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AX ANALYSIS OF ENERGY STORAGE i'WD ITS EFFECTS TT\? 
TI33 PROPOSED NATIONAL RADIOACTIVE WASTE RFSOSPTORY 

J. 0. Blomeke, E. Sondev, J. P, Nichols, S .  Lindeabaum, 
X. S. Dillon, E.  D. Arnold, and €I. P. Soard 

ABS TRAC T 

Energy s to red  i n  so l id s  as a consequence of rad ia t ion  damage 
within c r y s t a l  l a t t i c e s  may be released as t h i s  darnage i s  annealed 
at higher temperatures. Based both on t h e o r e t i c a l  considerations 
and experimental measurements t h e  qmantity of energy which corzld 
be s tored  i n  the  proposed salt  mine repos i tory  i s  small, Analyses 
based on upper-l imit  values of s tored  energy show t h a t  i t s  re lease  
under t h e  most pess imis t ic  conditions would have no ser ious conse- 
quences. Some additional. work i s  rewired ,  however, t o  establish 
ac tua l  values fo r  energy storage i n  the  salt and s o l i d i f i e d  wastes 
under t h e  t r ans i en t  thermal and r ad ia t ion  conditions tha t  w i l l  
p r e v a i l  i n  t h e  Repository. 

1. INTRODUCTION 

Stored energy, as used i n  t h i s  r epor t ,  r e f e r s  t o  energy stored i n  

i r r a d i a t e d  so l id s  due t o  the introduct ion of defects  and other disorder 

which w i l l  give a negative contr ibut ion t o  t,he spec i f i c  heat  of the  s o l i d  

when the  l a t te r  i s  w a r m e d  subsequent t o  t h e  i r r a d i a t i o n ,  Ln some cases 

(pa r t i cu l . a r~y  i n  s t rongly c o v d e n t  crystalls i n  which l a r g e  smounts of energy 

can be s to red ) ,  all of the energy can be released with a r e l a t i v e l y  Low 

i n i t i a t i n g  temperature s ince t h e  i n i t i a l  energy r e l ease  can heat  the so l id  

s u f f i c i e n t l y  t o  t r i g g e r  energy r e l eases  a t  successively higher trainsit ion 

temperatures. I n  t h e  case of long-term storage of rad ioac t ive  wastes, it 
i s  important t o  know how much energy can be s tored  a t  sa tura t ion  i n  the  

materials t h a t  w i l l  be i n  t h e  r ad ia t ion  f i e l d  and thermal environment o€ 

the Repository. 

r ad ia t ion  removes a s  much energy by r ad ia t ion  annealing as i t ;  supplies by- 

r ad ia t ion  damage.) The materLals in question a re  the  glass oi+ ceramic boule 

containing the  radionuclides,  t h e  metal container ,  and the s w r a m d i n g  sal t .  
The temperature of  t he  wastes and t h e i r  conzainers w i l l  be from 600 t o  g00"C 
i n i t i a l l y  and will decrease t o  less thm 500°C in about 13 yea-rs, while t h e  
temperature of  t h e  s a l t  w i l l  range between 20 and 350"C, depending on i t s  

proximity t o  t h e  waste and t hc  themal power ol: t he  sour-('e. The roaximnrn 

(We define saturation as t h a t  leve l  of damage a t  which the 

accumulated r ad ia t ion  dose i n  s a l t  w i l l  range from 2 x i d i z  rads adjacent. 

t o  t h e  wastes t o  about 62 rads at  a distance of  5 f t .  
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2 .  A BRIEF REVIEW OF TKF: LITERATURE 

Most previous work has been concerned with t w o  subjec ts :  (I) s to red  

energy i n  metals produced by i r r a d i a t i o n  a'L l i q u i d  heliiun temperatures; 

( 2 )  study of graphi te  irradiated at and above room temperature. 
a t y p i c a l  metal, t h e  mobili ty of defec ts ,  p a r t i c u l a r l y  i n t e r s t i t i a l s ,  i s  

high enough t h a t  approximately ha l f  of the  s tored  energy i s  re leased  
between 30 and 50°K. Although the re  have been no i r r a d i a t i o n s  heavy 

enough t o  approach s a t u r a t b n ,  one can estimate Ynat i f  t he re  were about 

I.% Frenkel p a i r s  produced, a total energy of about 1.0 cal /g  would be 

re leased  between 30 and 50°K o r  t h a t  approximately a . t o t a l  of 20 cal/g 

In copper, 

could be s tored  by low-temperature heavy-part8icle i r rad ia t ion . '  

extensive work has been done with graphi te .  This mater ia l ,  being 

covalently bonded and havi.ng a much higher melting poin t  ( a i d  tinerefore, 

cohesion) than metals,  will r e l ease  damage at much higher temperatures, 

r e t a in ing  some up t o  2000°C. For i . r rad ia t ion  in -the v i c i n i t y  of room 

temperature, c lose t o  700 ca.l/g can be s tored;  but i.f t h e  i r r a d i a t i o n  

i s  performed at 250°C, only one-third of t h i s  amoun-t i s  re ta ined .  

F a i r l y  

2 

With the  exception of the  above-men-iioned work with metals and 

graphi te ,  very few measurements have been made of s tored  energy i n  

so l ids .  

between room .temperature and 400°C i n  N a C l  t'nat has been heavi ly  

iyrad ia ted  with protons a t  room temperature. Bunch a!?d Pea r l s t e in  

have compan?d t h e  F-center concentration i n  x-ray -irradiated N a C l  with 

tne s tored  energy and.  give a value of 12.4 eV per E' cent,er (4.7 x 
cal /F cen te r ) .  

( r e f .  5 ) ,  'chis would y i e ld  a sa tu ra t ion  s tored  energy of 4 cal/g.  

Kobayashi3 repor t s  an energy r e l ease  of 2 -Lo 2-1/2 ca l /g  

1-t 

For a sa tu ra t ion  concentration of 2 x 1019 F cent;ers/cm3 

A Possible Way t o  Estimate Stored Energy i.n Other Solids.  - It i s  

genera l ly  agreed t h a t  by f a r  t he  major p a r t  of energy s tored  i n  i.rrad?'.- 

a ted  crysta.1.s stems from tile c rea t ion  o:P poin t  defects .  For every atom 

or ion t h a t  has been removed from a normal (minimum energy i n  a -t;iiermo- 

dynamic sense) l a t t i c e  pos i t i on ,  the c r y s t a l  increases  i t . s  energy 'oy an 

m o m t  corresponding -to %he energy of b5ndi.cg of t h e  atom or  ion rin t he  

c r y s t a l .  In addi t ion ,  when an atom or ?.on i s  displaced t o  an i . r i t e rs l i . t i a l  



s i t e  the c r y s t d  energy may be r a i s e d  due t o  r e s u l t i n g  s t r a i n .  The 

t o t a l  energy s tored  i s  less than t h e  sum of these  two e f f e c t s  s ince  

the re  w i l l  be some amount of binding of t h e  displaced atoms or ions 

t o  l a t t i c e  atoms or to each other .  

In m e t a l s  where complete re laxa t ion  of t he  e l ec t ron ic  s t ruc tu re  

takes  place when an atom i s  displaced ( i . e . ,  where no charged poin ts  c m  

be creaked),  both the  vacancy and i n t e r s t i t i a l  energies m e  ch ie f ly  

e l a s t i c  and a re  correspondingly s m a l l  (for example, -20 ca l /g  for copper 

containing 1% Frenkel p a i r s  ) . 
c r y s t a l s ,  where bonds are broken and e lec t rons  a re  consequently l e f t  

i n  f r e e  ion- or f r e e  atom-like s t a t e s ,  t h e  energy s tored  i s  much g rea t e r ,  

We can estimate what s tored  energy to expect from these  broken bonds by 

assuming t h a t  f o r  each vacancy created,  the c r y s t a l  gains energy equal 

t o  t h e  cohesive energy of one atom or io!?. The heat of sublimation, 

which can be measured experimentally and i s  tabula ted  i n  many handbooks, 

i s  c lose ly  r e l a t e d  to t h e  cohesive energy, and can a l s o  be used. In 

Table 1 we l i s t  cohesive or sublimation energies fo r  a number of mater ia ls  

t o  give some idea  of t h e  range of energies t h a t  might be s tored  in various 

mater ia l s ,  

sublimation) energies.  

value since with such a degree of disorder t h e  c r y s t a l  e i t h e r  breaks up, 
becomes amorphous, or i s  healed by t h e  r ad ia t ion  a t  t h e  same r a t e  as 

damage i s  created.  For t h e  case of copper and graphi te  this reasoning 

seems t o  l ead  to agreement with the  measured values.  

t he  sa tu ra t ion  vacancy concentration 9s known to be O.lZ%, agreement i s  

a l so  within 50%. 

In insu la tors  , p a r t i c u l a r l y  covalent 

The fourth column of t h e  t a b l e  l i s t s  1% of the cohesive (o r  

One expects 1-5% Il'renkel p a i r s  to be a sa tura t ion  

For N a C l ,  where 

3. EXPERLMENTAL 

Sodium Chloride. - Rock sa3.t samples i n  t h e  v i c i n i t y  OS t he  waste 

containers i n  t h e  Project  Salt Vault experiment consist of f a i r l y  pure 

sodium chlor ide.  To a sce r t a in  t h e  p u r i t y  of these  sampLes, gravimetrie 

chlor ide analyses were performed on uni r rad ia ted  and i r r a d i a t e d  (8 x 10'' 
r ads )  scvnples from t h e  mine. 

were found, respect ively.  These values may be compared with the chlor ide 

- 

Values of 60,4 +, 0 . 2  and 60.6 - f 0,2% C1 



Ta3le 1. Estinates of Stored Er,ergy i n  Various Solids a t  Saturat ion 

Estimated Energy Measured 
Cohesive Heat of  Stored fo r  1% Stored 

Material Energy Su'alinat ion Freckel P a i r s  Energy Ref. 
(K ca l /g ja  (K c a l / d  ( c 4 g )  (cal/g j 

1.55 
1.28 

1.14 

2.62 

6.00 
6.5b 
6.66 
20 1. 4 

15 
13 
? ?  
2.L 

26 

60 

65 
67 
2 oc 

c 

?For ionic  so l id s  t h e  cohesiire energy i s  ca lcu la ted  wtth respect  t o  separated atoms. 

bl"r,e measured value for stage 1 annealing i s  -10 cai /g .  It i s  assmied abou% one-half 
of she dafiage anneals i n  s tage 1. 

T ~ ? S  i s  for a sz tu ra t ion  vacancy concentration of 0.12%. C 
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content of pure N a C l  (60.66% C l ) .  

purpose of s tored energy measurements by so lu t ion  calorimetry,  t he  saraples 

may be considered to be pure water-soluble N a C l .  

These analyses suggest t h a t  f o r  t h e  

Stored energy can therefore  be measured by determining t h e  difference 

between t h e  hea t  of so lu t ion  of  t he  irradiated and uni r rad ia ted  samples 

i n  a so lu t ion  calorimeter.  Samples of 0.2 g of s d t  were dissolved i n  

500 g of water i n  t h e  so lu t ion  calorimeter.  The l i t e r a t u r e  v d u e  f o r  t h e  

heat of t h i s  d i sso lu t ion  for pure NaCl i s  16.48 cal /g .  

f o r  un i r rad ia ted  rock sal t  from t h e  Lyons, Kansas mine j s  162 cal/g.  

Our measured v&ue 

Two s e r i e s  of samples were s tudied  by t h i s  method. '&e f i r s t  series 

consis ted of samples of synthet ic  N a C l ,  a l l  cleaved from the  same s ingle  

c r y s t a l  and i r r a d i a t e d  with 2-MeV e lec t rons  from t h e  ORNL e lec t ron  V a n  

de Graaff acce lera tor .  Samples were i r r a d i a t e d  at two d i f f e ren t  dose 

rates, a t  a number of temperatures between room temperat;ure and l O O " C ,  

and t o  a number of d i€feren t  t o t a l  doses. The r e s u l t s   we summmized 

i n  Fig. 1, where d i f f e ren t  point  symbols are used to i nd ica t e  t h e  d i f f e r -  

en t  i r r a d i a t i o n  conditions.  It i s  c l ea r  tha t  the  s tored  energy sa tu ra t e s  

with dose and t h a t ,  even f o r  doses up t o  loL1 rads ,  no more than 2 t o  
3 cal /g  can be s tored.  

behaves with respect  to i r r a d i a t i o n  conditions i n  a fashion s i m i l a r  t o  

that  for F-center production. That i s ,  the  enelpgy storage becomes 

g rea t e r  as t h e  dose r a t e  i s  increased or t he  sample temperature during 

i r r a d i a t i o n  i s  lowered. 

These preliminary data suggest t h a t  s tored  energy 

10 

The second s e r i e s  of samples consis ted of rock sa l t ;  f r o m t h e  Lyons 

mine, i r r a d i a t e d  e i t h e r  with 1- to 2-MeV e lec t rons  or i.n t he  mine under 

"Project S a l t  Vault" conditions.  

temperatures near o r  above 200°C during i r r a d i a t i o n .  

that, at these  e leva ted  temperatures, vacancy defec ts  can aggregate. 

In  f a c t ,  the  yellow color normally present  and a t t r i b u t e d  to s ingle  

vacancies i s  not  observed i n  such samples; instead,  a deep blue co lo r ,  
which i s  thought to be due t o  vacancy aggregates o r  so-cal led metal 

co l lo id  centers ,  r e s u l t s .  In Table 2 we l i s t  r e s u l t s  of o w  prel imi-  

nary measurements from which we can draw the following conclusions: 

Most of these  samples were held a t  

it i s  wel l  known 
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Table 2 ,  Stored Energy Measurements i n  Bock S a l t  
by Solution Calorimetry 

I r r ad ia t ion  Temp. Dose Stored Energjr 
Sample ( " c )  ( r a d s )  ( c a l / g )  

Electron- I r r a d i  a ted  Samples 

250 t 150 
a50 A 150 
250 i 150 

VOB 
VOC 

Vl 
v2 

210 2 10 2.5 x loe 
210 2 10 
210 2 LO 
210 2 10 
210 2 10 
210 2 10 

2.6 x io lo  
7.2 x l o l o  
7.2 x 1010 
7.2 x 1010 
7. z x 1010 

14 
1.6" 
i7b 

3.0 
2 . 1  
4.. 3 

0.6 
5.8 
7.5 
3.6 
2.6 
2,2 

Projec t  S a l t  Vault Samples 

Hole 10 1 2  5 
(7-1/2 f t  depth) 

Hole 4~ 165-200 
(11 f t  depth) 

Hole 4B 165-200 
(9-1/2 to 11 ft 
depth ) 

8 x 107 0 

g x lo* 0 

3 x Icd 0 

Heated a t  250°C for  7 hr subsequent t o  irradiation. 

Stored a t  room temperature f o r  78 days. 

a 

b 
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1. Samples i r r a d i a t e d  at dose r a t e s  t h ree  o r  f ou r  orders of 

magnitude higher than t h e  dose r a t e  an t i c ipa t ed  i n  t h e  

d isposa l  f ac i l j - t y ,  and t o  t o t a l  doses > lo lo  rads,  exh ib i t  

amounts of s to red  energy i n  -the range of 2 t o  1 4  cal/g.  

Tlnere i s  a l a rge  v a r i a t i o n  i n  t h e  energy s to red ,  even f o r  

samples i r r a d i a t e d  under i d e n t i c a l  conditions. It i.s not 

ye t  c l e a r  whether t h i s  i s  due t o  the f a c t  t h a t  d i f f e r e n t  

pieces of Lyons sa l t  behave d i f f e r e n t l y  o r  whether at these 

temperatures (a t  which vacancy c l u s t e r  nucleation i s  undoubt- 

edly of a determining character f o r  energy s torage)  -very 

s m a l l  va r i a t ions  i n  impurity content wil-1- cause l a r g e  changes 

i n  the  r e l a t i v e  r a t e s  of defect production and annealing. 

It j.s of i n t e r e s t  t h a t  the color of these  sanrples i s  not 

uniform; fo r  example, a s ing le  p iece  of j - r rad ia ted  N a C l  w i l l  

ha-v-e both near ly  uncolored and very d.arkly colored por t ions .  

2 .  Annealing of irra,diated N a C l  near o r  above t h e  irrad.iation 

temperature of  250°C causes some of t he  s to red  energy t o  

disappear. A s  shown i n  Table 2 ,  sample V B (which w a s  a 

piece o f  VoA a f t e r  i r r a d i a t i o n )  r e t a ined  only 11% of the  

s to red  eneygy a f t e r  a,nnealing f o r  7 h r .  This l a r g e  d i f f e r -  

ence i s  probably s i g n i f i c a n t ,  whereas t h e  f a c t o r  of 2 decrease 

shown fo r  sample VoC (which was a l s o  a piece of VoA a f t e r  

i r r a d i a t i o n )  a f t e r  standing a t  room temperature f o r  78 days 

may be due t o  general  s c a t t e r .  

0 

3. Samples i r r a d i a t e d  with phot;ons i n  the  s a l t  mine t o  l e s s  than 

lo9 rads do not exh ib i t  any s i g n i f i c a n t  s-Lored energy. 

should. be pointed out t h a t  most of t he  i r rad i -a t ion  occurred 

while t hese  samples were warmed from approximately 75 t o  1.50°C, 

and t h a t  only during t h e  la& few days of a 500-day i r r a d i a t i o n  
d id  t h e  samples reach. t h e i r  final. high temperature. Thus it 
i.s probable t h a t  some annealing took place as a r e s u l t  of  t he  

f i n a l  heating. 

It 
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A s  a check on our calor imetr ic  measurements, 13. Kubota of the  

ORNL AnaLyticaL Chemistry Division has performed d i f f e r e n t i a l  scanning 

calor imetry exTeriments on some of t h e  saraples s tudied by us. 
21 F 6 c a l / g  €or sample VoA, and 0 2 4 c a l / g  fo r  sample 413. 

t h a t  these  r e s u l t s  are i n  s u b s t a n t i a l  agreement w i t h  our so lu t ion  

calorimetry values.  &so, samples of sa l t  f r o m  the  excperimental holes 

of Project  Sa l t  Vault were supplied t o  E. J. Zeller  of' the Kansas S ta te  

GeoLogical Survey, and he has reported measurements which a re  i n  reason- 

He f i nds  

We f e e l  

able  agreement with ours.  11 

In view of these  experimental r e s u l t s ,  we conclude: 

1. A t  room temperature and at dose r a t e  of 1O1O rads,  only s m a l l  
amounts of energy (-2 ca,l/g) a e  s to red  i n  rock salt.  

2. A t  higher temperatures, t h e  amount of energy s tored  may be 

grea te r .  Some s m p l e s  of salt i r r a d i a t e d  near 200°C: stored 
between 3 and 14 ca.l/g. 

3. Stored energy i s  re leased  (annealed out) slow2j ,  even a t  250°C. 

Sol id i f i ed  Wastes. - Although no measurements of energy storage 

i n  s o l i d i f i e d  wastes have been made to date ,  it i s  qui te  l i k e l y  that 

energy c m  be s to red  i n  some of these  materials, and over a wider 

temperature range than i s  possible  i n  salt. Zeller  e t  have 

measured up t o  ZOO c d / g  i n  o l iv ine  (a mineral containing about t h e  

same amount of s i l i c a t e  as i s  present i n  some of the  s o l i d i f i e d  waste 

products)  when it w a s  i r r a d i a t e d  with protons a t  l i q u i d  ni t rogen te rp-  

e ra tures .  However, all of t h i s  energy was re leased  below 450"C, 

-- 

4. ANALYSIS OF THE KFFECTS OF ENERGY RELEASE 

Thermal Effec ts .  - A v a r i e t y  of ca lcu la t ions  have been made to 

evaluate the maximum t r a n s i e n t  temperatures i n  the  salt t h a t  could 

r e s u l t  from an instantaneous r e l ease  o f  s tored  energy. 

we have evaluated pr imari ly  the  e f f e c t  of TniZial age of the  vmste, 
i n i t i a l .  thermal powerJ and t h e  length of t i m e  that t h e  cyl inder  has 

been s tored i n  the  sal t .  

In t h i s  study 

The energy s torage has been conservazively 
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overestimated as 1% of t h e  t o t a l  deposited photon-neutron energy up t o  

a m a x i m u m  sa tura t ion  value of 200 cal /g  i n  the  calcined waste and 

20  c a l / g  i n  the  sal-L. 

The calculat ions of t o t a l  integrated dose as a function of dis.tance 

from the  waste cylinder (Fig.  2 ,  and the Append-ix) were calculated with 

the  AN1SN13 transpol-t code using t h e  S, gP3 approximation, 27 energy groups 

f o r  neutrons, and 20 energy groups for photons. 

i n t o  account the dose from secondary gamma rays its well as  the primax-y 

gamma rays and neutrons t h a t  axe generated. within t h e  wastes. The 

photon and neutron sources of t y p i c a l  waste were computed by summing 

the contributions from several  hundred radionuclides. 

This cdci l la t ion takes  

Due t o  the  l i n e a r i t y  of t h i s  problem, t h e  thermal e f f e c t s  of an 
energy re lease  can be decoupled Yrom t h e  decay-heat temperature grad.ient 

i n  the sa l t  a t  t h e  time of  t h e  re lease .  In essence, t h i s  decoupling was 

accompli-shed by assuming t h a t  tfle temperature i n  t h e  mine was everywhere 

zero before the re lease ,  and t h a t  there  were no heat sources ex is t ing  

i n  the nine. 

temperatures calculated by t h e  procedure described below can be added 

t o  t h e  decay-heat gradients ex is t ing  i n  the mine a t  the time of re lease  

t o  obtain the  t o t a l  temperature p r o f i l e s  as a function of -Lime and 

posi t ion.  

'Then, by invoking t h e  princj-ple of superposi-Lion, t h e  

I n  each of the four cases studied, a one-dimensional f i n i t e -  

difference calculat ion was made t o  determine the t rans ien t  thermal. 

behavior of the  temperatures generated by t h e  release.  

temperature conditions were s e t  t o  the temperature r i se  resu l t ing  

immediately a f t e r  t h e  energy release.  In addi t ion,  t h e  boundary a t  

a dLs tance midway between containers was insulated from heat flow. 

The i n i t i a l  temperature ins ide  t h e  waste container w a s  s e t  a t  1638"F, 
corresponding t o  an energy re lease  of 200 caL/g i n  a mater ia l  w i t h  a 
heat capacity of 0 .22  N u  lb-I  OF-' . The sal t  temperature extendi-ng 
from the  can w a l l  t o  a point a t  which 1% of the  t o t a l  in tegra ted  dose 

(Fig.  2 )  f e l l  below 20 cal /g  was set a t  166"~. 
code, NEATLNG3L4 was used t o  ca lcu la te  nodal. temperatures at various 

di stances and post-release times, and these temperatures were ad.ded t o  

The i n i t i a l  

Tne heat conduction 
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of Cylinders of So l id i f i ed  Uigh-Level Waste Buried i n  S,alt.  Maste cyl iu-  
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- h e  decay-heat gradients .  The r e s u l t s  a re  presented i n  Figs.  3 through 

6, and ai-e sunmarized i n  Table 3. 
thermal e f f e c t  of a s tored  energy r e l ease  occurred under t h e  assumption 

t h a t  a cyl inder  having i n i t i a l  thermal power of 5000 W and iiiitj-al wastie 

age of 10 years r e su l t ed  i n  an energy r e l ease  30 years after b u r i a l  i n  

Lhe salt  (Fig.  4, Table 3 ) .  Tile e f f e c t  of t h i s  r e l e a s e  w a s  'io cause no 

melting of t h e  sa l t  and a temperature r i se  of l ess  tnan 2°F a t  13.5 f t  

from the cen-ter of t he  cyl inder .  

O f  the cases s tud ied ,  t h e  maxri.rnwn 

Mechanical Effects .  - Rapid tnerm,d expansion of t he  waste a.nd. 

newby salt  r e s u l t i n g  from a r e l ease  of s tored  energy can p o t e n t i a l l y  

r e s u l t  i n  an explosive release of mechanical energy. An overesti-mate 

of t h e  maximum amount of mechanical energy generated can be  made by 

assuming t h a t  t h e  expansi-on occurs r eve r s ib ly  agsri.nst -the ambient over- 

burden of 1000 ps i .  Table 3 presents  t he  r e s u l t s  of estrimates of maximum 

mechanical energy generat ion for severa l  assumed conditions of mechanical 

energy r e l ease .  Materials p rope r t i e s  t h a t  were used for t hese  calcula-  

tions are given i n  Table 4. 
cons t i t u t e s  0.5% by volume of t h e  sa l t  w a s  overesttmated by assuming 

tha,t t h e  b r ine  i s  pure water and using thermodynamic d a t a  from s'cean 

t a b l e s  . 

Tkermal expansion of .the b r ine  which 

These est imates  show t h a t  t h e  maxi.mum amounL of mechanical. energy 

generated i s  conservat ively l e s s  than t h e  equivalent of 1 l b  of TNT. 

'This a,mount of energy r e l ease  would resuli ;  i n  p r a c t i c a l l y  no deformation 

of t h e  floor of t h e  room above t h e  pot and wou1.d. cons'citute no danger 

t o  personnel from missiles. 

5. CONCLUSIONS 

On the  basis of t h e  foregoing, we are confident t h a t  energy s torage 

under t h e  conditions t h a t  w i l l  p r e v a i l  117 t h e  repos i tory  does not, eamy  

any ser ious implicati.ons. W e  expect t o  conclude OUT experimeatal. work 
r e l a t e d  t o  N a C l  by establ-ishing sat,uratics:n values of stored energy as 

a funct ion of temperature, rad-iation dose, and chemical. puyi ty .  ALSO, 

some additi-onal work i s  req-a:i.i-ed to es t ab l i sh  ilpper-,lirni.t valiies fo r  

energy s torage i n  t h e  s o l i d i f i e d  wastes and t h e  condi t ions -wider which 

it can be released.  
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Table 3. Estimated Maximum Mechanical Energy Release and Temperature 
Increases That Could Result  from Release of Stored Energy 

Developed by a Waste Cylinder Stored i n  S a l t  

Proper t ies  of Waste Cylinder" 

I n i t i d .  thermal. power, watts 5000 5000 520 3500 

I n i t i a l  age of waste, years 1 0  10 LO l 

Time of  s torage i n  sa l t ,  y e m s  1 30 30 1 

Distance between cyl inders ,  ft 27 27 8 12 

Volume Change Due t o  Thermal 
Fxpansiojn, ft3 

Waste and salt 

Wine 

Tota l  

b Mechanical Energy Release, 
equivalent pounds of TNT 

0.12 0.36 0.13 0.08 

1 .53  5.62 1.79 0.88 
1.65 5.98 1.92 0.96 

0.19 0.69 0.22 0.11 

Maximum Temperature Rise, "F 

1 ft from center  of cylinder 56 170 150 49 
4 f t  from center  of cyl inder  4 7 4 3 
Midpoint between adjacent 0.9 2 4 2 
cyl inders  

a Cylinders are  assumed t o  have diameter of  6 in .  and ac t ive  
length of 8 f t .  

bAsswnes 1600 Btu of energy per pound of TNT. 
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Table I+. Assumed Proper t ies  of Calcined Waste and Sa l t  Used 
f o r  Analysis of  Stored Energy Release 

C a1 c i ne d Wa.s t e 

Density lb/f.t3 

Thermal conductivity,  R t u / h r - f t -  "F 

Heat capaci ty  Stu/l.b- "E' 

Coeff ic ient  of cubical  e -qans ion ,  "F-1 

Rock S a l t  

Density, l b / f t 3  

Brine content ,  vol % 
Thermal cond.uctivity, B t u / h r - f t .  "F 

Heat capaci ty  Btu/lb. "F 

Coefficient of cubica l  expansion, "F-1 

Melting p o i n t ,  "F 

Crushed Sa l t  

Density, l b / f t 3  

Brine con-tent vol % 
Thermal conduct ivi ty ,  Btu/hr. f t  - O F  

Heat capaci ty ,  Btu/3_b 

11 3 
0.25 

0.22 

0.88 x 

135 
0.5 
1.81 
0.218 

0.67 x lo-" 
11.1 70 

95 
0.5 

0.36 

0.218 
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APPENDIX 

RADIATION DOSE CliZCULATIONS 

'lke t o t a l  accumulated dose to s a l t  and the  dose ra te  as a funct ion 

of time (up to 100 years  a f t e r  b u r i a l )  and dis tance from t h e  cen te r l ine  

of a 6-in.-diam (Schedule No. 11-0 p ipe )  waste container  are presented. i n  

Tables A - 1  through A-16.  

The sol7.dified wastes we from LT, fue l  irTad.ia,ted t o  33,000 MWd/metric 

ton  a t  an average spec i f i c  power of 30 MCd/metric ton,  and the ~"uel. i s  

processed l 5 O  days a f t e r  i t s  disclmrge from t h e  r eac to r .  Tables A - l  

through A-8 a re  for t h e  case of a container with a 'iiierraa.7_ power of 

7200 W of mixed f i s s i o n  products and ac t in ides  t h a t  have been decayed 

f o r  only one year s ince  reprocessing (1 .41  years af ter  r eac to r  discharge) 

a t  the  t i m e  of i t s  b u r i a l  i n  s a l t .  

container of waste evolving 5000 W of thermal power a t  the  time of i t s  

b u r i a l ,  1.0 years af ter  reprocessing (10.41 years a f t e r  reac-tor discharge) .  

The ca lcu la t ions  are described i n  Section 4. 

Tables A-9 through A-16 are f o r  a 

Both of these  cases are examples of t h e  m a x i m u m  power Levels f o r  

containers  of t hese  p a r t i c u l a r  i so top ic  mixtures t h a t  could be buried 

i n  s a l t  without subsequently exceeding OUT preliminary c r i t e r i a  f o r  

allowable temperatures within t h e  sal t .  As such, they represent  

extreme cases,  not 'Gypical exa,mpl.es of containers  to be received. 

Doses can be deri.ved from these  daka for other  concentratTons of 

1- and 10-year-old wastes by merely multiplying these values  by the  

r a t i o  of t h e  respec t ive  thermal power l e v e l s .  



Table A-1. Total  Integrated Dose i n  S a l t  from Buried 6-in. Waste Pots 

Conditions: age upon b u r i a l  - 1 year a f t e r  f u e l  reprocessing 
i n i t i a l  hest.rate - 7200 watts/pot 

Accumulated Dose ( r a d s )  Following a Total  Decay T i m e  (years )  Since Reprocessing 

Center Line 
am)  2 5 8 10 20 30 50 70 100 

C. 70 
3.10 

3.50 
4.90 

. 7.00 

3.05 
3.40 

11.20 

14.00 
rii.00 

34.00 
44.00 
54. GO 
64.00 
74.00 
84.00 
94.00 

104.03 
114.170 

124.00 

1,4.00 

144.00 
154..>0 
?(I. - dLt,  00 

174.00 

2.6170E+10 

2.6198~+10 
2.3984E+10 
1.6634E+10 

2.7501E+10 

8.9125E+09 
6.5155E+O9 
j.9678E+09 

3.9 595E+08 
7.900?6+07 
1.7362E+07 
4.1348E+06 
1.0616~+06 

2.3207E-tO9 

2.9279Y+O5 
S .62763+04 
2.6958~+04 
8.8 5 30~+03 
3.0280E+03 

3.889oE+o2 
1.4459E+02 
5.48913+01 

8.40583+00 

1.070'/09E+03 

2.14 55 f301 

1.111 5E+11 
1.0851Ei-11 
1,0336~+11. 
9.46253+10 
6 .5586~10  
3.5062E+10 
2.5609WlO 

i.5563E+lO 

1.52 j3E+09 

6.2922Eao7 

9 ~ 06 3 6 ~ -  09 

2.9670E~08 

1.4311Et07 
3.4779E-06 
9.0176~ao j 

2.49?4E++05 
7.3514Eil-04 
2.2949E+04 
?.6963~+03 
Z,6005E+C3 
9.3440E+02 
3.4914E-tO2 
1.3553E+C2 
j. 51463+01 
2,  2g ih+oi  

1 e 794 2 E+11 

1.7516Et11 
i.66863+11 
1.5274E+11 
1.058 3 E+11 

5.6487EilO 
4.12423+10 
2.502c)E+10 
1.4591E+10 
X. 4292E+09 
i;. 6583~+08 
9.67773+0'3 
2.1412E+07 
5.02533+06 
i .2510~t06 
3.3102E+Og 
?.2652~+04 
2.81 32 E+04 
9.1563E+03 
j,0627E+03 
1.10323+03 
ic. 2032E+02 
1.69173+02 
7.2 ?OlE+Ol  

3.20563+01 

2.1820~+11 
2.1302E+ll 
2.02933+11 
1.8576E+11 
1.2869~+11 
6.8626~+10 
5.011OE+lO 

3. C394E+10 
1.77093+10 
2.937731-09 
j,60133+08 
1.15443+08 
s,.5268~+07 
5.8 j03E+06 
1.4330Ei-06 
3.72463+05 
i. 02463+05 
3.0577EtO4 
9.83_68~+03 
3-, x 6 6 i ~ ~ 0 3  
1.1766~+03 
4.51383+02 
1.8407 E+02 
a. 0017E+01 
3.62203+01 

2.6209~+11 

2.4376E+ll 
2 .2  314E+ll 
1 . 5 4 5 6 ~ 1 1  
8.2345E+10 
6.0129E+lO 
3.6453E+10 
2,12283+10 

3.5082E+@ P 

6.6511E+@ 

2.9470E+07 
6.7363~+06 
1,6251~+06 
4.1523E+05 
i.1229~+05 
3.2940E+dt 
1.0428E+dt 
3.4429E+03 
1.23673+03 
4.7578E+02 

8.5864E+Ol 
3 a 9361E+01 

2.55873+11 

LW 

1.36013+08 

1.9548E+02 
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Table '4-2 

Dose Rates i n  S a l t  from Buried 6-in.  Waste lots at the  Time of 'I"nein: Burial 

Condit ions:  age upon b u r i d  - 1. year after reprocessing 
i n i t i a l  heat rate - '(200 watts/pot 

Distance Cose Rate (rad/hr) 
from Pot 

Center Line F iss ion  Boduct  Capture 
(4 G m a  Neui ron s GNlBlEL Total 

0.70 
2.10 

3.50 
4.90 
7.00 

8.05 
8.40 

11 .20  

14.00 
24.00 
34.00 
44.00 
54.00 
64.00 
74.00 
84.00 
94.00 

104.00 
114.00 
124.00 
134.00 
144.00 
154.00 

164.00 
174.00 

3.87353 + oh 

3.78153 -I- 06 
3.60233 i- 06 
3.29803 + 06 
2.28783 -t 06 
1.22673 -I- 06 
8.97003 + os 
5.46413 + 05 
3.19813 + 05 
5.48303 + 04 
1 .10253 + 04 
'2.44823 4 03 
5.90743 4- 02 

1.53953 4- 02 

4.31283 i- 01 

1.28993 i- 01 

4.08273 -t 00 

1.35413 + 00 
1+.661512 - 01 

1.65223 - 01 

5.99073 - 02 
2.21133 - 02 

8.27963 - 03 
3.13633 I 03 
1.1-9973 - 03 

2.29323 + 00 

2,22803 + 00 

2.10953 + 00 

1.49323 + 00 

1,20823 + 00 

8.49263 - 01 

l.9310E + 00 

1.0731+3 + 00 

6.85393 - 01 
3.51973 - 01 

1.93763 - 01 
1.09453 - 01 

6.24653 - 02 
3.5769~ - 02 

2.0480E - 02 

1.1703E - 02 

6.66713 - 03 
3.78483 - 03 
2.121033 - 03 
1.20573 - 03 
6.76593 - 04 
3.78313 - 04 
2.1080~ - 04 

6.118133 - 05 

1.1707E - 04 

3.13263 - 02 

3.0930E - 02 

3.02113 - 02 

2.91353 - 02 

2.59623 - 02 

2.37733 - 02 

2.51803 - 02 

2.61933 - 02 

2,62423 - 02 

2.35313 - 02 

1.91723 - 02 

1.06233 - 02 
1.46253 - 0 2  

'7.42813 - 03 
5.0381E - 03 
3.3324E - 03 
2.15813 - 03 

8.59583 - 04 
1.3727E - 03 

5.31023 - O h  

3.24163 .- 04 
1.95823 - d c  

1.17193 - ob 
6.95593 - 05 
4.09813 - 05 

3.87353 + Qh 
3.78153 + 06 
3.60233 + 06 

3.29803 -I- 06 

2.2878~ + oh 

1.22673 + 06 
8.97003 + 05 
5.4641E + 05 
3.19813 + 05 
5.488303 + 04 
1 .1025~ + 04 
2.44833 + 03 
5.90813 + 02 

1.53993 + 02 

4.31543 -f 01 

1.29143 -+ 01 
4.0915E + 00 

1.35933 + 00 

4.6915~ - 01 
1.66963 - 01 
6 . 0 9 0 8 ~  - 02 

2.2687~ - 02 

8 . 6 0 ~ 5 ~  - 03 
3.32293 - 03 

1.30553 - 03 



Table A-3 

Dose €kites i n  Salt from Eiuried 6-in. Waste Pots 2 Years After &el R&rocesshg 

Conditions: age upon bur i a l  - 1 year a f t e r  reprocessing 
i n i t i a l  heat r a t e  - 7200 watts/pot 

Distance Dose Rate (rad/hr) 
from Pot 

Center Line Fission Product Capture 
( 4  G a m a  Neutrons Ganwa Total 

0.70 
2.10 

3.50 
4.90 
7.00 
8.05 
8.40 
11.20 

14.00 
24.00 

34.00 
44.00 
54.00 
64.00 
74.00 
84.00 
94.00 
104.00 

114.00 
124.00 
134.00 
144.00 

154.00 
164.00 
174.00 

2.63323 + 06 
2.57073 + 06 
2.44883 + 06 
2.24183 + 06 
1.55453 + 06 
8.32183 + 05 
6.08203 + 05 
3.70253 + 05 
2.16393 i 05 
3.67163 + 04 
7.2618s + 03 
1.57653 + 03 
3.69703 + 02 
9.32303 + 01 
2.52173 + 01 
7.28743 + 00 

2.23533 + 00 
7.21633 - 01 
2.42953 - 01 
8.45793 - 02 

3.02303 - 02 
1.1031E - 02 
4.09243 - 03 
1.53873 - 03 
5.84953 - 04 

2.05773 + 00 
1.99923 + 00 
1.89293 + 00 
1.73273 + 00 
1.33993 -t 00 
1.08413 + 00 
9.63183 - 01 
7.62063 - 01 
6.15013 - 01 
3.15833 - 01 
1.73863 - 01 
9.82113 - 02 
5.60513 - 02 
3.20963 - 02 
1.83773 - 02 

1.05013 - 02 

5.98253 - 03 
3.39623 - 03 
1.92053 ... 03 
1.08193 - 03 
6.07123 - 04 
3.3946s - 04 
1.89153 - 04 
1.05053 - 04 
5.81583 - 0 5  

2.81093 - 02 
2.77543 - 02 
2.71093 - 02 

2.61433 - 02 
2.32963 - 02 
2.13323 - 02 
2.25943 - 02 
2.35033 - 02 
2.3547E - 02 
2 . 1 ~ 5 ~  - 02 
1.72033 - 02 
1.31233 - 02 
9.5322E - 03 
6.66543 - 03 
4.5208E - 03 
2.99023 - 03 

1.93653 - 03 
1.2317E - 03 

7.71323 - 04 
4.76493 - 04 
'2.90873 - 04 
1.75713 - 04 
1.05163 - 04 
6.24173 - 05 

3.6773E - 05 

2.63323 + 06 

2.57073 + 06 
2.&883+ 06 

2,24183 + 06 

8.32183 + 05 

6.08203 + 05 
3.70253 + 05 
2.16393 + 05 
3.67163 + 04 
7.26183 + 03 
1.5766~ + 03 
3.69763 + 02  

9.32693 + 01 
2.52403 + 01 
7.3009E + 00 
2.24323 + 00 
7.26263 - 01 

2.45643 - 01 

1.515453 + 06 

8.61373 - 02 
3.1128E - 02 

1.15463 - 02 
4.9673 - 03 
1.74133 - 03 

6.79883 - 04 
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Table A-4 

Dose Rates i n  Salt from W i e d  6-in. Waste Pots 5 Yearfi A f t e r  Fuel Rezproccrasing 

conditions: age upon burial - 1 year after reprocessing 
i n i t i a l  heat r a t e  - 7200 mt t s /po t  

- 

Distance Dase b t e  (radlhr) 
from Pot 

Center Line Fission Product Capture 
( c d  G€lIllUla Neutrons GRtrxe?..a Total 

0.70 
2.10 

3.50 
4.90 
7.00 
8.05 
8.40 

11.20 

14 00 

24.00 
34.00 
4-4.00 

54.00 
64.00 
74.00 
84.00 
94.00 

104.00 

114.00 
124.00 
134.00 
144.00 
154.00 
164.00 
174 I 00 

1.17353 + 6 
1,1456 
1,0913 
9.98983 t 05 

6.9214 
3.6955 
2 * 6978 
1.63~~8 

I. 5857 
9 .5464~  + & 

3.0338~ + 03 
6.27983 + 02 

1.381'7 
3.21513 t 01 

7 .9088~ + 00 

2.0585 
5.67083 - 01 
1.6505 

1.6185 

1.8486 
6.51183 - 04 
2.3423 
8.57213 - 05 

5.05383 - 02 

5.3845E - 03 

1.79'(4E + 00 

L'7463E + 00 

1.65343 + 00 

1.51353 + 00 

1.1'704E + 00 

9.4699E - 01 

8.4133E - 01 
6.65653 - 01 

5.37213 - 01 

2.75873 - 01 
1.51873 - 01 

8.57873 - 02 

4.89603 - 02 

2.80363 - 02  

1.60523 - 02 

9.17283 - 03 

2.96653 -" 03 

1.6776s - 03 

5.22573 - 03 

9.45033 - 04 
5.3031E - 04 
2.9652E - 04 
1.6522E - 04 
9.1'759E - 05 
5.0800~ - 05 

2.4553E - 02 

2.42433 - 0 2  

2.36793 - 0 2  

2.28363 - 02 

2.03493 - 02 

1.86333 - 02 

1.97363 - 02 

2.05303 - 02 
2.05683 - 02 

1.8444E - 02 

1.50273 - 02 

1.14633 - 02 

8.32633 - 03 
5 .8221~ - 0 3  

2.61173 - 03 
3.34893 - 03 

1.69153 - 03 
1.07573 - 03 
6.73743 - 04 
4.16213 - 04 
2. j 4 0 8 ~  - 04 
1.53483 - 04 
9.18533 - 05 
5.45POE - 05 

3.21213 - 05 

1.17353 + d, 
1.. 1.456 
1..@13 
9.98933 -+ 05 

6.9214 
3.6955 
2 6978 
7.- 6378 
9.54643 + & 
1.. 5857 
3.03393 + 03 
6.28083 t 02 

1.3823 
3.21853 + 01. 

7.72883 -+ 00 

2 0603 

1,6909 
5.73993 - 01. 

5.74053 - 02 

1,7546 
6.16893 - 03 
i! 2986 
9.0825E - 04 
3.8051 
1.6864 



Table A-5 

Dose Rates i n  Salt from Buried 6-in. Waste Pots LO Years After Fuel Reproaessing 

Conditions: age upon burial. - 1 year after reprocessing 
i n i t i a l  heat r a t e  - 72100 watts/pot 

- ~ 

Mstance h s e  Rate (rad/hr) 
from Pot 

Center Line Fission Product Capture 
(4 G8.tlUUEl Neutrons Gzumna Total 

0.70 
2.10 

3.50 
4.90 
7.00 
8.05 
8.40 
11.20 

14.00 

24.00 
34.00 
44.00 

54.00 
64.00 

74.00 
84.00 
94.00 
104.00 
114.00 
124.00 

134.00 
144.00 

1 6 4 ” O O  

174.00 

154.00 

5.73913 + 05 

5.6030 
5.3376 
4.8860 

1.8036 
1.3157 
7.96933 + 04 
4.6395 
7.64413 + 03 
1.4387 
2.90363 + 02 
6.15633 + 01 
1.3599 
3.1186E + GO 
7.41823 - 01 
1.8311 
4.69463 - 02 

3.46453 - 03 

2.9623 

3: 3839 

1.2510 

9.95753 - 04 
9.08763 - 05 
2.86293 - 05 
(3.22233 - 06 

1.48743 + 00 

1.4451E + 00 

1.36823 + 00 
1.25253 + 00 
9.68503 - 01 

7.83643 - 01 

6.96213 - 01 

5.50833 - 01 
4.44553 - 01 
2.28293 - 01 
1.25673 - 01 

7.09903 - 02 
4.05153 - 02 
2.3200E - 02 
l.3283E - 02 
7.59063 - 03 
4.32433 - 03 
2.45483 - 03 

1.38823 - 03 
7.82023 - 04 
4.38843 - 04 
2.45373 - 04 
1.36733 - 04 
7.59323 - 05 
4.20383 - 05 

2.0318~ - 02 

2.00613 - 02 

1.88973 - 02 

1.6839~ - 02 

1.95953 - 02 

1.5419E - 02 
1.63323 - 02 

1.69892 - 02 

1.70213 - 02 

1.5262~ - 02 

9.48583 - o:j 
6.89013 - 03 

1.2435E - 02 

4.81793 - 03 
3.26773 - 03 

2.16142 - 07 

1.39982 - 03 
8.90343 - 04 
5.57533 - 04. 
3.44423 - 04 
2.10253 - 04 
1.2701~ - 04 
7.6010E - 05 
4.51163 - 05 

2.6580E - 05 

5.73913 + 
5.6030 

5.3376 
4.8860 
3.3839 
1.8036 
1.3157 
7.96933 + Ob 
4.6395 
7.6443~ + 03 
1 4388 
2.9044 E + 02 
6.1610 E -t 01 
1.3627 
3.13523 -t 00 

7.51573 - 01 
1.8883 
5.0291E - 02 
1.4456 

1.6448 
6.68613 - 04 

3.0362 

4.59093 - 03 

1.4968 
7.78403 - 05 



Table A-6 

b s e  Rates in Salt from Buried &in. Waste Pots 30 Yews Af ter  Fuel Reprocessing 

Conditions:  age upon biiri.a.1 - 1 year a f t e r  reprocessing 
i n i t i a l  hea t  r a t e  - 7200 wat ts /pot  

- 

Distance 
from Pot 

Center Line 
( cm) 

0. 

2.10 

3.50 
It. 90 
7.00 

8.05 
8.40 
11.20 

14.00 

24.00 

34.00 
44.00 
54.00 
64.00 

84.00 
711.00 

94.00 
104.00 
114.00 
124.00 

13'+. 00 
144.00 
154.00 
164.00 
174.00 

k s e  Rate (rad/hr) 

Fission Product 
Gamllls. Neutrons 

Capture 
G- Total  

2.7992 E + 05 
2.7329 
2.6036 

1.6500 
8.7678 E + 04 
6.4053 
3.8765 

2.3833 

2.2535 

3.6832~ i 03 
5.8498 E t 02 

1.3602 
2.82263 + 01 
6.0629~ + 00 

1 I 3416 
3.0510F: - 01 
7 .1272  E - 02 
1.71 12 
4.2294E - 03 

1,0783 
2.8417E - 04 
7.7534E - 05 
2.1912 
6.4089E - 06 
1.93>5 

6.93373 - 01 
6.73653 - 01. 
6.3'782~ - 01 
5.83853 - 01 
4.51483 - 01 
3.65313 - 01 

2.56783 - 01 

1.06J-CZE - 01 

3,24553 - 01 

2.07233 - 01 

5.85833 - 02 
3.3093E - 02 

1.888'73 - 02 
1.0815~ - 02 
6.1.9233 - 03 
3.53853 - 03 
2.01583 - 03 
1.1444E: - 03 
6.4'/13E - 04 
3.64553 - 04 
2.04573 - 04 
1.14383 - 04 
6.37373 - 05 
3.53973 - 05 
1.95973 - 05 

9.47163 - 03 
9.35193 - 03 
9.13453 - 03 
8.80923 - 03 
''7.8498E - 03 

7.18793 - 03 
7.61343 - 03 
7.91963 - 03 
7.93453 - 03 
'/.11483 - 03 
5.79683 - 03 
4.42203 - 03 
3.21193 - 03 
2.24593 - 03 
1.52333 - 03 
~ 0 0 7 6 ~  - 03 
6.52523 - 04 
4.15053 - 04 
2* 59903 - 04 
1.60563 - 04 
9.8012~ - 05 
5.92083 - 05 
3.54333 - 05 
2.1032E - 05 

1.23913 - 05 

2.7992E + 05 

2" 7329 
2 6036 
2 = 3833 
7~6500 
8.7678~ t d-c 
6.4053 
3.8765 
2,2535 

3.6833~ + 03 

L 3606 
2.82393 + 01 
6.07603 + 00 

1.3493 

6.8504 E + 02 

3.0965 E - 01 
7.39403 - 02 
I. 8671 
5.1364 E - 03 
1.6034 
5.86753 - 04 
2.51123 - 04 
1.2108~ - 04 
6.28383 - 05 
j. 3924 
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Table A-7 

Dose k t e s  i n  S a l t  from Buried 6- in .  Waste Pots  50 Years After h e 1  Reprocessing 

Condit ions:  age upon b u r i d  - 1 yea r  a f t e r  reprocess ing  
i n i t i a l  hea t  r a t e  - 7200 wa t t s lpo t  

Distance DDse Rate ( r a d / h r )  
from Pot 

Center Line F i s s i o n  Product Capture 
(cm) Gamma Neutrons GaWna Tota l  

0.70 
2.10 

3.50 
4.90 
7.00 
8.05 
8.40 

11 .20  

14.00 
24.00 
34.00 
44.00 
54.00 
64.00 
74.00 
84.00 
94.00 

104.00 
114.00 
124.00 
134.00 
144.00 
154.00 
164.00 
174.00 

1.71323 + 05 

1.6727 
1.5935 
1.4587 
1.0097 
5.35903 .t 04 
3.9143 
2.3680 
1.3755 
2.23743 + 03 
4.13433 + 02 

8.14333 + 01 

1.6735 
3.55313 + 00 

7.75533 - 01 
1.7360 
3.98173 - 02 

9.36273 - 03 
2.26073 - 03 

5.61963 - 04 

1.44203 - 04 
3.83OOE - 05 

1.0548 
.3.0133E - 06 
8.9172E - 07 

3.24073 - 01 

3.14853 - 01 
2.98113 - 01 
2.72883 - 01 
2.11013 - 01 

1.70743 - 01 

1.51693 - 01 

1.2001E - 01 

9.68573 - 0 2  

4.97393 - 02 

2.73823 - 02 

1.54673 - 02 
8 .8273  - 03 

5.05483 - 03 
2.89423 - 03 
1.65383 - 03 
9.42173 - 04 
5.34863 - 04 
3.02463 - 04 
1.70393 - 04 
9.56133 - 05 

5.34623 - 05 
2.97903 - 05 
1.65443 - 05 

9.15923 - 06 

4.42693 - 03 
4.37093 - 03 
4.2693E - 03 
4.11733 - 03 
3.66893 - 03 
3.35953 - 03 

3.55843 - 03 
3.70153 - 03 
3.70843 - 03 
3.32533 - 03 
2.70933 - 03 
2.06683 - 03 
1.5012E - 03 
1.04973 - 03 
7.1197E - 04 
4.7092.L - 04 
3.04983 - 04 
1.93993 - 04 
1.21473 - 04 
7.50423 - 05. 

4.5809.E - 05 
2.76733 - 05 
1.65613 - 05 
3.82983 - 06 
5.79133 - 06 

1.71323 + 05 

1.6727 
1.5935 
1.4587 
1.0097 
5.35903 + 04 
3.9143 
2,3680 
1.3755 
2.23743 + 03 
4 .1346~ + 02 

8.14513 + 01 

1.6745 
3.5592E + 00 

7.7914E - 01 

1.7572 
4,11083 - 02 

1. oogz 

2.6846E - 03 

8.07393 - 04 
2.8562 
1.1944 
5.68993 - 05 

2.9387 
1,5842 



k s e  Rates i n  S a l t  from Buricd 6 - in ,  Waste Pots 100 Y ~ W L  After Fuel Reprocessing 

Condit ions:  age upon b u r i a l  - 1 year a f t e r  reprocessing 
i n i t i a l  heat r a t e  - 7200 watts/pot 

Distance Dose Rate (rad/hr) 
from ?ot 

Center Line Fission Produci Cap t i n  E 
(4 GaIIlILB Neutrons G*FUllnla Total 

0.70 
2.10 

3.50 
4.90 
7.00 
8.05 
8.40 

11.20 

14.00 
24.00 
34.00 
11-4.00 
54.00 
64.00 
74.00 
84.00 
94.00 

104.00 

114.00 
124.00 
134.00 
144.00 
154.00 
164.00 
174.00 

5.23013 + 04 
5.1065 
4.8651 
4.4536 
3.081.6 
1.6330 
1.1924 
7.20'76h: + 03 
4.1848 
6.75983 1- 02 

1-2377 
2.4100E + 01 

4.88263 + 00 
I. 0188 
2.177615 - 01 

ic .Tj20E - 0 2  

1.05472 

2.3966~: - 0 3  

5.54103 - 011 
1.3092 
3.17133 - 05 
7.90643 - 06 
2.0374E - 06 
5.4476 E - 07 
1.5151 

5.06733 - 02 

4.92323 - 0 2  

4.66143 - 02 
4.26693 - 02 

3.29953 - 07 
2.66983 - o? 
2.37193 - 02 
1.8766E - 02 

1.51453 - 02 

'7.77753 - 03 
4.28152 - 03 
2.4185E - 03 
1.38O3E - 03 

7.9039E - 0'4 
4 . 5 2 5 9 ~  - 04 
2.5860s - 04 
1.47323 - 04 
8.363315 - 05 
4.77943 - 05 
2.66423 - 05 
1 . l Q 5 1 E  - 05 
8.35953 - 06 
4.65803 - 06 
2.58693 - 06 
1.Ic3ZZE - 06 

6 . 9 2 2 1 ~  - 04 
6.83463 - 04 
6.675'73 - 04 
6.43803 - 04 
5.7'3683 - 04 
5.23113 - 04 
5.56403 - 04 
5.'7879E - 04 
5 ~ 9 8 ' 7 3  - 04 
5.1996E - 04 
4 ,2364~  - 04 
3.23173 - 04 
2,347l.cE - 04 
~611-1J.1~ - 04 
1.1133E - 04 
7.3636E - 05 
4.'7688~ - 05 
3.03333 - 05 
1.89943 - 05 
1.17343 - 05 
7.16303 - 06 
4.3270F: - 06 
2.58953 - 06 
1.53703 - 06 
9.05j6E - 07 

5.2301E + 04 

5.1065 
'4.8651 
14.4536 
3.0816 
1,6330 

7.20'76~ + 03 
4.1848 
6.75983 + 02 
1.2377 
2,4303E + 01 
4.8842 E + 00 

1 I 1924 

7.0198 
2.18323 - 01 

i -0767 
2 .5106~ - 03 

1.6930 

4.78523 - 02  

6.1313E - 04 

5.3827E - 05 

2.0593 
9.28493 - 06 
4.6681 
2 0 4893 



Table 1;-9. Total. Integrated Dose i n  S a l t  as F h e t i o n  of Time and. Djstarice 

DISTANCE 
FRBM CL 

<CM) 

0.70 
2.10 
3.50 
4.90 
7.00 
8.05 
8.40 

11.20 
14-  00 
24.00 
34.00 
44.00 
54.00 
64.00 
7 4.00 
84.00 
94.00 

104.00 
11 4.00 
124.00 
134.00 
144.00 
154.00 
164.00 
174.00 

( I n i t i d  IIeat Rate: 500s w) 
TQTAL SALT DQSE (RADS) AFTER T I M E  ( Y E A R S )  S I N C E  

11.0 

2.5097E+ IO 
2.4390E+ 10 
2*3239E+ 10 
2.1276E+10 
I 4731E+ 10 
7*8308E+09 
5*7121E+09 
3*4572E+09 
2.01 11E+09 
3*302SE+08 
6*2033E+07 
1*2510E+07 
2*6529E+06 
5*8687E+05 
I 351 1E+O5 
3*2421E+04 
8*1584E+03 
2*1774E+03 
6*2749E+02 
1*9981E+02 
7*1709E+01 
2*9150E+01 
1 e321 6E+01 
6*4996E+00 
3*3734E+OO 

12.0 

4*8439E+10 
4.7076E+ 10 
40 4853E+ 10 
4*1066E+iO 
2*8431E+10 
1-S112E+IO 
1.1023E+10 
6.67 14E+09 
3*8805E+09 
6.3695E+08 
1*1957E+08 
2.4090E+07 
5*1019E+06 
1.1266E+06 
2. s a 7 2 ~ + o s  
6. 1894E+04 
1 55 19E+04 
4.1267E+03 
1 1862E+03 
3.7762E+02 
1 3595E+02 
5.559 1E+01 
2- 5378E+O1 
1.2558E+01 
6.5449E+00 

15.0 20.0 

1.1140E+ll  2*0128E+ll 
1*0827E+11 1*9561E+l l  
1.0316E+ll 1*8638E+11 
9.4447E+ 10 1 706SE+ 1 1  
6*5386E+10 1 * 1 8 1 3 E + l l  
3.4744E+10 6.2750E+ 10 
2.5342E+ 10 4.576$E+ 10 
1 5336E+ 10 2*7694E+ II 0 
8*9196E+09 L-6105E+10 
1-4625E+09 2.6373E+09 
2*7417E+08 4*9356E+08 
5*S129E+07 9*9012E+07 
1.1644E+07 2*0846E+07 
2.5613E+06 4*5666E+O6 
S . ~ S ~ S E + O S  1 . 0 3 7 8 ~ + 0 6  
1*3912E+05 2*4502E+05 
3.4620E+04 6.0496E+04 
9.137 lE+03 1 e 5838E+04 
2*612lE+03 4.4996E+03 
8.3125E+02 1 4300E+03 
3.0123€+02 5.2097E+02 
1.2467E+02 2.1792E+02 
5.7701€+01 1-0207E+02 
2.88$6E+0 1 5.1645E+O 1 
1*5197E+01 2*706FJF+01 

FRBCESS I N G  

30.0 

3.4725E+ 1 1 
3*3749E+11 
3=2156E+l l  
2a9642E+ I 1  
2*0380E+31 
I . O 8 1 8 E + l  1 
7eS926E+ 10 
4.7748E+ 10 
2*7757E+10 
4*5378E*09 
8*4717E+08 
B 69A2€+08 
3*5526E+07 
7 7 42 4E+06 
1 7483E+06 
4.0952E+05 
1*0018E+OS 
2*5969E+04 
7*3138E+03 
2.3131E+03 
8 m 4368E+02 
3.551 3E+02 
1*6770E+02 
8.5478E+01 
d*5546E+01 
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Table .4-9 (cont in ix i l )  

D I S T A N C E  
FRBM C L  

CCM)  

0.70 
2.10 
3.50 
4.90 
7.00 
8.05 
8.40 
11.20 
1 4 . 0 0  
24.00 
34.00 
44.00 
54.00 
64.00 
74.00 
84.00 
94.00 
104.00 
1 1  4.00 
124.00 
134.00 
144.00 
154.00 
164- 00 
174.00 

( I n i t i a l .  Heat Rate: 5000 W) 

TBTAL SALT DESSE ( R A D S )  AFTER T I M E  ( Y E A R S )  S I N C E  P H C l C E S S I N G  

40. a 

4.60636+ 1 1 
40 4768E+ I 1  
4*2655E+ 1 1 
3.9055E+ 1 1 
2.7032E4 1 1 
1*4341E+%I 
1 0466E+ L 1 
6.330864 1 a 
3-6793E+10 
6 * 0 0 7 6 E + 0 9  
1 1 IBBE+09 
2.234OE+08 
4e67 16E+07 
I.O146E+O7 
2.28 16E+06 
5.3 178E+O5 

3.3304E304 
9.3 I76E+Q3 
2.9312E+03 
1 O663E403 
4.48$5E*Q2 
2*1239E+02 
1 08 49E+ 02 
5.7909E+01 

1 . 2 9 3 3 ~ + ~ 5  

SO. 0 

5 .495$E+ 1 1 
5.3411&*11 
5.0891E+lI 
4.6596E+ 1 I 
2.7537E+ll 
1.7103E+ll 
1=2483E+ll 
7 5503E+ IO 
4*3872E+ 10 
7. 1562E+09 
1 3318E:+09 
2.6528E+08 
5.5353E*O? 
1.1991E+07 
2*687$E+06 
6.2414&+05 
1 - 51 11E+05 
3*8714E+04 
1 077 1 E*Q4 
3*3713E+03 
1.2221E+03 
5.1372E+02 
2*4302E+02 
1.2421E402 
6 6342E*O 1 

75.0 100.0 



Table A-10. Dose Rates in Salk from Waste Pots After 10 Years 

DISTANCE 
FRBM CL 
CCM?) 

0.70 
2.10 
3.50 
4.90 
7 - 0 0  
8 . 0 5  
8-40 

11.20 
14.00 
24.00 
34.00 
44.00 
54.00 
64.00 
74.00 
84.00 
94.00 

104.00 
1 1 4 . 0 0  
124.00 
134.00 
144.00 
154.00 
164.00 
174.00 

Following Processing 

(Initial Heat Rate: 5000 W) 

D0SE RATE C R A D / H R )  
F. P. GAMMA 

2-97736E+06 
2.89354E+06 
2*75688E+06 
2. 52408E+06 
1 74759E+06 
9*29147E+05 
6*77766E+05 
4*10239E+05 
2*38658E+05 
30 92083E+04 
7*36955E+03 
1 * 48742E+03 
3*15734E+02 
6 990 16E+01 
1 60852E+01 
3*84436E+00 
9.54936E-01 
2.46831E-01 
6 6448 1 E* 02 
1 86332E-02 
5.43460E-03 
1.64425E-03 
5.14093E-04 
1.65408E-04 
5.45366E-05 

N EUT RON S 

7 e ~2877E:+OO 
7*21756E+00 
6*83368E+00 
6.255436+00 
4.837 15E+00 
3*91394E+00 
3*47726E+00 
2m75196E+00 
2-22031E+00 
1 14020E+00 
6 e 27 682f-0 1 
3.54561E-01 
2.02354E-01 
1.15873E-01 
6.6344SE-02 
3.79 1 16E-02 
2.15979E-02 
1-22608E-02 
6.93346E-03 
3.90584E-03 
2.19160E-03 
1.22553E-03 
6r82882E-04 
3.79246E-04 
2.0996QE-04 

C A P T U R E  GAMMA 

1.01480E-01 
1.00197E-01 
9.786796-02 
9.43822E-02 
8 4 1034E-02 
7 * 70 121 Em02 
8.15701E-02 
8 485 17E-02 
8.50104E-02 
7.62282E-02 
6.21073E-02 
4e73774E-02 
3.44 130E-02 
2 40632E-02 
1 63208E-02 
1 e 07952E-02 
6.99112E-03 
4.44683E-03 
2.78459E-03 
1.72023E-03 
1.05011E-03 
6.34355E-04 
3 e 79635E-04 
2.25335E-04 
1.32757E-04 

TQTAL 

2*97737E+06 
2.89355E+06 
2 e 75689E+06 
2. %409E.+06 
1.747596+06 
9.291 5 IE+05 
6*77770E+05 
4*10242E+05 
2*38660E+OS 
3.92095E+04 
7037024E+03 
1 48782E+03 
3*15971E+02 
7 0041 SE+Ol 
1*61679E+01 
3*89307E+00 
9.8352SE-0 1 
2.63S39E3-01 
7.69661E-02 
2.42593E-02 
Re67651E-03 
3 . 5 0 4 1  3E-03 
1 5766 IE-03 
7.69989E-04 
3.97254E-04 
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Tab.l.e A-11. Dose Rates in S a l t  f r o m  Waste Pots  A f t e i -  12 Years 
Following Processing 

(Initial Heat Rate: 5000 W) 

DISTANCE 
FRBM CL 
<CH) 

0.70 
2.10 
3. so 
4.90 
7.00 
8 . 0 5  
8.40 
11.20 
14.00 
24.00 
34.00 
44.00 
54.00 
64.00 
74.00 
84.00 
94.00 
104.00 
114aQO 
124. a0 
134.00 
144.00 
154.00 
164.00 
174.00 

F. P.  GAMMA 

2.57 599f+OCe 
2*50350E*06 
2.385316+06 
2*183928+06 
1.51194E+04 
8.034176+05 
5.86008E+05 
3*54628S+O!l 
2.06247E+05 
3.382106+04 
6.340226+03 
1*27470E+03 
2.69 10 I E+Q2 
9.91 195E+01 
1 3461 5€+0 I 
3*17297E+00 
7 7 433 5E- 0 1 
1-958846-01 
5.14289E-02 
1 40259E-02 
3.37276E-03 
1 16693E-03 
3.54478E-04 
1.109606-04 
3.56486E-05 

NEUTRBNS 

6-$5733E+00 
6.66236E+QO 
6*3080lE+OO 
5.7742SE+QO 
4e46510E+00 
3.61 2$7E+00 
3.20978E+00 
2.539536+00 
2*04951E+OQ 
1 05249E*00 
5- 79398E-01 
3.27287E-01 
l.gS788E-01 
1 O6960E-01 
4.12411 1E-02 
3.49953E-02 
1 993666-02 
1.131966-02 
6.4001 !E-03 
3.60539E-03 
2.02320E-03 
i.i3126~-a3 

3.50073~-04 
6.303536-04 

1 938 1 OE-04  

CAPTURE GAMMA 

9 367 38E-02 
9.2489bE-02 
9.83396E-02 
H.71221E-02 
7.76339E-02 
7.1088PE-02 
7.529SSE-02 
7.83245E-02 
7.847 12E-02 
7 03645E-02 
5.73293E-02 
4.37330E-02 
3.17658E-02 
2.221228-02 
1 50654E-02 
9.96454E-03 
6.45334E-03 
4.10477E-03 
2.51039E-03 
I. 5a790~-03 
9.69332E-04 
5*85558E-04 
3. S0432E-04 
2.08001E-04 
1.22545E-04 

2 *  57680E+OQ 
2- 5035 1 E * 0 6  
2*38532E+06 
2*18393E+Q6 
1 5 1  194E+O6 
8 0342 1 E405 
5.860'1 lE+OS 
3.5463 1 E405 
2*06249E*Q5 
3*38221E+04 
6*34086E+03 
1.275076+03 
2.69320E+Q2 
5*92467E+Q1 
1.35378E+01 
3*21793E+00 
SeO0725E-0 D 
2.11306E-01 
6.0399AE-02 
1.92192E-02 
6.965295-03 
2.883?4E-Q3 
1 33526E-05 
6a69035E-04 
3.52003E-Os 
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Table A-12. Dose Rates in S i l t  from Waste P o t s  After  15 Years 
Following Processing 

( I n i t i a l  Heat Rate: 5000 W) 

DISTANCE 
F R 0 M  CL 

( C M I  

0.70 
2.10 
3. SO 
4.90 
7.00 
8.05 
8.40 

11.20 
14.00 
24.00 
34.00 
44.00 
54.00 
64- 00 
74.00 
84.00 
94.00 

104.00 
114.00 
124.00 
134.00 
144- 00 
154.00 
164.00 
174.00 

F. P. GAMMA 

2.221 18E+06 
2. lS8716+06 
2*QS682E+06 
1*88319E+06 
I 30364E+06 
6.92404E+05 
5.05001 E+05 
3.05555E+05 
1.77687E+05 
2*90843E+04 
5*43951E+03 
1 09002E+03 
2.29061E+02 
5*00055E+01 
1 12904E+01 
2.63 159E+00 
6.33132E-01 
1 * 57357E-0 1 
4.045676-02 
1 07737E-02 
2.973S6E-03 
8 - 503O2E-04 
2.51470E-04 
7 6698 1 E-05 
2.40397E-05 

DBSE RATE CRAD/HR9 
N EU TR0 N S 

6*13348E*00 
5.95909E+00 
5.6421 SE+OO 
5*16473E+00 
3- 99377E+OO 
3.23 150E+00 
2*87096E+00 
2*27146E+00 
1+83317E+00 
9 41  392E-01 
5.18238E-01 
2.92739E-01 
1 6707 1E-01 
9.56691E-02 
S.47766E-02 
3.1301 3E-02 
1 7832 1 E-02 
1.01230E-02 
5.72453E-03 
3.224f31E-03 
f 80963E-03 
1.01 184E-03 
5.638 14E-04 
3e13120E-04 
1.73351E-04 

C A P T U R E  GAMMA 

8.37857E-02 
8.27266E-02 
8 0803SE-02 
7*79256E-02 
6.94390E-02 
6 -  35842E-02 
6.73474E-02 
7 00568s-02 
7 - 01 879s-02 
6.29369E-02 
5.12782E-02 
3.91 166E-02 
2.84127E-02 
1.9867 5E-02 
1 347516-02 
8.91296E-03 
5.77214E-03 
3.67148E-03 
2-29907E-03 
1 42029E-03 
8.6701 1E-04 
5.23748E-04 
3.13441E-04 
1.86045E-04 
1 .09609~-04  

HBTAL 

2.22119E+06 
2.15872E+06 
2*05683E*04 
1 .$8320E+06 
1*30364E+06 
6.92407E+OS 
5 O5OQSE+05 
3*05557E+05 
1*77689E+OS 
2-90853E+04 
5*44008E+03 
II 0903SE+03 
2*29256E+02 
5.0128 OE+O1 
1*13587E+01 
2*67180E+00 
6.56736E-01 
1.71151E-01 
4.84803E-02 
1 S4188E-02 
5.65020E-03 
2.38589E-03 
1 12872E-03 
5.75863E-04 
3.07000E-04 
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Table 

DT STANCE 
F R O M  CL 

< C P )  

0.70 
2.10 
3. 50 
4.90 
7.00 
8.05 
8 . 4 0  
11.20 
14.00 
24.00 
34.00 
44. @O 
54.00 
44.00 
74.00 
84.00 
94.00 

104.00 
ll4.00 
124eOO 
134- 00 
1 4 4 . 0 0  
154.00 
164.00 
174.00 

4-13. Dose Rates i n  Sd’L  from Waste Pots  After 2 0  Years 
Fol. J - O T J ~  ng Pro c e s s i ng 

(IniiAiL Heat Rate: 5000 W )  

DQSE RATE ( R A D / # R j  
F. P. GAMMA 

1*88880E+06 
1.83570E+O6 
I 74?09E+06 
1-60! 46E+06 
1 10849E3+06 
5.88312E+05 
4*29115E+05 
2*59582E+05 
1 50894E+05 
2.4641 3E+04 
4 -  59396E+U3 
9-16783E+02 
1*91632E+02 
4- 15488E+OI 
9 10010E+00 
2. l4451E+00 
5.09140E-01 
3.24549E-01 
3-14392E-02 
8 2O280E-03 
2.21525E-03 
6-19675E-04 
1.79441E-C4 
5.7688 16-05 
1 6549 1 E - O S  

NEUTRQNS 

5*06679E+OO 
4*92274E+00 
4. h609lE+O0 
4*26652E+QO 
3-29921E+00 
2*6695OE+QO 
2.37 166E+O0 
1.87643E+00 
1 5 I43SE+00 
7.77673E-01 
4,281 1OE-01 
2. 41828E-01 
1.38016E-01 
7.903116-02 
4*52503E-O2 
2.58576E-02 
1 47309E-02 
8.362476-03 
4a72898E-03 
2- 66398E-03 
1 49492E-03 
8.35871E-04 
4.6576OE-04 
2. S8665E-011 
1 43203E-04 

CAPTURE GAMMA 

6.92144E-02 
6-83394E-02 
6.67508E-U2 
6 e 43734E-02 
S.73427E-02 
5.25261E-02 
5.56349E-02 
5.7873 1 E - 0 2  
5 . 7 9 8  13E-02 
5.19914E-O:! 
4.23603E-02 
3.23 I37E-02 
2.347 I4E-02 
1.64123E-02 
1.11316E-02 
7.36289E-03 
4-76829E-03 
3.032966-03 
1.89923E-03 
1.17328E-03 
7.16227E-04 
4-32662E-0.4 
2.58930E-04 
1 536?0E-04 
9.0547OE-05 

TQTAL 

1 8888 1 E*O6 
1 83S706+06 
1.74909E+OQ 
1 601 46E+O6 
1 e 10849E*06 
5.8831 5E+05 
4,291 17E4.05 
2.59584E*05 
1 508966+05 
2.46421E+04 
4e59443E403 
9.17057E*02 
1 9 1793E+02 
4- l6442E+Ol 
9.356786+00 
2.17773~+0~ 
5.28639E-0 I 
1.35944E-01. 
3 -  80674E-02 
1.2040lE-02 
4 0  426426-03 
1.88821E-03 
9-04 131 E-04 
4.660426-04 
2- 5O360E-04 
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Table 

DI STANCE 
F R Q M  CL 
(CM) 

0.70 
2.10 
3.50 
4.90 
7.00 
8.05 
8 -  40 
11.20 
14.00 
24.00 
34-  00 
44.00 
54.00 
64.00 
74.00 
84-00 
940 00 
104.00 
114.00 
124.00 
1340 00 
144.00 
lS4.00 
164.00 
174.00 

4-14. Dose R a t e s  i n  S a l t  f r o m  Waste P o t s  A f t e r  
Following Proees sing 

( I n i t i a l  Heat R a t e :  5000 W) 

DPlSE RATE (RAD/HR) 
F. P. G A Y V A  

1+46008E+06 
1.419066+06 
1 352 12E+06 
1*23800E+06 
8.5677SE+05 
4.5389$E+05 
3.31 S72E+05 
2*00496E+05 
1 16448E+OS 
1*89647E+04 
3. S2070E+03 
6*95928E+02 
1 451 69E+02 
3*12388E+01 
6*93097E+00 
I 5818SE+00 
3.71165E-01 
8.96128E-02 
2.229 15E-02 
5.72648E-03 
I 5221 1E-03 
4.19186s-04 
1.19635E-04 
3.53375E-05 
1 07759E-05 

N E U T R 0 N S  

3*44397E+00 
3.34605E+00 
3.168086+00 
2.90001E+00 
2*24251E+00 
1 8 1449E+00 
1 6 120SE+00 
1 27543E+00 
1 * 02933E+00 
5 2859 4E-0 1 
2-909926-0 1 
1 6437 4E-0 1 
9.38 I i O E - 0 2  
5.37 185s-02 
3.04572E-02 
1 757S8E-02 
1.001286-02 
5.68408E-03 
3.2 14346-03 
1.81074E-03 
1 01 61 1 E - 0 3  
5.68 152E-04 
3.165836-04 
1 75818E-04 
9.73372E-05 

CAPTURE GAMMA 

4.70459E-02 
4 6 45 1 2E- 02 
4.537 14E-02 
4.37554E-02 
3.89902E-02 
3.57027E-02 
3.78 157E-02 
3.93371E-02 
3.94107E-02 
3.53392E-02 
2.87928E-02 
2.1964lE-02 
1 59538E-02 
1 1 1556E-02 
7 56630E-03 
5.00465E-03 
3-24107E-03 
2.061 54E-03 
1.29093E-03 
7- 97495E-04 
4.86829E-04 
2.94086E-04 
1 75998E-04 
1.04465E-04 
6.1 S460E-05 

30 Y e a r s  

TB T AL 

1.45008E+06 
1 41 906E+86 
I 352 12E+06 
1.23500E+06 
8.56777&+05 
4*53900E+OS 
3.39. S74E+05 
2*00497E+05 
1016449€+05 
1*89653E+04 
3.521 02E+03 
6.99 1 14E+02 
1*45279E+02 
3*13037E+Ol 
6*96929E+OO 
1m60443E+00 
3.84419E-01 
9.73584E-02 
2.67968E-02 
8.33472E-03 
3.02505E-03 
1 28 142E-03 
6.12216E-04 
3.1 §620E-04 
1-69659E-04 
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Table A-15. Dose Rates in Salt from Waste P o t s  After 50 Years 
Following Processing 

(Initial Heat Rate: 5000 W) 

DISTANCE 
FRBM C L  

(CW) 

0.70 
2.10 
3.50 
4.90 
7.00 
8.05 
8.40 

11.20 
14.00 
24.00 
34.00 
44.00 
5 4 . 0 0  
64.00 
74.00 
84.00 
94.00 

104.00 
1 1 4 0 0 0  
124.00 
134.00 
144.00 
154.00 
164.00 
174.00 

F. P. GAMMA 

8*98760E+05 
8.73534E+05 
8 * 3 2 3 5 1 E + 0 5  
7*62104E+05 
5.00000E+00 
2*79038E+05 
2*03796E+05 
1 * 2 3 1 8 3 E + 0 5  
7 * 1 4 9 2 6 E + 0 4  
1 15S76E+Od 
2 -  13738E+03 
4.20877E+02 
8.65667E+OI 
1-84141E+01 
4aO3056E+OO 
9.05636E-01 
2 087 43E-0 1 
4.93891E-02 
1.20179E-02 
3.01 5 1 O E - 0 3  
7.82149E-04 
2.10304E-04 
5.86952E-05 
1.70010E-05 
5.10O86E-06 

DQSE RATE C R A D / H R )  
N EUTRQN S 

1 6001 O E * O O  
1 5546IE+OO 
1 47 1 9 x 4 0 0  
1 34738E+00 
1 04190E+00 
8.43034E-01 
7.48976E-01 
5.92580E-01 
4,78238E-01 
2.4559IE-Ol  
1 35 l 9 8 E - 0 1  
7 63699E-02 
4935856E-02 
2.49582E-02 
1 4 2 9 0 l E - 0 2  
8.165896-03 
4.652OilE-03 
2.64088E-03 
1 49342E-03 
8.41290E-04 
4.72098E-04 
2.63970E-04 
1 47088E-04 
8. I6868E-05 
4.52239E-05 

CAPTURE GAMMA 

2.18580E-02 
2.15817E-02 
2.10800E-02 
2-03293E-02 
1.81153E-02 
1 65879E-02 
1 75696E-02 
1.82764E-02 
1.83106E-02 
1.64190E-02 
1 33775E-02 
1 02047E-02 
7 41 231E-03 
5.18303E-03 
3 5 1 539E-03 
2.32522E-03 
1 50584E-03 
9.57816E-04 
5.9978 1 E-04 
3.7O525fT-04 
2.261 86E-04 
1 .36635E-04  
8.17705E-05 
4 a 8 53 5 5 E - 0  5 
2.85949E-05 

T0 TAL 

8 . 9 ~ 6 2 ~ 4 0 5  
8a73536E+05 
8.32352E405 
7.62105€+05 
6.06601E+00 
2*79039E+OS 
2.03797E+05 
1.23184E*05 
7.14931€+04 
1*15879E+04 
2-13’753E+03 
4* 20964E+02 
8.661 77E+01 
1 .$4442E+Ql 
4.04837E*00 
9. t 6 t 27E-01 
2 . l 4 9 0 I E - O l  
5.29878E-02 
1 41 1 1 1 E-02 
4-  2269 1 E-03 
1 48043E-03 
6.10909E-04 
2 - 8 7 5 5 4 E - 0 4  
1 47223E-04 
7.89197E-05 
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Table 

D I S T A N C E  
FROM CL 

< C M )  

0.70 
2. IO 
3.50 
4.90 
7 -00  
8.05 
8.40 

11.20 
14.00 
24-00  
34.00 
44.00 
54.00 
64.00 
74.00 
84.00 
94.00 

104.00 
114.00 
124- 00 
134.00 
144.00 
1’34.00 
164.00 
174.00 

A-16. Dose Rates i.n S a l t  from Waste Pots A f t e r  100 Years 
Following Processing 

(Initial Heat Rate: 5000 W) 

DQSE R A T E  (RAD/HR) 
F a  P. GAMMA 

2*72825E+05 
2*65176E+05 
2.52682E+OS 
2 .3  1359E+05 
1.60033E+05 
8. &5628E+04 
6.17419E+04 
3-72894E+04 
2.16291E+04 
3*98300E+03 
6*36792E+02 
1*23996E+02 
2.51 540E+01 
5 26 1 8 6E+ 00 
1*12877E+OO 
2.47583E-01 
5.54549E-02 
1.268S6E-02 
2-968005-03 
7.12167E-04 
1 75906E-04 
4- 49 197E-05 
1.1907SE-05 
3.28637E-06 
9 45296E-07 

NEUTRQNS 

2 3 58 1 9E-0 1 
2.29114E-01 
2.16929E-01 
1.98573E-01 
1 * 53552E-01 
1.24244E-01 
1.10382E-01 
8 - 7 3329E-02 
7 048 15E-02 
3.61945E-02 
1.99251E-02 
1.12552E-02 
6.42353E-03 
3.67827E-03 
2.10604E-03 
I 20347E-03 
6-R5605E-04 
3.89207E-04 
2.20096E-04 
1 e 23987E-04 
6.95765E-05 
3.89032E-05 
2.16774E-05 
1.20388E-05 
6e66499E-06 

C A P T U R E  G A M M A  

3-22138E-03 
3.18066E-03 
3.10672E-03 
2.99607E-03 
2.66978E-03 
2.44468E-03 
2.58936E-03 
2-693538-03 
2.698S7E-03 
2.41979E-03 
1.97154E-03 
1 e S0395E-03 
1 0924 1 E-03 
7 63862E-04 
5 I RO89E-04 
3.42684E-04 
2.21926E-04 
1 41 160E-04 
8.8394lE-05 
5.46Q70E-05 
3.33347E-05 
2.01370E-OS 
1.20511E-05 
7.35304E-06 
4.21424E-06 

TBTAL. 

2*72825E+OS 
2*65176E+05 
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