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SUMMARY 

The environmental consequences and the probabi 1 i ty of conceivable acci- 
C 

dents occurring during the high level waste preparation (HLWP) phase of the 

Commercial Nuclear Waste Vitrification Project (CNWVP) were analyzed. The 

maximum environmental consequences of postulated accidents were calculated t o  

resu l t  in low radiation doses: a 50-year dose commitment of 0.3 rem to  the 

whole body for  a maximum individual, and of 20 man-rem t o  the whole body for  

the surrounding population. This may be compared to  Department of Energy (DOE) 

values, in Manual Chapter Appendix 0524, of 0.5-rem whole-body annual dose commit- 

ment t o  individuals a t  points of maximum probable exposure in uncontrolled 
areas. (1 

The calculated whole-body re la t ive  dose r isk to  individuals from acci- 

dents i s  low (1.6 x remlyr) as compared t o  that  received from natural 

background radiation (approximately 1.5 x 10-I rem/yr) and as compared to  

levels specified in Nuclear Regulatory Commission (NRC) requirements f o r  rou- 

t ine  releases from nuclear poNer reactors (5.0 x loe3 rem/yr). ( 3 )  Therefore, 

the design and operational plans for  the HLWP phase are  judged not t o  repre- 

sent an undue environmental r isk from accident conditions. 

i i i  
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TABLE 1. Classification of Potential High Level Waste 
Preparation Accidents 

Class 1: Trivial 

Loss of Services 

Loss of Contamination Control 

Equipment Failure 

Class 2: Moderate 

Small Solvent Fire 

Small In-Cell Trash Fire 

Ventilation System Failure 

Fuel -Cask Accident 

Transportation Accident 

Pipe/Tank Leak 

Class 3: Maxin~urn Credible 

Design Basis Fire 

Design Basis Explosion 

Design Basis Criticality 

Design Basis Flood 

Design Basis Earthquake 

Windstorm 

The accident assessment includes both those scenarios arising from a 

detailed study of the HLWP description and a review of accidents postulated 

in the Safety Analysis Reports (SARs) for the 324 and 325-A Buildings. ( 5  ,6) 

The essential similarity of CNWVP to previous work in these facilities lends 

credibility to the use of the building SARs for the initial environmental 

assessment. Accidents possible in the waste vitrification task are described 

in the existing 324 Building SAR, but only a small number of the accidents 

discussed in the 324 and 325-A Building SARs are applicable to the waste 

preparation task, since it involves processes or equipment that are new to 

these buildings. 



SELECTING ACCIDENTS FOR ANALYSIS 

Accidents were selected f o r  ana lys is  by a ca re fu l  review o f  t h e  funct ion,  

descr ip t ion ,  and design of the  p r o j e c t .  Th is  review was based on past  exper i -  

ence i n  t h e  P a c i f i c  Northwest Laboratory (PNL) f a c i l  i t i e s  and the  nuclear 

i ndus t ry  i n  general, and was d i r e c t e d  toward assuring t h a t  no CNWVP accident  

could have worse consequences than t h e  accidents chosen f o r  ana lys is .  

Since the  d e t a i l e d  design o f  t h e  p r o j e c t  i s  no t  y e t  f i n a l ,  t h e  accident  

cond i t ions  were kept broad i n  scope and nature. To make these cond i t ions  

manageable f o r  analys is ,  cause and e f f e c t  scenarios were developed based on the  

review described above. The scenarios are  more gener ic  than d e t a i l e d  and a l l  

assumptions are  the re fo re  conservative, tending toward maximum consequences 

and maximum p r o b a b i l i t y  o f  occurrence. A l l  ava i l ab le  DOE and NRC guidance on 

accident  cond i t ions  f o r  use i n  sa fe ty  analyses (usual l y  designated "design 

basis accident"  - DBA) was taken i n t o  account i n  se lec t i ng  the  accidents and 

developing t h e  scenarios. 

To keep t h e  ana lys is  focused on s i g n i f i c a n t  points,  t he  postu la ted acc i -  

dents were c l a s s i f i e d  as fo l lows:  1 )  T r i v i a l ,  2 )  Moderate, and 3) Maximum 

Credible. Accidents fa1 1 i n g  i n t o  each category are  shown i n  Table 1. These 

classes rank the  postu lated accidents i n  t h e  approximate order  o f  t h e i r  poten- 

t i a l  seve r i t y .  Independent evaluat ions and f a u l t - t r e e  analyses have ind i ca ted  

t h a t  t h e  p r o b a b i l i t y  of an acc ident 's  occurrence i s  roughly i nve rse ly  propor- 

t i o n a l  t o  i t s  ~ e v e r i t ~ ( ~ ) - - a n  ana lys is  t h a t  i s  cons is ten t  w i t h  t h e  ob jec t ives  

of nuclear  f a c i l i t y  design. 

For each accident  i n  the  l a s t  two categories, re levan t  aspects o f  t he  

f o l l o w i n g  top i cs  are discussed: 

poss ib le  causes and accident  chronology 

ma te r ia l  invo lved 

nature and amount o f  e f f l u e n t  released t o  the  environment 

probabi 1 i t y  o f  occurrence 

engineered sa fe ty  fea tures  provided 

v i o l  a t i  ons o r  f a i  1 ures necessary f o r  accident  occurrence 

radio1 og ica l  consequences o f  accident.  



The purpose o f  t h i s  acc iden t  a n a l y s i s  i s  t o  eva lua te  t h e  p r o j e c t  de- 

s i g n  t o  assure t h a t  p o t e n t i a l  acc iden ts  w i l l  n o t  r e s u l t  i n  personnel ex- 

posures t h a t  exceed t he  s tandard o f  t he  Department o f  Energy 's  (DOE1s-- 

f o rmer l y  t h e  Energy Research and Development Adniini s t r a t i o n  ' s  o r  ERDA' s )  

Manual Chapter 0524. A l though CNWVP i s  a  DOE p ro to t ype  demonstrat ion 

p r o j e c t  and n o t  sub jec t  t o  Nuclear  Regulatory  Commission (NRC) 1 i cens ing ,  

t h e  acc iden t  dose r i s k s  assoc ia ted  w i t h  t h i s  p r o j e c t  may a l s o  be compared 

w i t h  those cons idered acceptable f o r  commercial nuc lea r  power r e a c t o r s  by 

t he  NRC. (23)  Th i s  assurance o f  low hazard i s  reached by de te rmin ing  1 ) 

t h a t  a  pos tu l a ted  acc iden t  i s  imposs ib le  because o f  t he  na tu re  o f  t he  

f a c i l i t y  o r  i t s  engineered s a f e t y  fea tu res ,  o r  2 )  t h a t  t h e  consequences 

o f  an acc iden t  a r e  n e g l i g i b l e .  When t h e  a n a l y s i s  i n d i c a t e s  t h a t  an a c c i -  

den t  cou ld  have s i g n i f i c a n t  environmental  consequences o r  h i g h  p r o b a b i l i t y  

o f  occu r r i ng ,  des ign o r  ope ra t i ona l  s a f e t y  f ea tu res  w i l l  be p rov ided  t o  

reduce t h e  p r o b a b i l i t y  o r  consequence o f  t h a t  acc iden t .  



DETAILED ACCIDENT ANALYSIS FOR THE HIGH LEVEL 

WASTE PREPARATION PHASE OF THE COMMERCIAL NUCLEAR WASTE 

VITRIFICATION PROJECT 

INTRODUCTION 

The operat ions invo lved i n  the  Commercial Nuclear Waste V i t r i f i c a t i o n  

P r o j e c t  (CNWVP) are  e s s e n t i a l l y  i d e n t i c a l  w i t h  work t h a t  has p rev ious l y  

been performed s a f e l y  i n  the  324 and 325-A Bu i ld ings  a t  t he  Hanford S i t e .  

The amount o f  r a d i o a c t i v e  mater ia l  i n  process a t  a  given t ime w i l l  be com- 

parable t o  amounts t h a t  have been success fu l l y  processed i n  p r i o r  programs, 

b u t  l a r g e r  t o t a l  q u a n t i t i e s  o f  r a d i o a c t i v e  ma te r ia l s  (plutonium, uranium, 

and f i s s i o n  products)  w i l l  be handled because o f  the  p r o j e c t ' s  longer  

scheduled processing period. ( a )  This  l a r g e r  t o t a l  throughput may increase 

the  l i k e l i h o o d  o f  a  re lease t o  the  environment and thus present  a  somewhat 

g reater  p o t e n t i a l  hazard than ex i s ted  i n  p r i o r  programs. 

The equipment f o r  CNWVP i s  being designed t o  assure maximum safe ty .  

This  e f f o r t  inc ludes ca re fu l  d e f i n i t i o n  o f  the  general scope and nature  o f  

the  p r o j e c t ,  p rov i s ions  f o r  s p e c i f i c a l l y  engineered s a f e t y  fea tures ,  and 

the  i n s t i t u t i o n  o f  procedural and opera t iona l  con t ro l s .  However, even 

though s a f e t y  i s  a  pr imary design goal, f a c i l i t y  operat ions may i n v o l v e  a  

small b u t  f i n i t e  p o t e n t i a l  f o r  acc idents such as a  nuclear  c r i t i c a l i t y ,  

d i r e c t  i r r a d i a t i o n ,  and the  spread o r  re lease o f  r a d i o a c t i v e  contaminat ion. 

Safety problems o f  a  more convent ional i n d u s t r i a l  nature (e.g., f i r e ,  ex- 

p los ion ,  o r  re lease o f  i n e r t  o r  t o x i c  chemicals o r  gases) i n v o l v e  a  poten- 

t i a l  f o r  personal i n j u r y  o r  p roper ty  damage, o r  may r e s u l t  i n  r a d i o l o g i c a l  

consequences. 



METHODOLOGY 

The methods used t o  es t ima te  t h e  p o t e n t i a l  dose t o  people r e s i d i n g  i n  t he  

v i c i n i t y  o f  CNWVP f rom p o s t u l a t e d  acc iden ta l  re leases  o f  r ad ionuc l i des  t o  t he  

atmosphere a r e  descr ibed  i n  t h e  Appendix; i nc l uded  a re  d iscuss ions  o f  t he  c a l -  

c u l a t i o n  o f  source terms and dose, and atmospheric d i spe rs i on .  

I n  t h e  c a l c u l a t i o n  o f  consequences and occurrence p r o b a b i l i t i e s ,  parame- 

t e r s  were se lec ted  t h a t  would r e s u l t  i n  conserva t i ve  "wors t  case" analyses. 

These assumptions i n c l u d e  t h e  f o l l o w i n g :  

A l l  p a r t i c l e s  reach ing  t h e  environment a re  o f  r e s p i r a b l e  s ize .  

The s o l u b i l i t y  s t a t e s  used i n  t he  t a b l e s  f o r  r a d i o n u c l i d e s  reach ing  

each c r i t i c a l  organ a r e  t h e  most r e s t r i c t i v e  p o s s i b l e  f rom a  dose 

s tandpo in t .  

The maximum o f f s i t e  i n d i v i d u a l  i s  l o c a t e d  2000 meters f rom the  p l a n t .  

H igh e f f i c i e n c y  p a r t i c u l a t e  a i r  (HEPA) f i l t e r s  a r e  99.95% e f f i c i e n t  

f o r  a l l  stages. ( 7 )  

When doses f o r  acc iden t  cases were ca l cu la ted ,  t h e  maximum i n d i v i d u a l  was 

assumed t o  be exposed t o  t he  re lease  f o r  t h e  d u r a t i o n  o f  t h e  acc iden t .  For  

c a l c u l a t i o n  o f  popu la t i on  doses, t he  meteorology and popu la t i on  d i s t r i b u t i o n s  

o f  t h e  r e g i o n  were used. 

Most occurrence p r o b a b i l i t i e s  i n  t he  acc iden t  analyses were developed on 

a  f requency-of -occurrence bas i s  f o r  two reasons : 1  ) because da ta  on i n d u s t r i a l  

acc iden t  occurrence a l r eady  e x i s t  and u s u a l l y  have t h e  normal ized form, and 

2 )  because da ta  normal ized over  t ime  p e r m i t  e s t i m a t i o n  o f  annual r i s k  by s imply  

summing frequency-based va lues t o  y i e l d  t h e  t o t a l  p o s t u l a t e d  environmental  

impact f rom acc iden ts .  

I n t e r p r e t a t i o n s  o f  t h e  s i g n i f i c a n c e  o f  CNWVP environmental  r i s k s  a r e  

g i ven  i n  t he  Conclusion s e c t i o n  o f  t h i s  r e p o r t .  



ACCIDENT SCENARIOS 

The t h r e e  c lasses  o f  acc iden ts  d e f i n e d  i n  Table 1  (p. 4 )  a r e  d iscussed 

i n  f u r t h e r  d e t a i l  below. 

CLASS 1  - TRIVIAL 

The sma l l - s ca le  occurrences l i s t e d  i n  Table  1  were rev iewed t o  assure 

t h a t  they  woul d  n o t  cause environmental  re1  eases o f  r a d i o a c t i v i t y  f rom 

CNWVP. The improbab i l  i t y  o f  env i  ronmental re1  eases from most o f  these  occur-  

rences was q u i c k l y  e s t a b l i s h e d  by des ign rev iew.  

The l o s s  o f  va r i ous  se r v i ces  i n  t h e  324 and 325-A B u i l d i n g s  c o u l d  a f f e c t  

t h e  r e a c t i o n  r a t e s  o f  some processes and cause o f f - s t a n d a r d  products  o r  waste 

streams. However, i n  no case would t h e  l o s s  o f  a  s i n g l e  component cause an 

environmental  r e1  ease. Most o f  t h e  impo r tan t  systems, such as e l e c t r i c i t y  

and v e n t i l a t i o n ,  have redundant c a p a c i t y  t o  p rec l ude  t h e  complete l o s s  of 

se rv ices .  O ther  t r i v i a l  i n c i d e n t s  such as equipment f a i l u r e  o r  l o s s  of con- 

t am ina t i on  c o n t r o l  c o u l d  r e s u l t  i n  a  smal l  l o c a l i z e d  spread o f  con tamina t ion  

i n s i d e  t he  f a c i l  i t i e s  w i t h o u t  any cor responding environmental  r e1  ease. These 

i n c i d e n t s  a r e  r e p r e s e n t a t i v e  o f  occurrences t h a t  may happen o c c a s i o n a l l y  i n  

r o u t i n e  p rocess ing  ope ra t i ons .  

CLASS 2  - MODERATE 

The p o s t u l a t e d  acc iden ts  1  i s t e d  under Class 2 i n  Table 1  a r e  cha rac te r i zed  

as hav ing some p o t e n t i a l  f o r  "1 esser  env i ronmenta l  re leases  ," i .e., a  p o s s i b l e  

r a d i a t i o n  dose w i t h  smal l  impact  on t h e  maximum i n d i v i d u a l  and t h e  general  

popu la t ion .  These i n c i d e n t s  i n c l  ude a  m a j o r i t y  o f  t h e  p o s t u l a t e d  acc iden ts  

l e a d i n g  t o  env i ronmenta l  re leases  from t h e  waste p repa ra t i on  phase o f  

CNWVP. 

Small So lven t  F i r e  

Var ious h i g h  l e v e l  waste p repa ra t i on  (HLWP) a c t i v i t i e s  c o u l d  r e s u l  t i n  a  

minor  f i r e  i n  "A" c e l l  o f  t he  325-A B u i l d i n g .  Slow l eaks  o f  t h e  o rgan i c  s o l -  

ven t  (30% tri b u t y l  phosphate (TBP) i n  s a t u r a t e d  hydrocarbons) cou l  d  accumulate 



i n  depress ions i n  t h e  s l o p e d  s t a i n l e s s  s t e e l  f l o o r .  Assu~i i ing t h e  pudd le  t o  be 

30 cm i n  d iamete r  w i t h  a  maximum depth  o f  6.5 mm ( a  nominal  u n i f o r m  dep th  o f  

3.3 mm), as much as 160 cm3 o f  hydrocarbons c o u l d  be p resen t , (8 )  w i t h  as much 

as 5000 B t u  r e l e a s e d  by  t h e  r e a c t i o n .  A t  s teady  s t a t e ,  s a t u r a t e d  hydrocarbons 

such as kerosene burn  a t  t h e  r a t e  o f  6  t o  8 inches  (15 t o  20 cm) pe r  hour f rom 

a  s t a n d i n g  p o o l ( 8 )  and t h e  6.5 mm maximum dep th  o f  l i q u i d  would be consumed i n  

2 t o  3  minutes .  The t o t a l  b u r n i n g  t i m e  was e s t i m a t e d  t o  be 10 minutes  t o  

accoun t  f o r  t h e  .slower b u r n i n g  r a t e s  a t  t h e  b e g i n n i n g  and end o f  t h e  f i r e .  
3  The nominal v e n t i l a t i o n  f l o w  i s  1000 c fm (0.5 m 1 s )  and a b s o r p t i o n  o f  

500 B t u l m i n  would r a i s e  t h e  a i r  t empera tu re  by a p p r o x i m a t e l y  70°F (20°C). 

Exper imenta l  da ta  i n d i c a t e  t h a t  a1 1  t h e  i o d i n e  and a p p r o x i m a t e l y  1% o f  t h e  

n o n v o l a t i l e  f i s s i o n  p r o d u c t s  (FPs) and a c t i n i d e s  i n  t h e  b u r n i n g  s o l v e n t  c o u l d  

become a i r b o r n e .  Us ing t h e  HSP s t ream (see f o o t n o t e  ( a ) ,  Appendix Tab le  A.2) 

as t h e  hydrocarbon source,  2.4 x C i  o f  and 1.3 x  lo - '  C i  o f  a c t i n i d e s  

would  be r e l e a s e d  t o  t h e  c e l l  v e n t i l a t i o n .  Assuming a  3  x 1 0 - I  t r a n s m i s s i o n  

f a c t o r  f o r  p a r t i c u l a t e s  t h r o u g h  t h e  HEPA f i l t e r s ,  3.9 nCi o f  a c t i n i d e s  would 

be r e l e a s e d  t o  t h e  env i ronment .  No c leanup f a c t o r  was p o s t u l a t e d  f o r  t h e  

i o d i n e  r e l e a s e ,  ' t h e r e f o r e  24 nCi o f  1 2 9 ~  would be r e l e a s e d  t o  t h e  env i ronment  

I f  t h i s  a c c i d e n t  were a c t u a l l y  t o  happen (occur rence  p robab i  1  i t y  o f  1  ) , t h e  

r e s u l t i n g  dose p o t e n t i a l s  would be those  shown i n  Tab le  2.  

TABLE 2. Dose P o t e n t i a l s  f rom a Small S o l v e n t  F i r e  

I n h a l a t i o n  Doses ( A c t i n i d e s  and I o d i n e )  
Dose t o  50-Year Dose Commitment t o  

Maximum I n d i v i d u a l  a t  P o p u l a t i o n  W i t h i n  50 M i l e s  
Organ o f  2000 Meters  ( rem) (80 km) (man-rem) 
Reference 1  -Year Dose 50-Year Dose 1977 Popul a t i o n  1985 P o p u l a t i o n  

Whole Body 5 . 1 ~ - 1 1 ( ~ )  1.3E-9 4.6E-8 4.8E-8 

Bone 9.3E-10 2.7E-8 9.9E-7 1  .OE-6 

Lung 2.7E-9 6.4E-9 2.3E-7 2.4E-7 

T h y r o i  d  1.1E-8 1.3E-8 4.7E-7 4.9E-7 

G I  T r a c t  ( b )  1.1E-12 1  .2E-12 4.2E-11 4.4E-11 

( a )  5.1E-11 = 5.1 x 1 0 - l 1  
( b )  G I  T r a c t  = g a s t r o i n t e s t i n a l  t r a c t  



A p rev ious  s tudy (4 )  d e r i v e d  s t a t i s t i c s  (based on f i r e  da ta  f rom the  

chemical i n d u s t r y  and a p p l i e d  t o  f u e l  f a b r i c a t i o n  p l a n t s )  t h a t  i n d i c a t e  a  

p robab i l  i t y  o f  <1 O-'lyear f o r  l o c a l  i z e d  f i r e s  as descr ibed  i n  t h i s  scenar io .  

A d m i n i s t r a t i v e  c o n t r o l s  o f  combust ib le  m a t e r i a l s  i n  work areas w i l l  make 

t h i s  probabi  1  i ty  es t ima te  conse rva t i ve  f o r  t h e  325-A f a c i l  i ty. 

Small I n - C e l l  Trash F i r e  

I n  t h e  325-A B u i l d i n g  h o t  c e l l s ,  combust ib le  t r a s h  ( rags ,  p l a s t i c ,  smal l  

t o o l s  and equipment, e tc . )  w i l l  be s t o r e d  i n  sheet  metal  cans 10 inches 

(25.4 cm) i n  d iamete r  by 10 1 /2  inches (26.7 cm) t a l l .  A t h i n  po l ye thy l ene  

bag w i l l  be used as a  c a n - l i n e r  t o  r e t a r d  t h e  a t t a c k  o f  d i l u t e  n i t r i c  a c i d  

s o l u t i o n  f rom rags  used t o  wipe down t h e  c e l l .  Rags c o u l d  a1 so be used t o  

soak up o rgan i c  s o l v e n t  puddles on t h e  f l o o r .  Up t o  10  cans o f  t r a s h  c o u l d  

accumulate be fo re  be ing  removed from t h e  c e l l .  Organic-  o r  acid-soaked rags 

i n  con ta i ne rs  w i t h  poor hea t  conduc t ion  (due t o  use o f  a  p l a s t i c  l i n e r )  c o u l d  

i g n i t e  spontaneously.  Rags and p l a s t i c  would p robab ly  smolder i n  c l osed  con- 

t a i n e r s ,  b u t  f o r  t he  purposes o f  t h e  c a l c u l a t i o n ,  we assumed t h a t  a  c o n t a i n e r  

f u l l  o f  rags  would burn  i n  20 minutes.  The con ta i ne rs  a r e  designed t o  h o l d  

10  pounds (4.5 kg )  o f  l a r d  and would p robab ly  h o l d  l e s s  we igh t  i n  l oose  rags 

(5  I b  o r  2.3 kg) .  The combust ion hea t  o f  rags i s  approx imate ly  7000 B t u l l b .  
3  

Thus, up t o  35,000 Btu c o u l d  be re leased .  We assumed f u r t h e r  t h a t  500 cm of 

HSP had been wiped f rom t h e  f l o o r ,  p r o v i d i n g  an a d d i t i o n a l  16,000 B t u  f o r  a  

t o t a l  r e l e a s e  o f  2550 B tu lm in .  Such an i n p u t  cou ld  r a i s e  t h e  a i r  tempera- 

t u r e  300°F (150°C) and r e l e a s e  up t o  7.5 x C i  o f  '''1 and 4.0 x lo- '  C i  - 
o f  a c t i n i d e s  t o  t h e  c e l l  v e n t i l a t i o n .  App l y i ng  a  3  x l o - '  t r ansm iss i on  fac -  

t o r  f o r  p a r t i c u l a t e s  th rough  t h e  HEPA f i l t e r s  y i e l d e d  an environmental  re1  ease 

o f  12  nCi o f  a c t i n i d e s .  Wi th  no c leanup o f  t h e  i o d i n e  re lease ,  75 nCi o f  '"I would be re l eased  t o  t h e  environment. The r e s u l t i n g  dose p o t e n t i a l s  a r e  

shown i n  Table  3. 

As d iscussed  i n  connec t ion  w i t h  t h e  p rev ious  acc i den t  scena r i o  (see 

above), a  p r o b a b i l  i t y  o f  < 1 0 - ~ / ~ e a r  i s  c o n s e r v a t i v e l y  i n d i c a t e d  f o r  t h i s  f i r e -  

re1 a t e d  acc iden t .  ( 4 )  



TABLE 3. Dose P o t e n t i a l s  from a  S ~ ~ i a l l  I n -Ce l l  Trdsh F i r r  

I n h a l a t i o n  Doses (Ac t i n i des  and I o d i n e )  
D O S ~  t o  50-Year Dose Cornmi t~nen t t o  

Maximum I n d i v i d u a l  a t  Popu la t ion  W i th i n  50 Mi les  
Organ o f  2000 Meters (rem) (80 km) (man-rem) 
Reference 1-Year Dose 50-Year Dose 1977 Popu la t ion  1985 Popu la t ion  

Who1 e  Body 1 . 6 ~ - 1  o ( ~ )  3.7E-9 1.3E-7 1.4E-7 

Bone 2.7E-9 8.1 E-8 3.OE-6 3.1 E-6 

Lung 8.1 E-9 1  .9E-8 7.1 E-7 7.4E-7 

Thyro i  d  3.4E-8 4.2E-8 1.5E-6 1  .6E-6 

G I  T r a c t  ( b )  3.4E-12 3.4E-12 1.3E-10 1  .3E-10 

( a )  1.6E-10 = 1.6 x 1 0 - l o  
( b )  G I  T r a c t  = g a s t r o i n t e s t i n a l  t r a c t  

2.3 V e n t i l a t i o n  Svstem F a i l u r e  

The v e n t i l a t i o n  and MEPA f i l t e r  system i s  t he  bas i s  f o r  ma in ta i n i ng  con- 

t r o l  o f  a i r b o r n e  r a d i o a c t i v i t y .  V e n t i l a t i o n  f a i l u r e s  w i t h i n  t h e  324 o r  325-A 

B u i l d i n g s  cou ld  l ead  t o  an a i r b o r n e  re l ease  o f  r ad ionuc l i des  w i t h i n  t h e  f a c i l -  

i t y  o r  t o  t h e  environment. S ince a l l  p o t e n t i a l l y  contaminated exhausts must 

pass through a  minimum of two HEPA f i l t e r  stages be fo re  re l ease  t o  t he  env i ron-  

ment, f a i l u r e  o f  any one f i l t e r  would n o t  be expected t o  cause a  s i g n i f i c a n t  

ex te rna l  r e l ease  o f  r a d i o a c t i v e  m a t e r i a l s .  

The pos tu l a ted  v e n t i l a t i o n  system f a i l u r e  acc iden t  i nvo l ves  t h e  complete 

l o s s  o f  b u i l d i n g  v e n t i l a t i o n  and i s  based on ext remely  conserva t i ve  assumptions 

Even i f  no remedia l  a c t i o n s  were i n s t i t u t e d ,  t h e  consequences descr ibed  below 

represen t  a  "wors t  case" f o r  t h i s  t ype  o f  acc iden t .  I n  a  r e a l  acc iden t ,  a  num- 

be r  o f  f a c t o r s  would tend t o  m i t i g a t e  t he  consequences. One f a c t o r  i s  t he  

s tack  e f f e c t  i n  t he  324 and ( t o  some e x t e n t )  t h e  325-A B u i l d i n g s ,  which tends 

t o  ma in ta i n  v e n t i l a t i o n  f l ow .  A lso  r e l e v a n t  i s  t h e  f a c t  t h a t  t h e  h o t  c e l l s  a r e  

r e l a t i v e l y  a i r t i g h t  except  f o r  v e n t i l a t i o n  i n l e t s  and exhausts.  Consequently, 

any l o s s  o f  f o r ced  v e n t i l a t i o n  would tend  t o  leave  t h e  c e l l  environment i n  a  

s t a t i c  c o n d i t i o n  so t h a t  any d i f f u s i o n  o u t  o f  t he  c e l l s  and i n t o  work areas 

would be very  s low. I n  a d d i t i o n ,  i f  v e n t i l a t i o n  f a i l u r e  i s  based on complete 

l o s s  o f  e l e c t r i c a l  power t o  t h e  f a c i l i t y ,  a  p o r t a b l e  genera to r  may be brought  



i n  and connected t o  b u i l d i n g  emergency power busses. Previous experience a t  

Hanford 300 Area f a c i l i t i e s  i nd i ca tes  t h a t  t h i s  emergency e l e c t r i c a l  hookup 

cou ld  be accomplished w i t h i n  1/2 t o  2  h r  o f  a  complete b u i l d i n g  e l e c t r i c a l  outage. 

A v e n t i l a t i o n  system f a i l u r e  i n v o l v i n g  the  l oss  o f  negat ive pressure w i t h -  * 

i n  t h e  ho t  c e l l s ,  r e l a t i v e  t o  the  surrounding room, might a l l ow  some a i rbo rne  

rad ionuc l ides  t o  back d i f f u s e  through a  l eak ing  c e l l  i n take  f i l t e r  o r  manipu- 

l a t o r  boot.  The maximum re lease p o t e n t i a l  occurs i n  t he  d i s s o l v i n g  cyc le  i n  

t he  324 Bu i ld ing ,  where up t o  100 kg o f  f u e l  may be d isso lved a t  one time. The 

cyc le  du ra t i on  i s  8  h r ,  bu t  most o f  t he  v o l a t i l e  f i s s i o n  products re leased are  

assumed t o  be d r i v e n  o f f  w i t h i n  the  f i r s t  few hours (90% w i t h i n  4  h r ) .  We 

assumed conserva t ive ly  t h a t  100% o f  t h e  8 5 ~ r  (1060 C i  ) and 10% o f  t h e  3~ 

(6.7 C i )  were released. Because t h i s  ma te r i a l  would gradua l ly  d i f f u s e  t o  t h e  

outs ide,  i t  can be considered a  ground l e v e l  re lease t o  the  environment. The 

dose p o t e n t i a l s  r e s u l t i n g  from t h i s  re lease (assumed t o  occur over a  few hours) 

a re  shown i n  Table 4. 

TABLE 4. Dose P o t e n t i a l s  from a  V e n t i l a t i o n  System F a i l u r e  

I n h a l a t i o n  Doses ( T r i t i u m )  

Dose t o  Maximum 50-year' Dose Commitment t o  
I n d i v i d u a l  a t  2000 Populat ion Wi th in  50 M i les  

Organ of Meters (rem) (80 kni) (man-rem) 
Reference 1-Year and 50-Year Dose 1977 Populat ion 1985 Populat ion 

Who1 e  Body, 
Lung, Thyro i  
and G I  T r a c t  ?a 1 8.9E-5 ( b )  

Bone 0  0  0  

External  Doses ( 8 5 ~ r )  

Dose t o  Maximum Dose t o  Populat ion Wi th in  
Organ of I n d i v i d u a l  a t  2000 50 M i les  (80 km) (man-rem) 
Reference Meters (rem) 1977 Populat ion 1985 Populat ion 

Whole Body 3.OE-5 

Skin 1.2E-2 

a) G I  T r a c t  = g a s t r o i n t e s t i n a l  t r a c t  
[b)  8.9E-5 = 8.9 x  



The p r o b a b i l i t y  o f  t h i s  acc ident  occur r ing  inc ludes  t h e  expected frequency 

o f  t h ree  independent b e l t - d r i v e n  fans f a i l i n g  on the  same day ( 5  x 1 0 - ~ / ~ r )  (4 )  

and the  simultaneous f a i l u r e  o f  bo th  pr imary and emergency e l e c t r i c a l  power 

systems (1  x 1 ~ - ~ / ~ r ) .  O) Complete e l e c t r i c a l  f a i l u r e  i s  t h e  dominant proba- 

b i l i t y  term f o r  complete v e n t i l a t i o n  f a i l u r e ,  t he re fo re  a re lease t o  t he  opera- 

t i n g  areas by t h i s  means would be expected t o  have a f a i l u r e  frequency o f  

approximately 1 

2.4 Fuel-Cask Accident 

Department o f  Transportation-(DOT-) approved casks w i l l  be used t o  sh ip  

spent f u e l  elements t o  t h e  324 Bu i l d i ng .  Whi le t h e  casks remain sealed the re  

a re  no c r e d i b l e  acc idents t h a t  cou ld  cause t h e  re lease o f  r a d i o a c t i v e  ma te r i a l s .  

The casks w i l l  be unloaded i n  t h e  a i r  l ock  o f  t h e  324 B u i l d i n g  radiocheni ical  

engineer ing c e l l s .  The operat ions i nvo l ved  i nc lude  load ing  each cask on a 

small d o l l y  and t r a n s f e r r i n g  i t  i n t o  t he  a i r  lock ,  removing t h e  cask 's  l i d ,  

and t r a n s f e r r i n g  t h e  f u e l  elements by j i b  crane from t h e  cask t o  metal th imbles 

f o r  s torage and handl ing.  

The opera t ion  w i t h  t h e  g rea tes t  p o t e n t i a l  f o r  rad ionuc l i de  re lease i s  t he  

t r a n s f e r  o f  a f u e l  element by j i b  h o i s t  from cask t o  th imble.  For t h i s  analy-  

s i s  we assumed t h a t  a p ressur ized  water r e a c t o r  (PWR) f u e l  assembly con ta in ing  

450 kg of uranium as UOp was broken i n  h a l f  w h i l e  being unloaded, through the  

i n c o r r e c t  opera t ion  o r  mechanical f a i l u r e  o f  t h e  j i b  h o i s t .  I f  t h i s  assembly 

were sheared w h i l e  being l i f t e d  o u t  o f  t h e  cask i t  would be approximately 17 f t  

(5 m) above t h e  a i r  l o c k  f l o o r .  I t  i s  h i g h l y  u n l i k e l y  t h a t  t h e  j i b  h o i s t ' s  

ho r i zon ta l  mot ion would be ab le  t o  shear e i t h e r  a b o i l i n g  water r e a c t o r  (BWR) 

o r  PWR element, o r  t h a t  t he  sheared tubes o f  an element would be ab le  t o  re lease 

more than a few p e l l e t s .  However, f o r  t h i s  ana l ys i s  we used the  h i g h l y  conserva 

t i v e  assumption t h a t  t h e  m a j o r i t y  o f  f u e l  p e l l e t s  were re leased and f e l l  t he  

17 f t  (5  m) t o  t h e  concrete f l o o r  o f  t h e  a i r  l ock .  We f u r t h e r  pos tu la ted  t h a t  

a maximum o f  1% o f  t h e  s o l i d  ma te r i a l  composing the  f u e l  p e l l e t s  was converted 

i n t o  powder by t h i s  ac t i on .  

Experimental evidence i n d i c a t e s  t h a t  a maximum o f  0.5% o f  a source o f  

f i n e l y  d i v i d e d  p lutonium d i o x i d e  powder becomes a i rbo rne  a t  a i r f l o w s  l e s s  than 

100 crn/sec. ( 4 )  Therefore, a maximum o f  0.005% (22.5 g )  o f  t h e  s o l i d  radioac-  

t i v e  ma te r i a l  i n  a f u e l  element was assumed t o  become a i rbo rne  and t o  chal lenge 



t he  f i n a l  two banks o f  HEPA f i l t e r s  p r i o r  t o  re lease  t o  t he  environment. Assum- 

i n g  a  3  x  t ransmiss ion  f a c t o r  f o r  p a r t i c u l a t e s  through these f i l t e r  banks, 

6.75 x  g  (15.8 v C i )  o f  mixed f i s s i o n  and f u e l  products would be re leased 

t o  t h e  environment i n  p a r t i c u l a t e  form. I n  add i t i on ,  we assumed conse rva t i ve l y  

t h a t  a l l  o f  t he  krypton-85 (4800 C i )  and 10% o f  t he  t r i t i u m  (30 C i )  and iodine-129 

(1.7 x  C i  ) were re leased a t  t he  same t ime. No cleanup f a c t o r s  were postu- 

l a t e d  f o r  these t h r e e  isotopes.  The r e s u l t i n g  dose p o t e n t i a l s  a re  shown i n  

Table 5. 

Table 5. Dose P o t e n t i a l s  f rom a  Cask Accident 

I n h a l a t i o n  Doses ( F i s s i o n  and Fuel Products) 

Dose t o  Maximum 50-Year Dose Conimi tnient t o  
I n d i v i d u a l  a t  2000 Popu la t ion  Wi th ing 50 M i l e s  

Organ of Meters (rem) (80 km) (man-reni) 
Reference l -Year  and 50-Year Dose 1977 Populat ion 1985 Popu la t ion  

Whole Body 1. O E - ~ ( ~ )  1  .OE-4 3.lE-3 3.3E-3 

Bone 1.6E-7 1.6E-6 4.9E-5 5.2E-5 

Lung 1.2E-4 1.2E-4 3.7E-3 3.8E-3 

Thyro id  2.OE-3 2.4E-3 7.1E-2 7.5E-2 

G I  T r a c t  (b )  1.OE-4 1.OE-4 3.1E-3 3.3E-3 

Ex terna l  Doses (F i ss ion  and Fuel Products) 

Dose t o  Maxinium Dose t o  Populat ion Wi th in  
Organ o f  I n d i v i d u a l  a t  2000 50 M i l e s  (80 km) (nian-reni) 
Reference Meters (rem) 1977 Populat ion 1985 Popu la t ion  

Who1 e  Body 7.8E-5 4.5E-3 4.6E-3 

Sk in  1.4E-2 - - - - 

( a )  1.OE-4 = 1.0 x  10- 4  

(b )  G I  T r a c t  = g a s t r o i n t e s t i n a l  t r a c t  

An occurrence probab i l  i t y  o f  2  x  l o q b  per year  was es tab l i shed f o r  t h i s  

acc ident  based on the  recurrence r a t e  o f  these a c t i v i t i e s  and on data f o r  indus- 

t r i a l  equipment f a i l u r e .  (10) 

2.5 T ranspo r ta t i on  Accident  

Radioact ive m a t e r i a l s  w i  11 be t ranspor ted  both t o  and from the  324 and 

325-A Bu i l d i ngs .  Ma te r i a l s  shipped t o  t he  p l a n t  w i l l  c o n s i s t  o f  spent PWR and 



BWR fue l  elements t ha t  have been cooled f o r  about 1 yr. Shipments from the 

f a c i l i t y  t o  the 200 Area contractor  w i l l  cons is t  o f  intermediate and low leve l  

l i q u i d  waste, uranyl n i t r a t e  solut ion,  Pu02 product, and leached hu l ls .  Accord- 

i ng  t o  present plans, a1 1 shipments w i l l  be made by t ruck.  

A l l  o f f s i t e  shipments o f  rad ioact ive mater ia ls are subject  t o  the s t r i n -  

gent regulat ions and requirements o f  NRC and DOT. These regulat ions speci fy 

t ha t  shipping packages sha l l  be designed t o  withstand both spec i f ied normal 

condit ions o f  t ranspor t  and hypothetical accident condit ions wi thout  loss o f  

contents, wi thout  s i g n i f i c a n t  loss o f  shie ld ing,  and ( i n  the case o f  f i s s i l e  

mater ia l  s)  wi thout  occurrence o f  a c r i t i c a l  i ty.  The accident-damage t e s t  

ser ies t h a t  each shipping container must withstand i s  as fol lows: (11 

1. a 30 - f t  (9-m) drop onto an essen t ia l l y  unyie ld ing surface i n  the most 

damaging or ienta t ion,  f o l  1 owed by 

2. a puncture tes t ,  consist ing o f  a drop from a height  o f  40 i n .  (100 cm) 

onto a 6-in. (15-cm) diameter s tee l  rod t h a t  s t r i kes  the container i n  

i t s  most vulnerable spot, fol lowed by 

3. a 112-hr f i r e  t e s t  a t  1475OF (800°C), fo l lowed by 

4. submersion i n  water t o  a depth o f  a t  l eas t  3 f t  (0.9 m) f o r  a t  l eas t  

8 h r  ( f o r  f i s s i l e  mater ia l  only). 

Based on regu la tory  standards and requirements f o r  package design and qua l i t y  

assurance and on the resu l t s  o f  these tes ts  and past experience, DOT-approved 

packages are designed t o  withstand a l l  but  extremely severe, h igh ly  un l i ke l y  

accidents. 

A study by the former Atomic Energy Commission (AEC) discussed occurrence 

frequencies f o r  pub1 i c  motor c a r r i e r  t ruck  accidents o f  varying degrees o f  

sever i ty ,  ranging from minor t o  extreme. These frequencies range from 
1.3 x accident per vehicle-mile (1  accident per 770,000 mi les o r  

6 1.2 x 10 km) f o r  minor accidents, t o  2 x accident per vehicle-mile 

(1 accident per 50 trill i on  mi les o r  8 x 1013 krn) f o r  extremely severe acci- 

dents. The CNWVP i s  expected t o  receive 30 shipments o f  spent fue l  per year 

i n  DOT-approved containers t ha t  have been transported an average distance o f  

2000 mi les (3200 km) . Using the above noted frequencies, these expected 



f igures  correspond t o  60,000 vehicle-miles of o f f s i t e  t ranspor t ,  with occur- 

rence probabil i t i e s  of 8 x accident per year (1 accident  in 12.5 years)  

fo r  minor accidents ,  and 1.2 x 1 o-' accident  per year (1 accident  in 833 

mil 1 ion years )  f o r  extremely severe accidents.  

Transportation in DOT-approved shipping containers i s  not required f o r  

ons i t e  shipments; however, they wil l  be escorted and wi l l  t ravel  a t  low r a t e s  

of speed ( l e s s  than 30 mph or 48 k m / h r ) .  These precautions should compensate 

f o r  the  use of non-DOT approved containers ons i t e ,  and may even reduce by orders 

of magnitude the  probabi l i ty  of serious accidents.  In addi t ion,  s t a t i s t i c s  

from o f f s i t e  motor c a r r i e r  accidents have been applied t o  ons i t e  shipments 

( f o r  which s t a t i s t i c a l l y  s i gn i f i c an t  data a r e  not ava i l ab l e ) ,  and lead t o  

highly conservative p robab i l i t i e s  of accident occurrence. ( a )  

Approximately 122 ons i t e  shipments of uranyl-ni t ra te  a r e  expected per 

year in connection with C N W V P ,  each with an average shipping dis tance  of 35 miles 

(56 k m ) .  ( a )  Using the above o f f s i  t e  frequency data ,  the accident p robab i l i t i e s  

f o r  the r e su l t an t  4270 vehicle-miles a re  5.6 x per year ( 1  accident  in 

180 years)  f o r  minor accidents and 8 .5  x 10-l1 per year (1 accident  in 12 b i l l i on  

years)  f o r  extremely severe accidents.  Dry waste, leached hu l l s  and low 

a c t i v i t y  mater ia ls  wi l l  a l so  be shipped onsi te  f o r  waste disposal .  These so l i d  
radioactive materials  a r e  of low spec i f i c  a c t i v i t y  and a r e  nondispersible,  so  

t ha t  even t h e i r  coniplete re lease  would not represent  a s i gn i f i c an t  environmental 
hazard. Therefore, the  p robab i l i t i e s  of occurrence a r e  not presented. 

2.6 PipeITank Leak 

All process tanks and piping used in CNWVP (both within and between the 

324 and 325-A Buildings) wil l  have a t  l e a s t  two bar r i e r s  t o  prevent the escape 

of radionuclides t o  the  environment. The space between the primary and secon- 

dary bar r i e r s  wi 11 be monitored ( e i t h e r  visual l y  o r  w i t h  instruments) t o  assure  

t ha t  any leak in the  primary containment i s  detected immediately. Corrective 

action wi l l  then be taken t o  preclude the pos s ib i l i t y  of an environmental 

re1 ease. 

) J .  M. Taylor and F. A .  Simonen, Safety Analysis f o r  Transportation of Radio- 
ac t ive  Materials Associated with the  Commercial Nuclear Waste V i t r i f i c a t i on  
Project .  Ba t te l l e ,  Paci f ic  Northwest Laboratories, Richland, WA 99352, 
October 1977. 



CLASS 3 - MAXIMUM C R E D I B L E  

Postulated accidents l i s t ed  in Class 3 (See Table 1 ,  p. 4 )  are  charac- 

terized as having the potential for  "greater environmental releases." These 

accidents are generally defined in th i s  discussion as scenarios resulting in 

s ignif icant  o f f s i t e  radiation doses, or those arising from "design basis" or 

"maximum credible" accident considerations. 

3.1 Design Basis Fire 

The " A "  Cell in the 325-A Building contains a l l  of the organic solvent 

in use in the separation process. We postulated tha t  rags soaked with organic 

solvent and kept in a sheet metal trash container were ignited by spontaneous 
combustion. We assumed tha t  the container was under one of three organic con- 

tinuous columns ( H A ,  HS1, and HS2) in the CNWVP conceptual design flowsheet, ( a )  

and that  the heat and flames caused fa i lure  of connections. The organic solvent 

was then ejected, with some striking the floor-level exhaust out le t  f i l t e r .  

The impact of suff ic ient  organic solvent on the f i l t e r  would cause f a i lu re  by 

the "blow torch" e f fec t  and igni te  trace quantit ies of organic material on 

the surface of the exhaust ducts. The burning of the organic material would 

transmit heat down the duct, raising the concentration of organic vapor on the 

surface of the duct. 

Most of the 25 R of solvent present in the three columns and two organic 

headpots would be los t  to the drain and unavailable for  combustion. We assumed 

that  10% would cover various surfaces in the cel l  and f a l l  into the burning 
trash. Combustion was assumed to be incomplete, providing additional fuel a t  

the HEPA f i l t e r  banks approximately 20 f t  (6 m) from the A-cell. Flame propa- 
gation along the exhaust duct surfaces would cause loss of both of these HEPA 

f i l t e r  banks. Under the assumptions stated for  small solvent f i r e s  (Class 2.1 

accidents: release of 100% of the iodine and 1 %  of a l l  other materials),  com- 

bustion of 2.5 R HSP organic waste (Appendix Table A . 2 )  could release as much 

as 380 nCi of '''1 and 0.2 Ci of actinides to  the exhaust ducts. 

Current Hanford Engineering Development Laboratory (HEDL) plans call  for 

the ins ta l la t ion  of a final stage of HEPA f i l t e r s  in the exhaust system jus t  

la)conceptual Design Report - Commercial Nucl ear Waste Vitrification Program. 
Bat tel le ,  Pacific Northwest Laboratories, Richland, WA 99352, December 1976. 



be fo re  i t  reaches t he  s tack.  Th i s  f i l t e r  improvement p r o j e c t  i s  scheduled f o r  

i n s t a l l a t i o n  p r i o r  t o  s t a r t u p  o f  CNWVP. Consequently, a l l  exhaust streams 

l e a v i n g  t h e  h o t  c e l l  area w i l l  pass through a t  l e a s t  one i n t a c t  s tage o f  HEPA 

f i l t e r s .  Assuming a  5  x  t ransmiss ion  f a c t o r  f o r  p a r t i c u l a t e s ,  1  x  C i  

o f  a c t i n i d e s  would be re leased  t o  t he  environment. Wi th  no cleanup p o s t u l a t e d  

f o r  t h e  i od ine ,  380 nCi would be re leased  t o  t h e  environment.  The r e s u l t i n g  dose 

p o t e n t i a l s  a r e  shown i n  Table 6. 

TABLE 6. Dose P o t e n t i a l s  from a  Design Basis  F i r e  

I n h a l a t i o n  Doses ( F i s s i o n  and Fuel Products)  
Dose t o  50-Year Dose Commitment t o  

Maximum I n d i v i d u a l  a t  Popu la t ion  W i t h i n  50 M i l e s  
Organ of  2000 Meters (rem) (80 km) (man-rem) 
Reference 1-Year Dose 50-Year Dose 1977 Popu la t ion  1985 Popu la t i on  

Whole Body 9 . 8 ~ - 7 ( ~ )  3.2E-5 1.2E-3 1.2E-3 

Bone 2.3E-5 6.9E-4 2.5E-2 2.6E-2 

Lung 6.6E-5 1.6E-4 5.8E-3 6.1E-3 

Thy ro id  1.8E-7 2.1E-7 7.6E-6 8.OE-6 

( a )  9.BE-7 = 9.8 x 
( b )  GI T r a c t  = g a s t r o i n t e s t i n a l  t r a c t  

I n - c e l l  f i r e  p r o t e c t i o n  w i l l  c o n s i s t  o f  m a n i p u l a t o r - c o n t r o l l e d  f i r e  noz- 

z l e s  d ispens ing  a  d r y  chemical f i r e - f i g h t i n g  agent. I n - c e l l  heads f o r  water  

f o g  spray w i l l  a l s o  be i n s t a l l e d  and w i l l  be c o n t r o l l e d  by manual ly operated 

va lves  o u t s i d e  t h e  c e l l s ,  and automat ic  a larm f i r e  de tec to r s  w i l l  be p laced i n  

each c e l l .  The proper  ope ra t i on  and u t i l i z a t i o n  o f  these f i r e  p r o t e c t i o n  

dev ices should e l i m i n a t e  t h e  t ype  o f  f i r e  presented i n  t h i s  scenar io .  However, 

f o r  conservat ism we pos tu l a ted  t h a t  these systems d i d  n o t  opera te  p r o p e r l y  

through e i t h e r  equipment o r  human f a i l u r e .  

F i r e  da ta  de r i ved  f rom s t a t i s t i c s  o f  t h e  chemical i n d u s t r y  show t h a t  25 

niajor f i r e s  occur red  i n  t h e  years  1966-70. ( 4 )  Assuming t h a t  t he  p o p u l a t i o n  

f rom which t h i s  s t a t i s t i c  was de r i ved  i s  t h e  t o t a l  number o f  p l a n t s  l i s t e d  

under Chemical I n d u s t r y  (SIC #28: g i ven  i n  t h e  1967 i n d u s t r i a l  census as 



11,799), ( I 3 )  the r e s u l t i n g  p r o b a b i l i t y  f o r  major f i r e s  per p l a n t  i s  4 x 

per  year .  Recognizing the  d i f f e r e n c e  i n  i ndus t r y  c h a r a c t e r i s t i c s ,  we dssunled 
- 4  ( 4 )  This  value i s  very conservative si l lcc i t  a  lower range value o f  2 x 10 . 

assumes t h a t  the i n - c e l l  f i r e  f i g h t i n g  syste~lis do no t  func t ion .  

3.2 Design Basis Explosion 

Two cond i t ions  i n  waste prepara t ion  a c t i v i t i e s  could p o t e n t i a l l y  r e s u l t  i n  

exp los ive  reac t ions :  1  ) i g n i t i o n  o f  f i n e l y  d i v ided  a i rborne drop1 e t s  o f  organic 

solvents,  o r  2) runaway o x i d a t i o n  o f  i o n  exchange res ins  by n i t r i c  acid. Almost 

any ma te r ia l  t h a t  ox id izes  can explode g iven c e r t a i n  cond i t ions .  Those condi- 

t i o n s  f o r  organic solvents a re  t h a t  t h e  d rop le t s  be i n  the form o f  a  f i n e  m is t ,  

d i s t r i b u t e d  w ide ly  i n  t h e  c e l l ,  and surrounded by a  h igh  s t rength  i g n i t i o n  

source w i thou t  a  flame. Such cond i t ions  are  n o t  l i k e l y  t o  occur i n  the  pro- 

posed HLWP process. 

Both anion(14) and ca t i on "  5, exchange r e s i n s  have been invo lved i n  explo- 

s i v e  reac t ions .  Anion exchange columns w i l l  be used f o r  plutonium separat ion 

i n  "A"  c e l l  and p lutonium p u r i f i c a t i o n  i n  a  glovebox i n  Room 604 o f  the  325-A 

Bu i ld ing .  The column cons t ruc t i on  and capac i t i es  a re  s i m i l a r  i n  both l oca t i ons .  

The s t r u c t u r a l  s t reng th  o f  t he  glovebox i s  l ess  than t h a t  o f  " A "  c e l l ,  there-  

f o r e  we considered the  p o t e n t i a l  consequences o f  an explos ion i n  t he  plutonium 

p u r i f i c a t i o n  column. 

Anion exchange r e s i n s  have been invo lved i n  explosions under a  v a r i e t y  o f  

cond i t ions .  (14) The i nc iden ts  i n  nuclear  systems have predominant ly invo lved 

plutonium, h igh  n i t r i c  a c i d  concentrat ions,  e levated temperatures, and some 

i n d i c a t i o n s  o f  d ry ing  o r  o x i d a t i o n  o f  t h e  r e s i n .  I n  one instance, however, 

an exp los ive  r e a c t i o n  appears t o  have occurred a t  a  nominal 2N HN03 concentra- 
d 

t i o n  a t  room temperature. 

We pos tu la ted  t h a t  t he  plutonium p u r i f i c a t i o n  column i n  the  glovebox i n  

Room 604 exploded dur ing  t h e  load ing  step. The i o n  exchange No. 2 (1x2) 

column i s  a  4 112-inch (11-cm) i nne r  diameter, schedule-10 s t a i n l e s s  s t e e l  

p ipe  50 inches (130 cm) long. The r e s i n  column i s  approximately 37 inches 

(94 cm) long and conta ins  approximately 8 R o f  r e s i n .  The column i s  jacketed 

w i t h  5- inch (13-cm) schedule-10 s t a i n l e s s  s t e e l  p ipe  t o  p rov ide  temperature 



c o n t r o l .  The 1x2 feed s o l u t i o n  con ta ins  approx imate ly  5 g  o f  Pu le  i n  7.5N HN03. 

The g l  ovebox con ta ins  an a d d i t i o n a l  an ion  exchange c o l  umn ( t r a i  1  i n g  c o l  umn) t o  

c o n t a i n  p o s s i b l e  p lu ton ium breakthrough f rom t h e  p r imary  column (when t h e  r e s i n  

i s  exhausted) . 
The exp los ion  was assumed t o  des t roy  t h e  glovebox window and exhaust 

f i l t e r  and spray h o t  1  i q u i d  and r e s i n  10 f e e t  ( 3  m) i n t o  t h e  room. ( I 4 )  The 

nominal a i r  v e l o c i t y  f rom room v e n t i l a t i o n  i n  Room 604 i s  l e s s  than  0.15 f p s  
3  (4.6 cm/s), and an a i r b o r n e  d r o p l e t  concen t ra t i on  o f  10 mg/m can be t r anspo r ted  

a t  these v e l o c i t i e s  due t o  t h e  i n t i m a t e  m i x t u r e  o f  a i r  and water .  ( I 6 )  Assum- 

i n g  t h a t  one h a l f  o f  a  sphere 10 f e e t  ( 3  m) i n  d iameter  was f i l l e d  w i t h  feed  

s o l u t i o n  d r o p l e t s  t h a t  cou ld  be t r anspo r ted  by t h e  v e n t i l a t i o n  a i r f l o w s ,  up 
t o  0.5 mg of p l u ton ium would be re leased  t o  t he  room exhaust system f rom 

t h i s  source. 

L i q u i d  d r o p l e t s  can a l s o  be re leased  w i t h i n  t he  glovebox, and a i r  f lows 

a re  normal l y  acce le ra ted  w i t h  l o s s  of i n t e g r i t y  ( va l ves  a t  a  glovebox exhaust a re  

norma l l y  s e t  t o  ma in ta i n  a  predetermined pressure d i f f e r e n t i a l  between t h e  

glovebox and room atmosphere). If the  d r v p l e t  mass concen t ra t i on  t h a t  can be 

supported by t h e  v e n t i l a t i o n  f l o w  i s  e q u i v a l e n t  t o  t h a t  o f  a  heavy r a i n ,  as 
3  much as 100 mg o f  so lu t i on /m  cou ld  be a i r b o r n e  i n  t he  glovebox ( I 6 )  and 

2.6 g  of p lu ton ium would be re leased  t o  t h e  glovebox exhaust system. 

The o n l y  combust ib le  m a t e r i a l s  i n v o l v e d  i n  HLWP w i l l  be t h e  rubber  g loves 

on t h e  box i t s e l f  and t h e  r e s i n .  Some combust ib le  contaminated waste and 

uncontaminated m a t e r i a l s  may be p resen t  d u r i n g  opera t ions .  Room 604 i s  

equipped w i t h  normal f i r e  p r o t e c t i o n  dev ices ( f u s i  b l  e-1 i n k  water  nozz les )  

and f i r e s  a r e  t h e r e f o r e  n o t  expected t o  add s i g n i f i c a n t l y  t o  t h e  r a d i o l o g i c a l  

burden. 

Assuming t h a t  a l l  t h e  a i r b o r n e  p lu ton ium w i l l  pass through two stages 

o f  HEPA f i l t e r s  p r i o r  t o  r e l ease  t o  t h e  environment, a  t ransmiss ion  f a c t o r  

o f  3  x can be used. Consequently, 7.8 x  g  o f  p lu ton ium (9.17 pC i )  

would be re l eased  t o  t h e  environment.  The r e s u l t i n g  dose p o t e n t i a l s  a r e  

shown i n  Table 7. 



TABLE 7. Dose P o t e n t i a l s  f r o n ~  a Dcsigl l  Bas is  Lxp los io t i  

I n h a l a t i o n  Doses (P l  u t o n i  urn) 
Dose t o  50-Year Dose Conimi tnlent t o  

Maximum I n d i v i d u a l  a t  Popu la t ion  W i t h i n  50 M i l e s  
Organ of 2000 Meters (rem) (80 km) (man-rem) 
Reference 1-Year Dose 50-Year Dose 1977 Popu la t ion  1985 Popu la t i on  

Whole Body 9 . 1 ~ - 8 ( ~ )  2.7E-6 9.9E-5 1.OE-4 

Bone 2.2E-6 6.2E-5 2.2E-3 2.3E-3 

Lung 6.2E-6 1.5E-5 5.4E-4 5.6E-4 

Thy ro id  0  0 0 0 " 

G I  T r a c t  ( b )  1.5E-9 

( a )  9.1E-8 = 9.1 x  lo- '  
( b )  G I  T r a c t  = g a s t r o i n t e s t i n a l  t r a c t  

An occurrence p r o b a b i l i t y  o f  about p e r  yea r  was es tab l  i shed  f o r  

t h i s  acc iden t  based on a p rev ious  s tudy of nuc lea r  f a c i l i t i e s  and i n d u s t r i a l  

equipment f a i l u r e  data.  ( 4  

3.3 Design Basis  C r i t i c a l i t y  

A l l  processes and equipment i n  CNWVP t h a t  may c o n t a i n  more than 45% o f  a  

minimum c r i t i c a l  mass (MCM) o f  f i s s i l e  m a t e r i a l  w i l l  be designed and f a b r i c a t e d  

t o  meet t h e  Two Contingency P o l i c y .  Th i s  p o l i c y  s t a t e s  t h a t  a t  l e a s t  two 

u n l  i k e l y  and independent 1  i m i  t s  must be v i o l a t e d  ( i  .e., e r r o r s  o r  acc iden ts  

must occur )  s imu l taneous ly  be fo re  c r i t i c a l  i ty  i s  poss ib l e .  V i o l  a t i o n  o f  a 

l i m i t  c o n s t i t u t e s  an " e r r o r "  under t h e  Two Cont ingency P o l i c y ;  however, i f  

o n l y  a  s i n g l e  l i m i t  i s  broken, a  c r i t i c a l i t y  acc iden t  cannot occur .  Almost 

a l l  o f  t h e  process vessels  t h a t  w i l l  be used f o r  CNWVP w i l l  be c r i t i c a l l y  s a f e  

by v i r t u e  o f  t h e i r  geometry. Consequently, a  c r i t i c a l i t y  i n  these vessels  

would be imposs ib le  under a l l  cond i t i ons .  I n  a l l  o t h e r  vessels,  m u l t i p l e  

f a i l u r e s  would be necessary t o  ach ieve a c r i t i c a l  con f i gu ra t i on .  

Even though a c r i t i c a l i t y  acc iden t  of any k i n d  i s  u n l i k e l y ,  t h e  e f f e c t s  

o f  one should be eva lua ted  because t h e  p o s s i b i l i t y  f o r  such an acc iden t  does 

e x i s t .  A c r i t i c a l i t y  acc iden t  would p robab ly  change t he  composi t ion o f  t h e  

c r i t i c a l  assembly, reduc ing  i t  t o  a s u b c r i t i c a l  s t a te ,  b u t  would p robab ly  n o t  



physically destroy the equipment unless the f i s s i l e  material were contained in 

a sealed vessel. Containment of the c r i t i c a l i t y  within the hot ce l l s  would 

l imit  the radiation dose to building personnel. 

We postulated a c r i t i c a l i t y  event with niul t i ~ l e  excursions involvins 
v .a 

4 x 10' f iss ions extending over a 24-hour interval.  ( 4 y 1 7 )  Different atmos- 

pheric dilution factors  were assumed for  selected time intervals following 

the onset of the release. The number of f iss ions occurring within each time 

interval was determined to be as follows: during the f i r s t  half hour, three 

112-second bursts of 1018 f iss ions each would occur, followed by 1.8 x 10 19 

f iss ions in 112-second bursts every 10 minutes for  the next 7 .5  hours and 

1.9 x 10" f iss ions in 112-second bursts every 10 minutes for  the balance of 

a 24-hour interval . 
We used a f iss ion product buildup and decay computer program, R I B D ,  (18) 

to compute the quantit ies of noble gases and iodines resulting from 1018 fissions 

occurring over a 112-sec interval (32 MW-sec). We then scaled the resu l t s  of 

these calculations to yield the quantit ies of noble gases and iodines released 

to the atmosphere for  each of the time periods. 

Most of the nuclides would reach a maximum concentration within the f i r s t  

day a f t e r  the burst. For each period we assumed that  25% of the maximum iodines 

formed and 100% of the maximum noble gases formed were released to the environs, 

regardless of the decay time a t  which these concentrations were reached (within 
the f i r s t  day). ( I 9 )  We then scaled the release to the number of fissions occur- 

ring within each time interval.  

Source ternis for  calculating the population doses were derived by summing 

the quantit ies released for  the three time intervals.  The resulting inventories 

are  l i s t ed  in Appendix Table A-3. The radioactive source terms presented in 

th i s  table were used to  derive the dose potentials shown in Table 8. 

Estimates of the probability of a c r i t i c a l i t y  accident have often been 

based on the total  number of a l l  inadvertent c r i t i c a l i t i e s  divided by the total  

plant-years of operation in the nuclear f i e ld .  These numbers include many 

c r i t i c a l i t y  accidents associated with approach to  c r i t i ca l  experiments conducted 

during the early days of weapons design and are not a t  a l l  relevant to  today's 

commercial nuclear industry. Consequently, such numbers were not used in th i s  

analysis. 



TABLE 8. Dose P o t e n t i a l s  fro111 a  Design Bas is  C r i t i c a l i t y  

I n h a l a t i o n  Doses ( F i s s i o n  Products)  

Dose t o  Maximum 50-Year Dose Corrnii triient t o  
I n d i v i d u a l  a t  2000 Popu la t i on  W i t h i n  50 M i l e s  

Organ o f  Meters (rein) (80 kni) (man- re~;i) 
Reference 1-Year and 50-Year Dose 1977 Popu la t i on  1985 Popu la t i on  
Whole Body 1 . 2 ~ - 2 ( ~ )  2.7 2.8 

Bone 8.3E-2 19 20 

Lung 1.3E-1 29 30 

Thy ro i d  1.2 

G I  T r a c t  ( b )  3.2E-2 

Ex te rna l  Doses ( F i s s i o n  Products)  

Dose t o  Maxiniu~n Dose t o  Popu la t i on  W i t h i n  
Organ o f  I n d i v i d u a l  a t  2000 50 M i l e s  (80 km) (man-rem) 
Reference Meters (rem) 1977 Popu la t i on  1985 Popu la t i on  

Whole Body 3.OE-1 17 18 

Sk in  7.8E-1 - - - - 

( a )  1.2E-2 = 1.2 x  
( b )  G I  T r a c t  = g a s t r o i n t e s t i n a l  t r a c t  

An upper l i m i t  es t ima te  o f  t h e  p r o b a b i l i t y  o f  a  c r i t i c a l i t y  acc i den t  i n  

CNWVP f a c i l i t i e s  may be c a l c u l a t e d  by examining t h e  number and types o f  equ ip-  

ment f a i l u r e s  and human e r r o r s  necessary f o r  such an occurrence. Most o f  t h e  

tanks and process vesse ls  used i n  CNWVP w i l l  be c r i t i c a l l y  sa fe  because o f  

t h e i r  geometry. The o t h e r  tanks i n  t h i s  process w i l l  be p r o t e c t e d  a g a i n s t  

c r i t i c a l i t y  by c o n t r o l  o f  t h e  concen t ra t i ons  o f  f i s s i l e  m a t e r i a l  i n  t h e  streams 

emptying i n t o  t h e  tanks.  For these l a t t e r  cases, a t  l e a s t  t h r e e  separate  equip-  

ment f a i l u r e s  o r  ope ra to r  e r r o r s  would be necessary t o  t r a n s f e r  enough f i s s i l e  

m a t e r i a l  f o r  one o f  t h e  tanks t o  become c r i t i c a l .  The most probable  sequence 

o f  events  would l e a d  t o  a  t r a n s f e r  o f  p lu ton ium p roduc t  s o l u t i o n  f rom t h e  1x1 

column th rough  t h e  rework tank  and i n t o  i n t e r m e d i a t e  1  eve1 waste (ILW) s to rage  

t ank  No. 1.  T h i s  sequence of  events would r e q u i r e  a t  l e a s t  two equipment f a i l -  

u res  (1  . 5 / p l  a n t l y r  f o r  each) ( 4 )  and one ope ra to r  e r r o r  ( 1  . l l p l  a n t l y r )  , ( 4 )  a l l  

o c c u r r i n g  w i t h i n  t h e  same 8-hour pe r i od .  The r e s u l t a n t  f requency o f  each equip-  

ment f a i l u r e  would be 1.4 x 10-' pe r  113 p lant -day;  t h e  f requency o f  an ope ra to r  

e r r o r  would be 1.0 x  pe r  113 p lan t -day .  Consequently, t h e  cumu la t i ve  

p r o b a b i l i t y  o f  t h i s  acc i den t  would be l e s s  than  1.9 x l o - '  pe r  113 p lan t -day  o r  



2 x 1 0 - ~ / ~ l a n t - ~ e a r .  I f  o t h e r  pathways a r e  inc luded,  t h e  t o t a l  p r o b a b i l i t y  

would be l e s s  than 5 x 1 0 - ~ / ~ e a r  (1  acc iden t  i n  200 thousand p lan t - yea rs ) .  

3.4 Design Basis  F lood 

F lood ing  o f  CNWVP f a c i l i t i e s  by n a t u r a l  causes i s  ext remely  improbable, as 

shown by t h e  f o l l o w i n g  data.  The basement o f  t h e  325-A b u i l d i n g  i s  a t  387.5 f t  

(1 18 m) above median sea l e v e l ,  and t h e  f i r s t  f l o o r  i s  a t  402 f t (123 m). The 

324 B u i l d i n g ' s  basement i s  a t  391 f t  (119 m) w i t h  t h e  f i r s t  f l o o r  a t  401 f t  

(122 m). The es t imated  100-yr f l o o d  l e v e l  i s  356 +2 - f t  (109 +0.6 - m) and t h e  

probable maximum f l o o d  l e v e l  i s  382 +4 - f t  (11 6 +1.2 m) as es t imated  f rom Corps 

o f  Engineers da ta .  ( 20 )  The maximum shor t - te rm F a i n f a l l s  t h a t  have been recorded 

a t  Hanford a r e  as f o l l o w s :  

0.55 inches (1 .4  cm) i n  20 minutes 

1.68 inches (4.3 cm) i n  6 hours 

1.91 inches (4 .9  cm) i n  24 hours 

The maximum s t a t i s t i c a l l y  p r e d i c t e d  r a i n f a l l  i s  as f o l l o w s :  

Return Time, years  R a i n f a l l ,  inches124 hr; cm/24 h r  

100 1.99 5.05 

500 2.47 6.27 

1000 2.68 6.81 

N e i t h e r  b u i l d i n g  has e x t e r n a l  openings through which r a i n  can en te r ,  and t h e  

main f l o o r s  o f  bo th  b u i l d i n g s  a re  above ground l e v e l .  Thus, e n t r y  o f  r a i n f a l l  

t o  t h e  e x t e n t  t h a t  any acc iden t  c o n d i t i o n s  would occur  appears imposs ib le .  

3.5 Design Basis  Earthquake 

Both t h e  324 and 325-A B u i l d i n g s  were designed and b u i l t  i n  compliance 

w i t h  p r o v i s i o n s  o f  t h e  Un i fo rm B u i l d i n g  Code's se ismic des ign requirements,  

which des igna te  Hanford as Zone 11. The sh ie l ded  c e l l s  i n  which process ing 

a c t i v i t i e s  w i l l  occur  were designed f o r  a un i f o rm  l a t e r a l  l o a d i n g  o f  0.125 g, 

which corresponds t o  a Mod i f i ed -Merca l l i  i n t e n s i t y  o f  V I I .  Th i s  a l s o  c o r r e -  

spondsto t h e  ground a c c e l e r a t i o n  s p e c i f i e d  i n  t h e  Hanford Standard A r c h i t e c t u r a l  

C i v i l  Design C r i t e r i a ,  SDC-4.1, f o r  t h e  Operat ing Basis  Earthquake (OBE). (21 

Th i s  i s  t h e  maximum expected earthquake f o r  t h e  Hanford area. However, t h e  



l a t e s t  design standards specify that  Class I f a c i l i t i e s  should be constructed 

to withstand a 0.25-g earthquake ) (twice the maximum expected value). The 

integri ty  of the 324 and 325-A Buildings would probably be breached by a 0.25-9 

earthquake, b u t  the hot cell s ,  containing most of the radioactive materials, 

should remain in tac t .  Consequently, no s ignif icant  environmental releases are 

expected to  be caused by earthquakes over the term of th i s  project. 

3.6 Windstorm 

Hanford i s  not an area of possible hurricane ac t iv i ty .  Tornado funnels 

have been observed locally twice in the past 18 years and neither time was dani- 

age reported. Hanford buildings generally are designed to withstand a wind 

load equivalent to 88-mph (140-kmlhr) winds with an estimated safety factor 

between 2 and 3. ( 6 )  An all-time peak gust of approximately 80 mph (130 km/hr) 

was recorded on January 11, 1972. (20522) 

The 324 and 325-A Buildings are not s t ructural ly  designed to  withstand the 

effects  of the Hanford Standard tornado. ) Consequently, the building she1 1s 

would probably be breached by the direct  impact of even a moderate tornado. 

However, the hot ce l l s  containing most of the process equipment in both build- 

ings are  constructed of such thick concrete for  shielding purposes that  even a 

Hanford Standard tornado should not breach the i r  i n t eg r i ty .  ( a )  Therefore, no 

significant re1 eases of radioactive niateri a1 are expected from a Hanford Standard 

tornado. 

la)conceptual Design Report - Commercial Nuclear Waste Vitrification Program. 
Battelle,  Pacific Northwest Laboratories, Richland, WA 99352, December 1976. 



CONCLUSION: CONSIDERATION OF CNWVP ACCIDENT ENVIRONMENTAL RISK 

To eva lua te  t h e  o v e r a l l  environmental  r i s k  represented by acc iden t  cond i -  

t i o n s ,  bo th  t he  consequences o f  an acc iden t  and i t s  1  i k e l  ihood (p robab i  1  i t y  o f  

occurrence)  must be considered. To keep env i  ronmental r i s k  1  ow, any acc iden t  

w i t h  severe consequences should have a  very  remote chance o f  occu r r i ng ,  because 

o f  f a c i l i t y  des ign o r  engineered safeguards. Conversely, any acc iden t  c a l c u l a t e d  

t o  have a  h i g h  occurrence probabi  1  i t y  must have i n s i g n i f i c a n t  consequences o r  t h e  

requi rement  f o r  a d d i t i o n a l  des ign o r  procedura l  c o n t r o l s .  Our a n a l y s i s  o f  each 

o f  t h e  c r e d i b l e  acc iden ts  f o r  CNWVP demonstrates t h a t  t h e  maximum consequences 

would be whole-body doses o f  0.3 rem (50-y r  dose commitment) t o  an i n d i v i d u a l  

and 20 man-rem (50 -y r  dose commitment) t o  t he  surrounding p o p u l a t i o n  (Sec t i on  

3.3, Design Basis  C r i t i c a l i t y ) .  

A f u r t h e r  p e r s p e c t i v e  on t he  two v a r i a b l e s  o f  consequence and occurrence 

p r o b a b i l i t y  i s  ga ined by f o rma t i on  o f  a  r i s k  index, which i s  t h e  p roduc t  o f  con- 

sequence ( i n  t h i s  case, dose) and p r o b a b i l i t y .  R isk indexes f o r  t h e  p o s t u l a t e d  

CNWVP acc iden ts  a r e  g i v e n  i n  Table 9  f o r  bo th  t h e  maximum i n d i v i d u a l  and t h e  

surrounding popu la t i on .  

A summation o f  a l l  t he  r i s k  i n d i c e s  has been de f i ned  by p rev ious  research 

( f o r  N R C ) ( ~ )  as t h e  t o t a l  imposed environmental  r i s k  f rom acc iden t  c o n d i t i o n s  

a t  t h e  f a c i l i t y .  No r e g u l a t o r y  guidance i s  c u r r e n t l y  a v a i l a b l e  on t he  abso lu te  

r i s k  acceptable f rom f u e l  reprocess ing  p l a n t  acc iden ts ;  however, t he  CNWVP- 

imposed acc iden t  r i s k  index  f o r  t h e  maximum i n d i v i d u a l  (1 .6  x  rem/yr t o  

t he  whole body) i s  much l e s s  than NRC l i w i t s  f o r  r o u t i n e  re l ease  r i s k s  f rom 

nuc lea r  power r e a c t o r s  ( 5  x  rem/yr(3) w i t h  a  p r o b a b i l i t y  o f  I ) ,  which i n d i -  

cates t h a t  acc iden t  c o n d i t i o n s  f rom CNWVP r ep resen t  a  very  low environmental  

hazard. These acc iden t  r i s k s  may a l s o  be compared t o  t h e  es t imated  annual e n v i -  

ronmental doses due t o  r o u t i n e  ope ra t i on  o f  CNWVP (maximum i n d i v i d u a l  whole-body 

exposure o f  3  x  rem/yr )  . ( a )  I n  a d d i t i o n ,  t h e  t o t a l  imposed l ung  r i s k  i s  

l e s s  than 5  x o f  t he  r i s k  caused by n a t u r a l  background dose t o  t h e  l ung  

(1.5 x  10- I  rem/yr (2)  w i t h  a  p r o b a b i l i t y  o f  1) and t he  maximum i n d i v i d u a l ' s  

( a )  B. V .  Andersen, E.  E. Oscarson, H. H. VanTuvl, E. C .  Watson and E. J. 
Wheelwright, Commercial Nuc lear  Waste ~ r e ~ a i a t i o n  Task - Environmental  
Assessment. B a t t e l l e ,  P a c i f i c  Northwest Labora to r ies ,  Rich land,  WA 99352, 
August 10, 1976. 



TABLE 9. Annual Environmental Risk from Postulated CNWVP Accidents 

Maximum I n d i v i d u a l  50-Year Po u l a t i o n  Release 
Source C r i t i c a l  1-Year C r i t i c a l  Eose r 5 0 ( ~ )  P r o b a b i l i t y  

Accident  Term (Ci)  Contaminant Organ Dose(rem) Organ (man-rem) (year-1 ) 

Class 2 

Small Solvent  F i r e  3 . 9 ~ - 9 ( ~ )  Ac t in ides  Lung 2.7E-9 Bone 2.OE-8 

2.4E-8 Iodine-1 29 Thyro id  l . l E - 8  Thyro id  4.7E-7 

Small I n - C e l l  Trash F i r e  1.2E-8 Ac t in ides  Lung 8.1 E-9 Bone 6.OE-8 

7.5E-8 Iodine-129 Thyro id  3.4E-8 Thyro id  1 .5E-6 

V e n t i l a t i o n S y s t e m F a i l u r e  1 . 0 6 ~ + 3  Krypton-85 Sk in  1 .2E-2 Whole Body 7.1E-3 1 o - ~  
6.7 T r i t i u m  Whole Body 8.9E-5 Whole Body 3.2E-3 1 o - ~  

Fuel-Cask Accident  

Class 3 

Design Basis  F i r e  
ro  
m 

1.6E-5 F i s s i o n  & Fuel Whole Body 1.OE-4 

3.OE+1 T r i t i u m  Lung 1.2E-4 

1.7E-2 Iodine-129 Thyro id  2.OE-3 

4.8E+3 Krypton-85 Sk in  1.4E-2 

1.OE-4 Ac t in ides  Whole Body 9.8E-7 

3.8E-7 Iodine-129 Bone 2.3E-5 

Lung 6.6E-5 

Thyro id  1 .8E-7 

Whole Body 3.1E-3 

Lung 3.7E-3 

Thyro id  7.1 E-2 

Whole Body 4.5E-3 

Whole Body 2.4E-5 

Bone 5.OE-4 

Lung 1.2E-4 

Thyro id  7.6E-6 

Design Basis  Explos ion 9.2E-6 Plutonium Lung 6.2E-6 Bone 4.4E-5 

Design Basis  C r i t i c a l i t y  See F i s s i o n  Prod. Whole Body 3.1E-1 

Table Ha 1 ogens Bone 8.3E-2 

A.3 Lung 1.3E-1 

Thyro id  1.2 

Sk in  7.8E-1 

( a )  One-year p o p u l a t i o n  doses from t r i t i u m ,  iod ine ,  and 
halogens a r e  e s s e n t i a l l y  equal t o  t h e  50-year popu la t ion  doses 

( b )  3.9E-9 = 3.9 x 10-9 

Whole Body 2.OEtl 5.OE-6 

Bone 1.9E+1 5.OE-6 

Lung 2.9E+1 5.OE-6 

Thyro id  2.8E+2 5.OE-6 

--  --- 5.OE-6 

TOTAL Whole Body 

Bone 

Lung 

Thyro id  

Sk in  

R e l a t i v e  Annual Risk 
Popu la t ion  

I n d i v i d u a l  (man-rem/ 
(rem-year) year )  



exposure f rom a  s i n g l e  acc i den t  i s  l e s s  than  t h e  guidance l i m i t s  g i ven  i n  

10 CFR 100 (25 reni t o  t h e  whole body, 300 rein t o  t h e  t h y r o i d )  f o r  r e a c t o r  

acc iden ts  o f  ve r y  low p r o b a b i l i t y .  (23)  

Our conc lus ion ,  based on t h e  c a l c u l a t e d  maximum doses and suppor ted by t h e  

c o n s i d e r a t i o n  o f  r i s k  indexes, i s  t h a t  t h e  p resen t  f u n c t i o n a l  des ign  and planned 

ope ra t i on  o f  C N W V P ' ~ )  represen ts  a  ve r y  low acc i den t  r i s k  t o  t he  environment.  

( a )  Conceptual Design Report  - Commerci a1 Nuc lear  Waste V i t r i f i c a t i o n  Program. 
B a t t e l l e ,  P a c i f i c  Northwest Labo ra to r i es ,  R ich land,  WA 99352, December 
1976. 
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APPENDIX 

DOSE CALCULATIONS FOR ACCIDENTAL ATMOSPHERIC 

RELEASES OF RADIONUCLIDES FROM CNWVP 

Descr ibed below a re  t he  methods used t o  es t ima te  t he  p o t e n t i a l  dose t o  

people r e s i d i n g  i n  t h e  v i c i n i t y  o f  CNWVP f rom p o s t u l a t e d  acc iden ta l  re leases  

o f  r ad ionuc l  i des  t o  t h e  atmosphere. Source terms w i  11 be descr ibed f i r s t ,  

f o l l owed  by d i s p e r s i o n  models and dose models. 

SOURCE TERMS 

Two approaches were used t o  assess source terms f o r  pos tu l a ted  acc iden ts .  

The f i r s t  i nc ludes  a l l  b u t  one o f  t he  scenar ios and dea ls  e x c l u s i v e l y  w i t h  t he  

d i spe rsa l  o f  f u e l  o r  f i s s i o n  products  r e s u l t i n g  f rom var ious  stages o f  t he  cherni- 

c a l  separa t ions  process. The second i s  an acc iden ta l  c r i t i c a l i t y  t h a t  d isperses 

v o l a t i l e  f i s s i o n  products .  The d e r i v a t i o n  o f  source ternis f o r  these two types 

o f  acc iden ts  i s  descr ibed  below. 

For acc iden t  scenar ios i n v o l v i n g  d i spe rsa l  o f  f u e l  o r  f i s s i o n  products,  an 

" i nven to ry - - r e l ease  f r ac t i on - - sou rce  term" approach was taken. I n  t he  ana l ys i s  

o f  each acc iden t ,  the  r a d i o n u c l i d e  i nven to ry  a t  t h e  s i t e  o f  t h e  i n c i d e n t  was 

determined. The s p e c i f i c  r ad ionuc l i des  i n  t he  f u e l  elements were c a l c u l a t e d  

us ing  t h e  computer program ORIGEN.  The r a d i o n u c l i d e  a c t i v i t i e s  i n  t he  f u e l  

elements and severa l  o f  t he  reprocess ing stages a r e  shown i n  Tables A . l  and A.2. 

The chemical and phys i ca l  form o f  each i n v e n t o r y  c o n t r i b u t e d  t o  c a l c u l a t i o n  o f  

t h e  f r a c t i o n a l  a i r b o r n e  r e 1  eases. Other elements a f f e c t i n g  t he  f i n a l  re lease  

f r a c t i o n  inc luded :  d i spe rsa l  mechanisms ( f i r e ,  exp los ion ,  a i r  movement, e t c .  ) ; 

p l a t e - o u t  on s o l i d  sur faces;  a i r  v e l o c i t y  and d i r e c t i o n ;  and f i l t r a t i o n  o f  t h e  

i n v e n t o r y  p r i o r  t o  reach ing  t h e  environment. M u l t i p l i c a t i o n  o f  t he  de r i ved  

i n v e n t o r y  by c a l c u l a t e d  o r  expe r imen ta l l y  determined re l ease  f r a c t i o n s  y i e l d e d  

t he  source term re leased  t o  t he  environment. 

The source term f o r  t h e  pos tu l a ted  c r i t i c a l i t y  event  assumes m u l t i p l e  

excurs ions i n v o l v i n g  4  x  10" f i s s i o n s  ex tend ing  over  a  24-hr i n t e r v a l .  Atmos- 

p h e r i c  d i l u t i o n  f a c t o r s  a re  def ined f o r  se lec ted  t ime i n t e r v a l s  f o l l o w i n g  t h e  



TABLE A.1. Isoto~ic Com~osition of Fuel for CNWVP 

(3.3% Initial Enrichment, 33,000 M W ~ / M T U ( ~ )  Burnup, 1-Year Cooled) 

Nucl i d e  

F i s s i o n  Products  

H 

85 ~r 
899-  

9LLr 

91 

9 3 ~ r  
93111~ 

9 5 ~ r  
951;1,~,, 

9 5 ~ r  
951iii4 

9 5 ~ b  

"TC 

0 3 ~ u  
1 03mRI1 

06R" 

06~11 

07pd 
1 10111~ 

(J 

1 1 i) 
Acj 

11 31;lc. 
11 9 1 1 1 ~ ~  

2 3 ~ n  

l Z 4 s b  

l Z 5 s b  
1 25mTe 

1 271flTe 

1 29mTe 

" ~ e  
1 2gI 

134cs 

35cs 

I r lvc l i tory  
I n  Fuel 

(Ci  /MTU) 

Conc. i n  
D i s s o l v e r  

( C i l l )  

Conc ' 

k,*,~bJn 
( C i / l )  



TABLE A . 1 .  (contd) 

I n v e n t o r y  
I n  Fuel 

N u c l i d e  JCi/MTU) 

F i s s i o n  Products  (con td )  

4 4 ~ r  4.56E+5 

4 7 ~ m  8.39E+4 
1 48mp, 9.36E+l 

4 8 ~ m  7.52E+0 

51 sm 1 .24E+3 

A c t i n i d e s  

2 3 4 ~ h  

Conc. i n  
D i s s o l v e r  

( C i l l )  

Conc. i n  
HALJ ( b  1 
( C i / l )  

Ta MTU = m e t r i c  tons  o f  uranium 
(b)  HAW = h i g h  a c t i ~ i t y ~ w a s t e  
( c )  6.70E+2 = 6.70 x 10 



TABLE A .  2.  I s o t o p i c  Composit ion of Process Streams i n  CNWVP 

Conc. i n  

K ; i e )  

6.OE-5 

1.3E-6 

2.3E-5 

1.9E-4. 

2.5E-5 

Conc i n  Conc i n  
H C P ! ~ )  IX~\,I!C) 
( C i l l )  ( C i l l )  

. o  0 

A c t i v i t y  i n  
Pu02 P r o d u c t  

( C i l g )  -- 
0 

( a )  HSP = s o l v e n t  e x t r a c t i o n  s c r u b  column; U and Pu e f f l u e n t  s t ream 
scrubbed w i t h  2A HN03 f o r  f i s s i o n  p r o d u c t  d e c o n t a m i n a t i o n  

( b )  HCP = s o l v e n t  e x t r a c t i o n  column; U and Pu e f f l u e n t  s t ream 
e x t r a c t e d  i n t o  aqueous phase 

( c )  I X l W  = i o n  exchange, column 1 ,  was te  s t ream 
( d )  PCP = p l u t o n i u m  c o n c e n t r a t e  p r o d u c t  
( e )  1.5E-7 = 1.5 x  



onset  o f  t h e  re lease .  The number o f  f i s s i o n s  o c c u r r i n g  w i t h i n  each ti111e i t l t e r v a l  

was determined i n  t he  f o l  lowing manner: du r i ng  t h e  f i r s t  112 h r ,  t h ree  0.5-sec 
19 

bu rs t s  of 1018 f i s s i o n s  each occur,  f o l l owed  by 1.8 x  10 f i s s i o n s  i n  0.5-sec 

b u r s t s  every  10 min f o r  t he  nex t  7 .5  h r  and 1.9 x  10'' f i s s i o n s  i n  0.5-sec 

bu rs t s  every  10 min f o r  t he  balance o f  a  24-hr i n t e r v a l .  

A f i s s i o n  p roduc t  b u i l d u p  and decay computer program, RIBD,") was used t o  

compute t he  q u a n t i t i e s  o f  nob le  gases and i od ines  r e s u l t i n g  f rom 1 0 . ' ~  f i s s i o n s  

occu r r i ng  over  a  112-sec i n t e r v a l  (64 MW). The r e s u l t s  o f  t h i s  c a l c u l a t i o n  

were then sca led  t o  y i e l d  t h e  q u a n t i t i e s  o f  nob le  gases and i od ines  re leased  

t o  t h e  atmosphere f o r  each o f  severa l  t ime pe r i ods .  

The a c t i v i t i e s  o f  most o f  t h e  nob le  gases and r a d i o i o d i n e s  change r a p i d l y  

du r i ng  t h e  f i r s t  day a f t e r  f i s s i o n ,  growing- in  i n  son~e cases and decaying away 

i n  o thers .  The q u a n t i t i e s  a v a i l a b l e  f o r  r e l ease  d u r i n g  each p e r i o d  were based 

on t he  maximum a c t i v i t y  o c c u r r i n g  w i t h i n  t h e  f i r s t  day, regard less  o f  t h e  t ime  

a t  which t h a t  maximum i s  reached. For each per iod ,  25% o f  t he  nlaximum iod ines  

formed and 100% o f  t h e  maximum noble gases formed were assumed t o  be re leased.  ( 3  

The re l ease  was then sca led  t o  the  number o f  f i s s i p n s  o c c u r r i n g  w i t h i n  each t ime  
k 

i n t e r v a l  . 

Source terms f o r  c a l c u l a t i n g  t h e  popu la t i on  doses were de r i ved  by summing 

t h e  q u a n t i t i e s  re leased  f o r  t h e  t h r e e  t ime  i n t e r v a l s .  The r e s u l t i n g  i n v e n t o r i e s  

a re  l i s t e d  i n  Table A.3. 

ATMOSPHERIC DISPERSION 

For t h e  i n t e r n a l  doses rece i ved  v i a  i n h a l a t i o n ,  t h e  d i s p e r s i o n  o f  rad ionu-  

c l  i des  re leased  t o  t h e  atmosphere was based on d i f f u s i o n  f a c t o r s  taken f rom the  

graphs i n  Regulatory  Guides 1.3 and 1.5, (4y5) w i t h  one excep t ion .  No d i f f u s i o n  

f ac to r s  a r e  shown i n  t h e  Regulatory  Guides f o r  ground l e v e l  re leases  under fumi-  

g a t i o n  cond i t i ons .  These values were c a l c u l a t e d  us ing  t h e  f o l l o w i n g  equat ion:  ( 6 )  



TABLE A.3. Radioact ive Source Terms r Postu lated T!iI C r i t i c a l i t y  Event ( 4  x 10 F i ss ions )  

I sotope 

Q u a n t i t y  Released, C i  
( A d 2  ( ~ = ) 3  T o t a l  

1 .5E+2 

6.5E+2 

6.2E-3 

4.OE+3 

2.6E+3 

1.6E+5 

6.2E+5 

2.6E+6 

1.6E-9 

7.3 

2.5E+1 

1.4E+2 

1.8E+3 

4.8E+2 

1.5E-2 

2.2 

5.2E+1 

4.4E+2 

6.3E+2 

1.5E+5 

4.8E+4 

5.5E+5 

1.7E+6 

( a )   AT)^ = 0-0.5 hour a f t e r  f i r s t  excurs ion 
 AT)^ = 0.5-8 hours a f t e r  f i r s t  excurs ion 
  AT)^ = 8-24 hours a f t e r  f i r s t  excurs ion 

( b )  1.1E+1 = 1.1 x l o 1  



where o = crosswind l a t e r a l  s tandard d e v i a t i o n  o f  c loud  concent ra t ion ,  m 
Y 

Oz = crosswind v e r t i c a l  s tandard d e v i a t i o n  o f  c l oud  concent ra t ion ,  m 
- 
u = average wind speed, m/sec (Ti  = 1  ) 

hi = h e i g h t  o f  i n v e r s i o n ,  m (hi = 30) 

Values used f o r  a and oz a re  f o r  P a s q u i l l  Type F. ( 6 )  
Y  

Fumigat ion cond i t i ons  were assumed t o  e x i s t  d u r i n g  t he  f i r s t  ha l f - hou r  

p e r i o d  and app rop r i a te  d i f f u s i o n  f a c t o r s  were used. The O -  t o  8 -h r  d i f f u s i o n  

f a c t o r s  were used f o r  t h e  second t ime i n t e r v a l  f o r  each pos tu l a ted  re l ease  and 

t h e  8- t o  24-hr s e c t o r  average d i f f u s i o n  f a c t o r s  were used f o r  t h e  balance o f  

t h e  re lease .  

For ex te rna l  exposure, where dose c a l c u l a t i o n s  were performed f o r  f i n i t e  

c louds, the  p o i n t  ke rne l  i n t e g r a t i o n  scheme r e q u i r e d  t h a t  mathematical  models 

desc r i b i ng  t h e  normal ized a i r  concen t ra t i on  be used, r a t h e r  than d i f f u s i o n  f a c -  

t o r s .  However, t he  equat ions used a re  based on procedures suggested i n  Regula- 

t o r y  Guide 1.3 and a re  shown below. 

Release Per iod  

0-0.5 h r  

Expression f o r  x / Q  ( 7 )  

where z  = v e r t i c a l  d i s t ance  between t he  h e i g h t  o f  r e l ease  and t he  p o i n t  o f  

i n t e r e s t  , m 

y = crosswind d i s tance  t o  t he  p o i n t  o f  i n t e r e s t ,  m 

x  = downwind d i s tance  t o  t he  p o i n t  o f  i n t e r e s t ,  m 
- 
u = average wind speed, m/sec 

0 = crosswind v e r t i c a l  s tandard d e v i a t i o n  o f  c l oud  concent ra t ion ,  m 
Y 



a = crosswind v e r t i c a l  s tandard d e v i a t i o n  o f  c loud  concent ra t ion ,  m  z  
hi = h e i g h t  o f  i n v e r s i o n ,  m 

h  = h e i g h t  o f  re lease ,  m 

n  = number o f  sec to r s  ( n  = 16 f o r  22- l /ZO s e c t o r  w i d t h )  

P a s q u i l l  Type F  d i s p e r s i o n  parameters were used f o r  a l l  re leases .  

Atmospheric d i f f u s i o n  f a c t o r s  f o r  p o p u l a t i o n  dose es t imates  a r e  based on 

t h e  crosswind averaged d i s p e r s i o n  (Equat ion 4 ) .  The d i s p e r s i o n  f a c t o r s  a r e  

weighted by t h e  j o i n t  f requency o f  occurrence o f  wind speed and s t a b i l i t y  i n  

t h e  d i r e c t i o n  o f  each sec to r .  These f a c t o r s  a re  coupled w i t h  p o p u l a t i o n  d i s -  

t r i b u t i o n  da ta  and dose f a c t o r s  t o  g i v e  t h e  cumula t i ve  p o p u l a t i o n  dose w i t h i n  

50 m i l e s  (80 km) . 

DOSE CALCULATIONS 

Models used i n  e v a l u a t i n g  environmental  consequences o f  acc iden ta l  re leases  

t o  t he  atmosphere a r e  descr ibed  i n  References 7, 8, 9, and 10. Fo l l ow ing  i s  a  

b r i e f  d i scuss ion  o f  some o f  t h e  s p e c i f i c s  used i n  t h i s  a n a l y s i s .  

I n t e r n a l  doses f rom i n h a l a t i o n  o f  a i r b o r n e  rad ionuc l i des  were c a l c u l a t e d  

us ing  t he  Task Group on Lung Dynamics ' Lung Model (TGLM) as implemented i n  

t h e  computer program DACRIN. ( 7 )  Bas ic  r a d i o n u c l i d e  da ta  used i n  c a l c u l a t i n g  

t he  organ doses (such as t h e  e f f e c t i v e  absorbed energy, t h e  e f f e c t i v e  h a l f  l i f e ,  

and t h e  f r a c t i o n s  of t h e  i n h a l e d  m a t e r i a l  moving f rom b lood  t o  organ and G I  

t r a c t  t o  b lood)  were those recommended by t h e  I C R P .  (8,12913) 

TGLM c a l c u l a t i o n s  were c a r r i e d  o u t  f o r  a  p a r t i c l e  s i z e  o f  1  (mass median 

aerodynamic d iameter ) .  The c a l c u l a t e d  depos i t i ons  f o r  t h e  nasopharyngeal, 

t racheobronch ia l ,  and pulmonary reg ions  o f  t h e  r e s p i r a t o r y  t r a c t  would be 0.3, 

0.08, and 0.25 o f  t h e  t o t a l  amount inha led ,  r e s p e c t i v e l y .  

3 The v e n t i l a t i o n  r a t e  was assumed t o  be 350 cm /sec f o r  t h e  f i r s t  8 -h r  
3  3  pe r i od  and 175 cm /sec f o r  t he  balance o f  t he  day, f o r  an average o f  230 cm /sec. 

The d a i l y  average v e n t i l a t i o n  r a t e  was used i n  computing t h e  p o p u l a t i o n  doses. 

The to ta l -body ,  bone, and t h y r o i d  doses were c a l c u l a t e d  assuming a l l  m a t e r i a l  

i nha led  t o  be s o l u b l e  (Class D). The l ung  doses assumed Pu02 t o  be i n s o l u b l e  

(Class Y )  . 



Ex te rna l  exposure f rom the  a i r b o r n e  rad ionuc l i des  was c a l c u l a t e d  f o r  i n d i -  

v i d u a l s  us ing  t h e  computer program S U B D O S A ( ~ )  and f o r  popu la t i ons  us ing  a  modi- 

f i e d  v e r s i o n  o f  t he  computer program KRONIC. ( l o )  The t o ta l - body  and s k i n  doses 

were determined f o r  t h e  i n d i v i d u a l  exposure cases, w i t h  t h e  t o ta l - body  dose and 

gene t i c  doses determined f o r  t h e  popu la t i on  exposure cases. The t o ta l - body  dose 

i s  de f i ned  as t he  dose f rom gamma r a d i a t i o n  a t  a  t i s s u e  depth o f  5 cm; and t h e  

s k i n  dose i s  t h e  sum o f  t h e  su r f ace  gamma dose and t h e  be ta  dose a t  a  depth o f  
2 7 mg/cni . 

The t o ta l - body  dose f rom e x t e r n a l  exposure was c a l c u l a t e d  us ing  a  p o i n t  

ke rne l  i n t e g r a t i o n  scheme and i n t e g r a t i n g  over  t h e  a c t i v e  volume o f  t h e  plume. 

Bu i ldup  and a t t e n u a t i o n  were c a l c u l a t e d  as a  f u n c t i o n  o f  photon energy. 



REFERENCES -- 

1. M. J .  B e l l ,  ORIGEN - The ORNL I s o t o  sP-- e Generat ion - and Dep le t i on  Code. 
ORNL-4628, Oak Ridge Nat iona l  La o r a t o r y , O a k R i d g e ,  TN 37830, May 1973. 

2. R. 0. Gumprecht, Mathematical  Bas is  o f  Computer Code RIBD. DUN-4136, 
Douglas Un i t ed  Nuclear,  I nc . ,  R ich land,  WA 99352, June 1968. 

3. D r a f t  Generic Environmental  Statement, Mixed Oxide Fuel (GESMO) . WASH-1327, 
U.S. Atomic Energy Commission, Washington, DC, Ch. 3, I V  D-39, August 1974. 

4. U.S. Nuclear  Regulatory  Commission, "Assumptions Used f o r  Eva lua t i ng  t h e  
P o t e n t i a l  Rad io l og i ca l  Consequences o f  a Loss-of-Coolant Acc iden t  f o r  
B o i l i n g  Water Reactors . "  NRC Regulatory  Guide 1.3, Rev is ion  2, Washington, 
DC 20555, June 1974. 

5. U.S. Nuc lear  Regulatory  Commission, "Assumptions Used f o r  Eva lua t i ng  Poten- 
t i a l  Rad io l og i ca l  Consequences o f  a Steam L ine  Break Acc iden t  f o r  B o i l i n g  
Water Reactors . "  NRC Regulatory  Guide 1.5.  Washington, DC 20555, March 
1971 . 

6.  Meteorology and Atomic Energy. D. H. Slade, ed., TID-24190, U.S. Depart-  
ment o f  Commerce, J u l y  1968. 

7. J. R. Houston, D. L.  Strenge and E .  C .  Watson, DACRIN - A Computer Program 
f o r  C a l c u l a t i n g  Organ Dose f rom Acute o r  Chronic Radionuc l ide I n h a l a t i o n .  
BNWL-0-389, B a t t e l l e ,  P a c i f i c  Northwest Labora to r ies ,  Richland, WA 99352, 
A p r i l  1976. 

8. The I n t e r n a t i o n a l  Commission on Rad io l og i ca l  P ro tec t i on ,  Report  o f  Commitee 
I 1  on Permiss ib le  Dose f o r  I n t e r n a l  Rad ia t ion .  I C R P  P u b l i c a t i o n  2, Pergamon 
Press, Oxford,  1972. 

9.  D. L. Strenge, E. C .  Watson and J. R. Houston, SUBDOSA - A Computer Program 
f o r  C a l c u l a t i n g  Ex te rna l  Doses f rom Acc iden ta l  Atmospheric Releases o f  
Radionuc l ides.  BNWL-0-351, B a t t e l l e ,  P a c i f i c  Northwest Labo ra to r i es ,  Rich-  
land,  WA 99352, June 1975. 

10. D. L. Strenge and E.  C.  Watson, KRONIC - A Computer Program f o r  C a l c u l a t i n g  
Annual Average Ex te rna l  Doses f rom Chronic Atmospheric Releases o f  Radio- 
nuc l i des .  BNWL-0-264, B a t t e l l e ,  P a c i f i c  Northwest Labora to r ies ,  Rich land,  
WA 99352, June 1973. 

11. Task Group on Lung Dynamics f o r  Committee I 1  o f  t h e  I n t e r n a t i o n a l  Commis- 
s i on  on Rad io l og i ca l  P ro tec t i on ,  "Depos i t ion  and Reten t ion  Models f o r  
I n t e r n a l  Dosimetry o f  t he  Human Resp i ra to r y  T rac t . "  Hea l t h  Phys. - 12:173, 
1966.  



References (con td )  

12. The I n t e r n a t i o n a l  Commission on Rad io l og i ca l  P ro tec t i on ,  Recommendations 
o f  t h e  I n t e r n a t i o n a l  Commission on Rad io l og i ca l  P ro tec t i on .  I C R P  Pub l i ca -  
t i o n  6, Pergamon Press, Oxford,  1962. 

13. The I n t e r n a t i o n a l  Commission on Rad io l og i ca l  P ro tec t i on ,  The Metabol ism o f  
Compounds o f  P lu ton ium and Other Ac t i n i des .  ICRP P u b l i c a t i o n  19, Pergamon 
Press, Oxford, 1972. 



DISTRIBUTION 

No. of 
Copies 

OFFSITE 

1 A: A. Churm 
DOE Chicago Paten t  Group 
U.S.  DOE 
9800 South Cass Avenue 
Argonne, I L  60439 

27 DOE Technica l  I n f o r m a t i o n  
Center 

ONSITE 

7 DOE Rich land Operat ions O f f i c e  

H. E .  Ransom 
R.  P .  Saget (6 )  

67 Ba t t e l l e -No r thwes t  

B. V .  Andersen 
W.  J. B jo r k l und  
G. H. Bryan 
J. R. Car re l1  
J. W.  F inn igan  
J. L. Green 
E.  R .  I r i s h  
H. V .  Larson 
D.  H.  Les te r  
J. L .  McElroy 
J. Mishima 
E.  E. Oscarson (40)  
C .  R.  Richey 
F. P.  Roberts 
J. M. Selby 
D. H.  Siemens 
J. L. Swanson 
J. M. Tay lo r  
H. H. VanTuyl 
D. A. Waite 
E. J. Wheelwright 
N. G. Wi t tenbrock 
Technica l  I n f o r m a t i o n  ( 5 )  
Technica l  P u b l i c a t i o n s  


