E 04 1 . I lE 00 1 . 000E-06 1 . 48E-02 
3 . 39E 00 

22000. 5 . 5 1 E-04 1 .87E-07 3. 27E-03 5 . 23E-04 3 . 4 4E-04 4 . 000E 07 1 . 38E 04 1 . 03E 00 1 . 000E-06 1 . 38E-02 
3 . 16E 00 

52000. 6 . 2 1 E-04 1 . 8lE-07 3.  75E-03 4 . 1 7E-04 3 . 73E-04 4 . 000E 07 1 . 49[ 04 1 . l 2E 00 1 . 000E-06 1 . 49E-02 

1 02000. 6 . 99E-04 1 . 74E-07 4 . 84E-03 4 . 24E-04 4 . 32E-04 
3 . 43E 00 

4 . 000E 07 1 . 73E 04 1 . 30E 00 I . OOOE-Ol- 1 . 73E-02 
3 . 97E 00 

202000. 6 .  98E-04 1 . 48E-07 5 . 48E-03 4 . 34E-04 4 . 50E-04 4 . 000E 07 1 . 80E 04 1 . 35E 00 1 . 000E-06 1 . 80E-02 

502000 . 3 . 93£-04 7 .  76E-08 3 . 38E-03 2 . 7 1 [-04 2 . 65E-04 
4 . 1 4E 00 

4 . 000[ 07 1 . 06E 04 7. 95E-OI 1 . 000E-06 1 . 06E-02 

1 002000. 1 . 2lE-04 2 . 88E-08 1 . 1 0E-03 1 . 07E-04 8 . 66E-05 
2 . 44E 00 

4 . 000E 07 3. 46E 03 2 . 60E-OI 1 . 000E-06 3 . 46E-03 
7 . 97E-OI 



B . l . l . 2 . 4  Exploratory Drilling 

Data for intrusional releases resulting from exploratory drilling 

at the repository include effects for the implementation of Alterna

tive 3 ( s tabilization and vitrification) , Alternative 4 ,  and Alterna

tive 5 ( retrieval delayed 100 years , 300 years , and 500 year s ) . 
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TABLE B- IOI 

INTRUSIONAL RELEASE AT THE REPOSITORY DUE TO EXPLORATORY DRILLING 
ALTERNATIVE 3 - STABILIZE CALCINE 

50-Year Dose Commitment to Haximum Individual Popul a t ion Effects 

Total Body Bone Whole-Body Population Whole-Body Range Probabi l i ty Populat ion 
Yea r of Dose Lung Dose Surface Liver Dose Equiva l ent Dose Exposed Equiva lent Dose Hea l th of Event Ri s k  

Exposure (Rem) (Rem) Dose (Rem) (Rem) (Rem) (Number} (Han-Rem) E ffects (Events/Yea r) (Han-Rem/Yea r)  

2 100 . 4 . 60E 02 5 . 92E 0 1  3 . 20E 03 2 . 5 1 E  02 5 . 72E 03 25 . 0  1 .  43E 05 1 . 0lE 0 1  5 . 000E-07 7 . 1 5E-02 
3 . 29E 0 1  

2200 . 4 . 4 1 E  0 1  6 . 27E 0 0  3 . 02E 02 2 . 95[ 0 1  5 . 70E 02 25 . 0  1 .  43E 04 1 . 0lE 00 5 . 000E -07 7 . 1 2E-03 
3 . 28E 00 

2500. l . t:!E-OI 1 . 26E-O l 1 . 1 7E 0 1  2 . 76E 00 2 . 36E 00 25 . 0  5 . 90E 0 1  4 . 42E-03 5 . 000E-07 2 . 95E-05 
1 . 36[-02 

3000 . 4 . 74E-Ol 5 . 6 1 E-02 5 . 4 7 [  00 1 . 47E 00 1 . 32E 00 25 . 0  3 . 30E 0 1  2 . 47E-03 5 . 000E -07 1 . 65E-05 
7 . �9[-03 

4000 . 3 . 29E-Ol 3 . 1 1 E -02 l . nE 00 6 . 52E-Ol 1 . 03E 00 25 . 0  2 . 57E 0 1  1 . 93E-03 5 . 000E-07 1 . 29E-05 
5 . 92E-03 

7000.  3 . 36E-Ol 2. 1 1 E-02 8 . 50E-Ol 4 . 79E-Ol 9 . 72[-01 25 . 0  2 . 43E 0 1  1 . 82E-03 5 . 000E-07 1 . 2 1 E-05 
5 . 59E-03 

1 2000 . 4 . 45E-Ol 1 . 6 1 E-02 9 . 60E-Ol 5 . 32E-Ol 1 . 0lE 00 25 . 0  2 . 57E 0 1  1 . 93E-03 5 . 000E -07 1 . 29E-05 
5 . 92E-03 

t:C 22000 . 6 . 33E-Ol 1 . 1 1 E-O' 1 . 27E 00 6 . 44E-Ol 1 . 1 4E 00 25 . 0  2 . 85E 0 1  2 . 1 4E -03 5 . 000E-07 1 . 42E-05 
i 6 . 55[ -03 

-.! 
00 52000 . 1 . 10E 00 4 . 27E-03 2 . 03E 00 9 . 35E-Ol 1 . 38E 00 25 . 0  3 . 45E 0 1  2 . 59E-03 5 . 000E-07 1 . 72E-05 

7 . 93E-03 
102000 . 1 . 40E 00 1 . 67E-03 2 . 91 E  00 1 . 20E 00 1 . 6 1 E  00 25 . 0  4 . 02E 0 1  3 . 02E-03 5 . 000E-07 2 . 0 1E-05 

9 . 26[-03 
202000. 1 . 80E 00 8 . 25E-04 3 . 30E 00 1 . 30E 00 l . o 1 E  00 25 . 0  4 . 02E 0 1  3 . 02E-03 5 . 000E-07 2 . 0 I E-05 

9 . 26[-03 
502000 . 1 . 00E 00 4 . 65E-04 2 . 00E 00 7 . 50E-Ol 8 . 65E-Ol 25 . 0 2 . 1 �E 0 1  1 . 62E-03 

4 . 97E-03 
5 . 000E-07 1 . 08E-05 

1 002000 . 2 . 70E-Ol 1 . 93E-04 6 . 5 1E-Ol 2 . 1 0E-Ol 2 . 30E-Ol 25 . 0  5 . 75E 00 4 . 3 1 E - 04 5 . 000E-07 2 . 87E-06 
1 . 32E-03 



TABLE B- I08 

INTRUSIONAL RELEASE AT THE REPOSITORY DUE TO EXPLORATORY DRILLING 
ALTERNATIVE 3 - VITRIFY CALCINE 

50-Year Dose Coaait.ent to Kaximua Individual Population Effects 

Total Body Bone Whole-Body Population Whole-Body Range Probability Population Year of Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed Equivalent Dose Health of Event Risk Exposure (Rem) (Rei!) Dose (Rem) (Rem) (RelD_) __ (Nuaber)  (Man-Rem) Effects (Events/Yea r)  (Man-ReID/Yea r)  

2100. 3 . 1 0E 02 3 . 98E 0 1  2 . 10E 03 1 . 71 E  0 2  3. 75E 0 3  25 . 0  9 . 38E 04 7 . 03E 00 5 . 000[-07 4 . 69E-0' 
2 . 1 6E 0 1  

2200. 2 . 9 1 E  01 4 . 22E 00 2 . 02E 02 1 . 94 E  0 1  3 . 73E 0 2  25 . 0  9 . 33E 03 6 . 99E-Ol 5 . 000[-07 4 . 66[-03 
2 . 1 4 E  00 

2300. 3. 24E 00 5 . 60E-Ol 2 . 80E 01 4 . 2 1 E  00 3 . 91 E  0 1  25 . 0  9 . 77E 0:1 7 . 33E-02 5 . 000[-07 4 . 89£-04 
2 . 2� [ - 0 1  

2400. 7 . 80E-Ol 1 . 49E-O l 1 . 07E 0 1  2 . 24 E  00 4 . 96E 00 25 . 0  1 . 24E 02 9 . 30E-03 5 . 000[-07 6 . :10[-05 
2 . 8�[-02 

2500. 4 . 92E-Ol 8 . 60E-02 7 . 8 1 E  00 1 . 8 1 E  00 1 . 55E 00 25 . 0  3 . 87E 0 1  2 . 9 1E -03 5 . 000[-07 1 . 94£-05 
8 . 9 1 [-03 

2600. 4 . 28E-Ol 6 . 45E-02 6 . 51E 00 1 . 5SE 00 I . UE 00 25 . 0  2 . 8:1E 01 2 . 1 2f-03 5 . 000[-07 1 . 4 1 [-05 
6 . 50[-03 

2700. 3 . 95E-Ol 5 . 41 E-02 5 . 65E 00 1 . 37E 00 1 . 02E 00 25 . 0  2 . 55E 0 1  1 . 9 1E-03 5 . 000[-07 1 . 27[-05 
5 . 86[-03 t:I' 2800. 3 . 63E-Ol 4 . 71E-02 4 . 81 E  00 1 . 26E 00 9 . 65E-Ol 25 . 0  2 . 4 1 E  0 1  1 . 8 1 E -03 5 . 000E-07 1 . 2 1 E-05 I 5 . 55E-03 -J 2900. 3 . 32[-01 4 . 21 E -02 4 . 18E 00 1 . 0b[ 00 9. 1 2E-Ol 25 . 0  2 . 28E 0 1  1 . 7 1E-03 5 . 000E-07 1 . 1 4 [-05 1.0 5 . 24[-03 

3000. 3. l lE-OI 3 . 81 E-02 3 . 6SE 00 9 . 6 1 E-Ol 8 . 80E-Ol 25 . 0  2 . 20E 0 1  1 . 65E-03 5 . 000E-07 1 . 1 0£-05 
5 . 06E-03 

4000. 2 . 1 6[-01 2 . 10E-02 1 . 15E 00 4 . 39E-Ol 6 . 82E-Ol 25 . 0  1 .  70E 0 1  1 . 28E-03 5 . 000[-07 8 . 52£-06 
3 . 92E-03 

7000 . 2 . 24E-Ol 1 . 50E-02 5 . 70E-Ol 3 . 20E-Ol 6 . 48E-Ol 25 . 0  1 . 6 2E 0 1  1 . 2 1 E-03 5 . 000E-07 8 . 1 0£-06 
3 . 73E-03 

1 2000. 2 . 93E-Ol 1 . 10E-02 6 . 48E-Ol 3 . 55E-Ol 6 . 76E-Ol 25 . 0  1 . 69E 0 1  1 . 27E-03 5 . 000f -07 8 . 45[-06 
3 . 89E-03 

22000 . 4 . 22E-Ol 7 . 25E-03 8 . 39E-Ol 4 . 29E-Ol 7 . 54E-Ol 25 . 0  I . BBE 0 1  1 . 4 1 E-03 5 . 000[-07 9 . 42[-06 

52000. 7 . 3 1E-Ol 2 . 95E-03 6 . 23E-O l 9 . 3 1E-Ol 
4 . 34E-OJ 

1 . 42E 00 25 . 0  2 . 33E 0 1  1 . 75E-03 5 . 000[-07 1 . 16[-05 

102000. 1 . 00E 00 1 . 15E-03 1 . 9 1 E  00 8 . 1 1 E-Ol 1 . 08E 00 
5 . 35E-03 

25 . 0  2 . 70E 0 1  2 . 07E-03 5 . 000E-07 1 . 35[-05 
6 . 2 I E-03 

202000. 1 . 20E 00 5 . 63E-04 2 . 20E 00 8 . 80E-Ol 1 . 07E 00 25 . 0  2 . 6 7E 0 1  2 . 0 I E-03 5 . 000E-07 1 . 34[-05 

5 . 77E-Ol 
6 . 1 SE-03 

502000. 6 . 80E-Ol 3. 1 3E-04 1 . 40E 00 5 . 00E-Ol 25 . 0  I . HE 0 1  1 . 08E-03 5 . 000[-07 7 . 2 1 E-06 

1002000. 1 . 80E-Ol 1 . 29E-04 4 . 31 E-Ol 1 . 40E-Ol 1 . 57E-Ol 
3 . 3:'E-03 

25 . 0  3 . 9:1E 00 2 . 94E-04 5 . 000E-07 1 . 96[-06 
9 . 03E-04 



TAII& 1- 109 

IlftIWSlCIW. RlLEASI AT 'l1II REPOSITORY DUE to EXPLORATORY DRILLIIiG 
ALTElUlATIVE 4 

SO-Year Dose Co..it.ent to Kaximua Individual Population Effects 

Tota l Body Bone Whole-Body Populat i on Whole-Body Range Probabi l ity Population 

Year of Dose Lung Dose Surface Liver Dose Equiva lent Dose Exposed Equivalent Dose Health of Event Risk 

Exposure (Rem) (ReID) Dose (ReID) (Re_) (ReID) (NUllber) (Han-ReID) Effects (Events/Yea r )  (Han-ReID/Yea r )  

2 1 00. 1 . 66E OJ 4 . IOE 02 1 . 7JE 04 2 . JeE OJ 1 . 80E 04 25 . 0  4 . 50E 05 J . 37E 0 1  5 . 000E-07 2 . 25E-OI 
1 . 03f 02 

2200. 4 . 0 l E  02 1 . 47E 02 6 . 83E 03 1 . 35E 03 2 . 15E 03 25 . 0  5 . 38E 04 4 . 03 00 5 . 000E-07 2 . 69E-02 
1 . 24E 01 

2500. 1 . 79E 02 3 . 50E 01 3 . 32E 03 7 . 05E 02 2 . 7 1 E  02 25 . 0  6 . 78E 03 5 . 08E-OI 5 . 000E-07 3 . 39E-03 
1 . 56E 00 

3000. 1 . 05E 02 1 . 60E 0 1  1 . 5 1 E  O J  3 . 32E 02 1 . 311E 02 25 . 0  3 . 45E 0 3  2 . 59E-OI 5 . 000E-07 1 . 72E-03 
7 . 93E-O I 

4000 . 6. 56E 01 9 . 1 2E 00 4 . 5JE 02 I . OOE 02 5 . 38E 01 25 . 0  1 . 34E 0 3  1 . 0 I E- 0 1  5 . 000E-07 6 . 72E-04 
3 . 09E-OI 

7000. 6 . 88E 01 6 . 32E 00 1 . 94E 02 4 . 94E 01 4 . 39E 0 1  25 . 0  I . I OE 03 8 . 23E-02 5 . 000E-07 5 . 49E-04 
2 . 52E-OI 

1 2000. 9 . 94E 01 4. 82E 00 2 . 23E 02 6 . 64E 01 6 . 60E 0 1  2 5 . 0  1 . 65E 03 1 . 24E-OI 5 . 000E-07 8 . 25E-04 
3 . 79E-OI 

22000. 1 . 6 1 E  02 3 . 1 2E 00 3. 1 IE 02 1 . 0lE 02 I .  DE 02 2 5 . 0  2 . 83E 03 2 . 1 2E - O I  5 . 000E-07 1 . 4 IE-03 

t:I:' 6 . 50E- O I  
I 52000 . 3 . 00E 02 1 . 22E 00 5 . 58E 02 1 . 9 1 E  02 2 . 22E 02 2 5 . 0  5 . 55E 0 3  4 . 1 6E - O I  5 . 000E-07 2. 77E-03 

00 1 . 28E 00 
0 102000 . 4 . 30E 02 4 . 82E-OI 8 . 1 2E 02 2 . 90E 02 3 . 2 1 E  02 25 . 0  8 . 03E 03 6 . 02E-OI 5 . 000E-07 4 . 0IE-03 

1 . 85E 00 
202000 . 5 . 00E 02 2 . 39E-OI 9 . 4 1 E  02 3 . 40E 02 3 . 8 1E 02 25 . 0  9 . 53E 03 7 . 1 4E - O I  5 . 000E-07 4 . 76E-03 

2 . 1 9E 00 
502000 . 2 . 90E 02 1 . 30E-OI 5 . 8 1 E  02 2 . 00E 02 2 . 2 1 E  02 2 5 . 0  5 . 53E 0 3  4 . 1 4E-OI 5 . 000E-07 2 . 76E-03 

1 . 27E 00 
1002000 . 7 . 80E 01 5 . 49E-02 1 . 90E 02 5 . 80E 0 1  6 . 03E 01 25 . 0  1 . 5 1 E  03 1 . 1 3E-OI 5 . 000E-07 7 . 54E-04 

3 . 47E-OI 



TABLE B- 1 I 0 

INTRUSIONAL RELEASE AT THE REPOS ITORY DUE TO EXPLORATORY DR I LLING 
ALTERNATI VE 5 - RETRIEVAL DELA\�D 100 YEARS 

50-Year Dose Commitment to Ha�imum Indiv idua l Popu l a t i on E f fects 

Total Body Bone Whole-Body Popu lat ion Who le-Body Range Probab i l i ty Popu l a t ion 
Year of  Dose Lung Dose Sur face Liver Dose Equiva lent Dose E�posed Equ iva l ent Dose Hea l th of Event R i s k  

E�posure (Rem) (Rem) Dose (Rem) (Rem) (Rem) (Number) (Han-Rem) E f fects (Events/Yea r )  (Han-Rem/Yea r)  

2200 . 2 . 91 E  01 4 . 22E 00 2 . 02E 02 1 . 94[ 01 3 . 73E 02 25 . 0  9 . 33E 03 6 . 99[-01 5 . 000[-07 4 . 66E-03 
2 . 1 4[ 00 

2300. 3 . 24E 00 5 . 60E-Ol 2 . 80E 01 4 . 2 1 E  00 3 . 9 1 E  01 25 . 0  9 . 77E 02 7 . 33[-02 5 . 000[-07 4 . 89E-04 
2 . 25[-01 

2400 . 7 . 80E-Ol 1 . 49E-Ol 1 . 07E 01 2 . 24E 00 4 . 96E 00 25 . 0  1 . 24[ 0 2  9 . 30[-03 5 . 000[-07 6 . 20[-05 
2 . 85[-02 

2500. 4 . 92E-Ol 8 . 60E-02 7 . 8 1 E  00 1 . 8 1 E  00 1 . 55E 00 25 . 0  3 . 87[ 01  2 . 9 1 [-03 5 . 000[-07 1 . 94E-05 
8 . 9 1 [ -03 

2600 . 4 . 28E-Ol 6 . 45E-02 6 . 51 E  00 1 . 58E 00 1 . I lE 00 25 .0 2 . 82E 01 2 . 1 2[-03 5 . 000[-07 1 . 4 lE-05 
6 . 50[-03 

2700. 3 . 95E-Ol 5 . 4 1 E-02 5 . 65E 00 1 . 37E 00 1 . 02E 00 25 . 0  2 . 55E 0 1  1 . 9 1 [ -03 5 . 000[-07 1 . 27E-05 
5 . 86[-03 

2800. 3 . 63E-Ol 4 . 7 1 E-02 4 . 81 E  00 1 . 26E 00 9 . 65E-Ol 25 . 0  2 . 4 1[ 0 1  1 . 8l E-03 5 . 000E-07 1 . 2 1 E-05 
5 . 55E-03 

t:I:I 2900 . 3 . 32E-Ol 4 . 2 1E-02 4 . 18[ 00 1 . 06E 00 9 . 1 2E-Ol 25 . 0  2 . 28[ 0 1  1 . 7 1f-03 5 . 000E-07 1 . 1 4E-05 
I 5 . 24 -03 

00 3000. 3. l lE-OI 3 . 8 1E-02 3 . 65E 00 9 . 6 1E-Ol 8 . 80E-Ol 25 . 0  2 . 20[ 0 1  1 . 65E-03 5 . 000[-07 1 . 10E-05 
.... 5 . 06[-03 

4000 . 2 . 16E-Ol 2 . 10E-02 1 . 15E 00 4 . 39E-Ol 6 . 82E-Ol 25 . 0  1 . 70E 01 1 . 28[-03 5 . 000[-07 8 . 52E-06 
3 . 92[-03 

7000. 2 . 24E-Ol 1 .50E-02 5 . 70E-Ol 3 . 20E-Ol 6 . 48E-Ol 25 . 0  1 . 62[ 0 1  1 . 2 1 E-03 5 . 000E-07 8 . 10E-06 
3 . 73[-03 

1 2000. 2 . 93E-Ol 1 . 10E-02 6 . 48E-Ol 3 .  55f.-Ol 6 . 76E-Ol 25 . 0  1 . 69[ 01  1 . 27E-03 5 . 000[-07 8 . 45E-06 
3 . 89[-03 

22000 . 4 . 22E-Ol 7 . 25E-03 8 . 39E-Ol 4 . 29E-Ol 7 . 54E-Ol 25 . 0  1 . 88E 0 1  1 . 4 l E -03 5 . 000E-07 9 .  47.E-06 
4 . 34[-03 

52000. 7 . 31E-Ol 2 . 95E-03 1 . 42E 00 6 . 23E-Ol 9 . 31E-Ol 25 . 0  2 . 33[ 0 1  1 . 75[-03 5 . 000E-07 1 . 1 6[-05 
5 . 35[-03 

102000. 1 . 00E 00 1 . 15E-03 1 . 9 1 E  00 8 . 1 1E-Ol 1 . 08E 00 2 5 . 0  2 . 70[ 0 1  2 . 02[-03 5 . 000[-07 1 .  35E-05 
6 . 2 1 [-03 

202000. 1 . 20E 00 5 . 63E-04 2 . 20E 00 8 . 80E-Ol 1 . 07E 00 25 . 0  2 . 67E 0 1  2 . 0 1 [-03 5 . 000E-07 1 . 34E-05 
6 . 1:;[-03 

502000. 6 .80E-Ol 3. 13E-04 1 . 40E 00 5 . 00E-Ol 5 .  77E-Ol 2 5 . 0  I . HE 01 1 . 08[-03 5 . 000E-07 7 . 2 1E-06 
3 . 32[-03 

1002000 . 1 . 80E-Ol 1 . 29E-04 4 . 31E-Ol 1 . 40E-Ol 1 . 57E-Ol 25 . 0  3 . 92E 00 2 . 94[-04 5 . 000[-07 1 . 96E-06 
9 . 03E-04 



TABLE 8- 1 1 1  

INTRUSIOHAL RELEASE AT THE REPOSITORY DUE TO EXPLORATORY DRILLIHG 
ALTERNATIVE 5 - RETRIEVAL DELAYED 300 YEARS 

SO-Year Dose Commitment to Haximua Individual Population Effects 

Total Body Bone Whole-Body Population Whole-Body Range Probability Population 
Year of Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed Equiva lent Dose Hea lth of Event Risk 

Exposure (Rem) (Rem) Dose (Rem) (Rem) (Rem) (Huber) (Han-Rem) Effects (Events/Yea r) (Han-Rem/Yea r)  

2300. 3 . 24E 00 5 . 60E-Ol 2 . 80E 01 4 . 2tE 00 3 . 9 t E  01 25 . 0  9 . 77E 02 7 . 33[-02 5 . 000E-07 4 . 89E-04 
2 . 25[-01 

2400 . 7 . 80E-Ol 1 . 49E-Ol 1 . 07E 01 2 . 24E 00 4 . 96E 00 2 5 . 0  1 . 24[ 0 2  9 . 30[-03 5 . 000[-07 6 . 20E-05 
2 . 85[-02 

2500 . 4 . 9 2E-Ol 8 . 60E-02 7 . 8 1 E  00 1 . 8 1 E  00 I SiE 00 25 . 0  3 . 87[ 0 1  2 . 91[-03 5 . 000[-07 1 . 94[-05 
8 . 9 1 E-03 

2600. 4 . 28E-Ol 6. 45E-02 6 . 51E 00 1 . 58E 00 1 . 1 3E 00 2 5 . 0  2 . 82[ 0 1  2 . 1 2E-03 5 . 000[-07 1 . 4 1[-05 
6 . 50E-03 

2700. 3 . 95E-Ol 5 . 4 1 E-02 5 . 65E 00 1 . 37E 00 1 . 02[ 00 2 5 . 0  2 . 55[ 01  1 . 9 1 [-03 5 . 000[-07 1 . 27E-05 
5 . 86[-03 

2800. 3 . 63E-Ol 4 . 71 E-02 4 . 8 1 E  00 1 . 26[ 00 9 . 65E-Ol 25 . 0  2 . 4 1 [  0 1  1 . 8 1 [-03 5 . 000[-07 1 . 2 1[-05 
5 . 55[-03 

2900. 3 . 32E-Ol 4 . 21E-02 4 . 1 8E 00 1 . 06[ 00 9 . 1 2E-Ol 25 . 0  2 . 28[ 0 1  1 . 71 [-03 5 . 000E-07 1 .  1 4E-05 
5 . 24[-03 t:d 3000. 3 . 1 1 E-Ol 3 . 81E-02 3 . 65E 00 9 . 61 E-Ol 8 . 80E-Ol 2 5 . 0  2 . 20E 01  1 . 65[-03 5 . 000[-07 1 . 10[-05 I 5 . 06[-03 00 4000. 2 . 1 6E-Ol 2 . 10E-02 1 . 15E 00 4 . 39[-01 6 . 82[-01 25 . 0  1 . 70[ 0 1  1 . 28[-03 5 . 000E-07 8 . 52[-06 N 3 . 92[-03 

7000. 2 . 24E-Ol 1 . 50E-02 5 . 70E-Ol 3 . 20E-Ol 6 . 48E-Ol 25 . 0  1 . 62[ 0 1  1 . 2 1 [-03 5 . 000[-07 8 . 10[-06 
3 . 73[-03 

1 2000. 2 . 93E-Ol 1 . 10E-02 6 . 48E-Ol 3 . 55E-Ol 6 . 76[-01 25 . 0  1 . 69E 01  1 . 27[-03 5 . 000[-07 8 . 45[-06 
3 . 89[-03 

22000. 4 . 22E-Ol 7 . 25E-03 8 . 39E-Ol 4 . 29E-Ol 7 . 54E-Ol 25 . 0  1 . 8eE 0 1  1 . 4 1 E -03 5 . 000[-07 9 . 4 2E-06 
4 . 34[-03 

52000. 7 . 3 1 E -O l  2 . 95E-03 1 . 42E 00 6 . 23E-Ol 9 . 3 1 [-01 25 . 0  2 . 33[ 0 1  1 . 75[-03 5 . 000E-07 1 . 16[-05 
5 . 35[-03 

1 02000. 1 . 00E 00 1 .  1 5£ -OJ 1 . 91 E  00 8 . l I E-Ol 1 . 08E 00 25 . 0  2 . 70E 0 1  2 . 02[-03 5 . 000[-07 1 . 35[-05 
6 . 2 1 [-03 

202000. 1 . 20E 00 5 . 63E-04 2 . 20E 00 8 . 80E-Ol 1 . 07E 00 2 5 . 0  2 . 67[ 0 1  2 . 0 1 [-03 5 . 000[-07 1 . 34[-05 
6 . 1 5[-03 

502000 . 6. 80E-Ol 3 . 13E-04 1 . 40E 00 5 . 00E-Ol 5 . 77E-Ol 25 . 0  1 . 44[ 0 1  1 . 08E-03 5 . 000[-07 7 . 2 1[-06 
3 . 32E-03 

1 002000. 1 . 80E-Ol 1 . 29E-04 4 . 3 1 E -Ol 1 . 40E-Ol 1 . 57[ -01 25 . 0  3 . 92[ 00 2 . 94[-04 5 . 000[-07 1 . 96[-06 
9 . 03E-04 



TABLE B- I12 

IKTRUSIONAL RELEASE AT THE REPOSITORY DUE TO EXPLORATORY DRILLING 
ALTERNATIVE 5 - RETRIEVAL DELAYED 500 YEARS 

50-Year Doae C�itaent to Kax�u. Individual Population Effects 

Total Body Bone Whole-Body Populatioa Whole-Body Range Probability Population 
Year of Dose Lung Dose Surface Liver Dose Equivalent Dose Exposed Equivalent Dose Health of Event Risk 

Exposure (Re.) (Re.) Dose (Rem) (Rem) (Rem) (NUllber) (tlan-Rem) Effects �EventslYea r) (tlan-RemlYear� 

2600. 4 . 28E-Ol 6 . 45£-02 6 . 5 1 E  00 1 . 58E 00 1 . l lE 00 25 . 0  2 . 82E 0 1  2 . 1 2E-03 5 . 000E-07 1 . 4 1 E-05 
6 . 50E-03 

2700. 3 . 95E-Ol 5 . 4 1E-02 5 . 65E 00 1 . 37E 00 1 . 02E 00 25 . 0  2 . 55E 0 1  1 . 91 E-03 5 . 000E -07 1 . 27E-05 
5 . 86E-03 

2800. 3 . 63E-Ol 4 . 71 E-02 ,4 . 81 E  00 1 . 26E 00 9 . 65E-Ol 25 . 0  2 . 4 1 E  0 1  1 . 8 1E-03 5 . 000E-07 1 . 2 1E-05 
5 . 55E-03 

2900 . 3 . 32E-Ol 4 . 21E-02 ·4 . 18E 00 1 . 06E 00 9 . 1 2E-Ol 25 . 0  2 . 28E 0 1  1 . 7 1 E-03 5 . 000E -07 1 . 1 4[-05 
t= 5 . 24E-03 

I 3000. 3. 1 1 E-Ol 3 . 8 1 E -02 3 . 65E 00 9 . 6 1E-Ol 8 . 80E-Ol 25 . 0  2 . 20E 0 1  1 . 65E-03 5 . 000E-07 1 . 10E-05 
00 5 . 06E-03 
w 4000. 2 . 1 6E-Ol 2 . 10E-02 1 . 1 5E 00 4. 39E-Ol 6 . 82E-Ol 25 . 0  1 . 70E 0 1  1 . 28E-03 5 . 000E-07 8. 52E-06 

3 . 92E-03 
7000 . 2 . 24E-Ol 1 . 50E-02 5 . 70E-Ol 3 . 20E-Ol 6 . 48E-Ol 2 5 . 0  1 . 62E 0 1  1 . 21E-03 5 . 000E-07 8 . 10E-06 

3 . 73E-03 
1 2000 . 2 . 93E-Ol 1 . 10E-02 6 . 48E-Ol 3 . 55E-Ol 6 . 76E-Ol 25 . 0  1 . 69E 0 1  1 . 27E-03 5 . 000E-07 8 . 45E-06 

3 . 89E-03 
22000 . 4 . 22E-Ol 7 . 25E-03 8 . 39E-Ol 4 . 29E-Ol 7 . 54E-Ol 25 . 0  1 . 88E 0 1  1 . 4 1 E-03 5 . 000E-07 9 . 42E-06 

4 . 34E-03 
52000. 7 . 3 1 E-Ol 2 . nE-03 1 . 42E 00 6 . 23E-Ol 9 . 3 1E-O l 2 5 . 0  2 . 33E 01 1 . 75E-03 5 . 000E -07 1 . 16E-05 

5 . 35E-03 
102000. 1 . 00E 00 1 .  1 5E-03 1 . 9 1 E  00 8 . 1 1E-Ol 1 . 08E 00 25 . 0  2 . 70E 0 1  2 . 02E-03 5 . 000E -07 1 . 35E-05 
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B . 1 . 2  Nonradiological Effects 

The data for the nonradiological effects from construction , 
operations , and disposal phases of the alternative implementation are 
presented in tabular  form in the nonradiological section of 
Appendix A. 2 .  The following information li sts the table number where 
the corresponding data can be reviewed . 

TABLE TITLE 

NONRADIOLOGICAL EFFECTS 

Asses sment of Effects 

Chemical Compos ition of Calcine 

Construction Phase 

Estimated Construction Activities and 
Fuel Requirements 

Estimated Total Emissions During the 
Construction Phase 

Estimated Emis s ion Rates for Air 
Pol lutants Generated During the 
Construction Phase 

Calculated Concentration Increases of 
Air Pol lutants from Construction 
Activity 

Operations Phase 

Estimated Emiss ion Rates for Air 
Pollutants Generated During the 
Operations Phase ( lb/day) 

Estimated Emiss ion Rates for Air 
Pol lutants Generated During the 
Operations Phase (g/sec)  

Calculated Concentration Increases of 
Air Pol lutants During the Operations 
Phase 
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TABLE NUMBER 

A-88 

A-89 

A-90 

A-9 1 

A-92 

A-93  

A-94 

A-95 



TABLE TITLE 

Disposal Phase 

Concentrations of Cadmium and Mercury 
By Well 

Maximum Daily Consumption Values for 
the Standard Man and Animal 

Vegetation and Ingestion Values for 
Cadmium and Mercury By Well for 
Alternatives I and 4 

Estimated Ingestion of Cadmium from 
Hypothetical Wells  

Estimated Ingestion of Mercury from 
Hypothetical Wells  

Cadmium and Mercury Concentration in 
A River Fault and Flooding Scenario 

Estimated Ingestion of Cadmium and 
Mercury Fault and Flooding Scenario 

Estimated Ingestion of Cadmium and 
Mercury Solution Mining Scenario 
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TABLE NUMBER 

A-96 

A-97 

A-98 

A-99 

A- IOO 

A- IO I  

A- I02 

A- I03 
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APPENDIX C 
SUBSTANTIVE COMMENTS ON THE 

IDAHO DEFENSE WASTE DOCUMENT (DWD) 

This appendix is a swnmary of the substantive comments received 
from interested agencies , o rganizations , and individuals  on the document 
"Alternatives for Long-Term Management of Defense High-Level Radioactive 
Waste -- Idaho Chemical Processing Plant" (ERDA , 1977a ) . The document 
is also known as the Defense Waste Document , or the Idaho DWD . 

The DWD is a technical review document which provides preliminary 
data on a lternatives for the long-term management of  defense high-level 
radioactive waste (HLW) stored at the Idaho Chemical Process ing Plant 
(ICPP) . The document evaluates public risk and presents preliminary 
cost estimates for selected alternatives . 

In September 197 7 , the Energy Research and Development Administra
tion (ERDA) released the DWD for public comment , noting that the docu
ment was preliminary to the drafting of an environmental  impact state
ment (EIS )  for the ICPP . The consensus of those  who commented was that 
the DWD met its limited objective of  p roviding technical information . 
However the maj ority of  the public suggested that the EIS expand the 
discuss ion from the DWD to address such is sues as migration of  waste 
into the aquifer , the priority of defense waste management versus 
commercial waste management , costs , and the ultimate disposition of HLW . 
Five of  the 22 substantive responses indicated approval of  the DWD and 
that they had no comments on the proposed EIS at that time . 

The comments from the remaining 1 7  statements have been cons idered 
in the preparation of this EIS . A concerted effort has been made to 
incorporate these comments into discussions at appropriate points in the 
text of the EIS . Many of the issues  raised , such as the question of  
waste migration into the aquifer , a re addressed directly in  the text . 
Other issues , such as concern about as sessment of health effects , have 
been accommodated by broadening the s cope of the maj or evaluations and 
by addressing them in the text . 
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Most of the respondents expressed concern about the conclusion 
stated in the own that the migration of radionuclides to the aquifer is 
incredible . Many suggested that an analysis  of ion exchange and solu
tion dissolution phenomena be included in the EIS . In response to this 
suggestion , radionucl ide migration into the aquifer has been analyzed in 
Appendix A, Subsection A. 1 . 8 . 1 . 4 . 2 .  A dis cussion of the use of the 
potentially contaminated water is  also provided . 

An additional environmental concern was air  contamination . Thi s , 
as  well  as  soil erosion , is  addressed in Appendix A . 2 .  A discuss ion of 
these effects is presented in subsections of the EIS . 

Another maj or comment was that the own did not sufficiently address 
long-term environmental impacts . Suggestions were made that an analysis 
of environmental impacts be performed over a time period that would re
flect the extremely long hal f-lives of some of the radionuclides present 
in the waste . Maximum individual and population doses for this EIS  have 
been calculated for incremental time periods from 1 990 to one mil l ion 
years . An evaluation of health effects and risks is  also provided in 
response to public  comment on the need to discuss exposure-induced 
health effects . Health effects are discussed in Sections 2 and 4 of  the 
EIS . The methodology used in calculating doses and health effects i s  
given in  Appendix A ,  and the results of  the calculations are given in  
Appendix B .  

Concern expressed about the assumed stability o f  the geologic and 
hydrologic environment has been recognized in the preparation of this 
EIS . However , the time span involved (one million years ) makes any 
as sumptions about g�ohydrologic conditions total ly speculative . There
fore , release s cenarios were postulated that assume extreme conditions 
not known to have existed at the I CPP in the past .  Airborne dispersions 
of the waste by a severe geologic disruption and waterborne transport of 
the waste into groundwater have been evaluated . 

The public  expres sed concern that the time s chedule assumed in the 
own for process ing the HLW was unacceptably long to ensure public 
safety .  As currently managed , the HLW does not present a near-term 
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environmental or public  safety threat .  Therefore , there are no safety 
reasons to accelerate the current s chedule . The integrity of the waste 
bins is  described in Section 2 of this EIS and the effects of current 
management procedures are documented in a previous EIS (ERDA , 1977b ) . 

Another public  concern was that the high priority assigned to the 
processing of defense waste should be shifted to the proces sing of 
commercial waste . An EIS for the management of commercial HLW has been 
published (DOE , 1980 ) . Therefore , that concern is  not considered in 
this EIS . 

Another recommendation was that the DWD cost-risk asses sment be 
developed as a tool for decisionmaking and that the relative benefits of 
each alternative be discussed . Risks associated with each a lternative 
have been evaluated ,  and are discussed in Section 4 and summarized in 
Subsection 2 . 5  of the EIS . Costs have been estimated in evaluating 
resource commitments .  

The use of the 50-year  instead of a 70-year  dose commitment 
received criticism. The Nuclear Regulatory Commission accepts the 
50-year  dose  commitment method for all  reactor licensing evaluations . 
I t  i s  based on a 50-year life expectancy for the working population 
which is very s imilar to a 70-year life expectancy for the entire 
popUlation . The total population includes children and the elderly . 

One reviewer suggested development of a s cenario describing 
intrusion by man into the calcine after institutional controls  have 
ceased . This s cenario is considered in Appendixes A and B ,  
Subsections A . 1 . 8 . 1 . 5 . 2 ,  A . 1 . 8 . 1 . 5 . 3 ,  A . 1 . 8 . 2 . 3 ,  A . 1 . 8 . 2 . 4 ,  B . 1 . 1 . 1 . 6 ,  
B . 1 . 1 . 2 . 3 ,  B . 1 . 1 . 2 . 4 ,  and in Subsections 4 . 5 . 2 . 1 . 2 and 4 . 5 . 2 . 2 .  

Comments concerning a decision on ultimate disposition o f  the HLW 
are addressed in Sections 1 and 2 of the EIS . 
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APPENDIX D 

ALTERNATE WASTE FORMS 

The dec i s ion on the final waste form for the I daho Chemical 

Process ing Plant ( I CPP) was te , and the proce s s  by which i t  is  p roduced , 

wi l l  not be made based on this EIS .  This decis ion will  awa it  the 

outcome of ongoing research and development p rograms . However ,  in o rder 

to evaluate the envi ronmental impacts of alternative s trategies ,  three 

was te forms ( s tabil ized calcine , pellets , and gla s s )  have been used a s  

representative of various pos s ible forms for calculational purposes . 

Calcine has also  been used to evaluate Alternative 1 (Leave- in-Place ) 

(No-Action Alternative) s ince calcine is  the exis ting was te form . 

Although it  i s  pos s ible tha t  the final was te form selected for I CPP 

was tes  may be a form that i s  not yet developed , it is expected that the 

environmental impacts from whatever waste form is finally selected will 

not exceed those  des cribed in this  s tatement and will not inval idate the 

overa ll s trategy se lected at this time . 

The purpose of this appendix i s  to explain the characteristics  of a 

numbe r  of pos s ible was te forms and to show that calcine , pellets , and 

glas s  are representative choices to use for purposes of analyzing alter

native s trategies . Was te forms other than cal cine , pellets , and glas s  

are described , and p roperties o f  a l l  the was te forms a re compared . 

D . 1 Des cription of Was te Forms 

D . 1 . 1  Glas s  Ceramic 

The gla s s -ceramic was te form has genera ted more interest in Germany 

than in the United States (ERDA , 1977 ; De , et  a l . ,  1976 , and De , et al . ,  

1 9 75 ) . This form is  defined by its developers a s  a ceramic p roduct de

rived from a homogeneous parent gla s s  by means of  a special heat treat

ment cons isting of two s teps : annealing at the temperature of maximum 

nucleation rate , and annealing at the temperature of  optima l crystal 

growth rate . The process  i s  shown s chematically in Figure D- 1 .  One or 
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more crystalline phases  and a res idual glas s  pha s e  are contained in the 

glas s  ceramic . Certain fiss ion products  have an affinity for particular 

crystalline phases . For example , ces ium appears to concentrate in 

pollucite , and s t rontium in perovskite . 

Due to a wide range of potential compositions , p reparation of 

various types of  ceramics  is  poss ible . However ,  to keep melting temper

atures at a technically feas ible leve l , the parent gla s s  compositions 

should be chosen to allow for a proces s  temperature of  approximately 

12000C (22000F) or les s . 

In a conceptual gla s s -ceramic process (ERDA , 197 7 ) , calcine , nu

cleating agents , and glass frit are fed into a continuo�s melte r . The 

melted glas s  mixture is drained into shallow containers where it i s  heat 

t reated . The depth of thes e  containers is l imited to about 3 cm 

( 1 . 2  in . )  to prevent large temperature differences within the molten 

material during the heat t reatment . The proces s conditions during the 

hea t  treatment induce c rystal growth unti l  the parent glas s  mixture 

becomes primarily a fine-grained crystalline material with a res idual 

gla s s  phase . Caution must be used in the s election of glas s  constitu

ents . Compos itions that result in phase  separation of the glas s  mixture 

can lead to the c rystallization of highly leachable phases . Using the 

p rope r  choice of constituents , a homogeneous glas s  ceramic can be made . 

In tes ts o f  impact re s i stance (De , et a1 . , 1976 ) , glas s  ceramics 

exhibit a cons ide rable improvement in mechanical s trength ove r  the 

parent glas s .  A broken glas s  ceramic  yields a small  percentage of 

p ieces , whereas approximately 50% by weight of a glas s  s ubj ected to the 

s ame impact yields p ieces les s than 0 . 1  cm (0 . 04 in . )  in d iameter .  The 

leach res istance of glass ceramics is comparable to that of the parent 

glas s , although res ults show that the res idual glass phase  may leach 

p refe rentially . 

The thermal conductivity of  glass ceramics is  2 w/mo k ,  ( 1 . 2  Btu/ 

hr ft°F) which is an increase  in therma l  conductivity relative to the 
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parent glas s . Also , the glass  ceramics  have a favorable thermal expan

s ion of 1 x 10-5 cm/ oC (2 . 2  x 1 0-6 in . / oF) . 

D . 1 . 2 Sintered Gla s s  Ceramics 

Sintered glas s  ceramics are prepared by s intering a mixture of 

cal c ine and fluxing agents . Two methods are proposed : high-pressure 

compaction and low-pres sure molding (Samsel and Berreth , 1 9 7 7 ) . 

In  high-pres sure compaction , 50 to 67% by weight ca l cine is  mixed 

with 33 to 50% by weight flux and water and is then compacted in a steel 

die at 7 x 104 kPa ( 104 p s i ) . The compa cts are heated s l owly and held 

for 6 hours within the s intering temperature range of 965 to 10700C  

( 1 770 to  19600F ) . 

Low-pres s ure molding is  better than high-pres s ure compa ction from 

the standpoint of process s impl i city . A mixture of ca lcine , flux , and 

water is fed into sha llow conta iners and pres sed at 70 kPa ( 1 0  p s i )  to 

provide the interparticulate contact neces sary for s intering . After 

s intering for 3 to 5 hours , hot press ing at 70 to 350 kPa ( 1 0  to 50 p s i )  

forms the s intered glas s ceramic t o  the container wal ls .  A contro l led 

cooling period fol lowing the s intering of the mixture causes the forma

tion of des irab le crystal l ine forms . 

The s intered glass  ceramic material has properties s imilar to other 

ceramic material s , including high res is tance to impact , thermal shock , 

and aqueous dis solution . This high res i stance is  des irable for safe 

transport and storage . The s intered gla s s  ceramic  mate rial appears 

suitab le for s to rage at temperatures of at least 800°C ( I4700F ) (De , 

et a l . , 1 9 75 ) . The volume o f  the was te form would be 20 to 80% greater 

than for calcine . 

D . l . 3  Metal Matrix 

Several methods of incorporating calcine into a metal matrix have 

been tested on a bench s cale . These include s intering a mixture of 
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calc ine and metal powder , and several variations of casting a mat rix 

with calcine (prefe rably in pellet form) and a mo lten meta l (Lamb , 

1978 ) . 

Sintered matrices have been made from mixtures of  powdered aluminum 

or i ron and calcine (Van Geel , et a1 . ,  1 9 75 ) . The mixtures are com

pacted under pres sures of up to 5 x 1 05 kPa (7 x 104 ps i )  and s intered 

in an inert a tmosphere at temperatures j us t  below the melting point of  

the metal . Although s intered metal matrices have high thermal 

conductivity and s t rength comparable to that of  concrete , they a re not 

highly leach res i stant . Also , s intered metal matrix proces s ing st.eps 

a re relatively sophis t i cated for remote operation . Because of  proce s s 

ing complexities , s intered metal matrix is  not a favored waste form 

(Van Geel , et  al . ,  1 9 7 6 ) . 

Several methods have been p roposed for incorporating HLW was te 

forms in metal . One of  these , the Eurochemic proces s  (Van Geel , 

et al . ,  1975 ) , incorporates glas s  beads into a lead matrix . The beads 

a re forced by an inert carrier gas through a vertical tube into a pot of 

molten lead . Because of thei r  low specific gravity relative to lead , 

the glas s  beads float in the molten lead . The beads a re held below the 

surface by a s creen that permits the carrier gas and lead overflow to 

escape . Figure D-2 i s  a s chematic diagram of the Eurochemic proce s s . 

Experiments at the ICPP havEt been conducted to cast  cal cine and 

pelleted waste in a metal matrix in place of  the gla s s  beads (Lamb , 

1978 ; Berreth , 1976) . Problems with feed tube plugging and nonunifo rm 

metal distribution indicate that this process is  not s uited to casting 

calcine in a metal matrix but works well to cast pelleted was te . 

The p roces s for pelletizing calcine i s  discussed in Section 2 .  

Testing a t  the ICPP has s hown that a commercial a luminum casting alloy 

(A-380) is the preferred metal to form a matrix with pellets (Lamb , 

1 9 7 8 ) . Aluminum has several advantages over lead . I t  i s  less  expen

s ive , more available , lighte r  in weight , mechanically s t ronger , about 6 

times highe r  in thermal conductivity , and it  melts  a t  a higher tempera

ture . 
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Properties of the cast matrices (e . g . , matrix temperature stab i l i 

ty , leachab i l ity ,  s trength , and pos s ible pellet-metal interactions and 

product shrinkage ) need more investigation . The metal mat rix appears 

best suited for the high-heat output of s hort-decay-time was te p roduced 

in commercial reactors . Since the ICPP was tes  contain few heat-p roduc

ing fis sion products , there i s  l ittle j ustification for adopting this 

high- cost was te form for the ICPP HLW (Lamb , 1978 ; Berreth , 1976) . 

D . 1 . 4 Concrete Matrix 

Concrete as a mat rix material  for incorporating high- level was te 

has been evaluated a t  the ICPP (Berreth , 1976) , and a t  the Savannah 

River Plant (Stone , 1 9 7 7 ; Stone , 1978) . Concrete may be suitable a s  a 

matrix for low heat-generating wastes  because thermal conductivity i s  

not a n  important factor i n  determining the final was te form .  Concrete 

mat rices can be made s t rong enough for s afe handling and t ransportation . 

Concrete p roduced from high-alumina cement i s  believed to be 

superior to concrete p roduced from Portland cement in s trength and 

res i stance to degradation by water . The thermal stab i lity of concrete 

is controvers ial . Experience with alumina concrete structures in Europe 

shows that this material deteriorates severely when exposed to only 

s l ightly elevated temperatures . However ,  it is generally accepted that 

alumina concrete i s  res i stant to temperatures of 225 to 270°C (440 to 

520°F) . 

Concrete matrices with comp re s s ive strengths ranging from 2 x 104 

to 4 x 1 04 kPa ( 3 , 000 to 6 , 000 p s i )  can be cas t . This is  cons idered 

adequate to inhibit  b reakage during handling . 

Concrete matrices made with calcined was te s how little improvement 

in leach res istance over calcine . The leachability of calcine- concrete 

matrices can be reduced by pelletizing the calcine prior to p rocess ing . 

Additives such as  calc ium chloride or additional sand tend to reduce the 

leachabi lity of conc rete matrices , but they can a lso  reduce compre s s ive 

strength . 
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Studies with radioactive tracers at the Savannah River Plant 

(Stone , 1 9 7 7 ; Stone , 1978)  show that concrete reta ins Sr-90 and alpha 

emi tters very well , but that C s - 137  leaching is seve re . The rate of 

Cs- 137 leaching can be made satis factory by the addition of s o rbents , 

such a s  zeolites , to the concrete . The leachability of concrete matri

ces changes with p rolonged exposure to  high temperature; and some spe

cies of radionuclides are mo re leachable than others . Since the species 

behave differently , the changes are presumably due to chemical effects 

and not to a change in effective surfa ce a rea (Stone , 1977 ; Stone , 

1 9 7 8 ) . 

Two important problems which could occur with concrete matrices are 

1)  the evolution o f  gases  and water vapor in a sea led container and 2) 

the rapid setting of the concrete . The set  time of concrete can be re

ta rded by additives . Long-term s tudies would be nece s s a ry in order to 

determine the extent of radio lytic  gas sing in sealed containers . 

D . 1 . 5 The SYNROC Proces s  

A recent s trategy for the disposal o f  radioactive wastes is  based 

on the geochemistry of natural rocks and minerals . Many natural miner

a l s  are thought to have the capacity to accept and retain radioactive 

waste elements in the i r  c rystal lattice s . A man-made rock called SYNROC 

(Ringwood , 1 9 7 8 )  has been proposed a s  a was te form for final disposal  of 

radioactive wastes . 

The p roponents o f  the SYNROC waste form point out that all natural 

igneous rocks contain small amounts o f  radioactive elements (U , Th , K) , 
a s  well a s  many other minor elements which a re also  p resent in radio

a ctive wastes . As igneous rocks crystallize from molten material , these  

elements become dis tributed among the various mineral phases . Many 

mineral phases have reta ined radioactive species for periods exceeding 

2 x 109 
yea rs . 

The SYNROC p rocess  involves identi fying combinations o f  mineral 

phases  and radioactive elements that a re thermodynami cally compatible 
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when melted togethe r and allowed to c rystallize , effectively immobil

izing the radioactive spec ies . The composition of  SYNROC mus t  be  

controlled rigorously because small  compos itional changes can have a 

profound effect on the compos ition of  the last phase to solidify , which 

is usually the least leach-re s istant phase (Lewis , 1 9 7 8 ) . Because of 

this sens itivity to compos ition , SYNROC formulations mus t  be tailor-made 

to a particular was te and mineral phase . 

Al though a cons ide rab le reservoir of  data in the fields of  geo

chemistry and c rystal chemistry is  applicable to the p roblem of  was te 

immobilization , mos t  of  the claims made in favor of  the SYNROC was te 

form have not yet been proven with s imulated or radioactive was tes . 

There are few experimental data on leach rates from SYNROC was tes . Pre

liminary experience with synthes ized rock shows that leach rates a re 

generally s imilar to the very best glas s  formulations . Also , little i s  

known about the behavior of synthetic rocks s ubj ected t o  radioactivity 

and thermal s tres s .  Until  experiments  on leach rate s , radioactivity , 

and thermal  stre s s  a re performed , it  is  debatable whether SYNROC offers 

an advantage over the vitrification of  was tes . 

D . 2  Comparison of  Waste Forms 

Three was te forms were chosen for inves tiga tion in this EIS  to 

envelop the impact of the many waste forms under inve stigation . These  

a re glas s , ceramic pellets , and s tabilized calcine . These  and o ther 

waste forms are compared in Table D- 1 .  

Glas s  represents a waste form with extremely good characteristics 

which would be representative of the more s table material s . Stab il ized 

calcine , on the other hand , has undes irable characteristics  s uch as high 

leachability and a tendency to dust into airborne particle s . Pelletized 

calcine is  an intermediate form between gla s s  and s tabi lized calcine . 

By us ing these  forms a s  representative was te forms , maximum and 

minimum environmental consequences have been determine d .  If a better 

was te form is  later used , the environmental consequences will be less  

than those  determined by  the analyses in  this EIS . 
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S i ntHed 
G l a s s  
Ceramic 

Melal 
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I.aboratory 

P i l ot 
p l ant 

P i lot 
p l a n t  

Laboratory 

P i l o t  
p l a n t  

Pi l o t  
p l a n t  

Plant 

P i lot 
p l an t  

P i lot 
p l a n t  

Proce s s  
_��a-.!�_� __ . 

Mel t - I I OOoC 
C rystall i ze -
700-900·C 

S i nt e r  ... 
900- 1 1 00·C 

Lead a l l oy - 450·C 
Al a l loy - 650·C 

Low 
tempe ratu re 

1 100·C- 1 400·C 

Ca l c ine 500-700·C 
pe l l et i ze and s in
ter - 1 200- 1 400·C 
c rys ta l l ize - I I OO·C 

I IOO·C 

�500·C 

700·C 

F i re - 850DC 

TARLE 0- 1 

COMPARISON OF WASTE FORMS 

Thermal 
_____ �ea c��� __ ��UCl iv_� 

10-5 20 1 0-6 
g/cm /day 2 w/mDK 

1 0-7 �o 1 0 -9 
g/cm /day 

Approx ima te l y  the same 
as waste form in 
ma t r i x  to a factor o f  
1 0  better 

App roxima tely the 
same a s  waste 
form in ma t r i x  

6 x I f5 
g/cm /day 

10-5 x 10 -6 
g/cm2/day 

High for Cs and S r  

Same a s  c a l c ine 

1 0-4 
g/cm2/day 

0 . 7  w/mDK 

Lead a l loy 
8 . 65 w/mDK , 
Al a l l oy 
35 w/mDK 

-0 . 35 w/moK 

-0 . 5  to 
w/mDK 

-0 . 24 w/mDK 

Same as 
cal c i ne 

Proouct 
Oen s i� 

3 . 0  3 g/cm 

2 . 6  t� 3 
g/cm 

2 . 7  t� 5 
g/cm 

2
�7cm3 

3 to � 
g/cm 

3 g/cm3 

Temp e ra t u re 
_ S tab i l �  

500DC 

BOODC 

Me l t i ng point 
of 
mat r i x  

Hyd r a  u I i  c bond 
fa i l ure 
225-270oC 

800DC 

2 . 6  t� 3 500DC 
g/cm 

1 . 3  
g/cm3 700·C 

Same as 700°C 
ca l c ine 

Bu l k  
� 1 . 23 R/cm 

850°C 

Comp re ss ive 
St reng� 

S t ronger 
than 
pa rent 
g l a s s  

Highly 
dependent 
on com
pos i t ion 

H i gh ly  
dependent 
on com
pos i t i on 

Product 
Vol ume 

1 .  5 to 2 
x 

ca l c ine volume 

I to 1 .  5 
x 

ca l c ine volume 

1 . 25 to 2 x 
ca l c i ne v o l ume 

2 x 
ca l c i ne volume 

5 x 
c a l c ine vo lume 

I to 2 
x 

c a l c ine volume 

1 .  S to 2 
x 

ca l c i ne vo l ume 

1 x 
ca l c i ne vo l ume 

1 x 
ca l c ine vo l wne  

- 1 . 5  

Rad i a t i on 
Stab i l i ty 

Radioact ive 
ma te r i a l s  
may a ffect 
p rope rt ies 

Det e r i o r a t ion 
due to 
dehyd ration 

Radioact ive 
ma te ria l s  
may a f fect 
p rope rtie s 

Good 

Good 

Good 

x Good 
ca l c ine vo l �  



The following characteristics a re important for a des irable waste 

form : high leach res is tance to forestall dissolution of  the waste into 

nearby water sources , high s trength to res i s t  b reakage during trans

portation and handling , and high thermal conductivity to d i s s ipate heat 

generated by radioactive decay . 

The was te forms analyzed in this statement , a s  seen by the entries 

in Table D-l , are representative of  all was te forms in these  a rea s , and 

an analysis  based on these  forms  will provide an uppe r  and lower limit 

for environmental effects . 

Leachability i s  an important characteristic for was tes  disposed 

above an aquifer . As shown in Table D- l ,  calcine leachab ility i s  high 

for certain i s otope s ; other waste forms a re much more leach res i stant . 

The leach rate for ceramic pellets i s  much better (_10 -4 g/ cm
2 

/ day ) . 

Gla s s  leach rates a re even better ( 10-5 to 10-6 g/cm
2

/ day) and a re a s  

good a s  any form p resently ava i lable . Forms presently being developed 

may be even better ( sintered glass  ceramic , 10-7 to 10-9 g/cm
2

/ day) , 

thus reducing the quantity of  radionuclides  that could be transported to 

the aquifer under accident conditions . 

Specific information on comp re s s ive strength is  often not availab le 

in the l {terature . The evaluated forms range from calcine , which can be 

b roken relatively eas i ly ,  to glas s  and ceramics , which , depending on 

thei r  compos ition , can be relatively res i stant to b reaking . Other 

forms , s uch a s  glas s  ceramics o r  s inte red  gla s s  ceramics , will like ly be 

s t ronger in terms of comp re s s ive s trength than ' the forms being analyzed .  

Thus , sma l l  part icles which could b e  inhaled would b e  less  like ly t o  be 

formed during accidents . 

All forms analyzed in this s tatement are relatively res istant to 

radiation damage . I f  other forms are chosen , detai led s tudies would 

have to be comp leted to ensure that the forms are sufficiently res i stant 

to radiation damage to prevent the form from losing its integrity . 

D- l 1  



Thermal conductivity is  an important waste characteristic if  the 

waste has a high heat generation rate . Because the Iepp waste has a 

relatively low heat generation rate , thermal conductivity i s  not a s  

important a s , for example , for commercial waste . The forms evaluated in 

thi s  EIS have relatively low , but s imilar ,  thermal conductivities . Other 

potential forms have genera lly higher conductivitie s , resulting in lower 

temperatures within the waste for the s ame conditions . 

In summary , the characteristics of  the waste forms analyzed in thi s  

statement are typical but less  des i rable than for some o f  those forms 

whi ch a re presently being investigated . The analyses  in this EIS  a re 

based on presently p roducible forms . It  i s  pos s ible that forms with 

better characteristics  will be used , thus reducing environmental effects 

to levels less than thos e  des cribed in thi s  statement . 
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