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INTRODUCTION 

The Department o f  Energy (DOE) i s  p repa r ing  a  Generic Envi ron-  
mental Impact Statement f o r  Management of  Commercially Generated 
Radioact ive Waste (GEIS], t o  a i d  i n  d e c i s i o n  making rega rd ing  
p re fe rab le  methods f o r  managing commercial ly-generated, p o s t f i s s i o n  
r a d i o a c t i v e  wastes.. -....The statement  covers -the c o l  l e c t i o n ,  - t r e a t -  
ment, packaging, i n t e r i m  storage;  -transportation-;:and f i n a l  - 
i s o l a t i o n  o f  p r imary  and secondary .waste .mater.i.als - from accidents-  . 
and -from t h e  - o p e r a t i o n -  and decommissioning. o f -  -various.=lfac.i.l-i t i  es -. . 
i n  se lec ted  f u e l  c y c l  e ,op t io -ns  .Cumulat ive e f f e c t s  o f .  waste.  . . 

management assoc ia ted  w i t h  a  . s p e c i f i e d  f u e l  c y c l e  o p t i o n  through 
the  year  2050 a r e  a l s o  covered. 

' A  d e t a i l e d  eng ineer ing  d e s c r i p t i o n  o f  a l t e r n a t i v e  waste 
management f a c i l  i . t . ies,  p lan ts ,  and fue l  cyc les  and o f  an i n t e g r a t e d  
system i s  b e i n g  prepared and w i l l  be pub l i shed  s e p a r a t e l y . -  T.he 
i n fo rma t ion  i n  t h i s  document p rov ides  t h e  t e c h n i c a l  bases f o r  
eti-$ironmental' assessment o f  waste management . a c t i v i t i e s .  A 
d e t a i l e d  assessment o f  t h e  envi ronmental  e f f e c t s  o f  ope ra t i ng  
these waste management f a c i  1  i t i e s ,  p l a n t s ,  and f u e l  cyc les  and 
the  i n t e g r a t e d  system i s  be ing  prepared and w i l l  a l s o  be pub l ished 
separa te ly .  

P r e l i m i n a r y  d r a f t s  o f  a l l  of these documents a r e  be ing  
reviewed by  t h e  document authors,  DOE, and s e l e c t e d  Federal groups. 
~ ~ o v e r r i e w  o f  t h e  scope o f  t h e  documents and t h e  m e t h @ u c -  
t o  prepac~,the~i,s,p,~es-en_t.e~ n  t h i s  paper. 'The r e s u l  t s  o f  t h e  
work w i l l  be presented a f t e r  t he  documents a r e  made p u b l i c .  

PURPOSE AND SCOPE 

The p r imary  purpose o f  r a d i o a c t i v e  waste management i s  the  
p r o t e c t i o n  o f  t h e  human environment f rom r a d i o a c t i v e  wastes 

( a ) ~ o r k  suppor ted  by t h e  U.S. Department o f  Energy under Cont rac t  
EY-76-C-06-7830. 



produced i n  the  l ight-water r eac to r  (LWR) fuel  cycle .  The generic 
faci  1 i t i e s  and assessments presented i n  the  impact statement a r e  
intended t o  provide a cur ren t  view of waste management options and 
of the  e f f e c t s  waste management a c t i v i t i e s  may have on t h e  
envi ronmen t. 

Radiological assessments were conducted f o r  a l t e r n a t i v e  
waste management f a c i  l  i t i e s  operated f o r  1 ) the  so  3 1 - 1  ed once- 
through o r  "no reprocessing" opt ion,  2 )  fuel  reprocessing t h a t  
includes urani um-only recycle ,  and 3) urani u m  and pl utoni um recycle 
options f o r  t he  LWR fuel  cycle.  A1 te rna t ives  considered f o r  the  
once-through fuel  cyc le  include immediate i so l a t i on  ( fuel  cooled 
f o r  6-1/2 y r ) ,  and deferred (long-term) near-surface s torage of 
spent fuel (defe r red  i n  the  sense t h a t  the  decision t o  dispose 
of o r  reprocess t he  spent  fuel  i s  de fe r red) .  Al ternat ives  
considered f o r  the uranium-only recycle .fuel cycle  -include 1 )  
combining the  separated plutonium w i t h  the  high-1 eve1 1 iquid - _ 
waste ( H L L W )  and then so l i d i fy ing  t he  material i n  bo ros i l i c a t e  
g lass ,  and 2) convert ing the  plutonium t o  PuOi-and-storing i t  in  
near-surface f a c i l i t i e s .  

The waste management processes and associa ted f a c i l i t i e s  
f o r  which radiological  analyses were made a r e  l i s t e d  below fo r  
each plant  in  each fuel  cycle .  

Once-Through Fuel Cycle 

LWR 
- Decommissioning an LWR 

Independent Spent Fuel Storage F a c i l i t y  (ISFSF) 
- Water basin s to rage  ' f a c i l i t y  f o r  unpackaged spent fuel  
- Spent fuel  packaging f a c i l i t y  
- Excess water vaporizor 
- Vent off-gas f a c i l i t y  
- Decommissioning of an ISFSF 

Spent Unreprocessed Fuel Faci 1 i t y  (SURFF) 
- Spent fue l  receiving f a c i l i t y  
- Water basin s to rage  of packaged spent fuel  
- Sealed cask s to rage  of packaged spent  fuel  
- Dry caisson s to rage  of packaged spent fuel  
- Air-cooled vau l t  s to rage  of packaged spent fuel  

Deep Geologic Repository 
- Surface rece'i v i  ng and hand1 i ng f a c i  l  i  ty  
- Deep mine f a c i l i t y  

Transportat ion of Spent Fuel as  Waste Between Plants 



. Uranium-Only Recycle Fuel Cycle 

Fuel Reprocessing Plant  (FRP) 
- Spent fue l  receiving f a c i l i t y  
- Dissolver off-gas treatment f a c i  1 i ty  
- Vessel off -gas  treatment f ac i  1 i t y  
- HLLW s o l i d i f i c a t i o n  f a c i l i t y  
- Fuel res idue  treatment f a c i l i t y  
- Liquid waste pretreatment f a c i l i t y  
- Intermediate-level and low-level waste (ILW and LLW) t r e a t -  

ment f a c i l i t y  
- Waste immobilization f a c i l i t y  
- Fai 1 ed equipment treatment f ac i  1 i t y  
- HLLW, ILW, LLW, krypton, PuO?, and s o l i d i f i e d  high-level waste 

(SHLW) in te r im s torage f a c i l  I t i e s  
- Atmospheric protection system 
- Decomissioning:an FRP i 

Independent'.Retri evabl e Waste Storage Faci-l.i.ty . . 

- Near-surface - s to rage  -of t ransuran ic  (TRU) .ILW and LLW -1 
- Near-surface- s torage _of PuO 6 - Near-surface storage of SHL 

Deep Geologic Repository ( s ee  d e t a i l s  above) 

Transportat ion of SHLW, TRU Waste, and Pu02 

Uranium and Plutonium Recycle Fuel Cycle 

Fuel Reprocessing Plant  ( see  d e t a i l s  above) 

Independent Retrievable Waste Storage Faci 1 i t y  ( s ee  de ta i  1s 
above) 

Deep Geologjc Repository ( see  d e t a i l s  above) 

Mixed Oxide Fuel Fabrication Plant  (MOX-FFP) - Failed equipment treatment f ac i  1 i t y  
- Atmospheric protection system 
- .  TRU LLW treatment f ac i  1 i t i e s  
- Waste immobilization f a c i l i t y  
- TRU waste interiiil s torage f a c i l i t y  
- Decommissioning a MOX-FFP . 

Transportat ion o f  SHLW and TRU Waste 

In addi t i o n ,  a radiological  envi ronmental assessment was 
.conducted f o r  an in tegrated system of f a c i l  i t i  es f o r  a reference 
LWR econony through the  year 2050.. The systems and types and 
numbers of f a c i  1 i t i e s  a re :  



Once-Through Fuel Cycle 
- ISFSFS (8)  
- Repositories (5)  
- Transportat ion 

Uranium and Plutonium' Recycle Fuel Cycle 
- FRPs ( 7 )  
- MOX-FFPs (10) 
- Repositories ( 5 )  
- Transportat ion 

Uranium-Only Fuel Cycle w i t h  Pu i n  SHLW 
- FRPs (7)  
- Repositories (5)  
- Transportat ion 

Uranium-Only Fuel Cycle w i t h  PuOp Stored 
- FRPs:<(7) .- 
- Pu02--storage - f a c i l i t i e s  (17) 
- Repositories ' ( 5 )  . . 

- Transpor ta t ion-  

Deferred, Once-Through Fuel Cycle 
- ISFSFS (8)  
- SURFFs ( 3 )  
- Repositories (5 )  
- Transportat ion 

Deferred, Uranium and Plutonium Recycle Fuel Cycle 

- - SURFFs lsFsFs [14) 8 )  
- FRPs (7 )  
- MOX-FFPs (6 )  
- Repositories (5)  
- Transportat ion 

The scopc of cach radiological  ana lys i s  of waste ~ l ~ d r ~ a y t i ~ r ~ r r ~ l  
a c t i v i t i e s  included ca lcu la t ion  of the  annual and 70-yr cumul a- 
t i v e  dose t o :  

The work fo rce  of each f a c i l i t y  

The maximum individual in t he  environment ( a t  the  s i t e  
boundary o r  a t  t he  point of maximum x/Q), from planned 
and accidental  re leases  

The population within 80 km of the  f a c i l i t y ,  from planned 
and accidenta l  re1 eases 

The maximum individual and t h e  population, from transported 
spent  fuel  and TRU waste and from t ranspor ta t ion  accidents 



The maximum individual and population, from decommissioning 
a plant 

The worldwide population, from planned and accidental 
releases of 3H,  C, and 8 5 ~ r .  

Health e f f ec t s  from planned releases were also calculated fo r  
the regional and worldwide population. 

When the various a l t e rna t ives ,  options, and modes a re  consid- 
ered, the analysis  e f f o r t  was judged equivalent t o  tha t  required 
fo r  about 80 separate  environmental statements. 

METHODS OF ASSESSMENT . 

To assess the  occupational..and.environmental ef fec ts  of radio- 
act ive . e f f l  uents; !.the: usua-1-rprocedures:of i  nvestigati  ngrand.=eval.u-. 
a t ing potential ' e f f e c t s  associated with- the operation; -postulated 
accSdents,~and decommissioning of f a c i l i t i e s  were followed. Effects 
were f i r s t  evaluated a t  the a1 ternat ive faci  1 i  ty '(.process)- 1 eve1 ; 
reference . f a c i l i t i e s  were then chosen so tha t  aggregate e f fec ts  
could be addressed a t  the plant leve l ;  next, reference plants 
were combined so  t h a t  e f fec ts  could be evaluated for  fuel cycle 
modes; and f i n a l l y ,  predicted numbers of plants fo r  a given 
fuel cycle option were combined so tha t  e f f ec t s  could be evaluated 
f o r  an integrated fuel cycle system over a fixed period of time. 
To assess the integrated system, environmental e f fec ts  were normal- 
ized to u n i t  reference plant releases within the specified environ- 
ment, and then summed over operating modes of fuel cycle options. 

A1 though t h i s  statement i s  generic . ra ther  than s i  te-specif ic ,  
a reference environment was specified t o  provide a common basis 
f o r  assessing and comparing the e f f ec t s  of waste management 
a1 te rna t i  ves. The postulated reference environment i s  typical 
of cer tain regions of the north central  United States  and provides 
the descrf p t l o n  oP the envi  ronmerital charac ter i s t ics  ( c l  imate, ' land 
use, hydrology, water use, ecology, demography, and geography.) 
needed to  assess the e f f ec t s  of released radioactive materials.  

Operating modes f o r  reference plants were determined by com- 
bining selected a1 te rna t ive  waste management f a c i l i t i e s .  Release 
charac ter i s t ics ,  such as stack heights and flow ra t e s ,  were deter- 
mined as par t  of the  reference plant descriptions.  Fuel types 
were determined f o r  selected fuel cycle modes and mixes of 
reactor types f o r  a given time o r  time period. For a11 f a c i l i t y ,  
plant ,  and fuel cycle assessments, the time selected f o r  fuel 
composition was the  year 2000. The integrated system was 
analyzed f o r  selected fuel cycles over the period 1980-2050. 



The env i  ronmental rad io1  ogi  c a l  e f f e c t s  o f  planned ope ra t i ons ,  
pos tu la ted  acc idents ,  and decommissioning were assessed b y  u s i n g  
the  c a l c u l a t e d  f a c i l i t y  source terms, t h e  design c h a r a c t e r i s t i c s  
o f  t h e  re ference p lan ts ,  and the  c h a r a c t e r . i s t i c s  o f  t h e  r e f e r e n c e  
environment i n  combinat ion w i t h  accepted dose c a l c u l a t i o n  models 
and values f o r  environmental parameters. The r a d i o l o g i c a l  e f f e c t s  
on work fo rces  were assessed by cons ide r ing  r a d i a t i o n  exposure 
guide1 ines  , e v a l u a t i n g  f a c i l  i t y  designs , and s tudy ing  t h e  exposure 
h i s t o r i e s  a t  s i m i l a r  ope ra t i ng  f a c i l i t i e s .  Maintenance a c t i v i t i e s  
were assessed f rom experience o r  by  e v a l u a t i o n  o f  designs. 

Di r e c t  r a d i a t i o n  f rom planned opera t ion ,  mai ntenance, and de- 
commissioning were considered i n  de termin ing  t h e  e f f e c t s  on t h e  
work fo rces .  Re1 eases t o  the  environment f rom planned o p e r a t i  on, 
maintenance, decomnissioning, and p o s t u l a t e d  acc idents  were 
considered i n  de termin ing  the  e f f e c t s  on maximum i n d i v i d u a l s  and 

r e g i o n a l .  and -wor ldwide .populat ions ..&:Pathways.:were -1 i m i  t e d -  t o  
those .stemming f rom .a.i rborne releases.:.. . a i  r2submersion ,'- inha1 a- .. 

t i o n ,  .and ..i nges t i o n  o f  foods and food -products .exposed t o  a i . r -  - 

b o r n e - r a d i o a c t i v e  m a t e r i a l s .  - .  

Doses were c a l c u l a t e d  f o r  t h e  t o t a l  body, lung,  t h y r o i d ,  
and bone f o r  a l l  cases. Where k ryp ton  was a  major  c o n t r i b u t o r  
t o  dose, the s k i n  dqse was a l s o  c a l c u l a t e d .  Throughout t h e  
statement, t o t a l - b o d y  doses t o  i n d i v i d u a l s  and popu la t i ons  were 
compared w i t h  average doses t o  the  same i n d i v i d u a l s  and popula- 
t i o n s  f o r  t he  same t ime  per iods f rom n a t u r a l l y - o c c u r r i n g  sources 

Hea l th  e f f e c t s  were c a l c u l a t e d  us ing  70-yr  cumula t ive  popu- 
l a t i o n  doses and a  s t y l i z e d  model o f  h e a l t h  e f f e c t s  versus dose. 
The model used produces a  r a t i o  o f  one h e a l t h  e f f e c t  (cancer  
death o r  se r i ous  gene t i c  e f f e c t )  f o r  each 10,000 man-rem rece i ved  
by a  popu la t ion .  

RE,Qll l  RED DATA 

 he data r e q u i r e d  t o  c a r r y . o u t  t he  r a d i o l o g i c a l  assessment 
f o r  each waste management f a c i l i t y  a r e  prov ided i n  t h e  d r a f t  
document ~ e c h n o l o ~ ~ - f o r  commercial ~ a d i o a c t i v e  Waste Management. 
These data c o n s i s t  p r i n c i p a l  l y  of:  

Time-dependent rad ionuc l  i d e  concent ra t ions  o f  i n v e n t o r i  es 

The f r a c t i o n  o f  t h e  f a c i l i t y ' s  i n p u t  i n v e n t o r y  re leased t o  
t h e  o p e r a t i n g  c e l l  

The f r a c t i o n  o f  t h e  i nven to ry  i n  t h e  c e l l  re leased t o  t h e  
p l a n t ' s  heat ing ,  v e n t i l a t i o n ,  and a i r  c o n d i t i o n i n g  (HVAC) 
and o f f -gas  systems 



' .. e. The f r a c t i o n  o f  t h e  i n v e n t o r y  i n  t h e  v e n t i l a t i o n  systems 
re1  eased t o  the  env i  ronment 

The f r a c t i o n  o f  t h e  i n v e n t o r y  re leased through excess water  
vapor i  zors. 

Data were prov ided f o r  planned re leases  as w e l l  as process 
upsets and o t h e r  acc idents .  Except f o r  a  few non-design-basis 
acc idents  a t  r e p o s i t o r i e s ,  no r a d i o a c t i v e  m a t e r i a l s  were p o s t u l a t e d  
t o  be re leased to .  su r face  o r  ground waters, o r  d i r e c t l y  t o  ground. 
These data, a long w i t h  values f o r  re lease  parameters o f  re fe rence  
p lan ts ,  t h e  re fe rence  environment, dose models, and paramet r ic  
va lues f o r  d i s c r i m i n a t i o n  and use f a c t o r s ,  were used t o  c a l c u l a t e  
re1  ease source terms and r a d i a t i o n  doses. 

I n  t h e  BEIR ~ e p o . r t , ( ' )  i t  i s  s t a t e d  i n  summary t h a t  evidence 
t o  da te  i n d i c a t e s  t h a t  no o t h e r  1  i v i n g  organisms a r e  very  much 
more: radl iosensi t i v e  - than man7 Pat-hways: by which b i o t a -  o t h e r  
than man mav r e c e i v e  r a d i a t i o n  doses i n  t h e  environment a r e  
d iscussed ii t h e  com rehens ive  r e p o r t s  R a d i o a c t i v i t y  i n  t h e  
Marine ~ n v i r o n m e n t ( 2  7 and -".Transfer o f  Rad ioac t ive  Ma te r i  a1 s  
f rom t h e  T e r r e s t r i a l  Envi ronment = t o  Animal s  and   an. " ( 3 )  Dependi ng 
on the  pathway be ing  considered,  t e r r e s t r i a l  and a q u a t i c  organisms 
w i  11 r e c e i v e  e i t h e r  appro.ximately the  same r a d i a t i o n  doses as 
man o r  somewhat g r e a t e r  doses. Although no g u i d e l i n e s  have been 
es tab l i shed  s e t t i n g  acceptab le  l i m i t s  f o r  r a d i a t i o n  exposure 
t o  species o t h e r  than man, i t  i s  g e n e r a l l y  agreed t h a t  t h e  l i m i  s  
es tab l i shed  f o r .  humans a r e  a l s o  conserva t ive  f o r  these species.  
Therefore, i t  was concluded t h a t  no separate e f f o r t  was needed 

F4 ) 

" t o  assess t h e  e f f e c t s  on organisms o t h e r  than man i n  a  gener ic  
s tatement  such as t h i s  one. 

SUMMARY STATEMENT 

A  r a d i o l o g i c a l  assessment was conducted i n  suppor t  o f  t h e  
Generic Envi ronmen t a l  Impact Statement f o r  Management o f  Commer- 
c i a l l y  benerated Rad ioac t ive  Waste. The assessment considered f o r  
i n d i v i d u a l s  and popu la t i ons  t h e  e f f e c t s  o f  a i r b o r n e  re1  eases of 
r a d i o a c t i v e  m a t e r i a l s  f rom planned opera t ions ,  decommissioning, 
and p o s t u l a t e d  acc idents .  Doses t o  work fo rces  f rom d i r e c t  
r a d i a t i o n  were es t imated and h e a l t h  e f f e c t s  i n  popu la t i ons  were 
ca l cu la ted .  The p re l ' im ina ry  d r a f t s  o f  t h e  statement  and the  
d e t a i  1  ed envi ronmental  assessment a r e  be ing  rev iewed by DOE; 
t h e  rescrl ts o f  t h i s  work w i l l  be presented a f t e r  t h e  documents. 
a r e  made pub1 i c .  
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