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PREFACE 

I n  1987, t h e  U.S. Department o f  Energy (DOE) d i r e c t e d  t h e  P a c i f i c  

Northwest Laboratory (PNL) , which i s  operated by B a t t e l l e  Memorial I n s t i t u t e ,  

t o  conduct t h e  Hanford Environmental Dose Reconstruct ion (HEDR) P r o j e c t  . The 

DOE d i r e c t i v e  t o  begin p r o j e c t  work fo l lowed a  recommendation by t h e  Hanford 

Heal th E f f e c t s  Review (HHER) Panel i n  1986. The HHER Panel was formed t o  con- 

s i d e r  t h e  p o t e n t i a l  h e a l t h  i m p l i c a t i o n s  o f  pas t  Hanford S i t e  re leases o f  

r a d i o a c t i v e  ma te r ia l s .  The HEDR P r o j e c t  o b j e c t i v e  i s  t o  est imate r a d i a t i o n  

doses t o  i n d i v i d u a l  s  and popul a t i  on groups from exposure t o  r a d i o a c t i v e  

emissions t h a t  began i n  1944 a t  t h e  Hanford S i t e .  

An 18-member Technical S teer ing  Panel (TSP) was selected by t h e  Vice 

Presidents f o r  Research a t  major u n i v e r s i t i e s  i n  Washington and Oregon t o  

d i r e c t  t he  p r o j e c t  work. The TSP cons i s t s  o f  exper ts  i n  t h e  var ious  techn ica l  

f i e l d s  re levan t  t o  HEDR Pro jec t  work and representa t ives  from the  s ta tes  o f  

Washington, Oregon, and Idaho; Nat ive  American Tr ibes;  and the  p u b l i c .  

A December 1990 Memorandum o f  Understanding between t h e  Secre tar ies  o f  

t h e  DOE and t h e  U.S. Department o f  Heal th and Human Services (DHHS) t rans-  

f e r r e d  r e s p o n s i b i l i t y  f o r  managing the  DOE'S dose recons t ruc t i on  and exposure 

assessment s tud ies  t o  the  DHHS. Th is  t r a n s f e r  r e s u l t e d  i n  t he  c u r r e n t  con- 

t r a c t  between B a t t e l l e  P a c i f i c  Northwest Laborator ies (BNW) and t h e  Centers 

f o r  Disease Contro l  (CDC), an agency o f  t he  DHHS, t o  cont inue the  p r o j e c t .  

The TSP cont inues t o  a c t  as techn ica l  d i r e c t o r  f o r  t h e  work conducted by . . 
B a t t e l l  e. 

The f i r s t  s tep i n  determin ing r a d i a t i o n  doses from Hanford S i t e  opera- 

t i o n s  i s  t o  determine t h e  rad ionuc l i de  content,  magnitude, and t i m i n g  o f  

re leases from p l a n t  s tacks t o  the  a i r ,  f rom r e a c t o r  coo lan t  discharge l i n e s  t o  

the  Columbia River,  and from l i q u i d  waste storage f a c i l i t i e s  t o  groundwater. 

I nc iden ta l  re leases from o ther  f a c i l  i t i e s  w i l l  a1 so be determined as p a r t  o f  

t he  HEDR P r o j e c t  Source Term Task. 

I n  Phase I o f  t h e  HEDR Pro jec t ,  p re l im ina ry  est imates were made o f  t h e  

iodine-131 sources f o r  t he  pe r iod  1944 through 1947 on a  monthly bas i s  (Heeb 

and Morgan 1991). These est imates formed an i n i t i a l  bas is  f o r  Phase I dose 



estimates (PNL 1991). The HEDR Project plan called for the best estimates 

that could be made with the reference sources available at the time to form an 

initial estimate of the iodine-131 doses (Shipler 1991, p. 4.2-4.5). 

This report provides the final definition of the iodine-131 source term 

for the 1944 through 1947 period. This time period was selected because 

. Napier (1992) estimated that over 98% of the historical Hanford radiation dose 

occurred during early Hanford operations, when the envi ronmental re1 ease 

control technology was new and under development. 

Detailed data used in the calculations described in this document are 

contained in the companion document Iodine-131 Releases From t h e  Hanford S i t e  

. I944  Through 1947, Vo7ume 2 - Data .  

The results reported here form the input to the Regional Atmospheric 

Transport Code for Hanford Emi ssion Tracking (RATCHET) (Ramsdell and Burk 

1992) that will provide the geographical iodine-131 deposition pattern. A 
series of computer models will turn the geographical deposition of iodine-131 

into concentration levels in food and, finally, in dose estimates for affected 

individuals. The computer models work together and are collectively called 

the Hanford Environmental Dose Reconstruction Integrated Codes (HEDRIC) 

(Shi pl er 1992) . 
This report completes HEDR Project Mi l estone 0302A, Documented Phase I 

Iodine-131 Releases. It i s  t h e  f i n a 7  r e p o r t ,  rep7acing t h e  previous vers ion  

dated October 1992. Appendix C i s  a record o f  t h e  TSP comments and BNW 

responses t h a t  have been addressed i n  t h i s  f i n a l  r e p o r t .  Changes from t h e  

October 1992 vers ion  are  shown i n  i t a 7 i c s .  



ABSTRACT 

Releases of fission product iodine-131 are calculated for the 1944 
through 1947 period. Releases to the atmosphere were from the ventilation 
stacks of T and B separation plants. A reconstruction of daily separation 
plant operations forms the basis of the releases. The reconstruction traces 
the iodine-131 content of each fuel discharge from the B, D, and F Reactors to 
the dissolving step in the separation plants. 

Statistical computer modeling techniques are used to estimate hourly 
release histories based on sampling mathematical distribution functions that 
express the uncertainties in the source data and timing. The reported daily, 
monthly, and yearly estimates are averages and uncertainty ranges are based on 
100 independent Monte Carlo "realizations" of the hourly release histories. 





EXECUTIVE SUMMARY 

INTRODUCTION 

In 1941, President Roosevelt directed the War Department to develop 
nuclear weapons. The Hanford Site was selected for part of this national 

effort, known as the Manhattan Project. Construction started at Hanford in 
1943. A nuclear reactor, the B Reactor, became operational in September 1944, 

followed by the D and F Reactors in 1945. The same design was used for all 
three reactors. Each reactor was fueled with natural uranium, part of which 
was converted into plutonium by the reactor neutron flux. The irradiated fuel 

was removed from the reactor and sent to one of two separation plants, T Plant 
and B Plant. The mixture of uranium, plutonium, and other materials was 

chemically treated to extract and purify the plutonium. The purified pluton- 

ium, formed into metallic disks about the size of hockey pucks, was shipped 

offsi te to be incorporated into nuclear weapons. 

During the irradiation of uranium in the reactor, many nuclides other 
than the plutonium product were created. One of these nuclides was the radio- 
active isotope of iodine, iodine-131. This nuclide is of greatest concern 

because it is the largest contributor to the historical Hanford dose. 
Iodine-131 has a half-life of 8 days, decaying into nonradioactive xenon. 

During the processing of the fuel from the reactors, iodine-131 gas was 
released to the atmosphere and dispersed by the wind. The iodine-131 settled 

on the ground and rivers, and entered the food chain. 

As knowledge of the harmful effects of radiation increased, concerns 
were raised about the impact of Hanford operations on the surrounding 
popul at ion. Furthermore, the continuing decl assi ficati on of hi storical 
Hanford documents made the public more aware of the possibility of health 
effects to residents of the area surrounding the Hanford Site. 

In 1987, the U.S. Department of Energy directed a full study of the 

release of radioactivity from Hanford and the dose received by the surrounding 
population. Thousands of additional previously classified documents were 



declassified to make them available to the public. This study was directed by 

an independent Technical Steering Panel (TSP) composed of knowledgeable indi- 

viduals who were not associated with the U.S. Department of Energy. 

SCOPE 

11.12 This study analyzes activity at the three production reactors and the 

two separations facil i ties that were operating in the 1944-through-1947 
period. The three reactors were graphi te-moderated, water-cooled reactors 

1 ocated a1 ong the Col umbi a River. The reactors re1 eased v i r t u a  11y no iodine- 

131, but it was necessary to study them because they were the source of 

iodine-131. The time delay between irradiation and processing was also vital, 

because the amount of iodine-131 decreased by half every 8 days. Irradiated 

uranium fuel rods discharged from the reactors were dissolved at the chemical 

processing facilities, T and B Plants, in the first step of plutonium extrac- 

tion. The iodine-131 was released through the T and B Plant stacks during 
dissolution and, to a lesser extent, during the subsequent steps in the 

bismuth phosphate separation process. 

9.13 This study focuses on iodine-131 because it r e a d i l y  enters  t h e  food 

chain and i s  concentrated i n  t h e  body by t h e  t h y r o i d  gland. Other rad io -  

nucl ides released t o  t h e  a i r  and t o  t h e  Columbia R iver  c o n t r i b u t e  much less 

r a d i o a c t i v e  dose t o  t h e  e f f e c t i v e  who7e body dose (Napier  1992). 

The time period of this study begins with the start of operations in 
1944 and concludes at the end of 1947. That cutoff date was chosen because 
the irradiated fuel was cooled for a longer period before dissolution by the 

end of the period, allowing natural decay to eliminate much of the radioactive 
iodine. Later on, filters and chemical scrubbers were installed in the stack 

air system, which further reduced the iodine-131 emissions. 

14.21 This report describes one step in the total process of determining the 
iodine-131 exposure any particular individual may have received. The total 

process uses four integrated computer models under the collective name Hanford 

Environmental Dose Reconstruction Integrated Codes (HEDRIC). The first com- 

puter model, Source Term Release Model (STRM), uses plant records and the 

physical laws governing the nuclear and chemical reactions to arrive at the 



amount of iodine-131 released from the plant stacks, as described in this 
report. Additional computer models are required to determine the dose 
received by an individual. The second model, Regional Atmospheric Transport  

Code f o r  Hanford Emissions Track ing  (RATCHET), gives the geographical 
deposition of the iodine-131 after its release. The third model, Dynamic 

ESt imates o f  Concent r a t  ions and Accumulated Radionucl ides i n  T e r r e s t r i a  7 
Environments (DESCARTES), tracks the iodine-131 through the food products 

produced in the area under study. The fourth model, C a l c u l a t i o n  o f  I n d i v i d u a l  

Doses from Environmental Radionucl ides (CIDER), combines the food product 
information with time, location, and diet data about an individual to estimate 

that individual's dose from iodine-131 from Hanford operations. 

TECHNICAL APPROACH 

15 Calculating the release of iodine-131 requires the integration of much 

input and many intermediate calculations. This study relied on original 

records generated during the time period under study. These were suppl emented 

with other reports and summaries. Wherever possible, multiple sources were 
used to arrive at values. A knowledge of the physical processes, monitoring 

techniques used, and completeness of records allowed t h e  uncertainty to be 
estimated for each value. This study generated estimates of the iodine-131 

releases on an hourly basis. These are the primary inputs to the HEDR 

Atmospheric Transport Task. In this report, daily, monthly, and yearly 

summari es are provided. 

- -  16 The creation of iodine-131 in the reactors was calculated from reactor 
power records. The production of this isotope is directly re1 ated to the 

4 . power level, which is recorded in the reactor daily logs. As the amount of 
i odi ne-131 in the irradiated reactor urani um fuel increases during reactor 
operation, it also decreases as a result of decay until it reaches e q u i l i b r i u m  
and t h e r e a f t e r  remains a constant amount. If the reactor shuts down, produc- 
tion of iodine-131 ceases and the amount present at shutdown decreases by 

radioactive decay. The calculations were based upon the daily power records 

and took into account the day-by-day changes in the amount of iodine-131 

present in the fuel. 



16 When t h e  i r r a d i a t e d  f u e l  i s  discharged from the  reac tor ,  iod ine-131 

decays w i t h  an 8-day ha7f 7 i f e ;  t h e  decay time, known as cool ing,  was i n f e r r e d  

from records showing when f u e l  was discharged from the  r e a c t o r  and when i t  may 

have entered t h e  d i s s o l v i n g  process. 

The next  cons idera t ion  was t h e  process o f  d i s s o l v i n g  t h e  f u e l  i n  t h e  

separat ion p l a n t s  (T and B P lants ) .  Th is  was a  two-step process. F i r s t ,  t h e  

aluminum c ladd ing was d isso lved w i t h  a  caus t i c  s o l u t i o n  o f  sodium hydroxide, , 

then t h e  f u e l  was d isso lved w i t h  n i t r i c  acid. The iodine-131 was re leased 

du r ing  t h i  s  s tep and a1 so dur ing  processing steps a f t e r  d i  ssol  v i  ng . Detai  1  ed 

p l a n t  records on t h e  d i s s o l u t i o n  o f  batches o f  f u e l  were c o r r e l a t e d  w i t h  

r e a c t o r  discharge records t o  determine t h e  amount o f  iodine-131 present  du r ing  

d i sso lv ing .  The f r a c t i o n  o f  t he  i od ine  i n  t h e  d i s s o l v e r  t h a t  was re leased 

d i r e c t l y  t o  t h e  s tack  as we l l  as du r ing  subsequent processing was taken i n t o  

account. 

18.19.22 The estimated amount o f  iodine-131 re leased t o  t h e  atmosphere from T and 

B P lants  between 1944 and t h e  end o f  1947 was 685,000 c u r i e s  (C i ) .  Th is  i s  

summarized by month i n  Table S.1. The va7ues provided f o r  each month a r e  t h e  

mean (Ci/month) , standard d e v i a t i o n  (SD) , maximum (Max) and minimum (Min)  from 

100 independent runs o f  t h e  Source Term Re7ease Mode7 (STRM) . The values i n  

Tab7e S . 1  f o r  t h e  e n t i r e  per iod o f  1944-1947 a r e  based on t h e  accumu7ated 
re7eases from t h e  same 100 runs. Each o f  these runs represents a  poss ib le  

p a t t e r n  o f  hou r l y  re leases t h a t  could have happened given t h e  uncer ta in ty  i n  

t h e  a v a i l a b l e  in format ion .  

17 The 685,000 C i  re lease est imate exceeds t h e  est imate from t h e  Phase I 
study, which was 406,000 C i  (Heeb and Morgan 1991). The 685,000 C i  est imate 

i s  based on p l a n t  records t h a t  had been r e t i r e d  and warehoused, and were no t  

known t o  e x i s t  du r ing  Phase I. The Phase I r e s u l t s  were based on monthly 

average values o f  t h e  amount o f  ma te r ia l  processed and t h e  coo l i ng  time, which 

came from HWN-1991 (Roberts 1957), t h e  o n l y  source o f  i n fo rma t ion  t h a t  covered 

t h e  1944 through 1947 pe r iod  known a t  t h e  t ime Phase I r e s u l t s  were produced. 



TABLE S.1. Monthly Iodine-131 Releases (Ci) From T and B Plants, 1944-1947 

---------- 1944------------- 
Month CiIMonth SD Max Min .................... --------------- 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 2139 468 321 1 1393 

----------- 1945------------. 
CiIMonth SD Max Min ........................... 

1221 438 2098 131 
2126 393 2944 1371 
2082 322 2803 1 236 
28746 1810 33284 25445 
74482 4747 06615 65245. 
46466 2798 54781 40989 
47m6 2884 53838 41177 
72090 4940 84752 60761 
88682 5076 99902 77224 
92066 5292 106359 83959 
37752 2441 46652 31856 
62340 3423 71236 55566 

TOTALS 21 39 468 321 1 1393 555089 30056 627939 499183 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
Noverrl tier 
December 

----------1946------------- 
CuMonth SD Max Min 

-----------1947------------. 
CiIMonth SD Max Min -------------- ---------- ---- 

61 58 395 7248 5443 
3835 277 4541 321 9 
5617 332 6359 4951 
4853 380 5814 4127 
3989 286 4672 3384 
1 652 1 26 201 9 1359 
2297 1 36 2632 2031 
1 249 93 1421 1067 
1206 n 1407 1044 
472 37 547 365 
261 21 334 222 
261 17 31 2 221 

TOTAL 96284 5139 108929 86752 31848 1714 36295 28951 

Total Released 1944- 1947 685359 36895 775092 61 64 00 

Note: SD, Max, Min totals are not the result of adding monthly values. They are yearly statistics. 

.I The current results represent a substantial improvement. They are based 
on a daily reconstruction of plant operations instead of monthly averages and 
involve overlapping information contained in multiple source documents. Addi- 
ti onal ly, the calculations model the uncertainties involved in extracting 
quantitative information from the primary sources. 

20 Because of the wealth of original documentation and redundant sources, 
there is a high degree of confidence that the actual values fall within the 
computed ranges. If previously undiscovered records should appear, they could 



change the estimated magnitude o f  u n c e r t a i n t y  f o r  some est imates, b u t  t h e  

c u r r e n t  base est imates are expected t o  remain v a l i d .  The complete p i c t u r e  

g iven by these records i s  respons ib le  f o r  both the  rev i sed  est imate o f  i o d i n e -  

131 re leased and f o r  t h e  h igh  l e v e l  o f  conf idence i n  t h a t  f i g u r e .  

RECOMMENDATIONS 

A l l  t h e  p e r t i n e n t  records known t o  e x i s t  have been used t o  a r r i v e  a t  

these r e s u l t s .  The method o f  recons t ruc t i ng  t h e  iodine-131 re leases uses 

s t a t i s t i c a l  modeling techniques, which take  i n t o  account t h e  areas where 

complete i n fo rma t ion  was n o t  found. It i s ,  there fore ,  concluded t h a t  a 

s u f f i c i e n t l y  we1 1 - def ined est imate o f  t he  iodine-131 re1  eases has been 

obtained, and i t  i s  f u r t h e r  recommended t h a t  these est imates be used as i n p u t  

t o  t h e  HEDR a i r  t r a n s p o r t  model as the  second step i n  determin ing t h e  doses 

rece ived by t h e  p u b l i c  from Hanford S i t e  iod ine-131 re leases i n  t h e  1944- 

through-1947 t ime  per iod.  
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GLOSSARY 

8 100 Area 

200 Area 

300 Area 

B P lan t  

B Reactor 

Batch 

Bucket 

Burnup 

Charge 

Cur ie  

Cut 

D Reactor 

Days 

D i  ssol  ver  

Designat ion f o r  a71 Hanford Reactor Areas. For example, 
t h e  fenced exc lus ion  area around B-Reactor was 
designated 100-B. 

Designat ion f o r  a77 Hanford Separat ions Areas. For 
example, Redox i s  located i n  t h e  2001 exc lus ion  area. 

The area nearest Richland which conta ins the  f u e l  
f a b r i c a t i o n  operat ions.  

Second bismuth phosphate separat ion process p l a n t  bui  1 t 
a t  t he  Hanford S i t e .  

The f i r s t  Hanford Product ion Reactor. 

Amount o f  f u e l  d isso lved a t  a t ime. Synonymous w i t h  
cu t .  

The square metal conta iner  o f  discharged f u e l  elements. 

Thermal energy generat ion. U n i t s  are megawatt days 
(MWd) . 
Amount o f  f u e l  loaded i n t o  the  d i sso l ve r .  U n i t s  are 
tons. 

A u n i t  o f  r a d i o a c t i v i t y :  3.7 x 10'' d i s i n t e g r a t i o n s  per  
second. 

Amount o f  f u e l  i n  t he  d i s s o l v e r  t h a t  i s  d isso lved a t  one 
t ime. 

The second Hanford Product ion Reactor. 

Working s h i f t  from 8 a.m. t o  4 p.m. 

The process vessel used i n  t he  spent f u e l  d i s s o l u t i o n  
process p o r t i o n  o f  t he  bismuth phosphate separat ion 
process. 

HEDR computer code used t o  model separat ion p l a n t  
d i s s o l v e r  operat ions. 

E f f e c t i v e  The r a t i o  o f  t he  p i l e  power t o  t h e  average o f  t he  10 
Centra l  highest-powered tubes. I n  t he  e a r l y  per iod,  on l y  t he  
Tubes (ECT) highest-powered tube was used i n  computing ECT. The 

r a d i a l  peaking f a c t o r  i s  equal t o  t he  number o f  phys ica l  
tubes (2004) d i v i d e d  by t h e  ECT. 



Exposure Thermal energy generat ion per  u n i t  f u e l  mass (MWD/ton). 
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Load o r  
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Factor  (PF) 
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Power 
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Factor  

Process Tube 

Push 

The t h i r d  Hanford Product ion Reactor. 

F rac t i ona l  amount o f  a g iven nuc l i de  per  f i s s i o n  event.  

Working s h i f t  from midn igh t  t o  8 a.m. 

The t ime f o r  h a l f  o f  a g iven mass o f  a rad ionuc l i de  t o  
decay. 

Hanford Environmental Dose Reconstruct ion (P ro jec t ) .  

Amount o f  uranium l e f t  i n  d i s s o l v e r  a f t e r  l a s t  c u t  was 
processed. 

Hanford Product ion Reactor. 

The number o f  days between the  d i s s o l u t i o n  and 
e x t r a c t i o n  steps i n  t he  bismuth phosphate separat ion 
process. 

The number o f  tons o f  uranium contained i n  t h e  reac to r .  
Also one o f  t he  d i s t r i b u t i o n  func t i ons  used t o  model 
u n c e r t a i n t y  i n  t he  p i l e  loading.  

The technique o f  represent ing  unce r ta in t y  i n  one o r  more 
parameters by randomly sampl i n g  d i s t r i b u t i o n  func t i ons  
which express parameter unce r ta in t y .  The r e s u l t s  o f  
each complete sampling ( r e a l i z a t i o n )  are recorded, f o r  
ana lys i s  o f  computed unce r ta in t y  o f  t h e  outcome. 

The r a t i o  o f  t he  average power generat ion o f  a batch o f  
discharged f u e l  t o  t he  average r e a c t o r  power. 

P re l im ina ry  phase o f  HEDR Pro jec t .  

An e a r l i e r  term f o r  t he  graphite-moderated product ion  
reac tors .  

Reactor thermal power. Usual u n i t s  are megawatts. 

The r a t i o  o f  t he  maximum process tube power t o  t h e  
average process tube power. 

The aluminum tube which he ld  the  uranium f u e l  elements 
( s l  ugs) p l  us cool  i n g  water. 

Fuel discharge du r ing  a g iven r e f u e l i n g  outage. U n i t s  
a re  e i t h e r  s lugs o r  tons. 



Reactor Nuclear reac tor .  Used interchangeably w i t h  " p i l e . "  

Reactor Model A computer model developed t o  p rov ide  the  r e l a t i v e  power 
experienced by f u e l  discharged from a  Hanford reac to r .  

Rea l i za t i on  A p a r t i c u l a r  pass through a  Monte Car lo s imu la t i on  where 
a l l  s tochas t i c  parameters have been assigned a  value. 
The s imu la t i on  represents a  " poss ib le  r e a l i t y . "  

Release Factor  Rat io  o f  rad ionuc l i de  released t o  amount o f  rad ionuc l i de  
processed. 

S h i f t  A p o r t i o n  ( u s u a l l y  8  hours) ou t  o f  24 hours f o r  
scheduled work. A t  Hanford these were Days (8 a.m. t o  
4 p.m.), Swing ( 4  p.m. t o  midn igh t ) ,  and Graveyard 
(midnight  t o  8  a.m.). 

S l  ug The a1 uminum-cl ad c y l  i n d r i c a l  uranium f u e l  element used 
i n  Hanford reac tors .  

Source Term The amount o f  r a d i o a c t i v i t y  ( cu r i es )  o f  a  rad ionuc l i de  
re1  eased t o  the  environment from an i n d u s t r i  a1 f a c i  1  i t y  
a t  t he  p o i n t  o f  l o s s  o f  engineering c o n t r o l .  

Stack The pr imary re lease p o i n t  o f  exhaust a i r  from a  r e a c t o r  
o r  separat ion p l a n t  b u i l d i n g .  

STRM Source Term Re1 ease Model . HEDR Monte Carl  o  computer 
code which was used t o  c a l c u l a t e  iod ine-131 re leases.  

Swing Working s h i f t  from 4 p.m. t o  midnight .  

T P lan t  F i r s t  b i  smuth phosphate separat ion process p l  an t  bu i  1  t 
a t  t h e  Hanford S i t e .  

Ton Always 2000 1b i n  Hanford r e a c t o r  usage. (Met r ic  tons, 
2200 I b ,  were used on l y  w i t h i n  t h e  separat ion p lan ts . )  

x v i  i 
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1.0 INTRODUCTION 

25 The Hanford Site was built to provide plutonium for the United States 

nuclear weapons program. During the course of operations, some by-product 

radionuclides, including iodine-131, were released to the air. This section 

provides background information, out1 i nes the background and reasons for this 

study, and defines the topics covered. 

1.1 BACKGROUND 

In 1941, President Roosevelt directed the War Department to develop 

nuclear weapons. The Hanford Engineer Works was started in 1943 as part of 

the Manhattan Project. It was intended to produce the element plutonium, one 

of two known obtainable elements that could be used to produce nuclear 

weapons. To produce plutonium, it was necessary to irradiate uranium with 

neutrons. The neutrons would be absorbed by the uranium nucleus, eventually 

leading to the production of plutonium. In 1943, 1944, and 1945 three nuclear 

reactors (B, D, and F) were built and operated to provide the neutrons. The 

reactors were fueled with uranium rods. The production of neutrons by the 

process of nuclear fission also produces a large number of radionucl ides from 

the fragmentation of the uranium nucleus. One of these is iodine-131. 

24 The amount of plutonium in the uranium fuel rods increased as the reac- 

tor operated. When a group o f  rods reached the goal exposure, the reactor 

was shut down and the group of rods was discharged. In addition to plutonium, 

iodine-131 was contained in the rods at discharge. The iodine-131 undergoes 

radioactive decay at a rate which leaves only half of it after 8 days. The 

. - discharged fuel rods were stored for 30 days or longer to allow for the decay 

of iodine-131 as well as many other fission product radionuclides. 

After storage, the fuel rods were sent to the chemical separation facil- 

ity to extract the plutonium. The first step in the separations process was 

to load the irradiated fuel rod into a large tank called a dissolver. It was 

equipped with inlet and outlet pipes as well as a water-cooled reflux 

condenser on the lid. A so-called dissolver off-gas line, connected near the 
top of the condenser, led to a large-diameter stack 200 feet high. 



A f t e r  loading,  t h e  aluminum c ladd ing  o f  t h e  f u e l  rods was d i sso l ved  w i t h  

a sodium hydroxide so lu t i on .  The nex t  s tep was t o  d i sso l ve  t h e  now-bare uran- 

ium f u e l  rods i n  concentrated n i t r i c  ac id.  During t h i s  process step, p a r t  o f  

t h e  iodine-131, along w i t h  o the r  v o l a t i l e  rad ionuc l ides ,  was re leased from t h e  

uranium metal and rou ted  through t h e  r e f l u x  condenser t o  t h e  o f f - g a s  l i n e  and 

ou t  t h e  stack. 

A f t e r  d i sso l v ing ,  t he  p lutonium was l e f t  i n  t h e  a c i d  s o l u t i o n  along w i t h  

t h e  remaining iodine-131 and o ther  f i s s i o n  product  rad ionuc l ides .  The p l u t o n -  

ium was obta ined i n  r e l a t i v e l y  pure form i n  t h e  nex t  several processing steps. 

The remaining iodine-131 and o ther  f i s s i o n  products ended up i n  t h e  p l a n t  

h i g h - l e v e l  waste stream; however, some o f  t h e  iodine-131 escaped t o  t h e  separ- 

a t i o n  p l a n t  b u i l d i n g  v e n t i l a t i o n  a i r .  The v e n t i l a t i o n  system a1 so exhausted 

up t h e  200- foot  stack, so some o f  t he  iodine-131 was vented t o  t h e  atmosphere 

a f t e r  t he  d i s s o l v i n g  s tep  was completed. 

1.2 PURPOSE 

The purpose o f  t h i s  r e p o r t  i s  t o  document t he  re leases o f  iod ine-131 t o  

the  atmosphere from Hanford from 1944 through 1947. 

26 The p r e l i m i n a r y  r e s u l t s  o f  t he  HEDR Pro jec t  conf irmed t h a t  iod ine-131 

re leased du r ing  t h e  1944-through-1947 p e r i o d  was respons ib le  f o r  over 9= o f  

t h e  h i s t o r i c  Hanford dose (Napier 1992, p. 9). A p r e l i m i n a r y  es t imate  o f  

e a r l y  iod ine-131 re leases on a monthly bas is  was made d u r i n g  Phase I o f  t h e  

HEDR P r o j e c t  (Heeb and Morgan 1991). 

The Phase I r e s u l t s  were based on a s i n g l e  reference source 

(Roberts 1957) w i t h  no co r robo ra t i ng  references. The data  used were averaged 

on a monthly basis .  Hanford documents, which would make a much more d e t a i l e d  

recons t ruc t i on  o f  t h e  iodine-131 re leases possib le,  were d iscovered as p a r t  of 

t h e  ongoing HEDR data-gather ing  a c t i v i t y  a f t e r  t h e  Phase I study ended. 

Th is  r e p o r t  descr ibes one s tep  i n  t h e  t o t a l  process o f  determin ing t h e  

iodine-131 exposure any p a r t i c u l  a r  i n d i v i d u a l  may have rece ived f rom opera- 

t i o n s  a t  Hanford. The f o l l o w i n g  l i s t ,  along w i t h  F igure  1.1, g i ves  a thumb- 

n a i l  sketch o f  t h e  e n t i r e  process. The process uses a s e r i e s  o f  computer 



models designed t o  work together  under the  c o l l e c t i v e  name Hanford 

Environmental Dose Reconstruct ion In teg ra ted  Codes (HEDRIC). 

27 The laws o f  physics and chemistry descr ibe the  reac t i ons  t h a t  took p lace 
i n  t he  nuclear  reac to rs  and chemical processing p lan ts .  The records 
t h a t  were kept  a t  t h e  p l a n t s  descr ibe the  ma te r ia l s  t h a t  went i n t o  the  
process. Data from those records are entered i n t o  a  mathematical model 
o f  t h e  opera t ion  o f  t he  processes. That model, t h e  Source Term Release 
Model (STRM), us ing the  laws o f  science and the  da ta  on Hanford opera- 
t i ons ,  produces an est imate o f  t he  amount o f  iod ine-131 t h a t  was vented 
t o  t h e  atmosphere through the  p l a n t  stacks. The hou r l y  re leases o f  
iod ine-131 are t he  f i n a l  product  o f  t h i s  repo r t .  

The second model combines the  hou r l y  re lease data  w i t h  in fo rmat ion  on 
wind d i r e c t i o n  and speed. This  model, t he  Regional Atmospheric 
Transport Code f o r  Hanford Emission Tracking (RATCHET), y i e l d s  an 
est imate o f  t he  d is tance and d i r e c t i o n  the  iodine-131 went before 
s e t t l i n g  on t h e  ground and on crops. 

The t h i r d  model, Dynamic Estimates o f  Concentrat ions and Radionuclides 
i n  T e r r e s t r i  a1 Environments (DESCARTES) , takes t h e  d i s t r i b u t i o n  o f  
iod ine-131 and ca l cu la tes  i t s  progress through t h e  food chain. U l t i -  
mately, DESCARTES describes the  i od ine-  131 concent ra t ion  i n  t h e  foods 
a v a i l a b l e  t o  the  popu la t ion  i n  t he  area covered by the  HEDR Pro jec t .  

The f i n a l  model, Ca lcu la t i on  o f  I n d i v i d u a l  Doses from Environmental 
Radionucl ides  (CIDER), uses time, 1  ocat ion, and d i e t  i n fo rma t ion  f o r  an 
i n d i v i d u a l  and the  DESCARTES in fo rmat ion  on iodine-131 i n  t h e  food t o  
c a l c u l a t e  t h e  dose estimate-how much iodine-131 from Hanford operat ions 
ended up i n  t h a t  i n d i v i d u a l ' s  body. 

The re lease i n fo rma t ion  i n  t h i s  r e p o r t  i s  now based on mu1 t i p l e  r e f e r -  

ence sources and reconst ruc ts  t h e  re lease o f  iod ine-131 on an hou r l y  basis  

based on p l a n t  operat ions.  Each r e a c t o r  discharge and each d i s s o l v e r  batch o f  

.- r e a c t o r  f u e l  d isso lved i s  represented. Th is  forms a  recreated base o f  
o r i g i n a l  opera t iona l  in fo rmat ion  which can form the  bas is  f o r  independent 

.. est imates o f  atmospheric d ispers ion,  deposi t ion,  and dose es t imat ion  f o r  

rad ionuc l ides  o ther  than iodine-131. 

1.3 SCOPE 

The Hanford f a c i l i t i e s  t h a t  produced and re leased iodine-131 are 

described. The product ion  o f  o the r  rad ionuc l  ides  i s  discussed. The t ime 

pe r iod  o f  t he  study i s  a l so  discussed. 



'I 

CIDER 

STRM: Source Term Release Model 

RATCHET: Regional AtmosphericTransport Code for 
Hanford Emission Tracking 

DESCARTES: Dynamic Estimates of Concentrations And 
Radionuclides in Terrestrial EnvironmentS 

CIDER: Calculation of Individual Doses from 
Environmental Radionuclides 
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FIGURE 1.1. Hanford Environmental Dose Reconstruction In tegrated Codes 

1.3.1 F a c i l i t y  D e s c r i ~ t i o n s  

28.29 Iodine-131 was created by the nuclear f i s s i o n i n g  o f  uranium fue l  i n  the 

three Hanford Production Reactors (HPRs). B Reactor s ta r ted  up i n  September 

1944. D Reactor s t a r t ed  up i n  December 1944, fo l lowed i n  February 1945 by the 

s ta r tup  o f  F Reactor. The HPRs, described i n  B a l l  inger  and Ha l l  (1991), are 

1 arge graph i te  cubes each wi th  2004 hor izonta l  a1 umi num process tubes contain-  

i ng 8- inch a1 uminum-cl ad urani  um metal c y l  inders ( s l  ugs) . Neutrons were 

produced by a neutron chain reac t ion  i n  the uranium.(') The neutrons were 

absorbed by the  uranium nucleus, which broke apart ( f i ss ioned)  producing a 

( a )  The use o f  "uranium" r e f e r s  t o  U-235 fus ion  as we1 7 as Pu-239 f u s i o n .  
The Pu-239 i s  created by neutron capture by the  U-238 nucleus. 



1 arge amount of thermal energy and many nuclear fragments (fission products) 

plus approximately 2.5 neutrons per fission, which was enough to sustain the 

chain reaction. Iodine-131 is one of many highly radioactive nuclides 

produced during fission. The graphite served as a "moderator" to slow the 

high-energy neutrons down, which made them more reactive and better able to 

sustain the chain reaction. 

30 The slugs were clad in aluminum to prevent the uranium from reacting 

chemically with the cool ing water. Because of the heat produced, a 1 arge 
amount of water was required to cool the reactor. The cooling water flowed 

horizontally through the aluminum process tubes from the vertical "front face" 
to the vertical "rear face" of the reactor. Each process tube was equipped 

with an outlet water temperature monitor and a flow-measuring orifice or 

venturi assembly. As thermal power was generated in the slugs from the action 

of the neutrons, the coolant water was heated. The instrumentation provided a 

means of calculating individual tube powers (product of tube flow and 

temperature ri se) : 

The time-integrated power gave the individual tube burnup: 

expressed in megawatt-day per ton (MWd/ton). When a group of tubes reached 
'- 

approximately 200 MWD/ton (Jaech undated), the reactor was shut down and the 

tubes discharged. .. 
30 The irradiated slugs were intensely radioactive, and removing them from 

the reactor, which was equipped with radiation shielding, required that they 

be shielded at all times. The discharge operation consisted of opening up the 

process tube front and rear fittings. New unirradiated slugs were inserted 

into the front of the tube, which pushed the irradiated slugs out the rear of 

the process tube. The irradiated slugs fell into the water of the discharge 

chute where they slid under the rear face shield wall into the discharge 

basin. The water in the discharge and contiguous storage basin was deep 



enough t o  prov ide  s h i e l d i n g  f o r  t h e  workers who, us ing  long-handled tongs, 

p icked up t h e  s lugs and p u t  them i n t o  storage buckets on t h e  f l o o r  o f  t h e  

basin. The buckets, which he ld  105 s lugs each, were then moved t o  a temporary 

s torage l o c a t i o n  i n  t h e  storage pool.  

A f t e r  discharge, t he  slugs were s to red a t  t h e  r e a c t o r  s torage pool ,  then 

sent e i t h e r  t o  t h e  200 North Area in te rmed ia te  storage f a c i l  i t y  ( t h r e e  poo ls )  

o r  d i r e c t l y  t o  T o r  B P lan t .  I n  t h i s  e a r l y  period, a l l  o f  t h e  f u e l  was sent 

t o  t h e  200 North Area o f  t h e  Hanford S i t e  and then d ispatched t o  T and 

B Plants.  

A d e s c r i p t i o n  o f  T and B Plants, which used t h e  bismuth phosphate sepa- 

r a t i o n  process, i s  g iven i n  B a l l i n g e r  and H a l l  (1991). T P lan t  s t a r t e d  

processing r a d i o a c t i v e  f u e l  from B Reactor i n  December 1944. B P lan t  began 

operat ions i n  A p r i l  1945. I n  these operat ions, spent f u e l  was rece ived v i a  

t h e  r a i l  l oad ing  bay i n  t he  221B and 221T Bu i ld ings .  A r a i l r o a d  c a r  w i t h  

w a t e r - f i l l  ed s h i e l d i n g  compartments (we1 1 car )  conta ined t h e  spent f u e l  

buckets, each bucket loaded w i t h  a nominal 105 s lugs.  

The separa t ion  process s t a r t e d  when t h e  s lugs from the  buckets were p u t  

i n  t h e  d i s s o l v e r  by a remotely operated crane. A nominal dissolver" 'chargen 

d u r i n g  t h i s  p e r i o d  was 8 buckets, 840 s lugs o r  3.3 tons ( a t  7.85 l b  per  s lug ) .  

The normal charge was placed i n  the  d i s s o l v e r  on top  o f  an approximate ly  

1.1- ton "hee l"  o f  undissolved metal l e f t  over from t h e  prev ious run .  The heel 

was l e f t  f o r  speed d i s s o l v i n g  o f  t he  nex t  f resh  charge. Slugs i n  t h e  heel had 

a g rea te r  sur face area than new s lugs as a r e s u l t  o f  being a t tacked by t h e  

n i t r i c  ac id.  Since t h e  a c i d  d i s s o l u t i o n  r a t e  i s  rough ly  p ropo r t i ona l  t o  t he  

s p e c i f i c  uranium sur face area ( c ~ ' / ~ u ) ,  t he  presence o f  t he  heel reduced t h e  

d i s s o l u t i o n  t ime.  

31 The d i s s o l v e r  was f i t t e d  w i t h  a r e f l u x  condenser, which prevented t h e  

escape o f  b o i l i n g  water vapor. A t  t he  t o p  o f  t h i s  condenser was a 3- inch-  

diameter o f f - g a s  l i n e ,  which was connected t o  t h e  ou tput  s ide  o f  t h e  bui7ding 

vent fan. V o l a t i l e  m a t e r i a l s  from the  d i s s o l v i n g  process were drawn ou t  o f  

t he  d i s s o l v e r  v i a  a steam j e t  pump. D isso l ve r  operat ions were conducted a t  

a l l  t imes w i t h  a negat ive  pressure r e l a t i v e  t o  atmosphere t o  avo id  d i r e c t  

1 eakage o f  r a d i o a c t i v e  gases from shie lded p i t s  c a l l  ed processing " c e l l  s"  i n t o  



t he  b u i l d i n g  v e n t i l a t i o n  system. A i r  pressure o f  t he  e n t i r e  process b u i l d i n g  

was maintained negat ive  r e l a t i v e  t o  atmosphere by the  v e n t i l a t i o n  tunnel  

exhaust fans (as shown i n  F igure  1.2). A f r a c t i o n  o f  t h e  iodine-131 remaining 

i n  t h e  process l i q u i d  a f t e r  d i s s o l v i n g  was emi t ted  du r ing  subsequent process- 

i n g  steps v i a  the  canyon v e n t i l a t i o n  tunnel .  

The aluminum c ladd ing  was removed from t h e  i r r a d i a t e d  s lugs loaded i n t o  

the  d i s s o l v e r  by the  a d d i t i o n  o f  caus t ic ,  concentrated sodium hydroxide. 

A f t e r  removing t h e  caus t i c  s o l u t i o n  from the  d i sso l ve r ,  concentrated n i t r i c  

ac id  was added, which was s u f f i c i e n t  t o  d i sso l ve  1.1 tons o f  t h e  bare uranium 
* 

slugs. Afterward, two more 1.1- ton " cu ts"  were made, f o r  a t o t a l  o f  t h ree  

cu ts  per  d i s s o l v e r  charge. Evo lu t ion  o f  iod ine-131 and o ther  v o l a t i l e  f i s s i o n  

products t o  the  d i s s o l v e r  o f f - gas  occurred w i t h  each o f  these cu ts .  This  l e f t  

an approximately 1.1- ton heel i n  t he  d i sso l ve r ,  which was then prepared t o  

rece i ve  the  next  3.3- ton charge. 

1.3.2 Radionucl ides 

Many rad ionuc l ides  were produced i n  the  HPRs. About 30 o f  these (Napier 

1992) are considered t o  be p o t e n t i a l l y  s i g n i f i c a n t  c o n t r i b u t o r s  t o  t h e  Hanford 

dose e i t h e r  by a i r  o r  by water pathways. Iodine-131 re leased t o  the  a i r  by T 

and B P lan ts  i n  t he  1944-through-1947 pe r iod  was est imated t o  be t h e  l a r g e s t  

o f  these by a 1 arge margin (Napier 1992). The o the r  rad ionuc l  ides  are being 

s tud ied  and doses w i l l  be ca l cu la ted  f o r  them as t h e  HEDR Pro jec t  cont inues. 

The beginning o f  a dose est imate f o r  any o f  these rad ionuc l i des  must s t a r t  

w i t h  a "source term": an est imate o f  t he  amount o f  c u r i e s  re leased and the  
1. t ime o f  t h e i r  re lease.  The source terms f o r  o ther  rad ionuc l ides  are c u r r e n t l y  

being developed, both f o r  a i r  and water re leases (Sh ip le r  1992). 

1.3.3 Time Per iod 

E f f o r t  was concentrated i n  ob ta in ing  the  best  poss ib le  source- term d e f i  - 
n i t i o n  f o r  iod ine-131 re leased t o  the  a i r  i n  t he  1944-through-1947 pe r iod  

because i t  was known t o  be l a r g e  (Anderson 1974), and because t h e  records on 

which t o  base a source-term recons t ruc t i on  were the  o ldes t  and most vu lnerab le  

t o  d e t e r i o r a t i o n  and d e s t r u c t i o n  through the  normal f u n c t i o n i n g  o f  t h e  Federal 
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The B and T  P lan t  stacks were a n t i c i p a t e d  t o  be t h e  l a r g e s t  a i r - r e l e a s e  

85-130 cfm 

sources o f  a l l  t h e  Hanford product ion  f a c i l i t i e s  (Napier 1992). T h e i r  design 

prov ided re lease mon i to r i ng  systems because they  were recognized as a i r -  

re1  ease po in t s .  Other a i r - r e 1  ease po in ts ,  such as t h e  r e a c t o r  v e n t i  1 a t i  on 

stacks, were minor as f a r  as f i s s i o n  product  re leases were concerned because 

f i s s i o n  products c rea ted a t  t h e  reac to rs  were almost e n t i  r e l y  conta ined w i t h i n  -? 

t h e  a1 umi num-cl ad s l  ugs. 

Operat ions a t  t h e  300 Area f u e l  f a b r i c a t i o n  f a c i l i t i e s  d u r i n g  t h i s  e a r l y  .. 
p e r i o d  i nvo l ved  o n l y  u n i r r a d i a t e d  uranium. Hence, a i r  re leases f rom these 

f a c i l i t i e s  would be minor compared t o  the  separat ions p l a n t  s tacks.  

1.4 PREVIEW OF THE REPORT 

The Technical Approach sec t ion  o f  t h i s  r e p o r t  (2.0) de f i nes  t h e  in forma-  

t i o n  requ i red  t o  es t imate  iodine-131 re leases and reviews t h e  e x i s t i n g  i n f o r -  

mation base. Sect ion 2.0 then exp la ins  how gaps i n  t h e  requ i red  i n fo rma t ion  



were overcome by s t a t i s t i c a l  unce r ta in t y  modeling techniques, and t h e  assump- 

t i o n s  involved.  An overview o f  t he  var ious stages i n  t h e  computation process 

i s  provided. 

Sect ion 3.0, Q u a l i t y  Assurance and the  Achievement o f  Data Q u a l i t y  

Object ives, discusses the  q u a l i t y  ob jec t i ves  o f  t h i s  r e p o r t  and assesses t h e i r  

achievement. 

I n  Sect ion 4.0, Results,  t h e  est imates are discussed and compared w i t h  

Phase I r e s u l t s .  The reasons f o r  t he  l a r g e r  est imates o f  t he  cu r ren t  study 

compared t o  Phase I are given. The d e t a i l e d  numerical r e s u l t s ,  which are  tab-  
4 

u l  ated i n  Volume 2, are described. 

f Sect ion 5.0 presents the  conclusions drawn from t h i s  e f f o r t  i n c l u d i n g  

comparisons w i t h  the  r e s u l t s  o f  previous studies.  F i n a l l y ,  Sect ion 6.0 

recommends the  f u t u r e  use o f  t he  r e s u l t s .  

Appendix A descr ibes the  mathematical model o f  a Hanford Product ion 

Reactor t h a t  was used i n  c a l c u l a t i n g  the  product ion  o f  iodine-131. Appendix B 

g ives  an eva lua t ion  o f  t he  reference documents used t o  determine t h e  re lease 

f a c t o r ,  t he  percentage o f  iod ine-131 produced t h a t  i s  re leased t o  the  

atmosphere. 





2.0 TECHNICAL APPROACH 

This sec t i on  exp la ins  how the  iodine-131 re lease est imates were made. 

2.1 REQUIRED INFORMATION FOR CALCULATING IODINE-131 RELEASES 

The o b j e c t i v e  i s  t o  est imate hou r l y  re leases o f  iod ine-131 from T  and B 

P lan t  s tacks i n  t h e  1944-through-1947 t ime per iod.  Hour ly  re lease data  was 
# 

se lected as t h e  o b j e c t i v e  t o  a l l ow  c o r r e l a t i o n  w i t h  e x i s t i n g  hou r l y  wind speed 

and d i r e c t i o n  data. What in fo rmat ion  would be requ i red  t o  c a l c u l a t e  hou r l y  
' 9 releases? F i r s t ,  t h e  amount o f  iod ine-131 present  i n  t h e  f u e l  discharges, o r  

"pushes," as they were c a l l e d  i n  t he  terminology o f  t h e  day, must be known. 
u Second, because iodine-131 decays w i t h  a  h a l f - l i f e  o f  8 days, t he  number o f  

days between the  push and d i s s o l v i n g  " cu t "  ( coo l i ng  t ime) must be known t o  

c a l c u l a t e  t h e  iodine-131 a v a i l a b l e  f o r  re lease.  Thi rd,  t he  f r a c t i o n  o f  d i s -  

so l ve r  i o d i n e  re leased t o  the  stack by the  d i s s o l v e r  o f f - gas  l i n e  must be 

known. Fourth, t he  f r a c t i o n  1  eaked t o  the  b u i l d i n g  v e n t i  1  a t i o n  from process- 

i n g  steps a f t e r  d i s s o l v i n g  must be known. F i f t h ,  because some f r a c t i o n  o f  t he  

i od ine  sent t o  t he  s tack  d i d  n o t  go ou t  t he  top, bu t  was re turned as conden- 

sate i n  t he  c o l l e c t i o n  t r a p  a t  t he  bottom o f  t h e  stack, t h i s  f r a c t i o n  must be 

known. S ix th ,  t ime o f  day t h a t  d i s s o l v i n g  s t a r t e d  and ended must be known. 

And, l a s t  o f  a l l ,  t h e  hou r l y  re lease r a t e  t h a t  app l ied  w h i l e  t he  c u t  was being 

d isso lved must be known. These requirements are summarized i n  t he  f o l l o w i n g  

l i s t :  

I 
1. Push iodine-131 content  

2 .  Cool ing t ime: d i f f e r e n c e  between when the  r e a c t o r  shut down f o r  t he  

1 .  
push and when t h e  d i s s o l v e r  c u t  was made 

3. Off-gas l i n e  re lease f r a c t i o n  

4. Post-d i  sso l v ing  re lease f r a c t i o n  

5. Stack condensate f r a c t i o n  

6. Disso lver  c u t  s t a r t  and s top  t imes 

7. Hour ly  re lease p r o f i l e  du r ing  c u t  i od ine  evo lu t i on .  



This  i n fo rma t ion  was n o t  found i n  a l l  t he  d e t a i l  r equ i red  i n  t h e  Hanford 

h i s t o r i c a l  document records. However, enough was found so t h a t  s p e c i f i c  da ta  

cou ld  be used when ava i lab le ,  and unce r ta in t y  modeling cou ld  be used t o  f i l l  

i n  miss ing in fo rmat ion .  Uncer ta in ty  modeling requ i res  t h a t  enough in fo rma t ion  

be found t o  cons t ruc t  appropr ia te  d i s t r i b u t i o n  func t ions .  The r e a c t o r  and 

separat ion p l a n t  records must, there fore ,  n o t  on ly  supply p r imary  data, b u t  

must a l so  supply enough in fo rmat ion  t o  cons t ruc t  t h e  u n c e r t a i n t y  d i s t r i b u t i o n  

func t ions .  

2.2 INFORMATION BASE 

32 The in fo rma t ion  base t h a t  prov ided the  data  on the  r e a c t o r  opera t ions  

and t h e  chemical separat ion p l a n t s  are discussed i n  the  f o l l  owing paragraph. t 

2.2.1 Reactor In fo rmat ion  Sources 

The P-Department Reports (General E l e c t r i c  Company 1947) are r e a c t o r  

d a i l y  r e p o r t s .  They g i v e  power l e v e l  i n fo rma t ion  (megawatts), d a i l y  produc- 

t i o n  (megawatt days), number o f  s lugs pushed, and o the r  usefu l  i n fo rma t ion  

regard ing  t h e  d i s t r i b u t i o n  o f  power i n  t h e  r e a c t o r  each day f o r  t h e  e n t i r e  

per iod .  Th i s  jn fo rmat ion  i s  used t o  est imate the  r e a c t o r  iod ine-131 content  

on a d a i l y  bas is  f o r  t h e  e n t i r e  per iod.  I t  a l so  prov ides i n fo rma t ion  t o  t h e  

Reactor Model, which w i l l  be discussed i n  a f o l l o w i n g  sec t i on  and i n  

Appendix A. 

2.2.2 B and T P lan t  In fo rmat ion  Sources 

33 The 200 Area Reports (Acken and B i r d  1945; B i r d  and Donihee 1945) 
J 

con ta in  d a i l y  B and T P lan t  data from 1944 through May 22, 1946, i n  s p i t e  o f  

t he  1945 issue date  noted i n  t he  references.  (These were l i v i n g  documents and 
.I 

t he  1945 date  i s  t h e  o r i g i n a l  Hanford Engineer Works C l a s s i f i e d  F i l e s  issue 

date. B i r d  and Donihee was issued i n  1945, bu t  rece ived p l a n t  da ta  as i t  

accumulated through May 1946.) These r e p o r t s  conta in  an i d e n t i f i c a t i o n  o f  

d i s s o l v e r  cuts,  and which process step they  were i n ,  as o f  8 a.m. A sample 

page i s  shown i n  F igure  2.1. The d i s s o l v e r  batch number i s  i n  t h e  f o l l o w i n g  



FIGURE 2 .1  Da i ly  Run Status as o f  8 a.m. 



format:  Bd24. Th is  means t h a t  t h e  c u t  was from a  B r e a c t o r  push, t h e  "d" 

meant t h a t  i t  was a  d i s s o l v e r  batch number ( a f t e r  d i s s o l u t i o n ,  s to red  m a t e r i a l  

i n  s o l u t i o n  was redesignated w i t h  an e x t r a c t i o n  batch number), and t h e  "24" 

meant t h a t  i t  was t h e  24th c u t  o f  t h e  month. The cu ts  are shown as " i n  t h e  

d i s s o l v e r "  o r  " i n  storage."  

Unfor tunate ly ,  no in fo rmat ion  i s  g iven as t o  e x a c t l y  what push (date)  

from t h e  i n d i c a t e d  r e a c t o r  i s  i n  t h e  d i sso l ve r .  Th is  i s  t h e  pr imary  re ference 

used t o  recons t ruc t  B and T  P lan t  operat ions u n t i l  May 22, 1946. 

The Jaech re ference (undated) i s  a computer p r i n t o u t  which conta ins,  f o r  
A 

both p lan ts ,  a  monthly summary o f  r e a c t o r  pushes d issolved,  t h e  burnup o f  t h e  

d isso lved push (MWd), and the  exposure o f  t he  f u e l  (MWd/ton) . It a l s o  has a  
1) 

handwr i t ten  n o t a t i o n  g i v i n g  the  c u t  number o f  t he  l a s t  c u t  o f  t h e  month. A  

ca l cu la ted  es t imate  o f  t h e  number o f  tons d isso lved i n  each push can be made 

by d i v i d i n g  t h e  burnup (MWd) by t h e  exposure (MWd/ton). It was used t o  de te r -  

mine what p a r t  o f  each r e a c t o r  push was d isso lved a t  T  Plant ,  and what p a r t  

was d i sso l ved  a t  B P lan t .  It a l so  helped i n  t he  recons t ruc t i on  o f  d i s s o l v e r  

opera t ion  covered by the  200 Area Reports (L indv ig  1945, 1946), s ince  these do 

n o t  e x p l i c i t l y  i d e n t i f y  which push i s  being d issolved.  

The Metal H i s t o r y  Reports (General E l e c t r i c  Company 1946) i n fo rma t ion  

consi s t s  o f  p l  u t o n i  um accountabi 1  i t y  handwr i t ten 1  edgers cover ing  t h e  p e r i o d  

August 28, 1946, t o  December 31, 1947. A sample page i s  shown i n  F igure  2.2. 

The d i s s o l v e r  batch number ( c a l l e d  " run number" i n  t h i s  reference) ,  t h e  number 

o f  s lugs, and t h e  push date f o r  each d i s s o l v e r  charge are  given, as w e l l  as 

the  date o f  e x t r a c t i o n .  This  i s  nea r l y  a  complete i n fo rma t ion  set,  except 

t h a t  t h e  da te  o f  e x t r a c t i o n  i s  g iven ins tead o f  t he  date o f  d i s s o l u t i o n .  The 

c o o l i n g  t ime  i s  t h e  d i f f e r e n c e  between c u t  d i s s o l u t i o n  and t h e  r e a c t o r  shut -  

down date  f o r  t h e  push. The column labe led  "TD" i s  t h e  number o f  s lugs d i s -  

solved by t h e  p l a n t  s ince  s ta r tup .  

34 These th ree  references form the  bas is  f o r  recons t ruc t i ng  t h e  " l o g i s t i c s "  

o f  T  and B P lan t  operat ion:  tons d isso lved and coo l i ng  t ime. There i s  a  

b lank  p e r i o d  from mid-May 1946, when the  200 Area Reports (B i rd  1945) s top  and 

mid-August 1946, when t h e  Metal H i  s t o r y  Reports (General E l e c t r i c  



FIGURE 2 .2 .  Metal History B Area 



Company 1946) begin. Jaech (undated) prov ides i n fo rma t ion  on t h e  monthly 

pushes d i sso l ved  as we l l  as the  number of cu ts  because o f  t h e  hand-entered 

n o t a t i o n  o f  t h e  f i n a l  c u t  d isso lved each month ( i .e. ,  an e n t r y  o f  Dd43 would 

mean t h a t  43 c u t s  were d isso lved du r ing  the  month). 

The nex t  major in fo rmat ion  source requ i red  i s  re lease f r a c t i o n  in forma-  

t i o n .  Here, many references were involved.  A f i n a l  s e l e c t i o n  o f  t h e  value 

and d i s t r i b u t i o n  o f  t he  var ious re lease f r a c t i o n s  i s  prov ided i n  t h e  f o l l o w i n g  

sect ion,  and each o f  t h e  references i s  described i n  d e t a i l .  

The i n fo rma t ion  f o r  developing p r o f i l e s  o f  hou r l y  re leases came from a  

s i n g l e  source, Hea l th  Instruments Department Logbook HEW-823-L ( L i n d v i g  1946). 

The Heal th Inst ruments Department was charged w i t h  mon i to r i ng  p l a n t  r a d i a t i o n ,  

and t h i s  re fe rence i s  e s s e n t i a l l y  many logged r a d i a t i o n  surveys taken a t  v a r i -  

ous s i t e s  on t h e  p r o j e c t .  Some o f  t h e  surveys i nc lude  s tack  gas sampling mea- 

surements o f  t h e  amount o f  iod ine-131 a t  approximately 15-minute i n t e r v a l s  

taken du r ing  c u t  d i sso l v ings .  This  same reference a l so  prov ides t ime-of-day 

i n fo rma t ion  f o r  more than 300 d i s s o l v e r  cu ts .  

2.3 UNCERTAINTY MODELING 

36 -- The uncer- ta int ies i n  t h e  da ta  are  modeled us ing Monte Car l  o  techniques. 

Bas i ca l l y ,  t h i s  i nvo l ves  cha rac te r i z i ng  parameter u n c e r t a i n t y  by s p e c i f y i n g  a  e 

d i s t r i b u t i o n  f u n c t i o n  f o r  each unce r ta in  parameter. Then a  computer run  i s  

made wherein a  value o f  each uncer ta in  parameter i s  supp l ied  by randomly 

sampling the  d i s t r i b u t i o n  func t i on .  The output  values are recorded. Several 

runs are  made us ing  d i f f e r e n t  samplings o f  t h e  d i s t r i b u t i o n  func t i ons .  The 

se t  o f  runs then de f i nes  t h e  range o f  poss ib le  output  values t h a t  cou ld  r e s u l t  

from i n p u t  parameter unce r ta in t y .  

I n  t h i s  case, we are  i n t e r e s t e d  i n  hou r l y  iod ine-131 re leases.  To model 

t he  da ta  unce r ta in t i es ,  two Monte Car lo models were w r i t t e n .  

35.37 The f i r s t  o f  these i s  t h e  Reactor Model (RM). It i s  requ i red  because o f  

a  l a c k  o f  i n fo rma t ion  concerning the  power h i s t o r y  o f  each push. The 

P-Department Reports (General E l e c t r i c  Company 1947) p rov ide  enough informa-  

t i o n  t o  c a l c u l a t e  the  t o t a 7  p i l e  i od ine  content,  bu t  t he  i o d i n e  content  o f  t h e  



push depends on the  l o c a t i o n  o f  t he  discharged process tubes w i t h i n  t h e  

reac to r .  The tube powers va r ied  from about 160% o f  t h e  average tube power 

( p i l e  power d i v i d e d  by the  number o f  tubes) l oca ted  i n  t h e  c e n t r a l  zones t o  

about 40% i n  t h e  tubes l oca ted  a t  t he  f r i n g e  o f  t he  reac to r .  The RM prov ides 

t h i s  needed in fo rmat ion .  Appendix A provides d e t a i l e d  information on t h e  

reactor  model. 

The second model i s  t he  Source Term Re1 ease Model (STRM) . This model 
" 

a c t u a l l y  produces t h e  hou r l y  iod ine-131 releases. It samples a l l  key uncer- 

t a i n  parameters du r ing  each Monte Car lo run. Resul ts  from each r u n  ( r e a l i z a -  
. t i o n )  are w r i t t e n  t o  var ious  f i l e s .  A t  t he  conclus ion o f  a  se t  o f  runs (100 

r e a l i z a t i o n s  i s  t he  usual amount), i t  w r i t e s  iod ine-131 averages and standard 

dev ia t i ons  i n  several e d i t  formats: cu t -by-cu t ,  d a i l y ,  monthly, and y e a r l y .  

It a l so  produces a  "Met. F i l e , "  which conta ins hou r l y  re leases f o r  each r e a l i -  

z a t i o n  t h a t  i s  used by RATCHET, the  atmospheric wind t ranspor t  computer model 

(Ramsdell and Burk 1992). 

2.4 OVERVIEW OF THE CALCULATIONS 

A t h i r d  computer code t h a t  models the  d i s s o l v e r  opera t ion  was w r i t t e n  t o  

p rov ide  i n p u t  t o  STRM. It i s  s t r i c t l y  d e t e r m i n i s t i c  and produces nominal 

values o f  d i s s o l v e r  charges, cuts, and heels from i n p u t  r e a c t o r  pushes and 

d i s s o l v i n g  t imes. It i s  c a l l e d  DOI. The i n t e r - r e l a t i o n s h i p  o f  t he  two Monte 

Car lo codes and DO1 i s  shown i n  F igure 2.3, along w i t h  t h e  at tendant  i n p u t  and 

output  f i l e s .  

a_ The c a l c u l a t i o n  s t a r t s  w i t h  the  RM. It has on l y  one i n p u t  f i l e ,  which 

conta ins t h e  d a i l y  power from each o f  t h e  th ree  reac to rs  from t h e  P-Department 

Reports (General E l e c t r i c  Company 1947) as w e l l  as t h e  burnup o f  every one o f  

t he  226 pushes t h a t  were d issolved.  A n c i l l a r y  i n fo rma t ion  on t h i s  f i l e  i s  

used t o  p rov ide  w i  t h i n - r e a c t o r  power d i s t r i b u t i o n  i n fo rma t ion  t o  RM. The 

REACTORS f i l e  prov ides a l l  t he  reac to r  i n fo rma t ion  t o  DOI. The PF f i l e  g ives  

r e s u l t s  from the  Monte Car lo  run  t o  STRM. 

DO1 combines the  r e a c t o r  i n fo rma t ion  w i t h  new i n p u t  f o r  t h e  separat ion 

p l a n t s  v i a  the  SPLANTS f i l e .  It produces two i n p u t  f i l e s  t o  t h e  STRM model. 
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FIGURE 2.3. Iod ine-131 Ca lcu la t i on  Schematic 

The TDIP f i l e  con ta ins  d i s s o l v e r  c u t  in fo rmat ion .  The STORM f i l e  conveys 

re lease f r a c t i o n s  and re lease t i m i n g  i n fo rma t ion  t o  STRM. 

STRM c a l c u l a t e s  the  hou r l y  re lease r a t e s  us ing  t h e  t h r e e  i n p u t  f i  1  es: 

PF ( f rom RM), TDIP ( f rom DOI), and STORM ( f rom DOI). It w r i t e s  a  p r i n t e d  

summary r e p o r t  f i l e ,  t h e  MET f i l e ,  w i t h  h o u r l y  re leases f rom t h e  Monte Car lo  

r e a l i z a t i o n s ,  and STAT f i l e ,  which i s  a  record  o f  t he  sampling r e s u l t s  from 

a l l  d i s t r i b u t i o n  samplings from a l l  Monte Car lo r e a l i z a t i o n s .  



3.0 QUALITY ASSURANCE AND THE ACHIEVEMENT OF DATA QUALITY OBJECTIVES 

I n  t h i s  sec t ion ,  t h e  q u a l i t y  o b j e c t i v e s  f o r  t h i s  work a re  descr ibed  w i t h  

an e v a l u a t i o n  o f  how w e l l  those o b j e c t i v e s  were met. A d d i t i o n a l l y ,  t h e  

q u a l i t y  assurance procedures implemented a re  discussed. 

3.1 DATA QUALITY OBJECTIVES 

Th i s  i s  a  r e t r o s p e c t i v e  s tudy  and t h e  usual  procedure o f  e s t a b l i s h i n g  

o b j e c t i v e  c r i t e r i a  f o r  acceptable da ta  qual i t y  standards i n  advance o f  da ta  

a c q u i s i t i o n  cou ld  n o t  apply .  Instead,  o b j e c t i v e s  o f  accuracy, p rec i s i on ,  com- 

p le teness,  represen ta t i veness ,  and c o m p a r a b i l i t y  o f  p o t e n t i a l l y  a v a i l a b l e  da ta  

were s e t  ( S h i p l e r  1991a). These o b j e c t i v e s  were met. 

38.39 The da ta  qua1 i t y  o b j e c t i v e  f o r  accuracy s p e c i f i e s  t h a t  t h e  c a l c u l a t e d  

month ly  r e l ease  es t imates  should be w i t h i n  25% o f  t h e  ac tua l  re leases .  The 

ac tua l  r e l eases  a re  n o t  known; however, over  100 Monte Ca r l o  r e a l  i z a t i o n s  were 

r u n  i n c o r p o r a t i n g  t h e  u n c e r t a i n t i e s  o f  known parameter values. The one s tan-  

dard d e v i a t i o n  range was w i t h i n  10% o f  t h e  mean va lue.  Th i s  assures us t h a t  

t h e  computed va lues  encompass t h e  ac tua l  va lues  w i t h  a  h i g h  p r o b a b i 7 i t y .  

Comparisons w i t h  Anderson (1972) were made i n  d e t a i l  and a r e  r e p o r t e d  i n  

Sec t ion  5.0. 

The p r e c i s i o n  o b j e c t i v e  t o  p rov ide  a  range between minimum and maximum 

values was met by showing t h e  ranges o f  es t imates  and t h e  s tandard d e v i a t i o n  

where appropr ia te .  A l l  es t imates  were sub jec t  t o  f u l l  peer  rev iew.  

The completeness o b j e c t i v e  was t o  cover  each day and each ope ra t i ng  

sepa ra t i on  p l a n t  f o r  t h e  p e r i o d  o f  t h e  r e p o r t .  T h i s  o b j e c t i v e  was met i n  t h e  

sense t h a t  enough o r i g i n a l  da ta  sources were found t o  pe rm i t  t h e  e s t i m a t i o n  o f  

iod ine- 131  f o r  every  d i s s o l v e r  cu t .  Any newly d iscovered  source cou ld  change 

t h e  u n c e r t a i n t y  bounds on iod ine- 131  re l ease  est imates,  b u t  would be u n l i k e l y  

t o  change t h e  nominal va lues.  

The represen ta t i veness  o b j e c t i v e  r e q u i r e s  t h e  d a t a  t o  represen t  a l l  

known a c t i v i t i e s .  The P-Department Reports (General E l e c t r i c  1947), t h e  

200 Area Reports ( L i n d v i g  1945, 1946), and t h e  Metal  H i s t o r y  Reports (General 



E l e c t r i c  Company 1946) a re  corroborated by the  monthly summary da ta  conta ined 

i n  Jaech (undated). The P-Department Reports, t he  200 Area Reports, and t h e  

Metal H i s t o r y  Reports, which formed t h e  bas is  o f  d i s s o l v e r  operat ions recon- 

s t r u c t i o n ,  are product ion  records and were concerned w i t h  p lutonium accounta- 

b i  1 i t y .  As such, they  probably were independently v e r i f i e d ,  a1 though no 

record  o f  t h i s  was found. There are  many instances where one day's e n t r i e s  

are co r rec ted  on the  f o l l o w i n g  day, which i nd i ca tes  a rev iew was r o u t i n e l y  

conducted. The Jaech reference was a l so  concerned w i t h  p lutonium product ion,  .. 

bu t  was n o t  a pr imary product ion  record. It d i d  conta in  some e r r o r s  i n  t h e  

exposure o f  several  pushes t h a t  were known from the  P-Department Reports t o  be 

s u b s t a n t i a l l y  above t h e  nominal goal exposure o f  200 MWd/ton. I n  any case, 

t he  d iscrepancies are  documented i n  Sect ion 4.2.1. I n  a l l  cases t h e  

P-Department Reports were used t o  determine t h e  discharge f u e l  amounts because 

they  were pr imary  product ion  records. The peer rev iew conf irmed t h a t  t h e  rep-  

resentat iveness o b j e c t i v e  had been met. 

The comparab i l i t y  o b j e c t i v e  requ i red  t h e  monthly summaries o f  re lease 

est imates t o  be compared t o  those o f  Anderson (1972). Those comparisons are 

d e t a i l e d  i n  Sect ion 5.0 and were v e r i f i e d  by a BNW peer review. 

3.2 gUALITY ASSURANCE METHODS 

I n  accordance w i t h  the  task  plan, a l l  da ta  sources were v e r i f i e d  and a l l  

c a l c u l a t i o n s  are t raceab le  from t h e  i n i t i  a1 source t o  the  r e s u l t .  Hand ca lcu-  

l a t i o n s  were performed according t o  B a t t e l l e  procedure PAP-70-301; sof tware 

procedures SCP-70-312 through 318 were fo l lowed where appropr iate.  These 

assurance measures were v e r i f i e d  by p r o j e c t  o f f i c e  qua1 i ty  assurance s t a f f .  

The f o l l o w i n g  paragraphs prov ide  some s p e c i f i c  examples. 

The iodine-131 content  o f  each push (as ca l cu la ted  by RM) was v e r i f i e d  

by an independently w r i t t e n  code. S i m i l a r l y ,  t he  iodine-131 content  o f  each 

c u t  from STRM run  i n  t h e  d e t e r m i n i s t i c  mode (no Monte Car lo sampling) was 

v e r i f i e d  aga ins t  values ca l cu la ted  by DOI. 



Each sampling result from each distribution function was recorded from 

100 realizations and analyzed to check that the results did indeed follow the 

intended input distribution. This was done for both Monte Carlo codes RM and 
STRM. 

Data entry from records was verified by an independent technical review. 

40 Peer review was accomplished w i t h i n  BNW by HEDR P r o j e c t  O f f i c e  s t a f f ,  

t h r e e  BNW senior  s c i e n t i s t s ,  and several  HEDR s t a f f  s c i e n t i s t s .  A77 i n t e r n a l  

comments were resolved,  and t h e  documented reso lu t ions  a r e  now p a r t  o f  HEDR 

p r o j e c t  records.  The TSP review and comment reso lu t ions  a r e  documented i n  

Appendix C .  





4.0 RESULTS 

The d e t a i l s  o f  t h e  recons t ruc t i on  o f  reac to r  and separat ions p l a n t  

operat ions l ead ing  t o  the  re lease o f  iod ine-131 are g iven i n  t h i s  sect ion.  

4.1 CREATION OF IODINE-131 BY REACTOR OPERATIONS 

Iodine-131 content  i n  t he  p i l e  uranium i s  determined by so l v ing  the  f o l -  

lowing d i f f e r e n t i a l  equation: 

where N = the  iodine-131 concent ra t ion  i n  n u c l e i  per  cm3 

Y = t h e  f r a c t i o n a l  f i s s i o n  y i e l d  o f  iod ine-131 

z = the  macroscopic f i s s i o n  c ross-sec t ion  i n  cm-I 

4 = the  neutron f l u x  i n  neutrons per  cmZ per  second 

za = the  macroscopic i o d i  ne-131 absorpt ion c ross- sec t ion  i n  cm-' 

I, = the  r a d i o a c t i v e  decay constant o f  iod ine-131 i n  sec-' 

t = t ime i n  seconds. 

The f i r s t  term on the  r i g h t  i s  t he  product ion r a t e  from the  f i s s i o n  

process, and the  remaining terms are removal terms due t o  neutron capture and 

decay, respect  i vel  y  . 
41 The s o l u t i o n  o f  t h i s  equat ion was s i m p l i f i e d  by neg lec t i ng  t h e  removal 

term, Z,$, because i t  i s  much smal le r  than t h e  decay term. This  can be shown 

by cons ider ing  appropr ia te  values o f  t he  parameters i n  t he  removal term. The 

microscopic c ross- sec t ion  (a,) value f o r  iod ine-131 l i s t e d  i n  t he  ORIGEN2 code 

( C r o f f  1980) c ross- sec t ion  1 i b r a r y  f o r  iod ine-131 i s  0.3229 x cm2. The 

value 1 i s  1n2/(8.04 days x 86400 sec/day) = 9.98 x lo- '  sec-l. The Hanford 

reac to r  neutron f l u x  was approximately 10"~. Since Z, = N x a,, t he  removal 

term on t h e  r ight s ide  o f  Equation (4.1) can be r e w r i t t e n  as: 



+ 9.98 x lo-') - AN 

Also, t h e  f l u x  and t h e  macroscopic f i s s i o n  c ross-sec t ion  can be removed by 

expressing them i n  terms o f  t he  r e a c t o r  power l e v e l  P: 

where K i s  t h e  thermal energy per  f i s s i o n .  

With these approximations and subs t i t u t i ons ,  t he  s o l u t i o n  t o  Equa- 

t i o n  (4.1) i s :  

43 Using 3.7 x 10" d i s .  sec-' ~ i - ' ,  201.72 MeV per  f i s s i o n  ( C r o f f  1980), an 

iodine-131 f i s s i o n  y i e l d  o f  0.0289 ( C r o f f  1980), 1.60176 x lo-'' wa t t  sec/MeV, "- 
and moving t h e  decay constant  t o  t he  l e f t - h a n d  s ide  o f  t h e  equat ion g i ves  t h e  

f i n a l  expression f o r  t h e  number o f  c u r i e s  o f  iod ine-131 i n  t h e  p i l e ,  which has 
m. 

operated a t  P megawatts f o r  t days and then decayed (opera t ion  a t  zero power) 

f o r  T days: 

I n  p rac t i ce ,  t h e  r e a c t o r  power v a r i e d  from the  designed power l e v e l  o f  

250 MW t o  zero a t  shutdown. Several weeks a t  constant  power l e v e l  would be 

requ i red  f o r  t he  iodine-131 t o  reach a steady s t a t e  ( sa tu ra t i on )  where t h e  

fo rmat ion  r a t e  was equal t o  t h e  decay r a t e .  

A f t e r  53 days o f  operat ion,  t he  iodine-131 content  would be w i t h i n  1% o f  

t h e  24200 P s a t u r a t i o n  value. To account f o r  t he  d a i l y  f l u c t u a t i o n s  i n  p i l e  



i od ine-131  con ten t ,  d a i l y  r e a c t o r  power l e v e l s  f rom General E l e c t r i c  Company 

(1947) supply  va lues f o r  Pi i n  t h e  f o l l o w i n g  equat ion:  

where t h e  index  i runs  backwards i n  t ime, i . e . ,  i=l on t h e  day o f  t h e  c a l c u l a -  

t i o n  and i = N  f o r  t h e  Nth day be fo re  i=l. Th is  accounts f o r  a l l  o f  t h e  bu i l dup  

and decay o f  iod ine-131  f rom t h e  d a i l y  power ope ra t i ng  h i s t o r y  (Pi) f o r  N days 

p r i o r  t o  t h e  day o f  t h e  c a l c u l a t i o n .  

47 Equat ion (4.3) g i v e s  t h e  iod ine-131  con ten t  o f  t h e  e n t i r e  p i l e .  Th i s  

must be r e l a t e d  t o  t h e  iod ine-131  con ten t  o f  t h e  f u e l  i n  each d ischarge.  To 

do t h i s ,  a  knowledge o f  t h e  average s p e c i f i c  power (MW/ton) generated by t h e  

d ischarged f u e l  i s  r equ i red .  Th is ,  expressed as a r a t i o  o f  push power t o  

average p i l e  power, i s  c a l l e d  t h e  peaking f a c t o r  o f  t h e  d ischarge (PF) .  Th i s  

i s  a  cons tan t  m u l t i p l i e r  on each Pi o f  Equat ion (4.3),  which conver ts  t h e  p i l e  

power t o  t h e  power o f  t h e  push. Thus, t h e  iod ine-131  con ten t  o f  each push C i d  

i s  g i ven  by: 

48 The c a l c u l a t i o n  o f  t h e  peaking f a c t o r  i s  exp la ined  i n  d e t a i l  i n  Appen- 

d i x  A i n  terms o f  a s i m p l i f i e d  2 5 - r i n g  model. F o r  t h e  2 4 4 - r i n g  mode1 used i n  

t he  c a l c u l a t i o n ,  t h e  peak ing  f a c t o r  ranged f rom 0.4 t o  2.0, depending on when 

a p a r t i c u l a r  d ischarge  occurred. S ince t h e  d ischarge  burnup goal  was f i x e d  a t  

200 MWd/ton, t h e  highest-powered tubes were t h e  f i r s t  t o  reach t h i s  goal  and 

t h e  f i r s t  d ischarged. Higher-powered tubes were d ischarged more f r e q u e n t l y  

than lower-powered tubes f rom t h e  f r i n g e  zone o f  t h e  p i l e .  The l ong- te rm  

average va lue  approaches 1.10, b u t  t h i s  does n o t  occur  w i t h i n  t h e  3 years  o f  

t h e  e a r l y  pe r i od ,  which necess i t a tes  t h e  approach taken i n  Appendix A. Dur ing  

1945 when c o o l i n g  t imes  were s h o r t  ( i  .e., down t o  30 days i n  a  few ins tances) ,  



the fuel being discharged was from newly started-up reactors. Most of it was 
coming from the higher-powered (more iodine-131-rich) regions of the three 
piles because these regions would be the first to reach the 200 MWd/ton goal 

exposure. 

The Reactor Model uses four distributions to describe the uncertainty of 

its two principal output variables: peaking factor (PF) , and daily iodine-131 
content (ICON). Distributions were used for the following input variables: 

daily pile power (DPP) 

- daily ratio of pile power to maximum tube power (ECT) 

the number of tons of uranium in the pile (LOAD) 

the number of tons discharged (PUSH). 

49 A given discharge normally comprised material from more than one modeled 

reactor region. The PF was calculated for each discharge by mass weighting 

the ratio of the power in the modeled reactor region of origin to the pile 

power for each of the modeled reactor regions contributing material to the 

discharge. Hence, the uncertainty in DPP, modeled reactor region power, and 

number of tons in the push were used as appropriate multipliers to perturb the 

nominal values of these quantities. 

The iodine content of each discharge in Ci of iodine-131 per ton was 

calculated using Equation 4.3. The calculation involves DPP, ECT, and LOAD as 

multipliers of P, the pile power in Equation 4.3. 

The following is a listing of the distributions for these parameters in 
RM and their technical basis: 

DPP: A uniform distribution centered on 1.0 with a range of +5%. - 
This represents the measurement uncertainty in pile power. 
The pile power is based on a simultaneous measurement of 
pile coolant flow rate, inlet temperature, and outlet 
temperature. The equation i s :  

Power (MW) = 0.2635 x Flow (KGPM) x (Toutlet -Tinlet) 



where t h e  temperatures are i n  degrees Cels ius.  Typ ica l  
u n c e r t a i n t i e s  f o r  both f l o w  and temperature measurements 
were l e s s  than 5%. Hence, combined product  unce r ta in t y  o f  
5% i s  a reasonable est imate. 

62.63 m: The P-Department Reports (General E l e c t r i c  Company 1947) i n c l  ude a 
d a i l y  quo t i en t  o f  p i l e  power d i v i d e d  by the  average power o f  
u s u a l l y  t h e  t e n  highest-powered tubes i n  t h e  p i l e .  This  was 
c a l l e d  E f f e c t i v e  Centra l  Tubes o r  ECT. I f  the  d i s t r i b u t i o n  o f  
power w i t h i n  t h e  p i l e  were completely uniform, then a l l  tubes 
would have the  same power, and ECT would equal t he  number o f  
phys ica l  tubes. Indeed, t h e  r a d i a l  power PF i s  t h e  r a t i o  o f  
phys ica l  tubes t o  ECT. Thus, t he  ECT number i s  a d a i l y  measure o f  
t he  r a d i a l  power peaking i n  t he  p i l e .  The d a i l y  v a r i a t i o n  i n  t h i s  
number i s  est imated t o  be w i t h i n  10% based on the  author 's  per -  
sonal experience o f  d a i l y  Hanford r e a c t o r  operat ions. S p e c i f i c  
r e p o r t s  addressing t h i s  sub jec t  were never w r i t t e n  because i t  was 
no t  considered p e r t  i nent ; hence, f i rmer references were no t  
located.  A un i fo rm distribution w i t h  a + 10% range was se7ected 
for ECT. 

LOAD: The P-Department Reports d i d  n o t  l o g -  t h e  p i l e  loading.  How- 
ever, a p i l e  inventory  was est imated from the  records o f  
ma te r i a l  charged and discharged. The p o s s i b i l i t y  t h a t  t he re  
could be some e r r o r  because o f  t he  requ i red  i n t e r p r e t a t i o n  
o f  t he  recorded number o f  s lugs charged and discharged l e d  
t o  an est imate o f  +3% f o r  t h i s  un i fo rm d i s t r i b u t i o n .  

PUSH: The number o f  s lugs i n  each push was g iven d i r e c t l y  i n  t he  
P-Department Reports (General E l e c t r i c  Company 1947). 
Accounting e r r o r s  were judged t o  be i n  t he  51% range. A 
un i fo rm d i s t r i b u t i o n  w i t h  t h i s  range was, there fore ,  used. 

4.2 DECAY OF IODINE-131 FROM DISCHARGE TO DISSOLUTION 

. 64 From December 1944 through May 22, 1946, t he  recons t ruc t i on  o f  d i s -  

so l ve r  operat ions was based on the  200 Area Reports (Acken and B i r d  1945; 

B i r d  and Donihee 1945). These r e p o r t s  d i d  n o t  spec i f y  the  reac to r  pushes 

being d issolved,  bu t  t he  c u t  i d e n t i f i c a t i o n  i nd i ca ted  the  r e a c t o r  o f  o r i g i n .  

The standard d i s s o l v e r  charge was 840 s lugs o r  3.3 tons (840 slugs x 

7.85 I b / s l u g  x 1 ton/2000 l b  = 3.3 tons) .  A queue o f  o l d e s t - f u e l - f i r s t ,  based 

on P-Department Reports of pushes and guided by t h e  Jaech (undated) l i s t i n g  o f  

monthly pushes d i sso l ved  a t  each p lan t ,  was s e t  up, and 3.3-ton charges from 

t h i s  queue were loaded i n t o  the  d i s s o l v e r  t o  match t h e  p a t t e r n  o f  i n d i c a t e d  

t r a n s i t i o n  po in t s .  These were cases i n  which pushes from one r e a c t o r  changed 



t o  pushes from another reac to r .  I n  some instances i t  was necessary t o  change 

the  3.3- ton charge t o  meet t he  i n d i c a t e d  t r a n s i t i o n s ,  as no doubt occurred i n  

ac tua l  operat ion.  Th is  s t ra tegy  was fo l lowed u n t i l  May 22, 1946, when t h e  

i n fo rma t ion  source stopped. 

4.2.1 P lan t  Operat ion 

The f o l l o w i n g  i s  an account o f  t h e  reconstructed operat ions a t  T and 

B Plants.  

December 1944 and Januarv 1945 

Before December 26, 1944, u n i r r a d i a t e d  uranium s lugs had been used i n  

t e s t  runs o f  t h e  d i s s o l v i n g  operat ion.  I n  add i t ion ,  s l i g h t l y  i r r a d i a t e d  ura-  

nium rece ived from Oak Ridge ( " C l i n t o n  Tracer"  m a t e r i a l )  and 32 s lugs from 

B Reactor, discharged on November 7, 1944, a t  16 MWd/ton (General E l e c t r i c  

Company 1947), were d issolved.  These d i s s o l v e r  runs on i n a c t i v e  ma te r ia l  are 

shown i n  d e t a i l  i n  a t a b l e  a t  t he  bottom o f  page 64, Hanford Technical Manual 

(Dupont 1944). The f i r s t  d i s s o l u t i o n  o f  a c t i v e  metal discharged from B Reac- 

t o r  occurred a t  T P lan t  on December 26, 1944 (Dupont 1946, pg 45). Acken and 

B i r d  (1945) show t h a t  t h e  d i s s o l v e r  batch des ignat ion  f o r  t h e  December 26 d i s -  

s o l u t i o n  was T-4-12-B5 (1 p lan t ,  1944, Month l2, B r e a c t o r  m a t e r i a l ,  5 t h  c u t  

o f  t he  month). The ma te r ia l  d isso lved i n  p r i o r  cu ts  d i d  n o t  con ta in  s i g n i f i -  
m 

cant amounts o f  iod ine-131 because i t  was e i t h e r  completely un i r rad ia ted ,  o r  

experienced such a low l e v e l  o f  i r r a d i a t i o n  t h a t  t h e  iodine-131 content  was 

i n s i g n i  f i cant  compared t o  the  mater i  a1 d i  ssol  ved on December 26. 

The amount o f  ma te r i a l  d isso lved i n  t he  th ree  December cu ts  (T-4-12-85, 
f 

T-4-12-B6, and T-4-12-B7) was 3.5 tons, as shown i n  the  t a b l e  a t  t h e  bottom o f  

page 62 i n  West (1945). The i n fo rma t ion  i n  t h e  t a b l e  i n d i c a t e s  t h a t  3.5 tons 

o f  i r r a d i a t e d  uranium was shipped from t h e  200 N i n t e r i m  storage area t o  

200 Area Separat ions on December 23. The nex t  shipment o f  3.7 tons was n o t  

rece ived u n t i l  December 30, according t o  the  nex t  t a b l e  en t r y .  Th is  m a t e r i a l  

was d i sso l ved  i n  January 1945. 



52 The 3.5 tons  would be 892 s lugs  (7.85 pounds p e r  s l u g  [Dupont 1944]), 

which i s  s l i g h t l y  l a r g e r  than what was t o  become t h e  s tandard 840-s lug d i s -  

s o l v e r  charge (8  buckets  o f  105 s lugs  each). The "hee l"  would comprise r e l a -  

t i v e l y  i n a c t i v e  m a t e r i a l  l e f t  over  f rom t h e  p rev ious  cu t s .  The combined 

December shipments f rom 200 N Area a re  3.5 tons  and 3.7 tons  f o r  a t o t a l  o f  

7.2 tons.  Th i s  i s  conf i rmed i n  p a r t  by t h e  Jaech re fe rence  (undated), which 

shows a sub to ta l  o f  7.22 tons. B i r d  and Donihee (1945) show t h a t  t h r e e  c u t s  

were made on January 1, 1945. Therefore,  t h e  t h r e e  c u t s  must have come f rom 

a l l  3.7 t ons  f rom t h e  December 30 shipment. West (1945) s t a t e s  t h a t  another  

shipment o f  0.7 tons  l e f t  200 N on January 13, 1945. Jaech (undated) s t a t e s  

t h a t  7.22 tons  and 0.74 tons  were d i sso l ved  i n  January 1945. B i r d  and Donihee 

(1945) and West (1945) a re  c l e a r  t h a t  3.5 t ons  o f  t h i s  were indeed d i s s o l v e d  

i n  December, and t h a t  t h e  3.7 t ons  shipped on December 30 were d i sso l ved  on 

January 1, 1945. The t o t a l  January shipments f rom Jaech (undated) a re  

7.22 + 0.74 = 7.96 tons.  The P-Department Reports (General E l e c t r i c  Company 

1947) s t a t e  t h a t  2048 s l ugs  were d ischarged d u r i n g  t h e  outage t h a t  s t a r t e d  on 

November 29, 1944. That  would be 8.04 tons.  I n  t h i s  case, a t o t a l  o f  

7.96 tons  f rom t h e  November 24, 1944, push f rom Jaech (undated) c o n t r a s t s  

s l i g h t l y  w i t h  t h e  8.04 t ons  f rom t h e  P-Department Reports.  I n  r e c o n s t r u c t i n g  

t h e  amount o f  m a t e r i a l  d isso lved ,  t h e  amount o f  m a t e r i a l  l i s t e d  i n  t h e  

P-Department Reports (General E l e c t r i c  Company 1947) i s  taken as t h e  p r ima ry  

source i n  a l l  cases. I n  t h e  p resen t  case, t h e  0.74 t ons  f rom t h e  Jaech r e f e r -  

ence (undated) i s  inc reased  t o  0.82 tons  t o  match t h e  8.04 tons  o f  November 24 

push f rom t h e  P-Department Report :  

L 

Jaech (undated): 7.22 + .74 = 7.96. 

HEDR r e c o n s t r u c t i o n :  3.50 d i s s o l v e d  December 
3.72 d i  sso l  ved January 
0.82 d i s s o l v e d  i n  February - 
8.04 T o t a l  f o r  11/24/44 push. 

February 1945 

52.65 Jaech (undated) s t a t e s  t h a t  5.8 tons  were d i s s o l v e d  i n  s i x  c u t s  f rom t h e  

push 12/20/44. The P-Department Reports (General E l e c t r i c  Company 1947) 1 i s t  



1947) l i s t  1536 s lugs discharged o r  6.03 tons from t h i s  push. I n  the HEDR 

recons t ruc t i on  i t  was concluded t h a t  6.03 tons were d isso lved from t h i s  push 

p lus  t h e  0.82 tons l e f t  over from t h e  11/24/44 push. The f i r s t  d i s s o l v e r  

charge was 3.425 tons o f  mixed 11/24/44 and 12/20/44 ma te r ia l  and a  second 

charge o f  3.425 tons o f  pure 12/20/44 ma te r ia l  fo l lowed.  The dates o f  

d i s s o l u t i o n  are taken from Acken and B i r d  (1945) and B i r d  and Donihee (1945) 

f o r  t h i s  and a l l  subsequent cases. 

March 1945 

66 According t o  Jaech (undated), 6.57 tons from the  1/18/45 push were d i s -  

solved i n  s i x  cu ts .  The P-Department Reports f o r  t h i s  push show 6.67 tons 

discharged (1699 s lugs) .  Acken and B i r d  (1945) cor robora te  t h i s  and prov ide  

dates f o r  t h e  s i x  cuts.  Accordingly,  i n  t h e  HEDR recons t ruc t i on  i t  was con- 

cluded t h a t  6.67 tons  were d isso lved i n  two charges o f  3.335 tons each. By 
March, d i s s o l v e r  opera t ion  was approaching t h e  standard charge o f  3.3 tons 

(840 s lugs)  . 

The s t a r t u p  o f  B  P lan t  i n  A p r i l  i s  documented i n  Dupont (1946) on 

page 65, "The f i r s t  d i s s o l v i n g  o f  a c t i v e  metal i n  B P lan t  was made on 

A p r i l  13, 1945." I n  t h e  l a s t  paragraph on t h i s  page i t  states,  " I n  s t a r t i n g  

T Plant ,  t h i s  heel was b u i l t - u p  w i t h  r e j e c t ,  i n a c t i v e  metal .  I n  t h e  €3 P lan t  

s ta r t - up ,  where no i n a c t i v e  metal runs were made, i t  was necessary t o  use 

a c t i v e  p i l e  metal f o r  t h e  heel .  S i m i l a r l y ,  i n  June 1945, when a  second d i s -  

so l ve r  was placed i n  opera t ion  i n  both p lan ts ,  both heels were b u i l t  up o f  

a c t i v e  metal ."  Th i s  means t h a t  e i t h e r  each d i s s o l v e r  rece ived an i n i t i a l  Y 

charge o f  4.4 tons, and a c i d  was added t o  d i sso l ve  on l y  3.3 tons i n  t h ree  cu ts  

o f  1.1 tons each, o r  t h a t  a  standard 3.3- ton charge was loaded and o n l y  2  cu ts  

were taken. Acken and B i r d  (1945) and Jaech (undated) show B-5-04-B l l  as t h e  

l a s t  c u t  o f  t h e  month, which would i n d i c a t e  t h a t  n ine  cu ts  were d i sso l ved  i n  

t he  standard way and two cu ts  were taken from t h e  f i r s t  push d i sso l ved  

(2/22/45 B). Since D Reactor f u e l  was now being d isso lved f o r  t h e  f i r s t  t ime, 

pushes w i l l  be i d e n t i f i e d  by date and a  l e t t e r  i n d i c a t i n g  t h e  r e a c t o r  o f  

o r i g i n  (B, D, o r  F) .  



The f o u r  pushes were processed both a t  B and T P lan ts  according t o  Jaech 

(undated), which prov ides in fo rmat ion  on what p a r t  o f  each push went t o  t he  

two separat ions p lan ts .  This  was adjusted s l i g h t l y  t o  agree e x a c t l y  w i t h  the  

P-Department Reports (General E l e c t r i c  Company 1947) discharge t o t a l .  Nearly 

a l l  est imates o f  t he  charge makeup are c lose  t o  3.3 tons throughout t he  month, 

i n d i c a t i n g  e x c e l l e n t  agreement between the  th ree  pr imary references: General 

E l  e c t r i  c Company (1947), Acken and B i r d  (1945), and Jaech (undated). 

Mav 1945 

As i n  A p r i l ,  agreement i s  good between pr imary sources, and the  charge 

makeup i s  on ly  s l i g h t l y  above the  3.3- ton standard. There i s  an apparent 

e r r o r  i n  t he  200 Area Weekly Reports (Acken and B i r d  1945) i n  t h e  designat ion 

o f  T P lan t  cu ts  Bd-4, 5, and 6. Jaech (undated) shows t h a t  3.31 tons o f  push 

3/28/45 D were d isso lved du r ing  t h e  month. La ter  on i n  t he  month Jaech 

(undated) i nd i ca tes  the re  were s i x  cuts,  Dd-13 through Dd-18, taken from 

6.68 tons o f  4/19/45 D. (The tonnages are adjusted s l i g h t l y  t o  agree exac t l y  

w i t h  P-Department Reports [General E l e c t r i c  Company 19471 records: 3.31 t o  

3.34 and 6.68 t o  6.69 f o r  t he  HEDR reconst ruc t ion . )  I n  order  o f  processing a t  

T Plant ,  3/22/45 B would be t h e  f i r s t  batch reprocessed (cu ts  Bd-1, 2, 3),  

then 3/28/45 D should be next,  bu t  t h e  nex t  t h ree  batches are designated Bd-4, 

5, 6 ins tead o f  Dd-4, 5, 6. The HEDR recons t ruc t i on  (Table 6.1 and 6.2, Vol-  

ume 11) reprocessed the  D f u e l  a t  t h i s  po in t ,  bu t  re ta ined  the  200 Area Weekly 

Report (Acken and B i r d  1945) c u t  designat ions. 

June t o  December 1945 

At  B Plant ,  t he  amount charged t o  the  d i sso l ve rs  i n  t he  HEDR reconstruc-  

t t i o n  va r ied  from a low o f  3.17 tons t o  a h igh  o f  3.43 tons, w i t h  a l l  changes 

i n  t he  r e a c t o r  source o f  t h e  push made as i nd i ca ted  by the  c u t  i d e n t i f i c a t i o n  

from B i r d  and Donihee (1945). At  T Plant ,  t h e  reconstructed amounts charged 

va r ied  from 3.25 t o  3.49 tons w i t h  the  except ion o f  t h e  pe r iod  12/12/45 t o  

month end, when t h e  a v a i l a b l e  spent f u e l  d i c t a t e d  t h a t  an average charge o f  

on ly  2.94 tons cou ld  be maintained. 

During September, an attempt t o  s o r t  s lugs on the  bas is  o f  burnup was 

made i n  an e f f o r t  t o  i s o l a t e  lower-exposure f u e l  f o r  reprocessing (West 1945). 



The procedure monitored the  gamma a c t i v i t y  w i t h  an underwater i o n i z a t i o n  cham- 

ber  t o  i d e n t i f y  s lugs t h a t  had occupied the  center  sec t ion  o f  t h e  process tube 

du r ing  t h e i r  i n - p i l e  residence. No accounting o f  t h i s  ma te r i a l  was made i n  

the  records t h a t  were recovered. These segregated center  s lugs would have a 

higher- than-average iodine-131 content.  To account f o r  t h e  p o s s i b i l i t y  t h a t  

h igher  iod ine-131 re leases may have occurred du r ing  September, a l a r g e r  uncer- 

t a i n t y  was assigned t o  batches d isso lved i n  September. 

A campaign o f  processing h igh  burnup ma te r ia l ,  obta ined by de lay ing  

discharge o f  se lec ted  tubes u n t i l  t h e  average exposure neared a goal o f  

400 MWd/ton, was i n i t i a t e d  a t  T P lan t  du r ing  the  months o f  December 1945 

through March 1946. Th i s  i s  es tab l ished by burnup c a l c u l a t i o n s  based on 

P-Department Reports. Cur iously ,  Jaech (undated) shows burnups f o r  t h i s  

ma te r i a l  i n  t h e  normal range (around 200 MWd/ton). Here again, t h e  r e a c t o r  

records are  considered t o  be o f  h igher  q u a l i t y  and are t h e  source o f  d i s -  

charges used i n  the  HEDR reconst ruc t ion .  The h igher  discharge burnup o f  t h i s  

ma te r i a l  was obta ined by extending the  i n - p i l e  residence t ime and by s e l e c t i n g  

high-powered tubes. Slugs from these tubes had a larger- than-average i o d i n e  

content .  Th is  i s  accounted f o r  i n  t h e  r e a c t o r  model, which s e l e c t s  h ighe r -  

powered tubes t o  ob ta in  the  requ i red  discharge goal burnup o f  400 MWd/ton. 

Januarv 1946 

The recons t ruc t i on  o f  T P lan t  operat ions du r ing  t h e  month was e n t i r e l y  

r e g u l a r  w i t h  a1 1 d i s s o l v e r  charges o f  3.3 tons and the  p a t t e r n  o f  pushes i n d i  - 
cated i n  B i r d  and Donihee (1945) dup l ica ted .  

A t  B Plant ,  n o t  enough e l i g i b l e  ma te r i a l ,  as i n d i c a t e d  by t h e  

P-Department Reports, was found t o  supply t h e  21 cu ts  (Fd-7 through Fd-27) 

i n d i c a t e d  i n  t h e  200 Area Weekly Reports ( B i r d  and Donihee 1945). Th is  was 

compounded by an apparent over-abundance o f  push 12/04/45 B t h a t  f o l l owed  t h e  

F cu ts .  There were n ine  cu ts  marked from B Reactor, bu t  t h i s  push was 

13.6 tons, s l i g h t l y  over 12 cu ts  a t  t he  standard 1.1 tons per  cu t .  The l a s t  

t h ree  cu ts  from F, Fd-25, 26, and 27, were loaded w i t h  B Reactor f u e l  f rom the  

12/4/45 push, and t h e  21 F cu ts  were l i g h t  loaded a t  2.95 tons  per  charge 

ins tead o f  t h e  standard 3.3- ton charge. This  solved both problems o f  t h e  

apparent p a u c i t y  o f  F f u e l  and the  over-abundance o f  B f u e l .  Al though no 



anecdotal references were found t o  support t h i s  recons t ruc t i on  stratagem, i t  

i s  q u i t e  w i t h i n  the  scope o f  normal operat ions t h a t  more than th ree  cu ts  per  

charge were made t o  lower the  amount o f  heel i n  t h e  d i sso l ve rs  w i thout  any 

spec ia l  note being made (Acken and B i r d  1945; B i r d  and Donihee 1945). This  

would lower the  amount per  c u t  and would be equ iva len t  t o  l i g h t  charg ing and 

t a k i n g  th ree  cu ts  as f a r  as the  amount o f  f u e l  d isso lved i s  concerned. I t  

would a l so  preserve enough F f u e l  (on l y  a  few s lugs would be enough) t o  cause 

the  l a s t  t h ree  cu ts  t o  be l abe led  as F f u e l  when the  b u l k  o f  the  charge was, 

i n  f a c t ,  made up o f  12/04/45 B f u e l .  

February throuqh A p r i l  1946 

The recons t ruc t i on  o f  T and B P lan t  operat ions was regu la r  du r ing  t h i s  

pe r iod  w i t h  the  charge ranges o f  3.22 t o  3.31 a t  T P lan t  and 3.29 t o  3.56 a t  

B Plant .  

Mav throuqh Auqust 1946 

The 200 Area Weekly Reports ( B i r d  and Donihee 1945) s top dur ing  the  

month o f  May w i t h  the  l a s t  e n t r y  on 5/22/46. The recons t ruc t i on  then depends 

on in fo rmat ion  from Jaech (undated). This  prov ides a  monthly summary o f  t he  

pushes and the  amount from each d isso lved each month a t  T  and B Plants.  As 

s ta ted  before, t h i s  reference a c t u a l l y  supp l ies  t h e  energy generated i n  the  

f u e l  o f  each push as we l l  as the  average burnup o f  t he  discharge, hence t h e  

tons discharged are ca l cu la ted  by d i v i d i n g  energy by burnup. Also as before, 

t he  amount o f  each push d isso lved i s  balanced e x a c t l y  w i t h  the  amount d i s -  

charged as g iven i n  t h e  P-Department Reports (General E l e c t r i c  Company 1947) . 
7 

Unfor tunate ly ,  t he re  i s  no in fo rmat ion  g iven on the  day o f  t he  month 

when d i s s o l v i n g  occurred u n t i l  the  Metal Hi s t o r y  Reports (General E l e c t r i c  

Company 1946) begins on 8/17/46. During t h i s  "b lank per iod,"  a  monthly aver-  

age spacing (days per  c u t )  was used. This  was made poss ib le  because Jaech 

(undated) g ives  the  f i n a l  c u t  o f  t h e  month, which es tab l ished the  number o f  

cu ts  taken du r ing  the  month. The spacings used are shown i n  Table 4.1. 

67.68 B P lant  averaged more than one c u t  per  day, w h i l e  T  P lan t  was l e s s  than 

one c u t  per  day. To assign cu ts  t o  days by a  un i fo rm method f o r  both p lan ts ,  

an i n t e g e r  round- o f f  technique was developed. The number o f  cu ts  i n  a month 



TABLE 4.1. T and B P lan t  Average Days Per Cut f o r  t h e  Blank 
Per iod 5/22/46 Through 8/20/46 

S t a r t  End S t a r t  End 
Month Cuts Days Days/Cut Cut -- Cut Date Date --- 

B Plan t  

May 46 19 10 0.52632 Dd-35 Fd-53 05/22 05/31 

June 46 42 30 0.71429 Fd-54 Dd-41 06/01 06/30 

J u l y  46 44 31 0.70455 Dd-42 Dd-43 07/01 07/31 

Aug 46 45 24 0.53333 Dd-44 Dd-37 08/01 08/24 

T P lan t  

May 46 5 10 2.0000 Bd-26 8,-30 05/22 05/31 

June 46 2 1 30 1.4286 Fd-1 Dd-21 06/01 06/30 

J u l y  46 26 31 1.1923 Dd-1 F,-26 07/01 07/31 

Aug 46 1 1 1.0000 Fd-26 Fd-27 08/01 08/01 

plus one were d iv ided by the  number, N, o f  days i n  t h e  month t o  g i v e  an 

i n t e g r a l  number o f  cuts  per day plus a f r a c t i o n a l  remainder. The days i n  the  

month were indexed from 1 t o  N. The f r a c t i o n a l  remainder o f  t h e  average cuts  

was summed from 1 t o  N. Every t ime t h e  sum crossed an i n t e g e r ,  t h a t  day had a 

cut added t o  i t .  Th is  gave a reasonably un i fo rm p a t t e r n  o f  days t h a t  had two 

cu ts  f o r  B Plant ,  and days t h a t  had zero cu ts  a t  T Plant .  It a1 so gave t h e  

c o r r e c t  t o t a l  number o f  cu ts  per  month. A t  T Plant ,  t h e  range o f  t h e  un i fo rm 

d i s t r i b u t i o n  f u n c t i o n  represent ing  t h e  unce r ta in t y  o f  t h e  c o o l i n g  t ime (DCT) 
was increased from +1 day t o  +2 days du r ing  t h i s  pe r iod  t o  r e f l e c t  t h e  

u n c e r t a i n t y  i n  da te  o f  d i s s o l u t i o n .  

At  T Plant ,  a spec ia l  s i t u a t i o n  occurred i n  August. There were on l y  s i x  

cu ts  taken according t o  Jaech (undated). The Metal H i s t o r y  Reports (General 

E l e c t r i c  Company 1946) shows t h a t  t he  f i r s t  o f  these, Fd-1, was i n  e x t r a c t i o n  

( the  s tep  f o l l o w i n g  d i s s o l v i n g  and storage) on August 20. 

An average p e r i o d  o f  3 days i s  assumed f o r  t he  l a g  between d i s s o l u t i o n  

and e x t r a c t i o n  (as w i l l  be discussed s h o r t l y ) .  This  means t h a t  Fd-1 would 

have been d isso lved on August 17. Th is  e f f e c t i v e l y  terminates t h e  b lank  

p e r i o d  f o r  T P lan t  ( i .e . ,  a l l  subsequent dates o f  d i s s o l u t i o n  w i l l  be taken 



from t h e  Metal H i s t o r y  Reports [General E l e c t r i c  Company 19461). Jaech 

(undated) l i s t s  Fd-26 as t h e  l a s t  c u t  o f  Ju l y .  Assuming t h a t  t h ree  cu ts  per  

charge were taken, t he re  must have been an Fd-27, which would have been d i s -  

solved i n  August and was n o t  inc luded i n  Jaech (undated). I t  was assumed t h a t  

i t  was d isso lved on August 1 because date spacing i n  J u l y  had been running a t  

one per  day. 

4.2.2 D i s t r i b u t i o n  Funct ions 

The d i s t r i b u t i o n  func t i ons  r e f l e c t i n g  unce r ta in t y  i n  t he  d i s s o l v e r  

operat ions and iodine-131 content  i n  STRM are described below. 

De f in ing  C(1) t o  be t h e  number o f  c u r i e s  o f  iod ine-131 i n  some p a r t i c u -  

l a r  d i s s o l v e r  c u t  I, STRM f i r s t  ca l cu la tes  C(1) based on t h e  nominal values o f  

t he  parameters. It then proceeds t o  c a l c u l a t e  a  poss ib le  number o f  c u r i e s  

CP(1) f o r  t he  cu r ren t  Monte Car lo r e a l i z a t i o n  where an N  has been added t o  the  

name o f  t he  d i s t r i b u t i o n  being sampled t o  i n d i c a t e  the  value which r e s u l t e d  

from sampling t h a t  d i s t r i b u t i o n  ( i  .e., DCTN i s  t he  value obtained from sam- 

p l i n g  t h e  DCT d i s t r i b u t i o n ) :  

CP(1) = e  -LAMBDA.DCTN- C ( I )  PHYSICSN-MASSN(1) 

The sampled va r iab les  are: 

DCTN = De l ta  Cool ing Time, a  p o s i t i v e  o r  negat ive number o f  days 
sampled from the  DCT d i s t r i b u t i o n  expressing the  unce r ta in t y  
i n  t h e  coo l i ng  t ime. 

% 53.69 PHYSICSN = A  m u l t i p l i e r  which expresses the  unce r ta in t y  i n  t he  constant 
24,174 i n  Equation 4.3 because o f  t h e  uncertainty i n  t h e  
nuclear  parameters energy per  f i s s i o n  (MeV/fis) and i od ine -  
131 f i s s i o n  y i e l d .  It i s  t he  r e s u l t  o f  sampling the  PHYSICS 
d i s t r i b u t i o n .  

MASSN = A  m u l t i p l i e r  which expresses t h e  unce r ta in t y  i n  t he  number 
o f  tons d issolved.  It r e s u l t s  from sampling the  MASS 
d i s t r i b u t i o n .  

LAMBDA = The decay constant  o f  iodine-131. This  i s  constant  a t  
0.0862. It i s  n o t  sampled ( i  .e., i t  i s  assumed known w i t h -  
ou t  e r r o r ) .  



The amount released, AP(I), i s  ca l cu la ted  as the  product  o f  CP(I).RFACN, 

where RFACN i s  a  re lease f a c t o r  t h a t  r e s u l t s  from sampling the  RFAC 

d i s t r i b u t i o n .  

54.70 A f t e r  AP(1) i s  ca lcu la ted ,  a  f u r t h e r  s e t  o f  sampled va r iab les  i s  used t o  

determine t h e  re lease t i m i n g  f o r  a  p a r t i c u l a r  Monte Car lo  pass. The d u r a t i o n  

o f  d i s s o l v e r  c u t  I, denoted TD, i s  TD = 8 + DLENGTHN (see Table 4.2 f o r  

d e f i n i t i o n ) .  DLENGTHN i s  a  p o s i t i v e  o r  negat ive i n tege r ,  which r e s u l t s  from 

sampling t h e  DLENGTH d i s t r i b u t i o n .  The nominal d i s s o l v i n g  t ime i s  8  hours 

(L indv ig  1945 and 1946). 

55 The f r a c t i o n  o f  AP(1) re leased du r ing  the  J t h  hour o f  d i s s o l v i n g  (J= l ,  

DLENGTHN) i s  FAP(1, J )  . FAP(1, J )  = PROFILEN(DLENGTH, J )  -AP(I )  , where PROFILEN 

i s  a  f r a c t i o n  t h a t  r e s u l t s  from sampling t h e  PROFILE(DLENGTH,J) d i s t r i b u t i o n .  

The PROFILE(1,J) i s  a  s e t  o f  d i s t r i b u t i o n  func t i ons  b u i l t  i n t o  STRM. The sum 

o f  PROFILE(1,J) over J=1, DLENGTH i s  normal ized t o  u n i t y  t o  preserve AP(I) ,  

the  number o f  re leased c u r i e s  o f  iodine-131. 

Having determined the  hou r l y  releases, t h e  t i m i n g  o f  t h e  re lease i s  then 

determined. Some o f  t h e  s t a r t  t imes are known and, i n  a  few cases, t h e  s top  

t imes a re  a1 so known. When both are  known, DLENGTH i s  n o t  sampled. When on l y  

t h e  s t a r t  t ime  i s  known, i t  i s  used and t h e  sampling regime i s  c a r r i e d  out.  

From December 1944 through May 1946, t h e  t i m i n g  i n fo rma t ion  comes from the  

200 Area Weekly Reports (Acken and B i r d  1945; B i r d  and Donihee 1945). Th i s  

re fe rence r e p o r t s  on t h e  cu ts  i n  t h e  d i s s o l v e r  a t  8 a.m. I f  a  p a r t i c u l a r  c u t  

i s  repo r ted  t o  have gone out  o f  t he  d i s s o l v e r  from one day t o  t h e  next ,  i t  

must have completed d i s s o l v i n g  on day s h i f t  ( 8  a.m. t o  4  p.m.) o f  t h e  f i r s t  

day o r  on swing s h i f t  (4 p.m. t o  midn igh t )  o r  graveyard s h i f t  (midnight  t o  

8:00 a.m.) o f  t h e  f o l l o w i n g  day. I n  t h a t  case, a l l  s h i f t s  are considered 

equa l l y  probable, and a  un i fo rm d i s t r i b u t i o n  cover ing t h e  i n t e g e r  range from 1 

t o  3 i s  sampled. A f t e r  June 1945, because o f  more favorab le  atmospheric con- 

d i t i o n s ,  d i s s o l v i n g  on day s h i f t  was p r o h i b i t e d  (Dupont 1946). Th i s  reduces 

the  choice t o  two s h i f t s :  swing and graveyard. I n  t h i s  case, a  un i fo rm d i s -  

t r i b u t i o n  cover ing  t h e  i n t e g e r  range from 1 t o  2 was sampled. 

I n  a  few instances, two cu ts  shown i n  the  d i s s o l v i n g  stage are  n o t  t he re  

on the  nex t  day. I n  t h a t  case, t he  f i r s t  one was assumed t o  be d i sso l ved  on 



swing and the  o ther  on graveyard i f  i t  occurred a f t e r  day s h i f t  d i s s o l v i n g  was 

p roh ib i t ed .  I f  daytime d i s s o l v i n g  was permi t ted,  then a  choice between days 

and swing i s  made by sampling a  un i fo rm d i s t r i b u t i o n  w i t h  a  range o f  1 t o  2. 

I f  days i s  selected, then another uni form 1 t o  2 sampling i s  made t o  s e l e c t  

e i t h e r  swing o r  graveyard. I f  swing i s  selected, then t h e  o ther  c u t  i s  

d isso lved on graveyard. 

A f t e r  t h e  s h i f t  i s  se lec ted  by i n p u t  o r  by the  sampling technique, t he  

w i t h i n - s h i f t  t i m i n g  (SHIFTHRN) i s  determined by sampling from the  SHIFTHR 

d i s t r i b u t i o n .  

A f t e r  August 17, 1946, t he  p r i n c i p a l  sources o f  d i s s o l v i n g  in fo rmat ion  

are the  Metal H i s t o r y  Reports (General E l e c t r i c  Company 1946). This  source 

g ives  the  da te  o f  c u t  e n t r y  i n t o  t h e  e x t r a c t i o n  s tep  o f  t he  bismuth phosphate 

separat ion process. This  s tep f o l l o w s  d i sso l v ing .  It was necessary t o  

develop a  d i s t r i b u t i o n  f o r  t he  number o f  days between d i s s o l v i n g  and ex t rac-  

t i o n .  This  i s  t he  LAG d i s t r i b u t i o n .  A nominal value o f  3  days i s  subtracted 

from the  e x t r a c t i o n  date t o  determine a  nominal d i s s o l v i n g  date. The t ime o f  

d i  ssol  u t  i on f o r  a  g iven Monte Carl  o  r e a l  i z a t i  on i s  ca l  cu l  ated by a1 gebrai  ca l  l y  

adding LAGN t o  the  nominal d i s s o l v i n g  date, where LAGN i s  t he  r e s u l t  from sam- 

p l i n g  the  LAG d i s t r i b u t i o n .  

Not a l l  t he  iodine-131 i s  re leased t o  the  d i s s o l v e r  o f f - gas  l i n e ,  as 

explained i n  Sect ion 1.3.1. There the  e f f e c t i v e  re lease f r a c t i o n  i s  g iven by 

RF,,, = RF, - RF, + RF,, where RF, i s  t h e  f r a c t i o n  re leased t o  the  o f f - gas  

l i n e ,  RF, t he  f r a c t i o n  o f  condensate c o l l e c t e d  a t  t he  stack bottom, and RF, 

t he  f r a c t i o n  remaining i n  s o l u t i o n  and re leased du r ing  subsequent processing 

steps. RESIDUAL i s  t he  d i s t r i b u t i o n  t h a t  models t h e  unce r ta in t y  i n  RF,. 

The remaining d i s t r i b u t i o n  i s  HU, the  heel uncer ta in ty .  I n  t he  DO1 

module, a  constant  1.1- ton heel i s  assumed ( i  .e., 1.1 tons o f  each f r e s h  

charge remains a f t e r  t he  s p e c i f i e d  number o f  cu ts  p l u s  cu r ren t  heel a re  d i s -  

solved).  Dur ing a  Monte Car lo r e a l i z a t i o n  i n  STRM, t h i s  nominal 1.1-ton heel 

i s  va r i ed  by sampling an amount HUN from the  HU d i s t r i b u t i o n :  

HEELN = 1.1 + HUN, where HEELN i s  t he  mass o f  heel f o r  run  N. 



The d i s t r i b u t i o n s  are  summarized i n  Table 4.2. The s p e c i f i c  d i s t r i b u t i o n s  

se l  ected are  descr ibed be1 ow: 

DCT: De l ta  c o o l i n g  t ime i s  a  un i fo rm d i s t r i b u t i o n  from -1 t o  +l. - 
Sampling i n t e r v a l  i s  every cu t .  This  i s  t h e  u n c e r t a i n t y  due t o  
whole-day representa t ion  o f  push date and d i s s o l v i n g  date. A t  
most, t h i s  cou ld  add o r  sub t rac t  a  1-day i n t e r v a l  between t h e  
push and d i s s o l v i n g  t ime. For example, us ing  t h i s  diagram: 

) ( - - - - I - - - - ) ( - - - -  - - - - x - - - -  - - - -  I I I x  
0  1 2  3  4  

Day 1 Day 2  Day 3  Day 4 

TABLE 4.2. Sampl ed Var i  abl e  Summary 

VAR Var iab le  Desc r ip t i on  

DCT D e l t a  Cool ing Time, r e t u r n s  whole number o f  days around nominal 
c o o l i n g  t ime. Add i t i ve ;  t h a t  i s ,  i f  i t  r e t u r n s  a  zero, i t  uses 
the  nominal . 

RFAC Release Factor,  r e t u r n s  a  f a c t o r .  I f  1.0, i t  uses t h e  appropr ia te  
i n p u t  va l  ue, RFAC(1). 

SHIFT S h i f t  d i s s o l v i n g  s t a r t s .  

DLENGTH Length change from t h e  nominal 8-hour d i s s o l v i n g  p e r i o d  i n  hours. 

SH I FTHR Delay i n  d i s s o l v i n g  a f t e r  s h i f t  s t a r t ,  i n  hours. 

PROFILE Th is  i s  a  r o u t i n e  t h a t  a l l o c a t e s  the  i od ine  re leased i n  each c u t  
t o  t h e  s p e c i f i c  hour o f  t h e  d i s s o l v e r  run. 

PHYSICS V a r i a t i o n  i n  bas ic  phys ica l  constants, Mev/f ission, and iodine-131 
f i s s i o n  y i e l d ,  which are  conta ined i n  t h e  constant  24174 o f  t h e  
bas ic  i o d i n e  equation. 

MASS Amount o f  f r e s h  charge and heel d isso lved i n  each cu t .  Th is  i s  a  
mu1 t i  p l  i e r  on t h e  nominal mass d i  ssol  ved. 

H U Heel Frac t ion .  Th is  i s  an a d d i t i v e  q u a n t i t y  which v a r i e s  t h e  
nominal 1.1 - ton  heel . 

LAG Elapsed t ime between d i s s o l v i n g  and e x t r a c t i o n .  It i s  necessary 
because one separat ion p l  an t  re fe rence (General El  e c t r i  c  Company 
1946) g i ves  t h e  t ime o f  e x t r a c t i o n ,  n o t  d i s s o l u t i o n .  

RESIDUAL The f r a c t i o n  o f  d i s s o l v e r  iod ine-131 no t  i n  t h e  d i s s o l v e r  o f f - gas ,  
which escapes du r ing  p o s t - d i s s o l u t i o n  processing over a  4-day 
per iod .  



SHIFT: 

Whole-day accounting would c a l l  t h i s  a  3-day i n t e r v a l .  Mid-day 
center  l i n e  on day 1 would be subtracted from t h e  mid-day 4. 
I f  t h e  push occurred s l i g h t l y  a f t e r  0  and the  d i s s o l v i n g  
s l i g h t l y  before 4, then the  maximum actual  i n t e r v a l  would be 4  
days. I f  the  push occurred s l i g h t l y  be fore  1 and t h e  d i s s o l v -  
i n g  occurred s l i g h t l y  a f t e r  3, then the  minimum i n t e r v a l  would 
be 2 days. Since there  i s  no add i t i ona l  in fo rmat ion  on the  
d i s t r i b u t i o n ,  a  un i fo rm d i s t r i b u t i o n  i s  used. With an 8-day 
h a l f - l i f e ,  the  2-day unce r ta in t y  range i n  iod ine-131 concentra- 
t i o n  i s  16% because o f  t h i s  d i s t r i b u t i o n .  

I n  t he  pe r iod  from mid-May through the  end o f  May 1946, a t  
T  P lan t  a f t e r  t he  l a s t  in fo rmat ion  from the  200 Area Weekly 
Reports ( B i r d  and Donihee) stop, p roduct ion  was a t  t he  r a t e  o f  
approximately one-hal f  c u t  per  day. Assuming a  uni form ra te ,  
t h i s  adds an add i t i ona l  day t o  t h e  uncer ta in ty .  For t h i s  
pe r iod  a t  T  P lan t  t h e  range o f  t he  un i fo rm d i s t r i b u t i o n  i s  
increased from +1 t o  +2 days. 

S h i f t  t h a t  d i s s o l v i n g  occurred. The 200 Area Weekly Reports 
(Acken and B i r d  1945; B i r d  and Donihee 1945) g i ve  a  c u t  s ta tus  
r e p o r t  as o f  8  a.m. each day. I f  a  p a r t i c u l a r  c u t  i s  shown as 
"d isso lv ing , "  then t h a t  c u t  was a t  l e a s t  loaded i n t o  the  d i s -  
so lver .  Nothing more i s  known; t h a t  i s ,  i t  may have been j u s t  
loaded, i n  t he  c ladd ing  removal stage (no iodine-131 i n  the  
o f f - gas ) ,  o r  a c t i v e l y  d i sso l v ing .  However, when t h e  same c u t  
i s  shown as " i n  e x t r a c t i o n "  f o r  t he  f o l l o w i n g  day, then d i s -  
so l  u t i  on was d e f i n i t e l y  completed du r ing  the  24- hour i n t e r v a l  . 
Th is  leaves th ree  l o g i c a l  possi b i l  i t i e s :  day s h i f t ,  swing 
s h i f t ,  o r  graveyard o f  t he  f o l l o w i n g  day. This  s i t u a t i o n  i s  
designated DSG. An equa l l y  probable sampling i s  then done on 
these th ree  s h i f t s .  I n  many cases t h e  s i t u a t i o n  may be 
improved upon. For example, beginning i n  June 1945 the re  was a  
p r o h i b i t i o n  on daytime d i s s o l v i n g  (Dupont 1946, p. 67). There- 
fo re ,  DSG i s  reduced t o  SG du r ing  t h i s  per iod.  Another s i t u a -  
t i o n  e x i s t s  when more than one c u t  was dropped from d i sso l v ing .  
Since on l y  one c u t  could be d isso lved a t  a  t ime, two cu ts  d i s -  
solved would mean t h a t  t he  f i r s t  one would be designated DS and 
the  nex t  one SG. O r ,  i f  i t  occurred when day s h i f t  d i s s o l v i n g  
was p roh ib i t ed ,  then the  f i r s t  c u t  would be on swing s h i f t  and 
t h e  o ther  on graveyard. Each c u t  i s  assigned a  s h i f t  desig-  
na to r  (D, S, G, DSG, SG), and an equa l l y  probable choice i s  
made between the  a v a i l a b l e  l o g i c a l  p o s s i b i l i t i e s  sub jec t  t o  
s e l e c t i o n  ru les .  That i s ,  f o r  a  DS-SG s e t  o f  p o s s i b i l i t i e s ,  i f  
D  i s  se lec ted  f o r  t he  f i r s t  cu t ,  then t h e  s e l e c t i o n  f o r  t he  
second one i s  s t i l l  SG, bu t  i f  S i s  se lec ted  f o r  t he  f i r s t  one, 
then G i s  simultaneously selected f o r  t h e  second one, e t c .  

DLENGTH: V a r i a t i o n  i n  t he  l eng th  o f  d i s s o l u t i o n  around the  8-hour nomi- 
na l  i s  a  t r i a n g u l a r  d i s t r i b u t i o n  w i t h  a  range o f  +4 hours cen- 
te red  on 0.0. This  v a r i a b l e  i s  sampled f o r  each cu t .  The 



bas is  f o r  t h i s  i s  a  s e t  o f  15 stack gas a c t i v i t y  p r o f i l e s  from 
t h e  Hea l th  Instruments Department Logbook, HEW-823-L ( L i n d v i g  
1946). The data  i s  summarized below i n  two d i f f e r e n t  ways: 

B in  1 Number Number 
( h r )  i n B i n  B i n 2 ( h r )  i n B i n  

0.0-6.0 3  0.0-6.0 3  

11.0-12.0 1 

Tota l  15 

Because these are both peaked d i s t r i b u t i o n s ,  a  t r i a n g u l a r  d i s -  
t r i b u t i o n  was selected.  The range o f  +4 hours was chosen t o  
match the  PROFILE d i s t r i b u t i o n s ,  which cover t h e  range o f  4  t o  
12 hours i n  1-hour increments. The range choice i s  cons i s ten t  
w i t h  the  v a r i a t i o n  t h a t  might  occur w i t h  such a  small sample 
s i ze .  

SHIFTHR: The s t a r t i n g  hour o f  d i s s o l v i n g  w i t h i n  a  s h i f t ,  which i s  added 
t o  t h e  s t a r t i n g  hour o f  t h e  s h i f t ,  i s  a  t r i a n g u l a r  d i s t r i b u t i o n  
w i t h  a  minimum a t  0.0, mode a t  1 and maximum a t  3, sampled a t  
every cu t .  Th is  d i s t r i b u t i o n  i s  used, along w i t h  DLENGTH, t o  
express t h e  unce r ta in t y  i n  t i m i n g  o f  t h e  d i s s o l v e r  operat ion.  
I n  q u a l i t a t i v e  terms, i t  i s  c e r t a i n  t h a t  a l l  d i s s o l v i n g  d i d  n o t  
s t a r t  i n  t he  f i r s t  hour o f  t he  s h i f t .  I n  o rder  t o  complete t h e  
opera t ion  w i t h i n  the  8 hours, a  l ong  delay would have been 
i n f requen t .  The t r i a n g u l a r  d i s t r i b u t i o n  chosen l i m i t s  t he  
de lay  t o  3  hours ( i .e . ,  be fore  m i d - s h i f t )  and prov ides some 
v a r i a b i l i t y  i n  t he  d i s s o l v i n g  s t a r t  t imes. 

PROFILE: Th is  n o t  a  d i s t r i b u t i o n  func t ion ,  bu t  r a t h e r  a  sub- rout ine t h a t  
s e l e c t s  from a  group o f  d i s t r i b u t i o n  func t ions .  I t s  f u n c t i o n  
i s  t o  a l l o c a t e  a  f r a c t i o n  o f  t h e  t o t a l  iod ine-131 re leased i n  
each c u t  t o  each hour o f  t h e  d i s s o l v i n g  run. The bas i s  f o r  
t h i s  i s  an ana lys is  o f  17 measured p r o f i l e s  o f  s tack  gas 



a c t i  v i  t y  from t h e  Heal t h  Instruments Department Logbook, 
HEW-823-L (L indv ig  1946). F igure 4.1 i s  a  p l o t  o f  a l l  17 
runs. The actual  t ime dur ing  the  run i s  normalized so t h a t  a l l  
run  p r o f i  1  es may be compared. 

The data are d iv ided  i n t o  f r a c t i o n s  f o r  analys is .  For a  
4-hour run, t he  data se t  i s  d i v ided  i n t o  f o u r  equal f r a c t i o n s .  
A d i s t r i b u t i o n  func t i on  i s  determined f o r  each o f  t h e  f o u r  
f r a c t i o n s .  A 5-hour run  i s  d i v ided  i n t o  f i f t h s  and a  s e t  o f  
f i v e  d i s t r i b u t i o n  func t ions  determined, etc. Th is  procedure 
produced 13 sets o f  d i s t r i b u t i o n s  f o r  d i s s o l v e r  runs from 4  t o  
16 hours i n  length.  O f  these, on l y  n ine  were requ i red  t o  
cover the  4- t o  12-hour range r e s u l t i n g  from the  DLENGTH d i s -  
t r i b u t i o n .  The data i n  each d i v i s i o n  were p lo t ted  and a  form 
f o r  the d i s t r i b u t i o n  funct ion selected. Where a  t r i angu la r  
d i s t r i b u t i o n  appeared t o  represent the  data best ,  a  maximum 
l ike l ihood technique was used t o  determine the range and mode. 

Two add i t i ona l  c r i t e r i a  were appl i e d  t o  candidate p r o f i l e s  from 
t h i s  process. 

1. No up-turned ends. The f r a c t i o n  selected f o r  t h e  second 
pe r iod  had t o  be greater  than the  f i r s t  period, and the  
n e x t - t o - l a s t  had t o  be g rea te r  than the  l a s t .  

" 
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FIGURE 4.1. Re1 a t i v e  Iodine-131 A c t i v i t y  During Cut 



2. Smoothing. Successive values could no t  change by more 
than one h a l f  the mean value. For example, f o r  a 4-hour 
run, each successive f r a c t i o n  would have t o  be w i t h i n  1/4 
x 1/2 = 1/8 o f  the previous value. 

Sampled sets not  meeting these c r i t e r i a  were discarded and 
sampl i n g  was repeated. For each r e a l i z a t i o n ,  the  selected 
values t r u e  of  PROFILE ( I ,  J )  were divided by 1 PROFILE(I, J ) .  
Figure 4.2 shows r e s u l t s  from 100 runs f o r  a lk -hour  du ra t ion  
p r o f  i 1 e, chosen f o r  i 11 u s t r a t i  ve purposes because i t provides 
more i n t e r va l s .  The broad features o f  the o r i g i n a l  data are 
reproduced: the composite p r o f i l e  tends t o  be convex upwards, 
and the  ranges mimic the o r i g i n a l  data ranges f a i r l y  we l l .  
The funct ions are shown i n  Table 4.3. 

d 

PHYSICS: Uncerta inty i n  p r i nc i pa l  physical constants o f  iodine-131 equa- 
t i o n s  was represented by a piece-wise uni form d i s t r i b u t i o n  
approximating a normal d i s t r i b u t i o n  centered on 1.0 w i t h  a 

% 

standard dev ia t ion o f  0.05. One-sixth o f  the area was between 
0.9 and 0.95, two- th i rds  o f  the area between 0.95 and 1.05, and 
one-sixth between 1.05 and 1.1. This d i s t r i b u t i o n  i s  sampled 
by L a t i n  Hyper Cube a t  the beginning o f  each Monte Carlo r ea l  i - 
za t ion  because i t  i s  not  considered t o  vary w i t h  each d isso lve r  
cut .  The basis o f  t h i s  i s  the uncer ta in ty  around the  measured 
energy per uranium-235 f i s s i o n  o f  201.72 Mev (C ro f f  1980), and 
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FIGURE 4.2. Modeled 1-131 Release P r o f i l e :  16-Hour Cut 



TABLE 4.3. PROFILE (L, J) the  D i s t r i b u t i o n  Funct ions f o r  Hour ly  
Re1 ease A1 1 ocat  i on 

Mode 

0.242 
0.277 
0.251 
none 
0.166 
0.188 
0.232 
0.200 
none 
0.131 
0.161 
0.203 
0.174 
0.165 
none 
0.108 
0.146 
0.156 
0.171 
0.143 
0.134 
none 
0.093 
0.124 
0.116 
0.151 
none 
0.124 
0.114 
none 

Max 

0.316 
0.389 
0.363 
0.272 
0.261 
0.329 
0.308 
0.272 
0.226 
0.214 
0.275 
0.249 
0.252 
0.224 
0.184 
0.177 
0.227 
0.225 
0.220 
0.206 
0.189 
0.150 
0.148 
0.188 
0.213 
0.194 
0.185 
0.177 
0.162 
0.126 

L = l e n g t h  o f  c u t  index ( h r )  

J = hours i n t o  t h e  c u t  

A l l  d i s t r i b u t i o n s  are t r i a n g u -  
l a r  except those w i t h  none as 
the  mode. Those are un i fo rm 
w i t h  minimum and maximum ranges 
shown . 

Mode 

0.103 
0.108 
0.106 
0.135 
0.124 
0.111 
0.110 
0.101 
none 
0.072 
0.099 
0.098 
0.094 
0.121 
none 
0.100 
0.097 
0.075 
none 
0.065 
0.080 
0.090 
0.083 
0.111 
0.109 
none 
0.091 
0.087 
0.060 
none 
0.059 
0.072 
0.082 
0.071 
0.099 
0.100 
none 
0.086 
0.085 
0.078 
0.077 
none 

Max 

0.120 
0.169 
0.200 
0.167 
0.174 
0.167 
0.155 
0.143 
0.110 
0.108 
0.160 
0.176 
0.160 
0.156 
0.149 
0.143 
0.139 
0.135 
0.099 
0.096 
0.153 
0.154 
0.155 
0.139 
0.141 
0.136 
0.128 
0.122 
0.124 
0.089 
0.086 
0.144 
0.136 
0.150 
0.127 
0.130 
0.124 
0.123 
0.120 
0.111 
0.107 
0.082 



t h e  unce r ta in t y  around t h e  measured value o f  t h e  iod ine-131 
f i s s i o n  y i e l d  o f  0.0289. These exper imenta l l y  determined quan- 
t i t i e s  are t y p i c a l l y  known w i t h i n  a 5% range. 

MASS : Uncer ta in ty  i n  t he  mass o f  f r e s h l y  charged f u e l  d i sso l ved  i n  
each c u t  i s  represented by a t r i a n g u l a r  d i s t r i b u t i o n ,  w i t h  a 
minimum o f  0.939, mode o f  1.0, and a maximum o f  1.121. For a 
standard d i s s o l v e r  charge o f  3.3 tons, t h e  minimum would be 
3.3 x 0.939 = 3.10 tons, t h e  mode would be 1.0 x 3.3 = 3.3 
tons, and the  maximum would be 1.121 x 3.3 = 3.70 tons.  The 
d i s t r i b u t i o n  app l ies  t o  t h e  pe r iod  from December 1944 t o  May 
1946 and r e l i e s  on the  200 Area Weekly Reports (Acken and B i r d  
1945; B i r d  and Donihee 1945), which do n o t  p rov ide  t h e  mass o f  
uranium f o r  each d i s s o l v e r  charge. The charge mass i s  assumed 
t o  be t h e  nominal 3.3- ton (840-slug) d i s s o l v e r  load, prov ided 
t h a t  t h i s  f i t s  t he  a v a i l a b l e  f u e l  pushes from the  reac to rs .  
I n  general,  the  a v a i l a b l e  backlog i s  worked o f f  under t h e  3.3- 
t o n  charge assumption. However, du r ing  c e r t a i n  per iods  t h e  
standard l oad  was changed s l i g h t l y  t o  f i t  the  a v a i l a b l e  f u e l  
supply and the  p a t t e r n  o f  reac to rs  o f  o r i g i n  i n  t h e  record.  
The reconst ruc ted  average d i s s o l v e r  charge f o r  207 charges i s  
3.306 w i t h  a standard d e v i a t i o n  o f  0.095 tons a t  B Plant ,  and 
a 3.291-ton average w i t h  a standard d e v i a t i o n  o f  0.087 tons a t  
T P lan t  f o r  151 charges. Some 14 low-weight charges 
(2.57 tons)  a t  T P lan t  have been removed from t h e  T P lan t  f i g -  
ures because the  unce r ta in t y  here i s  h igher  and r e q u i r e s  
another d i s t r i b u t i o n  t o  express i t .  F igure  4.3 i s  a p l o t  o f  
t h e  number o f  charge weights i n  each range. The p l o t  shows 
t h a t  a skewed t r i a n g u l a r  d i s t r i b u t i o n  w i t h  minimum, mode, and 
maximum o f  3.1, 3.3 and 3.7 i s  a good d e s c r i p t i o n  o f  t h e  
u n c e r t a i n t y  i n  t he  reconst ruc ted  d i s s o l v e r  charges. 

I n  t h e  pe r iod  May 5, 1946, through June 26, 1946, T P lan t  d i s -  
solved 14 charges, which were most ly  from B Reactor discharges 
made a f t e r  B Reactor was shut down; i t  d i d  n o t  resume opera t ion  
u n t i l  a f t e r  1947. It was necessary t o  " l i g h t  load"  t h e  d i s -  5 
so lve rs  w i t h  2.57-ton charges t o  have t h e  number o f  cu ts  match 
du r ing  t h i s  pe r iod  ( i .e . ,  t he re  was no t  enough f u e l  t o  match 
t h e  number o f  cu ts  i n  t he  record) .  The records d i d  n o t  e x p l a i n  
t h e  cause o f  t h i s  discrepancy. Th is  makes i t  necessary t o  
increase t h e  unce r ta in t y  du r ing  t h i s  per iod .  Accordingly ,  t he  
range on the  t r i a n g u l a r  d i s t r i b u t i o n  was increased t o  0.667 
minimum, 1.0 mode, and 1.242 maximum. The range i n  tons i s  
0.667 x 2.57 = 1.71 tons minimum t o  1.24 x 2.57 = 3.19 tons 
maximum. No o b j e c t i v e  bas is  e x i s t s  f o r  t h i s  choice; however, 
i t  does r e t a i n  the  skewed shape based on many samples and 
r e f l e c t s  t h e  q u a l i t a t i v e  judgment t h a t  n o t  enough i s  known 
about t h e  actual  d i s s o l v e r  opera t ion  i n  t h i s  per iod.  B P lan t  
d i d  n o t  process t h i s  ma te r i a l ,  hence i t  was n o t  necessary t o  
use t h e  broadened d i s t r i b u t i o n .  



-f B Pknt + T Plant + Both 
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FIGURE 4.3. HEDR Construct ion o f  D i sso l ve r  Charge Weights 

A f t e r  August 17, 1946, t he  Metal H i s t o r y  Reports (General 
E l e c t r i c  Company 1946) do g i v e  t h e  number o f  s lugs charged. 
For t h i s  per iod,  a  normal d i s t r i b u t i o n  i s  used w i t h  a  standard 
d e v i a t i o n  o f  0.015, which models the  s l i g h t  e r r o r s  i n  t he  
recorded number o f  s lugs. 

HU: - Heel unce r ta in t y  i s  t he  v a r i a t i o n  i n  t he  1.1- ton assumed s tan-  
dard heel mass. A t r i a n g u l a r  d i s t r i b u t i o n  w i t h  a  minimum value 
o f  0.9 ton, a  mode value o f  1.1 tons, and a  maximum value o f  
1.22 tons was used. The t r u e  heel was v i r t u a l l y  undetermina- 
b le .  However, i n  nea r l y  1980 cu ts  f o r  both T  and B Plants,  two 
cu ts  were made from the  3.3- ton charge t o  b u i l d  up t h e  heel on 
on l y  two occasions, and f o u r  cu ts  were taken t o  lower t h e  heel 
on l y  once. Th is  i nd i ca tes  t h a t  t h e  v a r i a t i o n  must have been 
small and random; otherwise, these departures from the  standard 
procedure would have been more f requent .  

LAG: The elapsed days between the  d i s s o l v i n g  and e x t r a c t i o n  steps - 
takes a  t r i a n g u l a r  d i s t r i b u t i o n  w i t h  the  minimum a t  0  days, 
mode a t  3 days, and maximum a t  7  days. This  d i s t r i b u t i o n  i s  
on l y  used f o r  the  August 1946 t o  December 1947 t ime p e r i o d  
where the  p r i n c i p a l  references are the  Metal H i s t o r y  Reports 
which, r e g r e t t a b l y ,  do no t  g i ve  the  day o f  d i s s o l v i n g  bu t  do 
g i ve  the  day o f  e x t r a c t i o n  (General E l e c t r i c  Company 1946). 



Figure 4.4 shows a  histogram o f  340 cu ts  f o r  which t h e  l a g  t ime 
was determined. This forms the  bas is  f o r  t h e  t r i a n g u l a r  d i s -  
t r i b u t i o n .  The average l a g  f o r  a l l  p l a n t s  was 3.4 days. The 
mode was put  a t  3 days, t he  nearest i n teger  days because t h e  
c a l c u l a t i o n s  are based on in teger  days. The f i g u r e  shows an 
upper value skewness ( i  .e., -3 days t o  +4 days) around t h e  
3-day mode. The few batches above 7 days probably r e f l e c t  
p l a n t  outages f o r  maintenance and repa i r s ,  and should n o t  be 
inc luded i n  a  d i s t r i b u t i o n  intended t o  r e f l e c t  normal process 
v a r i a t i o n .  

4.3 THE RELEASE OF IODINE-131 TO THE AIR 
f 

The iodine-131 re lease f r a c t i o n  i s  de f ined as t h e  r a t i o  o f  iodine-131 i n  

the  d i s s o l v e r  o f f - gas  stream t o  the  t o t a l  i od ine  contained i n  t h e  d i s s o l v e r .  

The e a r l  i e s t  attempts t o  measure t h e  re1 ease f r a c t i o n  i nvo lved  c a l  c u l  a t i  ng t h e  

amount o f  i o d i n e  i n  t h e  f u e l  i n  t h e  d i sso lve r ,  and then measuring t h e  amount 

o f  o f f - gas  iodine-131. The method o f  measurement consisted o f  a  s tack  a i r  

sample drawn from t h e  50- foot  e leva t ion  o f  t h e  stack. The sample was bubbled 

through a  sodium carbonate s o l u t i o n  and the  r a d i o a c t i v i t y  o f  t h e  s o l u t i o n  was 

0 1 2  3 4 5 6 7 6 9 1 0 1 1  1 1 1 3  14 

T Plant B Plant Number of Days 

T Plant Av. 4.22, Std. Dev. 2.43, 144 Points 
B Plant Av. 2.81, Std. Dev. 1.5, 196 Points 
Both Plants Av. 3.41 

FIGURE 4.4. Time Lag Between Disso lv ing  and E x t r a c t i o n  



measured w i t h  an i o n i z a t i o n  chamber i n  t he  middle o f  a  c o i l  o f  t ub ing  con- 

t a i n i n g  the  sodium carbonate so lu t i on .  The chamber cu r ren t  (amperes) was then 

converted t o  c u r i e s  o f  iodine-131. A knowledge o f  t he  s tack  a i r - f l o w  and 

sample- l ine f l o w  al lowed an in fe rence about t he  amount o f  iod ine-131 going out  

t he  s tack  du r ing  d i s s o l u t i o n .  The i n teg ra ted  amount o f  "measured" i o d i n e  was 

then compared t o  the  ca l cu la ted  amount i n  t he  d i sso l ve r .  As experience w i t h  

the  measurement technique was gained, est imates o f  the  re lease f a c t o r  were 

r e v i  sed, general l y  upward. 

I od ine  l eav ing  the  d i s s o l v e r  was modeled by us ing  th ree  re lease 
5 

f r a c t i o n s :  

RF, = t h e  f r a c t i o n  o f  d i s s o l v e r  i od ine  sent ou t  t h e  o f f - gas  l i n e  

RF, = the  f r a c t i o n  o f  d i s s o l v e r  i od ine  i n  s tack  condensate 

RF, = the  f r a c t i o n  o f  d i s s o l v e r  i od ine  t h a t  was emi t ted  du r ing  processing 
steps a f t e r  d i s s o l u t i o n  v i a  the  b u i l d i n g  v e n t i l a t i o n  system. 

Using these th ree  f r a c t i o n s ,  t he  e f f e c t i v e  stack re lease f r a c t i o n  i s  g iven by: 

RFE,, = RF, - RF, + RF, 

I n  modeling the  t i m i n g  o f  t he  release, t he  delay i n  t he  i o d i n e  coming 

from p o s t - d i s s o l u t i o n  processing (RF,) was taken i n t o  account. It was assumed 
d t h a t  on average, one day would be spent i n  t he  storage tank  a f t e r  d i s s o l v i n g  

(no emission),  and t h a t  t h e  balance l e f t  a f t e r  1 day's decay would be re leased 

over a  4-day per iod,  cor rec ted  each day f o r  decay (Acken and B i r d  1945). 

The s tack  condensate (RF,) r e t u r n s  t o  the  h igh- leve l  waste c o l l e c t i o n  

system. Th is  f r a c t i o n  r e f l e c t s  t he  degree o f  condensation t h a t  occurred 

i n s i d e  the  291 stack. There was a  c o l l e c t i o n  pan a t  t h e  bottom and a  r e t u r n  

l i n e  t o  p l a n t  h igh - leve l  waste storage. Therefore, t h i s  f r a c t i o n  i s  sub- 

t r a c t e d  from the  o ther  re lease f r a c t i o n s  i n  c a l c u l a t i n g  t h e  e f f e c t i v e  re lease 

f a c t o r .  



The Hanford documents relating to the iodine release fraction were 

examined to select the release fraction. Seventeen are summarized in Appen- 

dix B .  Those having some information on the three release factors required in 

modeling iodine-131 releases are summarized in Table 4.4. References evalu- 

ated as "unsupported statement" may be based on undocumented experimental 

measurements, or may refer to one or more of the sources cited above, but do 

not contain measurement resul ts. The average of twelve references with values 

of RF1 is 0.82. 

TABLE 4.4. Evaluated Release Factor Reference Summary I 

R F RF2 RF3 F 

Ref Date Min M ~ A  Max Stack Disol ----- Basis 

4 8/45 0.80 Lab results to Plant 

0.05 

0 in 
summer 

7 cut stack gas measure 

Unsupported statement 

Unsupported statement 

Unsupported statement 

Unsupported statement 

Unsupported statement 

3 cut stack gas measure 

0.05 Unsupported statement 

0.10 Unsupported statement 
Unsupported statement 

0.05 Di ssol ver sol ut i on measure 
6 cuts--range shown is 
2 standard deviations. Post 
dissolution estimate refers 
to data in a reference that 
has been destroyed. 

7 cut solution measure 
0.10 Unsupported statement 

73.74 Note: The reference (REF) numbers r e f e r  t o  those 1 i s t e d  i n  Appendix B. 



References 15 and 16 (Kirkendall 1952a and 1952b), however, are based on 
an inherently more accurate analytical procedure not available until the 
1950s: measuring the remaining iodine in the dissolver after the completion 
of the cut. In determining the effect of air sparging, which was the motiva- 
tion for the measurements, the best available technique was used. The cuts 
measured in these two references were meant to serve as "controls" on the air- 
sparged cuts. Hence, they were representative of the standard process that 
was used since the startup of T Plant in December 1944. They therefore may be 
applied to the 1944-through-1947 time period. 

i The stack sampling measurements, in contrast, were inherently less accu- 
rate. The current from the ionization chamber was typically read at 15-minute 
intervals, then integrated over the duration of the cut. The results were 
then converted to curies of iodine. During the measurement, the flow of 
sodium carbonate solution was held constant, the stack gas sample line flow 
was held as constant as possible, as was the stack gas flow. Everything 
depended on the relative flow of stack-to-sample 1 ine. Then the "measured" 
result was divided by a calculated iodine-131 inventory in the dissolver. In 
most cases this calculation is not given explicitly, leaving the degree to 
which the power history of the fuel being dissolved and properly accounted for 
unknown. There were also difficulties with retention of iodine on the inter- 
nal surface of the sample line, as well as the difficulty in controlling 
background contamination in the 292 sample building itself. 

In view of the greater accuracy expected with the dissolver solution 
residual iodine measurements of RF,, in these references, it was decided to 
use the mean of the thirteen measurements from Kirkendall (1952a, 1952b), or 
0.86. 

For RF,, the fraction of condensate collected at the stack bottom, two 
unsupported estimates in Apple (1946) and Work (1946) were used. One states 
that it was zero in the summer and the other states that it was 5%. A rounded 
average of 0.03 was selected for this release factor. 

In the case of RF,, the balance-of-processing factor, there were two 
unsupported estimates of 0.05, and two unsupported estimates of 0.10. Accord- 

ingly, an average of 0.075 was chosen. 



With these choices, t h e  e f f e c t i v e  re lease fac to r ,  RFeff, i s  0.86 - 0.03 + 
0.075 = 0.905. 

The STRM d i s t r i b u t i o n  func t i ons  r e l a t i n g  t o  t h e  re leases are  RFAC, which 

expresses t h e  u n c e r t a i n t y  i n  RF, - RF,, t he  ne t  s tack release, and RESIDUAL, 

which expresses t h e  unce r ta in t y  i n  RF,, t he  f r a c t i o n  re leased a f t e r  t he  

d i s s o l v i n g  step. 

4.4 RFAC 

Table 4.4, re fe rence 15, g ives  a  standard d e v i a t i o n  around t h e  0.86 

average o f  0.03 based on s i x  measurements. A p iece-wise un i fo rm d i s t r i b u t i o n  
1 

approximating a  normal d i s t r i b u t i o n  centered on 0.83 w i t h  one- s i x th  o f  i t s  

area between 0.77 and 0.80, t w o - t h i r d s  between 0.80 and 0.86, and t h e  remain- 

i n g  one- s ix th  between 0.86 and 0.89 was used. The normal d i s t r i b u t i o n  was 

chosen because i t  i s  w e l l  s u i t e d  t o  represent  t r u e  measurement e r r o r .  The 

p iece-wise un i fo rm approximation was se lec ted  r a t h e r  than an a n a l y t i c  rep re -  

sen ta t i on  because i t  has a  f i x e d  range and avoids the  problem o f  r e t u r n i n g  low 

p r o b a b i l i t y  extreme values. 

4.5 RESIDUAL 

74 The nominal va lue o f  0.075 was chosen because i t  i s  t h e  average o f  0.05 

and 0.10 each from two re ference sources (Table 4.4 references 12, 13, 15, 

and 17). Since the re  i s  no o the r  i n fo rma t ion  about how t h e  re lease f r a c t i o n  

might  be d i s t r i b u t e d  between these values, a  un i fo rm d i s t r i b u t i o n . b e t w e e n  0.05 

and 0.10 was chosen. I 

STRM r e s u l t s  f o r  T  P lan t  and B P lan t  d i s s o l v e r  c u t  iod ine-131 content  

and re leases a re  shown i n  F igures 4.5 through 4.8. A l l  o f  these f i g u r e s  show 

the  c u t  re leases w i t h  p l u s  o r  minus one standard d e v i a t i o n  range. The 1944- 

through-1947 timeframe i s  covered and a  more d e t a i l e d  l o o k  i s  taken a t  1945 

f o r  each p l a n t .  Tables 7.1 and 7.2 i n  Volume I 1  l i s t  t h e  numerical  r e s u l t s .  

Mean values, standard dev ia t ions ,  and t h e  c o e f f i c i e n t  o f  v a r i a t i o n  (s tandard 

d e v i a t i o n  d i v i d e d  by mean value) a re  g iven f o r  100 Monte Car lo  r e a l i z a t i o n s  o f  

t h i s  source term. The u n c e r t a i n t i e s  range from 12% t o  22% depending on t h e  
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FIGURE 4 . 5 .  1944 Through 1947 T Plant  Cut Releases 
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FIGURE 4 . 7 .  1944 Through 1947 B P l a n t  Cut Releases 
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FIGURE 4 . 8 .  1945 B P l a n t  Cut  Releases 



reference source uncertainty d i s t r ibu t ions  in e f f ec t .  The r a t i o  of released 

t o  dissolved iodine-131 i s  the  e f fec t ive  re lease  f ac to r  f o r  the  cut .  This 

will center around 0.83 with some variat ion due t o  independent sampling. The 

re leases  thus do not include the  iodine-131 released in processing s teps  a f t e r  

dissolving. These a re  included in the  time-dependent re leases  in the  next 

section.  

For STRM cut re leases  the  uncer ta int ies  associated with the  magnitude 

and f rac t ion  of iodine-131 released in each cut  resul ted in standard devia- 

t ions  ranging from 12% t o  20%. For dai ly  re leases  the  uncertainty in the  
D re lease  timing i s  introduced as well as re leases  from the  post-dissolution 

processing s teps .  This adds considerably t o  the  t o t a l  uncertainty. The 

dai ly ,  monthly, and yearly summations are based on the  hourly re lease  e s t i  - 
mates made by STRM. All modeled sources of uncertainty are  present in these 

est imates.  The da i ly  numbers, therefore,  r e f l e c t  large  uncertainty, ranging 

from 50% t o  fac tors  of 2. The range in each of the  hour estimates over the  

100 rea l iza t ions  would be even la rger .  B u t  when the  dai ly  estimates are  

aggregated in to  monthly estimates the  ranges decrease from 6 t o  lo%, except 

f o r  a few months with few cuts  dissolved. The yearly uncer ta int ies  are  in the 

5% range. 

The da i ly  re lease  estimates and t h e i r  one standard deviation ranges are  

presented in Figures 4.9 through 4.13. A special f igure  i s  provided f o r  1945 

t o  provide more de t a i l  f o r  t h i s  l a rges t  re lease  period. Table 8.3 presents 

the  dai ly  values. Figures 4.14, 4.15, and 4.16 present the  monthly re leases  

1 
fo r  T Plant ,  B Plant and the  sum fo r  both plants.  Monthly re leases  f o r  both T 
and B Plants are  given in Table 4.5. 
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FIGURE 4.9. 1944 Through 1947 T P l a n t  D a i l y  Iod ine-131  Releases 
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FIGURE 4.10. 1945 T P l a n t  D a i l y  Iod ine-131  Releases 
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FIGURE 4.11. 1944 Through 1947 B P l a n t  D a i l y  I o d i n e- 1 3 1  Releases 
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FIGURE 4.12. 1945 B P l a n t  D a i l y  I o d i n e - 1 3 1  Releases 
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FIGURE 4.13. 1944 Through 1947 T and B P l a n t  D a i l y  I od i ne - 131  Releases 
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FIGURE 4.15. 1944 Through 1947 B P lan t  Monthly Iod ine-131  Releases 
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FIGURE 4.16. 1944 Through 1947 T and B P lan t  Month ly  Iod ine-131  Releases 



TABLE 4.5. Monthly Releases o f  Iodine-131 from 100 STRM "Real iza t ions"  
61 

T Plant  B P l a n t  

1-131 Re7eased ( C i )  Coeffi - 1-131 Released ( C i )  Coeffi - 
Standard c i e n t  o f  Standard c i e n t  o f  

Month Mean Devi a t  i on Var i  a t  i on Mean Devi a t  i on V a r i  a t  i on 

December 2,139 465 0.218 
January 1,221 435 0.357 
February 2,126 391 0.184 
March 2,082 320 0.154 
A p r i l  18,024 1,160 0.064 10,723 789 0.082 
May 34,947 2,271 0.065 39,535 2,734 0.069 
June 22,234 1,422 0.064 24,232 1,692 0.070 
July  23,411 1,629 0.070 23,624 1,659 0.070 
August 38,379 2,484 0.065 33,710 2,786 0.083 
September 38,661 2,655 0.069 50,021 3,037 0.061 

. 
October 44,806 2,863 0.064 47,260 2,759 0.058 
November 16,451 1,279 0.078 21,310 1,366 0.064 
December 19,059 1,140 0.060 43,281 2,381 0.055 
January 2,119 131 0.062 9,634 618 0.064 
February 2,681 159 0.059 4,719 285 0.060 
March 2,091 159 0.076 5,862 387 0.066 m+ 

A p r i l  5,183 323 0.062 6,497 426 0.066 
May 4,311 250 0.058 8,969 542 0.060 
June 156 1 1  0.072 4,462 267 0.060 
July  874 6 0 0.069 4,682 284 0.061 
August 8 4 3 0 0.357 8,562 524 0.061 
September 473 4 9 0.103 7,197 5443 0.075 
October 439 58 0.131 4,381 327 0.075 
November 2,062 151 0.073 3,463 297 0.086 
December 1,961 142 0.073 5,436 363 0.067 
January 1,671 14 1 0.084 4,487 326 0.073 
February 2,256 165 0.073 1,579 161 0.102 
March 1,980 164 0.083 3,637 244 0.067 
Apr i 1 2,006 175 0.087 2,847 276 0.097 
May 1,785 158 0.088 2,203 167 0.076 
June 780 81 0.104 873 86 0.099 
July  1,039 7 4 0.071 1,257 86 0.068 
August 464 47 0.102 790 68 0.086 
September 480 4 4 0.091 279 5 0 0.069 
October 307 2 8 0.090 183 16 0.086 
November 157 14 0.090 120 11 0.093 
December 176 11 0.063 102 9 0.088 

Tota l  299,076 386,359 



5.0 CONCLUSIONS 

75 The conclusions are descr ibed i n  both q u a n t i t a t i v e  and q u a l i t a t i v e  com- 

par isons t o  prev ious r e s u l t s  i n  t h e  f o l l o w i n g  paragraphs. 

5.1 QUANTITIVE COMPARISONS WITH PREVIOUS RESULTS 

Anderson (1974) est imated t h a t  340,000 C i  o f  iod ine-131 were re leased 

from T and B P lan ts  i n  1945. The HEDR Phase I re lease est imate f o r  1945 was 

317,000 C i  (Heeb and Morgan 1991). Using Anderson's re lease f a c t o r  o f  0.80 

ins tead o f  t h e  0.75 f i g u r e  used i n  Phase I, t h i s  would have been 338,000 C i  , 
c lose t o  h i s  value. The cu r ren t  est imate i s  560,000 C i ,  an increase o f  66%. 

What are t h e  reasons f o r  t he  l a r g e  increase i n  t h e  est imated releases? 

The e f f e c t i v e  re lease f a c t o r  has been increased from 0.75 (used i n  Phase 

I )  t o  0.905. That would account f o r  o n l y  a  f a c t o r  o f  1.21 o f  t he  1945 

increase. The Phase I c a l c u l a t i o n  was based on Roberts (1957), which gave 

monthly average tons d isso lved and an average coo l i ng  t ime. Table 5.1 l i s t s  

t h e  Roberts (1957) monthly tons processed and coo l i ng  t ime i n p u t  data. 

Table 5.2 shows the  comparable da ta  averaged on a  monthly bas is  from STRM 

output .  A  comparison shows t h a t  both d isso lved approximately 2100 tons i n  t he  

3-year per iod.  Figures 5.1, 5.2, and 5.3 show t h a t  t he re  were some monthly 

discrepancies, bu t  t h a t  t h e  pa t te rns  were s i m i l a r .  

The average c o o l i n g  t ime was sho r te r  f o r  t h e  present  recons t ruc t i on  

based on a  mass-averaged coo l i ng  o f  every d i s s o l v e r  c u t  taken i n  t ime per iod;  
C 59.6 days versus 61.7 f o r  Roberts (1957). The d i f f e r e n c e  o f  2.1 days amounts 

t o  a  f a c t o r  o f  1.20 more iodine-131. Figures 5.4 and 5.5 show t h a t  t he  p a t -  

t e r n  o f  monthly c o o l i n g  t imes was s i m i l a r  w i t h  one o r  two l a r g e  discrepancies, 

and t h a t  t h e  HEDR t imes tend t o  be c o n s i s t e n t l y  lower i n  most o f  t he  months. 

The HEDR recons t ruc t i on  i s  based on known i n d i v i d u a l  r e a c t o r  discharges and 

d a i l y  tonnages d issolved.  The method o f  averaging monthly coo l i ng  t imes used 

i n  Roberts (1957) cou ld  n o t  be determined (i .e, Were they mass-weighted?) . 
Another major d i f f e r e n c e  comes from the  use o f  discharge peaking f a c t o r s  

(PF) from the  Reactor Model. This  was necessary because t h e  iodine-131 

concent ra t ion  i n  spent f u e l  i s  p ropo r t i ona l  t o  t h e  average power o f  t h e  f u e l  



TABLE 5.1. Phase I Data f rom HWN-1991 (Roberts 1957) 

Year 

1944 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 

Month 

December 
January 
February 
March 
A p r i  1 
May 
June 
J u l y  
August 
September 
October 
November 
December 
January 
February 
March 
A p r i  1 
May 
June 
J u l y  
August 
September 
October 
November 
December 
January 
February 
March 
Apr i 1 
May 
June 
J u l y  
August 
September 
October 
November 
December 

Sums 
Average 

T P l a n t  
D i  schg Cool i ng 

Tons Davs 

B P l  an t  
D i  schg Cool i ng 

Tons Davs 

T + B P l a n t  
D i  schg Cool i ng 

Tons Davs 

9 49.0 
4 39.0 
7 53.0 
6 52.0 

3 3 42.2 
5 6 35.9 
34 35.0 
4 6 40.0 
5 9 39.0 
6 9 38.5 

118 44.0 
98 52.0 
97 47.3 
7 6 62.0 
7 3 66.9 
77 70.4 
92 61.5 
93 62.2 
8 2 73.0 
68 68.0 
7 8 63.3 
4 6 59.0 
5 7 64.6 
65 65.2 
55 62.4 
6 0 62.2 
46 68.5 
62 68.5 
6 2 68.5 
58 68.0 
4 4 76.8 
62 78.2 
52 81.7 
5 6 83.6 
4 1 90.4 
5 2 95.1 
5 6 95.0 

- - - - - - - - - - - - - - - -  
2149.0 

61.7 



Year 

1944 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 

TABLE 5.2. 

Month 

December 
January 
February 
March 
Apr i  1 
May 
June 
J u l y  
August 
September 
October 
November 
December 
January 
February 
March 
Apr i  1 
May 
June 
J u l y  
August 
September 
October 
November 
December 
January 
February 
March 
Apr i 1 
May 
June 
J u l y  
August 
September 
October 
November 
December 

Sums 
Average 

HEDR Reconstructed Monthly Tons and Mass-Averaged 
Cool ing Time 

T P lan t  
Cool i ng 

Tons Time 

3.6 32.7 
3.7 38.0 
6.9 53.1 
6.7 50.4 
23.2 43.9 
24.3 37.6 
15.8 36.7 
18.8 38.0 
31.8 37.4 
33.0 37.6 
54.3 40.4 
53.2 48.7 
48.4 53.0 
33.0 73.0 
25.1 65.8 
37.2 72.0 
43.9 58.3 
29.9 58.4 
18.0 92.2 
28.5 76.2 
12.1 82.0 
6.6 71.3 
6.6 69.5 
23.1 63.7 
22.7 65.1 
23.8 65.6 
23.1 61.3 
29.7 65.4 
26.4 65.9 
26.4 64.6 
15.4 71.5 
30.8 77.0 
25.3 82.2 
24.2 80.5 
23.1 84.7 
25.3 94.3 
26.4 99.6 

- - - - - - - - - - - - - - - -  
910.2 

B P lan t  
Cool i ng 

Tons Time 

T + B P lan t  
Cool i ng 

Tons Time 
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FIGURE 5.2. B Plant Tons D i s s o l v e d  
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Year End Points Shown 

* HEDR Rcconstrucaion + Plltlse I Basis MWN-I'Bl 

FIGURE 5.3. T and B P l a n t  Tons D isso lved  

1945 1946 
Year End Points Shown 

+ HEDR Reconstruction + Phase I Basis HWN-1991 

FIGURE 5.4. T Plan t  Cooling Times 
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1944 1945 1946 1947 
Year End Points Shown 

+ I IEDR Reconstruction + Phase 1 Basis HWN- 1991 

FIGURE 5.5. B P lan t  Cool ing Times 

7s i n  each discharge. Th is  e f f e c t  was n o t  taken i n t o  account i n  t h e  Phase I 

c a l c u l a t i o n s  o r  i n  t h e  e a r l y  est imates o f  t h e  iodine-131 content.  It i s  very  

important,  e s p e c i a l l y  when dea l i ng  w i t h  t h e  e a r l i e s t  discharges from a Hanford 

Product ion Reactor (HPR), t o  do t h i s .  The e a r l y  discharges w i l l  come from 

higher-powered reg ions  o f  t he  r e a c t o r  because f u e l  i n  these regions w i l l  be 

t h e  f i r s t  t o  reach t h e  goal discharge t a r g e t  exposure-200 MWd/ton i n  t h i s  

e a r l y  per iod.  F igure  5.6 i l l u s t r a t e s  t h e  s i t u a t i o n .  It shows t h e  PF as a 

f u n c t i o n  o f  cumulat ive tons discharged from i n i t i a l  s ta r tup .  The r e a c t o r  

power peak i s  assumed t o  be 1.6 ( r a t i o  o f  h ighest  tube power t o  average tube 

power), which i s  t y p i c a l  f o r  an HPR. The f i r s t  f u e l  t o  reach 200 MWd/ton 

would have a PF o f  1.6. The PF o f  f i r s t  discharges w i l l  be much g rea te r  than 

u n i t y .  As t h e  curve shows, however, t h e  PF decreases u n t i l  enough power has 

been generated i n  t h e  higher-powered reg ions  t h a t  they reach 200 MWd/ton f o r  

t h e  second t ime and are discharged. Then the  PF increases d iscont inuous ly  up 

t o  t h e  maximum again. These o s c i l l a t i o n s  cont inue t o  be s i g n i f i c a n t  over t h e  

3-year pe r iod  covered. The cumul a t  i ve mass averaged PF w i  11 eventual 1 y reach 



I - PF of Discharge I - - - - .  Cum Mass Avg PF 
1.8 I 

Cumulative Discharge (Tons) 
S9208030.1 

PF i s  t h e  Ra t io  o f  Average Power o f  Discharged 
Fuel t o  Average Power o f  Fuel In-Reactor  

FIGURE 5.6. PF Power Factor  o f  Discharge 

1.10 as shown, bu t  f o r  most o f  1945 i t  w i l l  tend t o  be much h igher .  The 

Reactor Model suppl i es a va l  ue f o r  each discharge and r e a l  i z a t i  on. 

.. 77 For comparison purposes, a monthly c a l c u l a t i o n  o f  d i sso l ved  i o d i n e  was 

done using t h e  HEDR tons  and coo l i ng  t imes. It assumed t h a t  t he  r e a c t o r  was 

operated l ong  enough t o  reach a steady state iod ine-131 concentration o f  

24,174 Ci / ton ( f rom Equation 4.2 w i t h  s p e c i f i c  power P = 250MW/250 t o n  = 

1 MW/ton) f o r  each discharge. No PF was used: 

Monthly Dissolved Iodine-131 = 24200 x tons x e -0.0862x(cooling time) 



This  i s  compared t o  t h e  HEDR Phase I r e s u l t s  based on Roberts (1957) and 

w i t h  the  HEDR reconst ruc t ion ,  which uses a  PF and a  more r e a l i s t i c  iod ine-131 

concent ra t ion  [does n o t  assume sa tu ra t i on ,  b u t  c a l  cu l  a tes a  d a i l y  va l  ue based 

on t h e  d a i l y  power h i s t o r y  from t h e  P-Department Reports (General E l e c t r i c  

Company 1947) l .  I n  p rac t i ce ,  most o f  t h e  discharges were w i t h i n  10% o f  

sa tura t ion ,  hence one would expect t h a t  d i f f e rences  between t h e  HEDR recon- 

s t r u c t i o n  and t h e  sa tura ted  c a l c u l a t i o n  are l a r g e l y  due t o  t h e  PF. The 

r e s u l t s  a re  g iven i n  Table 5.3 and i l l u s t r a t e d  i n  F igures 5.7 and 5.8. Dur ing 

1945, t he  HEDR recons t ruc t i on  i o d i n e  remains s i g n i f i c a n t l y  h igher  than t h e  

o ther  two, and t h i s  i s  due t o  the  PF. F igure  5.8 i s  p l o t t e d  on a  l o g a r i t h m i c  

scale t o  p rov ide  more r e s o l u t i o n  i n  1946 and 1947. The t o t a l  c u r i e s  f o r  t h e  

3-year  p e r i o d  are  626 k i l o c u r i e s  (KCi) f o r  t h e  sa tura ted  case, 762 KCi f o r  t h e  

HEDR recons t ruc t i on ,  and 540 KCi f o r  Phase I. The d i f f e r e n c e  between t h e  

sa tura ted  case and Phase I i s  due most ly  t o  t h e  2.1 day d i f f e r e n c e  i n  c o o l i n g  

t ime. The r a t i o  between HEDR and t h e  sa tura ted  case (762/626 = 1.22) i s  due 

t o  the  PF, which averages above i t s  long- term 1.10 value by a  f a c t o r  o f  

1.22/1.10 = 1.11 because o f  t he  prevalence o f  i n i t i a l  discharges f rom t h e  

th ree  reac to rs  t h a t  were s t a r t i n g  up f o r  t he  f i r s t  t ime du r ing  t h e  per iod.  

When t h e  Phase I t o t a l  re lease i s  compared t o  the  HEDR recons t ruc t i on ,  

f o r  t h e  3-year  and 1-month per iod,  t h e  increase i s  685/406 = 1.687. 

The d i f f e r e n c e  i n  coo l i ng  t ime o f  2.1 days alone would be a  
f a c t o r  o f  1.20 (e .0862x2.1 

= 1.198). 

The d i f f e r e n c e  from re lease f r a c t i o n s  would be 1.21 
(0.905/0.75 = 1.207). The product  1.207 x  1.198 = 1.446 
exp la ins  a l l  bu t  (1.687/1.446 = 1.167). 

The peaking f a c t o r  average t h e o r e t i c a l l y  approaches a  value o f  
1.10 (F igure  5.6). Dur ing 3  years o f  r e a c t o r  s t a r t u p  and 
operat ion,  an average value o f  1.167 ( t h e  PF approaches t h e  
t h e o r e t i c a l  va lue from t h e  h igh  s ide)  i s  e n t i r e l y  reasonable. 

Thus, the 1.687 increase consists of 1 . I98  from 2.1 days shorter 
cooling, 1.207 increased release factor and 1.167 PF: 1.198 x 
1.207 x 1.167 = 1.687. 



TABLE 5.3. 

Year 

1944 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1946 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 

Comparison o f  Dissolved Iodine-131 as Calculated 
by the  Saturated Case, t h e  HEDR Reconstruct ion, 
and Phase I 

Month 

December 
January 
February 
March 
Apr i 1 
May 
June 
J u l y  
August 
September 
October 
November 
December 
January 
February 
March 
A p r i l  
May 
June 
J u l y  
August 
September 
October 
November 
December 
January 
February 
March 
Apr i  1 
May 
June 
J u l y  
August 
September 
October 
November 
December 

Sums 

Sat. 
Iod ine,  

C i 

5209 
3399 
1704 
2089 
2033 1 
49661 
34581 
38410 
62696 
74660 
81983 
37323 
54082 
30897 
7238 
8392 
14163 
13472 
4693 
6785 
10638 
8816 
5795 
6621 
8037 
6926 
4342 
6005 
4689 
4601 
1887 
2394 
1384 

HEDR 
Recon. 
Iodine,  

C i 

1298 
1269 
1181 
2762 

32189 
84352 
48814 
53040 
78604 
104066 
100709 
41982 
68763 
11981 
8450 
8901 
12728 
14603 
5184 
6105 
10056 
8395 
5408 
6449 
844 1 
7137 
4257 
66 10 
5503 
4540 
1887 
2572 
1464 
1345 
588 
3 18 
326 

- - - - - -  
762277 

Phase I 
Iodine,  

C i 

2 109 
1351 
1670 
2240 
27200 
76000 
39721 
3441 1 
48109 
58979 
62528 
26 154 
44009 
12642 
5479 
5014 
10796 
10379 
4899 
5264 
9214 
7133 
5155 
5559 
6190 
6947 
3123 
3968 
3990 
3897 
1442 
1782 
1108 
979 
416 
337 
366 

- - - - - -  
540551 



FIGURE 5 . 7 .  Dissolved Iodine- 131,  -L inear  

1945 1946 
Year 

+ Saturated No Peaking + HEDR Refonstnrction + Phase I 

FIGURE 5.8. Dissolved Iodine- 131,  Log 



5.2 QUALITATIVE COMPARISONS WITH PREVIOUS RESULTS 

Both Anderson's (1974) o r i g i n a l  r e s u l t s  and t h e  Phase I r e s u l t s  were 

based on monthly average values o f  tons processed and c o o l i n g  t ime. The 

r e s u l t s  were very s i m i l a r .  The quest ion o f  f i n d i n g  records t h a t  would make i t  

poss ib le  t o  present  a  much more d e t a i l e d  iodine-131 source term f o r  dose c a l -  

c u l a t i o n s  remained. 

The P-Department Reports (General E l e c t r i c  Company 1947) a f fo rded  the  

p o s s i b i l i t y  o f  forming a  r e l i a b l e ,  d e t a i l e d  est imate o f  iod ine-131 c r e a t i o n  a t  

Hanford. On t h e  separat ions side, t he re  was l e s s  d e t a i l e d  in fo rmat ion .  The . 
document search produced i n  A p r i l  1991, the  200 Area Reports (Acken and B i r d  

1945; B i r d  and Doni hee 1945), t he  Metal H i s t o r y  Reports (General E l e c t r i c  

Company 1946), and Jaech (undated). These have made poss ib le  the  present  

d e t a i l e d  recons t ruc t i on  o f  the  iodine-131 source term. 

Each o f  these sources do not,  i n  themselves, p rov ide  exact d a i l y  

in fo rmat ion .  However, as a  group, they do prov ide  ample cross comparisons. 

The amounts and dates o f  r e a c t o r  discharges from the  P-Department Reports 

(General E l e c t r i c  Company 1947) agree almost e x a c t l y  w i t h  t h e  th ree  separa- 

t i o n s  references'. Jaech (undated), w i t h  the  few except ions noted, agrees w i t h  

the  two d a i l y  sources. The agreement i s  no t  absolute, which i n d i c a t e s  t h a t  

Jaech (undated) represents an independent summation o f  t he  pr imary da ta  

sources. 

The agreement i s  achieved over t h e  range o f  1929 d i s s o l v e r  cu ts  and 226 

r e a c t o r  pushes. L indv ig  (1946) prov ided t ime-of-day in fo rmat ion  on 330 d i s -  
r so lve r  cu ts .  

The use o f  Monte Car lo techniques permi ts  t he  d e f i n i t i o n  o f  u n c e r t a i n t y  

ranges o f  t he  iodine-131 hou r l y  re leases which, w i t h  h igh  p r o b a b i l i t y ,  con ta in  

the  actual  hou r l y  releases. Hour ly  iod ine-131 re leases were on l y  known on the  

i n f requen t  occasions when they were measured. The hou r l y  re lease ranges c a l -  

cu la ted  by STRM are  continuous f o r  t he  whole 3-year per iod .  





6.0 RECOMMENDATIONS 

The re lease  est imates are  based on a l l  o f  t he  p e r t i n e n t  records known. 

The method o f  r e c o n s t r u c t i n g  t h e  iod ine-131 re leases uses s t a t i s t i c a l  modeling 

techniques t h a t  take  i n t o  account t he  areas where complete i n fo rma t i on  was no t  

found. It i s ,  t he re fo re ,  concluded t h a t  a  s u f f i c i e n t l y  w e l l - d e f i n e d  est imate 

o f  t h e  iod ine-131 re leases has been obtained, and recommended t h a t  these e s t i -  

mates be used as i n p u t  t o  t h e  HEDR a i r  t r a n s p o r t  model as t h e  second s tep  i n  

determin ing t h e  doses rece ived by the  p u b l i c  f rom Hanford S i t e  iod ine-131 

re leases i n  t h e  1944 through 1947 per iod .  
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APPENDIX A  

THE REACTOR MODEL 

A . l  INTRODUCTION 

The r e a c t o r  model (RM) chosen represents a  Hanford Product ion 

Reactor as a  one-dimensional c y l  i n d r i c a l  reac to r .  The so l  u t i o n  t o  the  

one energy group neutron d i f f u s i o n  equat ion i n  t h i s  geometry i s  t he  

Bessel f u n c t i o n  Jo(2.405r/R), where r i s  t he  rad ius  o f  a  p o i n t  i n  t he  

core ( f u e l - c o n t a i n i n g  reg ion)  and R i s  t he  ou ter  phys ica l  rad ius  o f  t he  

core p l u s  an a d d i t i o n a l  " ex t rapo la t i on"  d is tance.  R can be chosen so 

the  ca l cu la ted  r a t i o  o f  t he  maximum ( a t  t he  center )  t o  average power i n  

t he  core matched the  measured power peaking determined by the  recorded 

r a t i o  o f  t he  h ighes t  powered tubes t o  the  average tube power. 

Th is  approximate model g ives an idea o f  the  popu la t i on  o f  tubes a t  

a  g iven power r e l a t i v e  t o  the  average power. The power d i s t r i b u t i o n  i s  

computed on a  d a i l y  bas is  i n  244 f i x e d  equal area annular regions.  

F igure  A. l  shows the  f i r s t  25 regions. An accounting o f  t he  exposure i n  

each reg ion  i s  maintained. When a  discharge i s  i nd i ca ted  by t h e  

P-Department Reports (General E l  e c t r i c  Company 1947), f u e l  nearest  t he  

exposure goal i s  d i  scharged from the  model and rep1 aced by f r e s h  f u e l  . 
The peaking f a c t o r  ( r a t i o  o f  res idence- t ime average power t o  p i l e  power 

f o r  t h e  same per iod)  i s  ca lcu la ted .  This  reconst ruc ts  the  miss ing 

i n fo rma t ion  t h a t  was no t  recorded and a l lows an est imate o f  t he  i od ine  

content  o f  t he  f u e l .  An i od ine  content  i s  a l so  ca l cu la ted  f o r  each d i s -  

charge us ing the  d a i l y  r e a c t o r  power h i s t o r y .  

Four model u n c e r t a i n t i e s  are sampled when t h e  code i s  run  i n  Monte 

Car lo mode: 

D a i l y  P i l e  Power 

D a i l y  Peaking Factor  

Tons Loaded 

Tons Discharged. 



The code ca lcu la tes  peaking f a c t o r  and iodine-131 concent ra t ion  (Ci / ton)  

f o r  each o f  t h e  226 discharges t h a t  were d issolved.  It does t h i s  f o r  

100 r e a l i z a t i o n s  which d i f f e r  as a r e s u l t  o f  sampling t h e  f o u r  parame- 

t e r s  above from d i s t r i b u t i o n s  which descr ibe t h e i r  uncer ta in ty .  Th is  

i n fo rma t ion  i s  g iven t o  STRM v i a  t h e  PF f i l e ;  see F igure  6.1. 

The model i s  va l i da ted  i n  te rns  o f  i t s  a b i l i t y  t o  p r e d i c t  t h e  

exposure o f  each r e a c t o r  discharge. Discharge exposure i s  inc luded i n  

t h e  P-Department Reports (General E l e c t r i c  Company 1947). F igures A.2, 

A.3, and A.4 show t h e  discharge exposures f o r  t h e  th ree  reac to rs  B, D, 
and F and t h e  p red ic ted  exposure range from RM. I n  general,  t h e  

computed and measured exposure matches f a i r l y  we l l .  O f  t h e  226 d i s -  

charges, 92.5% have est imated exposures w i t h i n  10% o f  t h e  repor ted  

exposures and 99.9% have est imated exposures w i t h  15% o f  the  repor ted  

exposures. Maximum discrepancies are w i t h i n  the  +15% range. 

A.2 THE PEAKING FACTOR ALGORITHM 

1. The Hanford reac tors  can be represented by l ong  h o r i z o n t a l  c y l i n -  
ders t h a t  can be d iv ided,  f o r  modeling purposes, i n t o  equal-volume 
concent r ic  s h e l l  o r  r i n g s  as shown i n  Figure A.1. Th is  c y l i n d r i c a l  
model represents t h e  2004 process tubes i n  t h e  B, D, and F r e a c t o r  
core design. The dimensions o f  each "equivalent  c e l l  ," which 
i n c l  udes f u e l ,  c l  adding, water annul us, process tube and surround- 
i n g  g raph i te  was 8.375 by 8.375 inches. The t o t a l  area o f  t h e  
r e a c t o r  face was the re fo re  976 square fee t ,  and t h e  rad ius  o f  t h e  
equ iva lent  c y l i n d e r  was 17.6 fee t .  

I f  t h e  p i l e  power were constant w i t h  respect  t o  r a d i a l  p o s i t i o n ,  
each r i n g  would have t h e  same amount o f  power. For example, i f  we 
d i v i d e d  t h e  c y l i n d e r  i n t o  25 equal-volume r i n g s  and on a g iven day 
t h e  power was 250 megawatts, then each r i n g  would generate a t  10 
megawatts. I f  each r i n g  contained 10 tons o f  ma te r ia l ,  then t h e  
above exposure would be 1 megawatt-day/ton (MWd/ton) each day. I f  
t h e  process tubes were discharged a f t e r  they reached 200 MWd/ton, 
then a l l  t he  tubes would be ready f o r  discharge a f t e r  200 days. 

3. The power d i s t r i b u t i o n  i n  t h e  p i l e  i s  no t  f l a t .  The peak tube 
powers genera l l y  were i n  t h e  c e n t r a l  600 tubes i n  ac tua l  r e a c t o r  
operat ion.  A good approximation t o  the  r a d i a l  f l u x  v a r i a t i o n  i s  a 
J, Bessel f u n c t i o n  which i s  computed as fo l lows:  



where x = (2.405r/R), R i s  t he  e x t r a p o l a t i o n  rad ius  o f  t h e  p i l e  and 
r i s  t he  rad ius  o f  t he  r i n g .  I n  general, t h i s  w i l l  be w e l l  i n t o  
the  r e f l e c t o r  ( the  reg ion  surrounding the  core beyond 17.6 f e e t ) .  

4. Table A. l  1 i s t s  t he  r e l a t i v e  r i n g  power based on a Bessel f u n c t i o n  
w i t h  a 1.6 peak power a t  t he  center  o f  t h e  25 r i n g  example d i s -  
cussed i n  Step 2 above. During most o f  t he  1944-through-1947 per-  
i o d  the  power peak was near 1.6. 

Since the  process tubes i n  the  f i r s t  r i n g  are  pushed every 
130 days, these tubes w i l l  be pushed th ree  t imes as o f t e n  as f u e l  
i n  t he  l a s t  r i n g ,  which i s  discharged every 383 days. 

Because t h e  h igher  power process tubes are pushed more f requent ly ,  
t h e  average r e l a t i v e  power i n  the  discharges w i l l  be g rea te r  than 1 
i n  the  l ong  run. For t h i s  example, t he  l ong  r u n  average r e l a t i v e  
power i s  1.095. A1 though the  reac to r  model i n  F igure  A. 1 operated 
a t  an average power dens i t y  o f  1 megawatt per  t on  o f  f u e l ,  t h e  
average power dens i t y  o f  discharged f u e l  would be 1.095 megawatts 
per  ton.  

5. The maximum tube power i s  ca l cu la ted  as fo l lows:  

Max. tube power(kw) = 0.2635 kw/"C/GPM 

*tube f l o w  (GPM)* ATrnax(~C) 

where tube f l o w  = nominal cen t ra l  zone tube f l o w  = 20.0 GPM 

ATmax = maximum tube o u t l e t  water temperature - i n l e t  
water temperature (OC) 

0.2635 = conversion f a c t o r  t o  k i l o w a t t s .  

A.3 MODEL OPERATION 

The ac tua l  average discharge exposures v a r i e d  s i g n i f i c a n t l y  around 

t h e  200 MWd/ton goal as shown i n  Figures A.2, A.3, and A.4. According 

t o  P-Department Reports (General E l e c t r i c  Company 1947), t he  over  

300 MWd/ton discharges were a c t u a l l y  a combination o f  200 MWd/ton and 

400 MWd/ton discharges. To achieve a 400 megawatt/ton d ischarge one o f  

two th ings  had t o  happen: t he  f u e l  was l e f t  i n - p i l e  tw i ce  as l ong  o r  

t he  r e a c t o r  power was peaked. The f i r s t  exp lanat ion  app l i ed  w e l l  t o  B 

and D reac tors ,  which operated l ong  enough f o r  t he  f u e l  i n  some process 

tubes t o  reach 400 MWd/ton us ing the  peaking f a c t o r s  der ived f rom t h e  



TABLE A.1. 25 Ring Model Power and Residence Time 

250 MW P i l e  Power, 250 Tons Loaded, 
Discharging a t  200 MWd/ton 

Re1 a t  i ve 
Rina Power 

1.547 
1.495 
1.444 
1.394 
1.345 
1.297 
1.249 
1.202 
1.156 
1.111 
1.067 
1.023 
0.980 
0.938 
0.897 
0.856 
0.816 
0.777 
0.739 
0.701 
0.664 
0.628 
0.592 
0.557 
0.523 

- - - - - - 
25.000 

Residence Time 
t o  reach 

200 MWd/ton Davs 

130 
134 
139 
145 
149 
155 
161 
167 
174 
181 
188 
196 
205 
214 
223 
234 
246 
2 58 
271 
286 
302 
319 
338 
3 60 
383 

d a i l y  maximum tube temperatures. F reactor  i s  d i f fe rent- the 400 MWd/ton 

mater ia l  could not  be produced t h a t  qu ick ly  using the peaking fac to rs  

der ived from the d a i l y  operations information. Therefore, i t  had t o  be 

assumed t h a t  the reactor  power was peaked, v i a  cont ro l  rods, t o  have a 

higher exposure i n  the center than ind icated by the d a i l y  operations 

information. . 

For the model, the p i l e  i s  d iv ided i n t o  244 r i ngs  (4  ft2 each-976 

ft2 i n  t o t a l ) .  For the B Reactor, not  a l l  o f  the r i ngs  were used i n  the 



beginning. This reactor started out using only 1004 of the 2004 process 
tubes (123 rings). Then it moved to 1128 tubes (138 rings), 1300 tubes 
(159 rings), 1500 tubes (183 rings), 1595 tubes (195 rings), then fin- 
ally 2004 tubes. The physics (the Bessel function) is based on the 
rings having equal volume. However, to simplify the computer algorithm, 
the Bessel function is applied to rings of equal weight; this assumes 
that the relationship between volume and weight is a constant. 

84 The computer algorithm works on a daily time step. The peak power 
in the central region, PO, is calculated for the day from the daily 

t operations information (with the exception of the early operations of 
the F Reactor, see above). If pO cannot be calculated for a day due to 

* missing data in the records, the previous pO (for a 24-hour operating 
period) is used. Additionally, if pO is greater than 2.28 or less than 
1.0, then the previous pO is used. The appropriate peaking factor for 
each ring for the given pO is then determined. The Bessel function does 
not have to be recalculated each time. For each ring the peaking factor 
is linearly proportiona7 to PO. 

84 Once the peaking factor for each ring is determined, the power for 
that day is allocated to each of the equally weighted rings. Actually 
there are two allocations, once according to the peaking factor (where 
the central rings get more power than the outer rings according to a 
normalized Bessel function), call ed ring-power, and the second a1 1 o- 
cation of equal power to all rings, called pile-power. The daily 
process continues until it is time for a discharge. To calculate the 
iodine-131 in the pile, the sum of the previous power history is decayed 
one day, and the current power is then added to the sum (Equation 4.3, 
Section 4.0). 

At discharge, the rings are sorted according to exposure in each 
ring. It is assumed that the rings with the largest exposure will be 
pushed first. However, this assumption is modified to allow a set of 
rings to remain in the reactors long enough to achieve 400 mega- 
watts/ton. Additionally, it is clear from the megawatts/ton records 
(see figures) that early in the operations of the B and D Reactors, 
rings with less than the highest accumu7ated power were discharged. At 



t h a t  time, the operators were lea rn ing  how t o  operate these reactors,  

and process tubes were emptied and replaced w i t h  neutron-absorbing 

"poison columns," t o  f l a t t e n  the reactor  power d i s t r i b u t i o n ;  the  choice 

o f  what tubes t o  push were no t  based on the highest  power a t  t h a t  t ime. 

For the  e a r l y  operat ions o f  the  reactors, i n  the computer a lgo- 

r i  thm, r i n g s  t h a t  were re ta ined were determined the o l d  fashioned 

way-the program was rerun w i t h  d i f f e r e n t  choices u n t i l  we got  the  best 

match w i t h  the  known discharges. The tons pushed were from the  d a i l y  

operat ions record, along w i t h  the tons o f  mater ia l  t h a t  were charged 

a f t e r  the push. The peaking f ac to r  f o r  a  push i s  ca lcu la ted by simply 

summing the ring-power i n  the r i ngs  pushed and d i v i d i n g  by the sum o f  

the pi le-power i n  the r i n g s  pushed. These sums are weighted by the tons 

pushed i n  each r i ng ,  since the tons i n  the push d i d  not  equal the tons 

i n  the r ings- that  i s ,  on ly  a  po r t i on  o f  one r i n g  would be pushed. The 

remaining po r t i on  would then be pushed a t  some f u tu re  discharge. The 

computer a lgor i thm thus has t o  rea l loca te  the r i ngs  t o  continue t o  f ue l  

mass and energy i n  the reactor .  



CYLINDRICAL MODEL 
RINGS OF EQUAL AREA 

FIGURE A.  1. Ring Model o f  Reactor 
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FIGURE A . 2  Estimated Exposures o f  B Reactor Discharges 
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APPENDIX B 

EVALUATION OF RELEASE FACTOR REFERENCES 

The f o l l o w i n g  i s  an evaluated l i s t i n g  o f  p r i n c i p a l  Hanford references 

re1 a t i n g  t o  iod ine-131 f r a c t i o n s .  They are 1  i s t e d  i n  chrono log ica l  order.  

They prov ide  est imates o f  t he  f r a c t i o n  o f  i od ine  i n  t h e  d i s s o l v e r  t h a t  was 

re leased t o  the  d i s s o l v e r  off-gas l i n e ,  was re leased i n  processing steps i n  

t he  separat ions a f t e r  d i sso l v ing ,  o r  t o  t he  f r a c t i o n  t h a t  was re ta ined  i n  t h e  

stack condensate a f t e r  reaching the  stack. 

EVALUATED RELEASE FACTOR REFERENCES 

1. Reference Dreher (1944) 

Content Ear ly  est imates from Oak Ridge (code name " C l i n ton" )  
p i l o t  operat ions o f  i od ine  and xenon t o  be expected a t  
Hanford. Not a l l  est imates turned out  t o  be accurate. 

Re1 ease Factor  none 

2. Reference Seymour (1945) 

Content Cur ie measurements o f  iod ine-131 emi t ted  from runs T-4- 
12-B7, T-5-1-B1, B2, and B3 were est imated: 

Iod ine  Emission 
1  120 

The statement i s  made, "Results from the  f i r s t  f o u r  runs 
were n o t  a t  a l l  cons i s ten t  w i t h  t h e  prev ious set ."  
These were the  f i r s t  few T P lan t  runs. With new 
d i s s o l v e r  o f f - gas  l i n e s  and a  new stack, i t  i s  l i k e l y  
t he  i od ine  was depos i t ing  on t h e  new surfaces l ead ing  t o  
lower re leases than would be c h a r a c t e r i s t i c  o f  1  a t e r  
runs. Also, t he  measurement equipment was new and t h e  
accuracy sub jec t  t o  quest ion. 

Val ue none 



3. Reference Parker (1945a) 

Content Th is  repeats t h e  values above. The maximum Ci / ton i s  
quoted as 230 w i t h  an average f o r  January 1945 o f  
170 Ci / ton and monthly average o f  270 Ci / ton f o r  
December 1944. 

Re1 ease Factor  none 

4. Reference Dreher (1945) 

Content Th is  e a r l y  summary c i t e s  l abo ra to ry  ana lys is  o f  process 
so lu t i ons  from d i s s o l v i n g  through e x t r a c t i o n  and reduc- 
t i o n .  These s tud ies  i nd i ca ted  t h a t  48% o f  t h e  i o d i n e  i n  
t h e  i r r a d i a t e d  metal stayed i n  s o l u t i o n  and was n o t  v o l -  
a t i l i z e d  du r ing  d i sso lv ing .  I n  p a r t  B under "Discus- 
s ion"  t h e  author r e l a t e s  these labo ra to ry  s tud ies  t o  
p l a n t  experience w i t h  t h e  f o l l o w i n g  statement: "As a  
r e s u l t  o f  t h i s  c o r r e l a t i o n ,  i t  can be p red ic ted  t h a t  a t  
f u l l  power l e v e l  (250 megawatt days per  t o n  [comment: 
MWd/ton i s  burnup, no t  power], which corresponds t o  a  
concentrat ion o f  0.4 t o  1.2 mg/l i t e r  o f  s o l u t i o n )  about 
80% o f  the  i o d i n e  w i l l  be evolved du r inq  metal 
d i sso lu t i on . "  

Re1 ease Factor  0.80 

5. Reference Parker (1945b) 

Content " I n  t h e  pe r iod  10/25/45 t o  11/16/45, seven s a t i s f a c t o r y  
runs o f  i od ine  emission and f o u r  xenon emissions were 
made. The 1l3' content was est imated a t  4530 C i  from t h e  
f i s s i o n  y i e l d  data. The measured emission was 3245 C i . "  
Th is  immediately imp l i es  a  re lease f a c t o r  o f  3245/4530 = 
0.72. Th is  value i s  based on improved measurement tech-  
niques compared t o  t h e  s t a t e  o f  t h e  a r t  i n  References 2 
and 4. 

Re1 ease Factor  0.72 

6. Reference Smith (1946) 

Content The purpose o f  t h i s  memo i s  t o  est imate how much iod ine -  
131 could be recovered from t h e  d i sso lve rs .  I n  t h e  
course o f  t h e  d i  scussion t h e  f o l l o w i n g  i n t e r p r e t a t i o n  o f  
" a v a i l a b l e  data' i s  made: "We do n o t  hay3 f i r m  exper i -  
mental p roo f  o f  t he  d i s p o s i t i o n  o f  t he  I which goes 
i n t o  the  d i sso lve r  bu t  conclude from t h e  data  a v a i l a b l e  
t h a t  85% goes out  the  stack, and 15% goes i n t o  t h e  waste 



tanks-10% i n  metal waste and 5% i n  s tack  drainage." 
Th is  leads t o  an est imate o f  a  re lease f a c t o r  o f  0.80, 
a l l ow ing  f o r  t h e  5% t h a t  d ra ins  i n t o  the  bottom o f  t he  
s tack  and i s  n o t  emit ted. 

Re1 ease Factor  0.85 

7.  Reference Apple (1946) 

Content Gives method o f  c a l c u l a t i n g  iodine-131 content :  

Th is  i s  23.459 x  P, about 3% l e s s  than 24.174 used i n  
t h e  HEDR est imate o f  iodine-131. 

Concerning the  accuracy o f  t h e  iodine-131 i n  292 Bldg: 
" I n  the  op in ion  o f  those respons ib le  f o r  t he  equipment 
t h i s  value i s  considered good: agreement between exper- 
imental  and t h e o r e t i c a l  has never been found t o  be 
b e t t e r  than 1 t o  3-5." 

"Although the  q u a n t i t y  o f  s tack  drainage was determined 
du r ing  s t a r t u p  (December) on i n a c t i v e  metal d i s s o l v i n g s  
(1.5-4 g a l l  ons/hr), t he  f o l l o w i n g  summary o f  meteorolog- 
i c a l  and o ther  da ta  i nd i ca tes  t h a t  du r ing  the  summer 
months, a t  l e a s t ,  1  i t t l e  o r  no condensation takes 
p l  ace. " 

Re1 ease Factor  none 

8. Reference 

Content "The q u a n t i t y  o f  8  day 1131 per  metal d i s s o l v i n g  
( 1  me t r i c  ton)  was ca l cu la ted  t o  be 140 c u r i e s  (approx i -  
mately 1 mg.). A rev iew o f  prev ious work i n d i c a t e d  t h a t  
on l y  about 10% o f  the  i od ine  remains i n  t he  metal so lu -  
t i o n  w i t h  the  remainder going out  w i t h  t h e  s tack  gases." 

Re1 ease Factor  0.90 

9. Reference Seymour (1946) 

Content "Syfie 4.7 x l o 5  cu r ies  o f  113' and 2.2 x  l o 5  c u r i e s  o f  
Xe have been discharged w i t h  cu r ren t  monthly r a t e s  o f  
7000 c u r i e s  f o r  i od ine  and 1000 c u r i e s  f o r  xenon." The 
HEDR est imate o f  the  monthly average iodine-131 C i  proc-  
essed i n  spent f u e l  f o r  t he  eleven months preceding the  



December date o f  t h i s  reference i s  9793 C i .  During t h i s  
e n t i r e  per iod a nominal coo l ing t ime o f  60 days was 
maintained, w i t h  an average f o r  the per iod o f  62 days, a 
maximum i n  June o f  73 days and a minimum i n  September o f  
56 days. A re lease f ac to r  f o r  t h i s  per iod would be 
7000/9793 = 0.71. 

Re1 ease Factor 0.71 

10. Reference Work (1946) 

Content "This includes a l l  xenon, krypton and o ther  r a r e  gases 
and an estimated 85% o f  the iodine."  "By f a r  the  l a r g -  
es t  f r a c t i o n  o f  the f i s s i o n  products i n  a batch o f  
i r r a d i a t e d  uranium i s  sent t o  the  bur ied waste storage 
tanks. Only about 10% o f  the iod ine  and none o f  the 
i n e r t  gas a c t i v i t i e s  f o l l ow  t h i s  route,  however." 
"Likewise, a small amount o f  mixed a c t i v i t i e s  and per-  
haps 5% o f  the t o t a l  iod ine are caught i n  the  stack 
d ra i  nage. " 

Release Factor 0.85-0.90 0.05 stack drainage 

11. Reference Lauder (1947) 

Content "The equipment i n  the Stack Monitor Bu i l d i ng  was opera- 
ted  on t h r e ~ ~ o c c a s i o n s  dur ing the month. The measured 
amount o f  I evolved per run amounted t o  about 85% o f  
the theore t i ca l  amount o f  70 cur ies ."  

Re1 ease Factor 0.85 

12. Reference Parker (1948) 

Content "Some f r a c t i o n  o f  the  t o t a l  i od ine  content o f  the  metal 
appears t o  escape dur ing process s t a  es o ther  than d i s -  
solv ing.  ". . .85% o f  the ava i lab le  1%' i s  released 
dur ing d isso lv ing  and 10% goes t o  waste storage. The 
remaining 5% i s  presumably released dur ing processing." 

Release Factor  0.85 0.05 post-d i  ssol u t i o n  re1 ease 

13. Reference Holm (1951) 

Content "Before the iod ine remaining i n  so l u t i on  can be sent t o  
a waste stream, about ten  per cent o f  i t  i s  evolved i n  
subsequent operations, thus contaminating canyon 



ventilating air." Ten percent of the dissolved iodine 
was evolved in subsequent processing stages. 

Re1 ease Factor none 

14. Reference Burns and Kane (1952) 

Content "Experience a1 ready gained in the Bismuth Phosphate 
Process plants indicated that about 80 per cent of the 
iodine present in irradiated uranium is evolved during 
the dissolving process." 

Re1 ease Factor 0.80 

15. Reference Ki rkendall (1952a) 

Content "Data obtained by the Stack Gas Disposal Group, Separa- 
tions Technology Unit, indicated that approximately 5% 
of the iodine present in irradiated uranium slugs was 
evolved after the metal dissolution wa complete and the 
metal solution 1 eft the dissolver tank

T1)." Reference 1 
was destroyed. 

"At a spargent flow rate of 1.7 cc/min/ml (approximately 
100 cu ft/min on a plant scale) about 90 per cent of the 
iodine present was removed in three hours at 95 degrees 
centigrade." This is a laboratory and not a plant 
result. 

"Based on radi oi odi ne analysis of metal solution sampled 
from the dissolver, sparging during reaction on seven 
cuts produced an average iodine evolution of 92.3 per 
cent of the total amount calculated to be present. Six 
control cuts without sparqinq durinq reaction averaqed 
86 per cent evolution of the total iodine calculated to 
be present. The average improvement in iodine evol ution 
resulting from sparging during the dissolution reaction 
was 6.4 per cent and ranged from 0 to 14 percent." This 
is a measurement of the release factor of 86%. This 
technique of measuring the remaining iodine-131 is prob- 
ably inherently more accurate than measuring evolved 
iodine in the stack. 



The f o l l o w i n g  values are quoted from Table I f o r  t h e  s i x  
cu ts  t h a t  were no t  sparged: 

Push Cut 1-131 Evolved (%I 
10-24 F FA-16 83.9 
11-25 D 0,-34 89.0 
11-15 D Dd- 10 80.7 
12-21 F Fd-40 88.5 

2-14 D D,- 1 86.1 
2-19 B Bd- 19 87.2 

Average 85.9 
Standard Dev ia t ion  2.93 

The method o f  c a l c u l a t i n g  the  i o d i n e  content  o f  t h e  f u e l  
i s  given, and i t  inc ludes an est imate o f  t h e  average 
s p e c i f i c  power o f  t h e  slugs i n  each charge. Th is  was 
obtained by knowing t h e  burnup (MWd/ton) and t h e  r e s i -  
dence t ime o f  t h e  f u e l  i n  the  r e a c t o r  which a l lows a 
t r u e  c a l c u l a t i o n  o f  s ~ e c i f i c  Dower by d i v i d i n q  bur nu^ by 
t h e  t ime i n - ~ i l e .  

Release Factor  0.86, 0.03 standard dev ia t i on  on 6 samples. 5% o f  
i od ine-  131 i s  evolved a f t e r  d i s s o l u t i o n .  

16. Reference K i  rkendal 1 (1952b) 

Content Seven batches o f  t he  d i s s o l v e r  ac id  s o l u t i o n  were ana- 
lyzed and 15% o f  t h e  est imated iodine-131 content  o f  t h e  
d i s s o l v e r  remained a t  t he  complet ion o f  t h e  d i s s o l u t i o n .  

Re1 ease Factor  0.85 

17. Reference Browne (1955) 

Content "During t h e  uranium metal d isso lv ing ,  approximately 85% 
o f  the  o r i g i n a l  113' present i s  evolved.. .". 
"The remaining 15% o f  t h e  o r i g i n a l  113' i s  t ra ,ns fer red i n  
t h e  uranium n i t r a t e  s o l u t i o n  through Fk uranium ex t rac-  
t i o n  process. O f  t h i s  15% res idua l  I approximately 
two t h i r d s  would be evolved i n  subsequent processing and 
t h e  remaining t h i r d  would be c a r r i e d  ou t  i n  waste 
sol  u t  i ons. " 

Release Factor  0.85 0.10 post  d i s s o l u t i o n  processing 
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NA - No act ion.  

Comnent 
Number 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Comnenter 

K. J. 
Kopec ky 
(KJK) 
M. L. Bl  azek 
(MLB) 
M. A. Robkin 
(MAR) 

B. Shleien 
(BS) 
J. E. T i  11 
(JET) 

P. D. 
McGavran 
(PDM) 
W. A. Bishop 
(WAB) 

Page, 
Paragraph 

General 
Comment 

General 
Comment 
General 
Comment 

General 
Comment 
General 
Comment 

General 
Comment 

General 
Comment 

Comnent Sumnary 

This repor t  i s  very wel l  done. 

We1 1 - w r i t t en  report .  No comments regarding 
technical  aspects. 
This i s  a very de ta i led  repor t  o f  the 
generation o f  the 1-131 source term f o r  the 
per iod 1944-1947. It represents a great, 
even "heroic," amount o f  work done under 
very d i f f i c u l t  circumstances and the PNL 
cont r ibutors  are t o  be commended. The Task 
d i r e c t i o n  was ca r r i ed  out w i t h  dedicat ion 
and professional ism and the product i s  a 
c r e d i t  t o  t h e i r  e f f o r t s .  I have some 
spec i f i c  comments which I th ink  w i l l  
e l iminate  some po ten t ia l  po in ts  o f  
confusion. 
This i s  very f i n e  work. Cal Heeb should be 
commended. 
This i s  an exce l lent  repor t  and Cal Heeb, i n  
par t i cu la r ,  i s  responsible f o r  br ing ing t h i s  
pa r t  o f  the study f i r m l y  on t rack.  The 
repor t  i s we1 1 wr i t ten .  
Descr ip t ive  repor t  we1 1 done. 

No comments. 

Resol u t i  on 

NA - Thank you. 

NA - Thank you. 

NA - Thank you. 

NA - Thank you. 

NA - Thank you. 

NA - Thank you. 
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Comnent 
Number 

8. 

Comnenter 

G. S. 
Roessl e r  
(GSR) 

Page, 
Paragraph 

General 
Comnent 

Comment Sumnary 

I s  t h i s  document intended f o r  the pub1 i c  o r  
f o r  the TSP and Ba t te l  l e ?  The f i r s t  par t ,  up 
t o  about page 4.4 and inc lud ing equation 
4.1, seems t o  be d i rec ted  t o  the publ i c .  The 
w r i t i n g  i s  choppy and the equation 
presentat ion i s  awkward i n  t ha t  i t  i s  not  
presented i n  the usual way t ha t  a s c i e n t i s t  
would read it. From there on the document 
flows p r e t t y  we1 1 . I usual l y  appl aud the 
obvious e f f o r t s  o f  the technical  ed i t o r s  
because they make a paper more readable, but  
t h i s  one seems t o  deviate from that .  I n  
fact ,  because o f  the inconsistencies i n  i t  
(which I w i l l  po i n t  out  i n  my e d i t o r i a l  
comments) i t  seems 1 i ke the e d i t i n g  was not  
productive. I don't t h i n k  a document such as 
t h i s  one should be d i rec ted toward the 
publ i c .  There are some sections t ha t  would 
be very d i f f i c u l t  t o  make understandable. 

I f  t h i s  repor t  i s  t o  stand alone, the 100, 
200, and 300 Areas should be defined ea r l y  
i n  the paper. 

This document c l e a r l y  shows t ha t  a 
tremendous amount o f  work was done t o  come 
up w i th  the resu l t s .  I am general ly  
convinced t ha t  i t  i s  the best work possib le 
w i th  the ex i s t i ng  data (and there i s  l i t t l e  
1 i kel  i hood t ha t  there i s  any more data). Cal 
and Maurice and others d i d  a remarkable job 
on t h i s .  It should be published i n  a 
journal.  

Resol u t  i on 

The repor t  was intended t o  be a 
technical  repor t  i n  which enough 
expl anation would be provided t o  
be readable by a general 
audience. 

An explanation o f  the 100, 200 
and 300 Areas was added t o  the 
Glossary on page xv. 

NA - Thank you. 
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NA - No ac t ion .  

Comment 
Number 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

- 

Comnenter 

JET 

GSR 

KJK 

GSR 

KJK 

BS 

KJK 

Page 9 

Paragraph 

Page v i  i it 
Para. 3 

Page v i i ,  
Para. 4, 
L ine  2 
Page v i  i it 
Para. 2, 
L ine  4 
Page v i i i ,  
Para. 2, 
L ine  4 
P a g e v i i i ,  
Para. 3, 
Lines 1-2 
Page v i i  i, 
i x 

Page i x ,  
Para. 2, 
Lines 6-7 

Comment Summary 

I would de le te  t h i s  sentence o r  a t  1 east 
make i t  c l e a r  t h a t  t h e  dose you are 
r e f e r r i n g  t o  t h y r o i d  dose. The p o i n t  i s ,  we 
know t h y r o i d  doses were high, what we do n o t  
y e t  know i s  how t h e  i o d i n e  con t r i bu ted  t o  
t h e  e f f e c t i v e  dose r e l a t i v e  t o  o ther  
r a d i  onucl ides. 
Rad ia t ion  should be r a d i o a c t i v i t y .  

Would "The reac tors  re leased v i r t u a l l y  no 
iodine-131" be more accurate"? 

"Did n o t  re lease iodine-131" - -  n o t  a t  a l l ?  

I s I - 1 3 1 r e a l l y t h e " b u l k o f t h e  
r a d i o a c t i v i t y  released"? O r  i s  i t  the  source 
o f  t h e  b u l k  o f  t h e  dose equivalent .  
Notes f o r  computer models. Acronym given 
o n l y  f o r  f i r s t  o f  these models - STRM. I 
suggest p rov id ing  name and acronym f o r  each. 
Th is  i s  t h e  best  l ayou t  o f  t he  HEDR models 
and t h e i r  r o l e s  i n  a simple manner t h a t  I 
have read. I f  you complete the  j o b  as I 
suggest, i t  would be a g rea t  source. 
Recommend "...€umpleteness o f  records 
a1 1 owed the  uncer ta in ty  t o  be est imated f o r  
each va l  ue. " 

Resol u t i  on 

Last  sentence changed t o  " . . .the 
e f f e c t i v e  who1 e body dose. " 

"Radiat ion" changed t o  
" r a d i o a c t i v i t y .  " 

Changed t o  " v i r t u a l l y  no." 

Changed t o  " v i r t u a l l y  no." 

Statement rev ised.  Iodine-131 i s  
no t  t h e  l a r g e s t  c u r i e  
c o n t r i b u t o r  t o  s tack  re1  eases. 
T i t l e s  and acronyms added f o r  
t he  o the r  th ree  HEDRIC model s . 

Recommended wording 
incorporated. 
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,NA - Np act icp .  

Resol u t i  on 

Changed t o  ". . .reaches 
equi 1 i b r i  um and therea f te r  
remains a constant amount." 

"Proceeds a t  an eas i l y  
calculated ra te "  changed t o  
"wi th  an 8-day h a l f  1 i f e "  as 
suggested. A1 though "ha1 f 1 i f e "  
i s  a technical  term, i t  i s  more 
general l y  understood than 
" saturat ion val  ue, " and the 
change makes the statement less 
vague. 
Changed t o  406,000 as suggested. 

Changed t o  "The estimated amount 
o f  iodine-131 ..." 

Comment 
Number 

16. 

17. 

18. 

Comnent Sumnary 

"A constant amount" - -  suggest "saturat ion."  

"Proceeds a t  an eas i l y  calculated ra te "  - -  
suggest "wi th  an 8-day ha1 f - 1  i f e . "  

The Phase I estimate f o r  the amount o f  1-131 
released does not  have t o  be given as an 
"aboutn value. The estimate has been made 
and publ ished as 406 kCi . Since the 
Reconstruction i s  given t o  3 s i g n i f i c a n t  
f igures, the Phase I value should be given 
as publ ished, 406 kCi . 
Recommend "As a r e s u l t  o f  t h i s  study, we 
estimate t ha t  the amount o f  iodine-131 
re1 eased. . . " 

Commenter 

GSR 

MAR 

KJK 

Page, 
Paragraph 

Page i x ,  
Para. 3, 
Lines 5-6 

Page x, 
Para. 1, 
Line 2 

Page x, 
Para. 4, 
L ine 2 

Page x, 
Para. 3, 
L ine 1 
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Comment 
Number 

19. 

20. 

21. 

Commenter 

KJK 

KJK 

GSR 

Page, 
Paragraph 

Page x, 
Para. 3 

Page x i i ,  
L ine 1 

Page i x ,  
Para. 1, 
Last  1 i n e  

Comment Summary 

Here and e l  sewhere (e.g., page 7.1 o f  Volume 
2), t h e  d e f i n i t i o n  o f  "standard dev ia t i on "  
i s  confusing. L ine  4 r e f e r s  t o  "SD" i n  Table 
S . l  as "one standard d e v i a t i o n  o f  t h e  
average v a l u e . .  .from 100 dependent runs. " 
Th is  would o r d i n a r i l y  be c a l l e d  a standard 
e r r o r  r a t h e r  than a standard dev ia t ion .  
Comparing t h e  SDs w i t h  the  minima and maxima 
i n  Table S. l  suggests t h a t  t he  SDs i n  the  
t a b l e  are  indeed standard dev ia t i ons  (i .e., 
they  are roughly one- four th o f  t he  
d i f f e r e n c e  between maximum and minimum; 
standard e r r o r s  would be about one- 
f o r t i e t h ) .  Th is  needs t o  be cor rec ted  and 
c l  a r i  f i e d  as necessary throughout both 
volumes o f  t h e  repo r t .  Assuming t h a t  these 
are indeed standard deviat ions,  then I 
recommend the  fo l low ing:  "The values f o r  
each month are the  mean ("Ci/monthn), 
standard d e v i a t i o n  ("SD") , maximum, and 
minimum from 100 independent runs o f  t he  
Source Term Re1 ease Model (STRM) . The values 
i n  Table S . l  f o r  the  t o t a l  re leases f o r  each 
year  and f o r  t he  e n t i r e  pe r iod  1944-1947 are 
based on the  accumulated releases from the  
same 100 runs." 

based on t h e  accumulated' releases from the  
same 100 runs." 
Recommend "...change the  est imated magnitude 
o f  unce r ta in t y  ..." 

Dose o f  i od ine  - -  should be dose "from" 
iod ine .  

Resol u t  i on 

Changed t e x t .  Recomnended 
wording incorporated. 

Replaced " the  window" w i t h  " the  
est imated magnitude" as 
recommended. 
Replaced " o f "  w i t h  "from." 
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Comnent 
Number 

22. 

23. 

24. 

25. 

Comnenter 

MAR 

BS 

MAR 

GSR 

Page, 
Paragraph 

Page x i ,  
Table S . l  

Page 1.4, 
Section 
1.3.1 

Page 1.1, 
Para. 3 

Page 1.1, 
Para. 1, 
L ine 4 

Comnent Sumnary 

Needs more explanation than i s  given by the 
footnote. I n  pa r t i cu l a r ,  an explanation i s  
needed as t o  why the  annual t o t a l s  are not  
der ivab le  from the monthly values. For 
example, i n  1945, why are the annual cur ies  
not  the simple sum o f  the monthly cur ies? 
Are the monthly Ci/month independent random 
var iables from the Monte Carlo runs? The 
annual sigma value i s  much la rger  than the 
sigma der ivab le  from the set  o f  monthlies 
t reated as independent variables. I f  a 
de ta i l ed  explanation i s  given e l  sewhere i n  
the document, i t  should be referenced i n  the 
Tab1 e . 
I s  an exce l lent  review o f  the production and 
separation processes. Ind icate  approximate 
percent o f  1-131 i n  stack gas ( d i r ec t  and 
v i a  v e n t i l a t i o n  a i r )  and remaining i n  
neut ra l  i zed waste. 
The f i r s t  sentence i n  the second paragraph 
i s  imprecisely stated. As w r i t t e n  i t  impl ies  
t ha t  when a selected number o f  rods was 
discharged, plutonium production i n  a l l  o f  
the rods ended. Perhaps i t  could be stated 
as "The amount o f  plutonium i n  the uranium 
fue l  rods increased as the reactor  operated. 
When a group o f  rods reached the desired 
p l  u ton i  um content, they were d i  scharged from 
the reactor ."  
Back ground should be background. 

Resol u t  i on 

Changes made as a r e s u l t  o f  
comment 19 provide an 
explanation. 

NA - Amounts o f  1-131 released 
d i r e c t l y  and v i a  the canyon 
v e n t i l a t i o n  system are discussed 
i n  d e t a i l  i n  Section 4.3. 

Wording c l  a r i  f i e d  as requested. 

Changed "back ground" t o  
"background. " 
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NA - No ac t ion .  

Comnent 
Number 

26. 

27. 

28. 

29. 

30. 

Comnenter 

MAR 

MAR 

GSR 

MAR 

MAR 

Page, 
Paragraph 

Page 1.2, 
Para. 4, 
L ine  2 

Page 1.3, 
1s t  b u l l e t ,  
Last 
sentence 
Page 1.4, 
Para. 1, 
L ine  5 

L ine  6 

Page 1.4, 
Para. 1, 
L ine  6 

Page 1.5, 
Para. 2, 
L ine 4 

Page 1.5, 
Last para., 
L ine 5 

Comnent Sumnary 

The l a s t  f i g u r e  I thought Bruce Napier 
quoted f o r  t h e  f r a c t i o n  o f  t h e  dose due t o  
t h e  1944-1947 re lease o f  1-131 was 98%. I f  
so, t h a t  i s  a much s t ronger  statement than 
"over 90%, even i f  t h e  l a t t e r  i s  t rue .  
Replace "That data1' w i t h  "Those data." 

Large g raph i te  cubes each with.. . 

Dele te  sentence "Heat was produced.. . Th is  
i s  s ta ted  l a t e r  and b e t t e r  as "thermal 
energy ..." 
Replace "Heat was produced by a neutron 
chain r e a c t i o n  i n  t h e  uranium." by "Heat was 
produced by the  f i s s i o n i n g  o f  U-235 i n  t h e  
reac to r .  " I n  add i t ion ,  wherever f i ssioning 
i s  ascribed t o  uranium as a gener ic  element, 
i t  should be replaced by U-235. 
Add " h o r i z o n t a l l y "  a f t e r  "flowed. " 

Replace "displaced" w i t h  "pushed." This 
would exp la in  why t h e  r e f u e l i n g  was c a l l e d  a 
"push. 

Resol u t i o n  

Agree. Changed. 

"That datan replaced by "The," 
" i s n  replaced by "are." 

Added "eachn f o r  c l a r i f i c a t i o n .  

"Heat wasn ' rep1 aced w i  t h  
"Neutrons were. " 

Addressed under comment 28. 

Added "ho r i zon ta l l y . "  

Rep1 aced " d i  sp l  aced" w i t h  
"pushed." 
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- - - -- -- - - - 

Comment 
Number 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

Comnenter 

GSR 

KJK 

GSR 

BS 

MAR 

KJK 

MAR 

Page, 
Paragraph 

Page 1.6, 
Para. 5, 
L ine 3 
Page 2.2, 
Para. 2, 
L ine 1 
Page 2.2, 
Para. 4, 
L ine 4 
Page 2.4, 
Para. 5, and 
Page 2.6, 
Para. 1 
Page 2.6, 
Last 1 i ne  
Page 2.6, 
Para. 4, 
L ine 3 
Page 2.7,' 
1 s t  para., 
Top o f  page 

Comnent Sumnary 

"Canyon" - -  put  i n  g lossary o r  r e f e r  t o  
somewhere. 

Change "date" t o  "data." 

"Or ig inal  " i s  spe l led wrong. 

Appears t ha t  informat ion f o r  per iod missed 
by L indv ig  and G.E. I f  true, s t a te  so (I 
note t h i s  i s  t r u e  - page 4.11). 

Add " t o t a l n  before "p i l e . "  

Delete quote marks around " d i s t r i b u t i o n  
funct ion." 

Some more words are needed t o  exp la in  how RM 
pred ic ts  the 1-131 content o f  the discharged 
fue l .  I n  pa r t i cu l a r ,  how the discharged fue l  
batch i s  located w i t h  respect t o  i t s  
i r r a d i a t i o n  pos i t i on  i n  the reactor ,  and 
there fore  t o  i t s  operat ing power dens i ty  . 
The discussion i n  Section 2.4 does not  
r e a l l y  g i ve  the f u l l  explanation o f  the 
algor i thm i n  RM. 

Resol u t i  on 

Rep1 aced "canyon" w i t h  
"bui ld ing."  

Changed "date" t o  "data." 

Spe l l i ng  o f  " o r i g i n a l "  
corrected. 

C i t a t i o n  e r r o r  corrected. 
"L indv ig  1945, 1946" changed t o  
"B i rd  1945." 

Added " t o t a l  ." 
Quotes removed. 

Appendix A provides de ta i l ed  
informat ion on the reactor  
model. Added reference t o  
Appendix A. 
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SUMMARY OF TECHNICAL STEERING PANEL COMMENTS AND BATTELLE PAC I F  I C  NORTHWEST LABORATORIES RESPONSES 

Document Number PNWD-2033 HEDR Document T i t l e  Iodine-131 Re1 eases from the Hanford Si te,  1944 Throuqh 
1947, Vol. 1 Text, Vol. 2 Data 

NA - No ac t i on .  

Comment 
Number 

38. 

Comnenter 

KJK 

Page, 
Paragraph 

Page 3.1, 
Para. 3 

Comment Sumnary 

The f a c t  t h a t  the estimated uncer ta in ty  i n  
the release data i s  r e l a t i v e l y  small does 
no t  by i t s e l f  assure t ha t  " the computed 
value encompass the actual value w i t h  a h igh 
degree o f  confidence," o r  even (worded 
perhaps more ca re fu l l y )  t ha t  the range o f  
computed values encompass the actual value. 
The accuracy ob ject ive  cannot be proven t o  
have been met. One must assume also t ha t  the 
various input  parameter values are 
accurately estimated and t h e i r  uncer ta in t ies  
reasonably represented. Also, i n  1 ine  4, 
co r rec t  spe l l i ng  o f  "uncerta int ies."  

Resol u t  i on 
Replaced "degree o f  confidencen 
w i t h  "probabi 1 i ty .  " 

Corrected spe l l  i ng o f  
"uncerta int ies.  " 
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SUMMARY OF TECHNICAL STEERING PANEL COMMENTS AND BATTELLE PACIFIC NORTHWEST LABORATORIES RESPONSES 

Document Number PNWD-2033 HEDR Document T i t l e  Iodine-131 Re1 eases from the Hanford Si te.  1944 Throuqh 
1947, Vol . 1 Text, Vol . 2 Data 

Comment 
Number 

39. 

40. 

Commenter 

MAR 

GSR 

Page, 
Paragraph 

Page 3.1, 
Section 3.1 

Page 3.2, 
Para. 2, 
L ine 3 

Comment Summary 

The f ac t  t h a t  one S.D. was w i t h i n  10% o f  the 
mean o f  the releases i s  a statement o f  the 
rep roduc ib i l i t y  o f  the ca lcu la t ion,  not  i t s  
agreement w i t h  " t ru th . "  The ca lcu la t ion  does 
not  sample from actual releases. Thus we 
have no assurance t h a t  the computed value 
encompasses the actual value. We have some 
good corroborat ing evidence i n  the 
compari son between ca l  cu l  ated and reported 
discharge masses, but  t ha t  i s  about a l l .  It 
i s  also not  obvious why the comparison w i t h  
Anderson i s "requi red. " What o r  who requires 
i t ?  The ca l cu la t i on  reported i n  t h i s  repor t  
i s  much more de ta i led  than Anderson's, and, 
I suspect, much more re l i ab le .  The 
comparabi 1 i t y  ob jec t i ve  seems t o  have been 
set more due t o  h i s t o r i c a l  re l iance on 
Anderson than on any theore t i ca l  o r  
engineering basis. I f  the comparison i s  
s t r i c t l y  by f i a t ,  then i t  should be made 
clear.  I f  there i s  a theore t i ca l  basis, then 
t ha t  should be explained. 
What i s  meant by peer review? 

Resol u t i  on 

Changes made under comment 38 
address the i n a b i l i t y  t o  compare 
w i t h  t r u e  values which are, as 
co r rec t l y  stated i n  t h i s  
comment, unknown. The comparison 
w i t h  Anderson was mandated by 
the scope o f  work and was 
included there f o r  h i  s t o r i  cal  
reasons. "The required" removed. 

Added paragraph de f in ing  peer 
review on Page 3.3. 
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SUMMARY OF TECHNICAL STEERING PANEL COMMENTS AND BATTELLE PACIFIC NORTHWEST LABORATORIES RESPONSES 

Document Number PNWD-2033 HEDR Document T i t l e  Iodine-131 Releases from t h e  Hanford S i te .  1944 Throuqh 
1947, Vol. 1 Text, Vol. 2 Data 

Comnen t 
Number 

46. 

47. 

48. 

49. 

Comnenter 

GSR 

GSR 

MAR 

GSR 

Page, 
Paragraph 

Page 4.25, 
Para. 1, 
L ine  1 

Page 4.3, 
Para 3., 
L ine  6 
Page 4.3, 
Last  para, 
L ines 2-3 

Page 4.4, 
Para. 3, 
L ine  5 

Comnent Sumnary 

I guess t h i s  measurement o f  i od ine  i n  the  
stack was complex enough so t h a t  i t  was done 
on ly  i n f requen t l y .  Otherwise, why could i t  
no t  be used t o  est imate i od ine  releases. 
This should be c l a r i f i e d  i n  t h e  document. 

Equation (3) should be (4.3). 

The on ly  e x p l i c i t  values g iven f o r  t h e  
peaking f a c t o r  i s  Table A. l  f o r  t h e  25 r i n g  
model which g ives values between 1.5 and 
0.5. To r e f e r  t o  Appendix A f o r  t h e  purpose 
o f  page 4.3, e x p l i c i t  reference t o  t h e  244 
r i n g  model should be made. 
P i l e  power (DPP) - -  why w r i t e  i t  ou t  when i t  
was def ined above? From here on the re  are a 
l o t  o f  incons is tenc ies  w i t h  regard t o  use o f  
an acronym especi a1 l y  PF. For example on 5.1 
peaking f a c t o r s  should be shown as an 
acronym and then used as PF from the re  on. 

Resol u t i  on 

The measurement was in f requent  
as surmised i n  t h e  comment. The 
technique i s  i nhe ren t l y  l e s s  
accurate than t h e  method used by 
Kirkendal  . I n  us ing re lease 
f a c t o r s  est imated from the  
Kirkendal  data, a more accurate 
est imate o f  t h e  released iod ine-  
131 i s  achieved than would be 
poss ib le  were the  stack 
measurements used (see p. 4.27). 
Changed t o  4.3. 

Reference made t o  f u l l  244-r ing 
model as suggested. 

Second d a i l y  p i l e  power changed 
t o  DPP as suggested. 



APPENDIX C Page 13 o f  21 

SUMMARY OF TECHNICAL STEERING PANEL COMMENTS AND BATTELLE PAC I F  I C  NORTHWEST LABORATORIES RESPONSES 

Document Number PNWD-2033 HEDR Document T i t l e  Iodine-131 Releases from the Hanford Si te,  1944 Throuqh 
1947. Vol . 1 Text, Vol . 2 Data 

NA - No a c t i o n .  

Comment 
Number 

50. 

51. 

Comnenter 

BS 

KJK 

Page, 
Paragraph 

Page 4.5 

Page 4.6, 
Lines 8-9 
from bottom 

Comnent Sumnary 

I f  d a i l y  uncer ta in t ies  o f  50% t o  f ac to r  o f  
2, and monthly are 6-lo%, and year l y  5% why 
do we need t o  use hour ly  met data? Would no t  
d a i l y  be s u f f i c i e n t ?  I s t i l l  do not  
understand t h i s  problem - t ha t  i s  the use o f  
hour ly  met data. Seems t o  me t h a t  f o r  
dosimetr ic  evaluat ion even monthly re1 eases 
are adequate. This sure ly  would reduce our 
database and the ... o f  the computer code. 

Can the 1-131 content o f  the " s l i g h t l y  
i r r a d i  atedn slugs dissolved p r i o r  t o  
December 26, 1944 be estimated? I f  i t  can 
be, then i t  should be, t o  strengthen the 
assert ion t h a t  i t  was i ns i gn i f i can t .  

Resol ut  i on 

NA - To avoid the loss-of -  
co r re l a t i on  a r t i f a c t  between 
loca t ion  and t ime which occurred 
i n  the Phase I dose estimates, 
informat ion cannot be averaged 
o r  represented as a d i s t r i b u t i o n  
funct ion a t  the source, 
t ransport ,  bio-uptake, and dose- 
ca lcu la t ion  steps. Rather, each 
source term " rea l  i za t i on "  must 
be preserved through t o  the 
f i n a l  dose ca lcu la t ion  step. The 
a v a i l a b i l i t y  o f  hour ly met data 
forced development o f  an hour ly 
source term. 
NA - The o r i g i n a l  references 
v e r i f y  the low iodine-131 
content o f  the C l in ton  Tracer 
materi  a1 . The iod ine content 
cannot be estimated without some 
power h i s t o r y  data from the Oak 
Ridge a i r -coo l  ed reactor  
operation. Such a reconstruct ion 
could be done provided the 
references a t  Oak Ridge ex is t .  
The low iodine content (16 
MWd/ton) o f  t h i s  spent fue l  does 
not  j u s t i f y  such a 
reconstruct ion. 
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SUMMARY OF TECHNICAL STEERING PANEL COMMENTS AND BATTELLE PACIFIC NORTHWEST LABORATORIES RESPONSES 

Document Number PNWD-2033 HEDR Document T i t l e  Iod ine-  131 Re1 eases from t h e  Hanford S i te .  1944 Throuah 
1947, Vol. 1 Text, Vol. 2 Data 

Comment 
Number 

52. 

53. 

54. 

55. 

56. 

57. 

Commenter 

GSR 

KJK 

KJK 

KJK 

KJK 

KJK 

Page, 
Paragraph 

Page 4.7, 
Para. 1, 
L i n e  8 

L i n e  16 

Last  para., 
l a s t  l i n e  
Page 4.13, 
PHY SICSN 

Page 4.14, 
Para. 2, 
L ines 2-3 

Page 4.14, 
Para. 3, 
L ine  5 
Page 4.17, 
DLENGTH, 
L ine  2 

Page 4.20, 
L ine  1 

Comnent Summary 

1946 should be 1945. 

We - -  don' t  use f i r s t  person unless you are 
consistent .  

L i s t s  should be l i s t .  

The constant i n  equation 4.3 i s  24200, n o t  
24174. Use the  same value here and i n  
equations 4.2 - 4.4. 
For c l a r i t y ,  "...Monte Car lo pass. The 
dura t ion  o f  d i s s o l v e r  c u t  I, denoted TD, i s  . . ." The terminology " t ime t o  d isso lve"  
might be confused w i t h  t ime t o  the  s t a r t  o f  
a cut .  
"...PROFILE (I, J) over J=1, ..., TD(1) i s  
normal i zed. . . " 
I n  1 i ne  2, "+4 days" should be "24 hours." 
Regarding t h e  tab le ,  co l l aps ing  b i n s  under 
"Bin 1" doesn't  produce t h e  values f o r  8.0- 
10.0 and 10.0-12.0 under "Bin 2." Shouldn't 
they be cons is tent?  

I s  "Successive values could no t  change by 
more than one-hal f  o f  t he  mean value" more 
co r rec t?  

Resol ut  i on 

Changed t o  1945. 

E l iminated "we." 

Changed "1 i s t s "  t o  "1 i s t  ." 
A1 1 rounded 24200 changed t o  
24174. 

Wording changed f o r  c l a r i t y  as 
suggested. 

Index L was an e r r o r .  Changed 
t o  I. 

Changed "days" t o  "hours. " 

Typographical e r r o r  i n  DLENGTH 
t a b l e  corrected: 9-10 had 2 
ins tead o f  1 and 10-11 had 1 
ins tead o f  2 which agrees w i t h  
B i n  2. 
Changed "be" t o  "change by" as 
suggested. 
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SUMMARY OF TECHNICAL STEERING PANEL COMMENTS AND BATTELLE PACIFIC NORTHWEST LABORATORIES RESPONSES 
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NA - No a c t i o n .  

Comment 
Number 

58. 

59. 

Comnenter 
KJK 

KJK 

Page, 
Paragraph 

Page 4.20, 
L ines 5-11 

Page 4.22, 
MASS, Para. 
1, L ine  5 
from bottom 

Comnent Sumnary 
Sta te  here t h a t  i n  each r e a l i z a t i o n ,  t he  
values o f  PROFILE (L,J) were d i v i d e d  by 
c,PROFILE (L, J) . 
F igure  4.3 i s  a p l o t  ..." 

Resol u t  i on 
Sentence added as suggested. 

Added "a" as suggested. 
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Document Number PNWD-2033 HEDR Document T i t l e  Iodine-131 Re1 eases from the Hanford S i te ,  1944 Throuqh 
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NA - No a c t i o n .  

Comment 
Number 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

Comnenter 

MAR 

MAR 

MAR 

MAR 

MAR 

MAR 

MAR 

MAR 

Page, 
Paragraph 

Page 4.5, 
ECT, Next t o  
1 as t  
sentence 

Page 4.5, 
ECT, Last 
sentence 

Page 4.5, 
4 th  l i n e  
from bottom 
Page 4.8, 
Lines 1-2 

Page 4.8, 
Para. 2, 
Lines 4-5 
Page 4.11, 
Lastpara.  

Page 4.12, 
2nd l i n e  o f  
t e x t  
Page 4.13, 
PHYS ICSN 

Comnent Sumnary 

As wr i t ten ,  i t impl ies  t h a t  spec i f i c  repor ts  
addressing issue o f  v a r i a t i o n  i n  ECT were 
no t  w r i t t e n  by HEDRP. Suggest rep lac ing "not 
w r i t t en "  by "never w r i t t enn  t o  r e f e r  t o  
h i s t o r i c a l  case. 
The d i s t r i b u t i o n  i s  uniform---." Why? 
Suggest "A uniform d i s t r i b u t i o n  w i t h  a + 10% 
range around the reported d a i l y  value was 
selected f o r  ECT." 
Add "o f "  a f t e r  "Reports." 

Who concluded? Suggest " I n  the HEDR 
reconst ruc t  ion, i t  was concluded t h a t  6.03 
tons.. ." 
Suggest " I n  the HEDR reconstruct ion,  i t  was 
concluded t h a t  6.67 tons.. . 
An e x p l i c i t  equation(s) f o r  the algor i thm i s  
required. As i t  now i s w r i t t e n ,  the 
algori thms i s  not  very c lear .  The 
desc r ip t ion  seems e n t i r e l y  a rb i t r a r y ,  and 
the j u s t i f i c a t i o n  i s  unclear. 
What i s  the per iod r e fe r red  to? See comment 
67. 

24174 (5 s ig .  f i g s . )  i s  not  consistent  w i t h  
24200 given e x p l i c i t l y  i n  eq. 4.3. I n  
sentence: are "er rors"  o r  "uncerta inty"  
being r e fe r red  to?  

Resol u t  i on 

Changed "notn t o  "never." 

Changed " i s "  t o  "was selectedn 
as suggested. 

Added "of." 

Changed t o  passive voice as 
suggested. 

Changed t o  passive voice as 
suggested. 

Changed wording f o r  greater  
c l  a r i  t y .  

The per iod i s  monthly and now so 
denoted i n  the t ex t .  

Changed eq. 4.3 t o  24174. 
Changed "er rors"  t o  
"uncerta inty.  " 
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SUMMARY OF TECHNICAL STEERING PANEL COMMENTS AND BATTELLE PACIFIC NORTHWEST LABORATORIES RESPONSES 

Document Number PNWD-2033 HEDR Document T i t l e  Iodine- 131 Re1 eases from the Hanford Site. 1944 Throush 
1947, Vol. 1 Text, Vol. 2 Data 

NA - No action. 

Comment 
Number 

82. 

83. 

84. 

85. 

Comnenter 

BS 

MAR 

MAR 

JET 

Page, 
Paragraph 

Page A.3 

Page A.3, 
Item 4 

Page A.5, 
Para. 2, 
1 ast  
sentence 

Page A.5, 
Para. 3, 
Lines 4-5 

Page 2.5, 
Figure 2.2 

Comnent Summary 

I assume tha t  f i r s t  r i n g  i s  the cent ra l  one 
and l a s t  r i n g  i s o u t e r o n e .  Pre t t y  obvious, 
I think,  but  may want t o  state.  

Table A. 1 re fe r s  t o  a s p a t i a l l y  constant 
power. Some more words are needed t o  c l a r i f y  
t ha t  a l l  t h a t  i s  being re fe r red  t o  i s  the 
d i v i s i o n  o f  an actual reactor  w i t h  s p a t i a l l y  
vary ing power i n t o  equal area r ings.  
Suggest "For each r i n g  the peaking f ac to r  i s  
1 i near ly  proport ional  t o  PO. " 

Suggest (where the cent ra l  r i ngs  get  more 
power than the outer r i ngs  according t o  a 
normal ized Bessel funct ion) ; i .e., t h i s  term 
i s  a m u l t i p l i e r  f o r  d i s t r i b u t i n g  actual p i l e  
power. 
I l i k e  t h i s  f i gu re  because i t  was apparently 
made from an o r i g i na l .  Do we have one 
s im i l a r  t o  i t  tha t  has be t t e r  reso lu t ion? I f  
so, we should put i t  i n .  

Resol ut  i on 
NA - Ring 1 i s  designated as the 
highest power r i n g  and the 
highest  powered r i n g  i s  stated 
t o  be i n  the center. 
NA - The f a c t  the r e l a t i v e  
powers add up t o  the number o f  
r i n g s  i n  Table A . l  indicates 
t h a t  the r i n g  powers are 
normal i zed. 
Made the recommended changes. 

Incorporated. 

Provided a copy o f  Figure 2.2 
w i t h  be t t e r  resolut ion.  
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