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ESTIMATES OF POWER DEPOSITED V I A  CESIUM/BARIUM BETA AND GAMMA RADIATION 

OF OVERPACKED CAPSULES PLACED I N  AN INTERIM DRY STORAGE FACILITY 
CAPTURED I N  COMPONENTS OF A HANFORD C E S I U M  CHLORIDE CAPSULE AND BY COMPONENTS 

1.0 INTRODUCTION 

The d e p o s i t i o n  o f  power i n  Hanford cesium c h l o r i d e  capsules and i n  t h e  
components o f  des ign concepts f o r  overpacking and i n t e r i m  storage were 
determined as requested (Randklev, 1996a). The power d e p o s i t i o n  r e s u l t s  from 
t h e  s e l e c t i v e  capture o f  gamma and beta r a d i a t i o n  coming from t h e  decay o f  t he  
137Cs i so tope  i n  the  CsCl conta ined i n  the  capsules. 
cases were analyzed: a) a s i n g l e  CsCl capsule, b) an overpack c o n t a i n i n g  e i g h t  
CsCl capsules, and c )  an i n f i n i t e  square a r ray  o f  such overpacks as p laced i n  
tubes o f  a i n t e r i m  d r y  s torage f a c i l i t y .  The power depos i t i on  was expressed 
as wa t t s  pe r  gram f o r  each o f  t he  respec t i ve  phys i ca l  des ign components i n  
these t h r e e  cases. 
t h e  pr imary ana lys i s  o b j e c t i v e  was t o  cha rac te r i ze ,  f o r  each case, t h e  power 
d e p o s i t i o n  across the  r a d i a l  c ross -sec t i on  a t  t h e  expected a x i a l  p o s i t i o n  o f  
maximum depos i t i on .  As requested, t h i s  pr imary p a r t  o f  t h e  ana lys i s  work was 
done us ing  choices f o r  component dimension and ma te r ia l  p r o p e r t i e s  t h a t  would 
reasonably c h a r a c t e r i z e  the  maximum depos i t i on  p r o f i l e  across the  s a l t  (CsC1) 
and t h e  i n n e r  capsule b a r r i e r  o f  t he  double wa l l ed  metal capsule system used 
t o  c o n s t r u c t  t h e  Hanford capsules. 
eva lua te  t h e  d e p o s i t i o n  behavior r e l a t i v e  t o  the  i n f l u e n c e  o f  a x i a l  p o s i t i o n .  
The guidance (Randklev 1996a) a l so  requested an ana lys i s  case t h a t  i nvo l ved  a 
lag-storage p i t  i n  a h o t - c e l l ,  i n  which a c y l i n d r i c a l  metal basket from a 
t r a n s p o r t a t i o n  cask would be used t o  p o s i t i o n  severa l  capsules i n  the  l ag -  
s torage p i t .  Although t h e  bas i c  model f o r  t he  l a g  s torage concept eva lua t i on  
was e s s e n t i a l l y  completed by the  end o f  FY-96, t he  ana lys i s  was n o t  r u n  
because o f  t h e  need t o  p r i o r i t i z e  and l i m i t  t he  work scope due t o  funding 
l i m i t a t i o n s  f o r  FY-97. 

The s p e c i f i c  purpose f o r  per forming t h e  sub jec t  se t  o f  analyses 

k7Cs) t h a t  can then be used as i n p u t  i n t o  an ana lys i s  o f  t he  heat  t r a n s f e r  
( i . e . ,  component temperature) response (Randklev 1996d) f o r  such cases. The 
o v e r a l l  o b j e c t i v e  i s  t o  support t he  TWRS program eva lua t i ons  o f  capsule 
d i sposa l  op t i ons ,  which could be implemented i f ,  and when t h e  DOE changes 
t h e i r  c u r r e n t  des igna t ion  as "by-product" ma te r ia l ,  t o  "waste" m a t e r i a l .  It 
was found t h a t  t h e  Hanford re fe rence  l i t e r a t u r e  concern ing t h e  capsules does 
c o n t a i n  a few r e p o r t s  on prev ious Monte Car lo  code determinat ions o f  t h e  power 
d e p o s i t i o n  va lues f o r  assemblages i n v o l v i n g  t h e  Hanford CsCl capsules. 
However, i n  one case (Campbell, 1981) the  r e s u l t s  are now be l i eved  t o  be 
s e r i o u s l y  i n  e r r o r ,  and t h e  o the r  two repo r ted  analyses (Sasmor, e t  a l ,  1988; 
Midget t ,  1995) i n v o l v e  capsule t o the r  components i n  assemblages t h a t  d i f f e r e d  
s i g n i f i c a n t l y  from t h e  sub jec t  concepts addressed i n  t h i s  present  ana lys i s .  

The f o l l o w i n g  t h r e e  

Per t h e  analyses request  and guidance (Randklev 1996a), 

The secondary o b j e c t i v e  was t o  f u r t h e r  

Randklev 1996a) i s  t o  o b t a i n  power depos i t i on  values ( i . e . ,  pe r  t h e  decay o f  

4 
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The Monte Carlo N-Part ic le  (MCNP) t r a n s p o r t  code (Bre ismeis te r ,  1993 and 
C a r t e r ,  1995) was used t o  model, i n  t h r e e  dimensions, a s i n g l e  capsule ;  e i g h t  
capsules  p lus  an overpack and a CSB tube.  
MCNP code was then r u n  t o  c a l c u l a t e  t h e  predicted power d e n s i t y  depos i t ion  f o r  
t h e  decay of 137Cs. 
capsules ,  t h e  model assumed t h a t  only one c u r i e  of 137Cs was in  t h e  s a l t  
column of  each capsule  as  modeled. 

For these  respec t ive  models, t h e  

For s i m p l i c i t y  of applying t h e  r e s u l t s  t o  s p e c i f i c  

2.0 SUMMARY 

The power d e n s i t y  depos i t ion  values  predicted by t h e  MCNP code f o r  the 
given conceptual model a r e  reported i n  Figures 2 through 7. Since t h e  MCNP 
c a l c u l a t i o n s  were run on t h e  b a s i s  of assuming an inventory of  one c u r i e  of 
137Cs per  capsule ,  t h e  depos i t ion  values  appropr ia te  f o r  a given Hanford CsCl 
capsule  i s  obtained by j u s t  mult iplyiV8 these  MCNP pred ic ted  depos i t ion  values  
by t h e  est imated number of  c u r i e s  of Cs f o r  t h e  subjec t  capsule .  

3.0 MODEL FOR A SINGLE CESIUM CHLORIDE CAPSULE 

The Randklev 1996a and 1996b re ferences  provided most of  t h e  information 
needed regarding capsule  mater ia l s ,  dimensions, e t c . ,  needed f o r  s e t t i n g  up 
t h e  model. 
encapsulat ion b a r r i e r s ,  one loca ted  ins ide  t h e  o ther ,  where t h e  inner  capsule  
conta ins  the CsCl s a l t .  For t h e  Hanford CsCl capsules ,  both t h e  inner  and 
o u t e r  capsule  un i t s  a r e  made of 316 s t a i n l e s s  s t e e l ,  which f o r  t h i s  a n a l y s i s  
was assumed t o  have a dens i ty  of 7.9 g/cc.  Per t h e  guidance on a n a l y s i s  
conservat ism (Randklev 1996a) regarding t h e  upper bound f o r  such power 
depos i t ion ,  i t  was assumed t h a t  t h e  CsCl had a dens i ty  of 3 .8  g /cc  
(Randklev 1 9 9 6 ~ ) .  All t h e  a i r  gaps and void spaces were modeled a s  void 
(vacuum). 
components, r e s p e c t i v e l y .  For t h e  model, t h e  inner  and o u t e r  capsules  a r e  
assumed t o  share  t h e  same axia l  c e n t e r l i n e ,  and a r e  hence r a d i a l l y  
symmetrical. 
a x i a l l y ,  and the CsCl s a l t  column was modeled as  being in  f u l l  contac t  w i t h  
one end of t h e  inner  capsule  ( i . e . ,  bottom end a s  m e l t - f i l l e d  during 
f a b r i c a t i o n )  w i t h  a void space between t h e  s a l t  column and t h e  o t h e r  end of  
t h e  inner  capsule .  A s  modeled, t h i s  i s  a very s impl i f ied  representa t ion  of 
t h e  void space d i s t r i b u t i o n ,  s ince  i n  an actual  CsCl inner  capsule  t h e  CsCl 
conta ins  cool ing  c racks ,  a shr inkage void genera l ly  d i s t r i b u t e d  a t  t h e  top  of 
t h e  s a l t  column and along t h e  ax ia l  c e n t e r l i n e  region of t h e  upper t h i r d  o r  so 
of t h e  s a l t  column. 

Each of  these  Hanford CsCl capsules  i s  composed of two independent 

Tables 1 and 2 l i s t  t h e  dimensions of t h e  inner  and o u t e r  capsule  

The inner  and outer  capsule  were assumed t o  be co-centered 

5 
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Outer Diameter: 

Table 1. Inne r  Caosule Dimensions 

2.657 inches 

I Outer Diameter: 12.255 I inches 

I Wall Thickness: 10.136 I inches 

Inne r  Diameter: 1.983 inches + Overal l  Length: 19.725 inches 

I Cap Thickness: 10.400 I inches 

Inne r  Cav i t y  18.925 inches 
Length : 

I Dens i t y  o f  CsCl: 13.8 I g/cc 

I Mass o f  CsCl: 12.7 I kq 

Wall Thickness: 10.136 I inches I 
I nne r  Diameter: 12.3851 
Overa l l  Length: 120.775 I inches I 
Cap Thickness: 

Length: 

The MCNP i n p u t  f i l e  f o r  a s i n g l e  capsule i s  prov ided i n  Attachment I .  

6 
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Figure 2. 
Specific Power Deposition in a Single CsCl Capsule in Air * G ~ ~ ~ ~  and beta power 

Results are in Watts/gram* for 1 Curie of Cs-137 Watts deposited per gram of 
material in the specified region 

The figure is an axial cross-section of the capsule model. 
All results are radially symmetrical across the capsule. 
The reported CsCl source region deposition rates include 
beta power deposited at 5.61 E-07 Watts/gram. 

-Approximate void region for an actual capsule with 
interstitial void regions and nominal CsCl density. 

Void region as modeled for 2.7 kg of CsCl 
at 3.8 g/cc, for maximum power deposition 

1.1 OE-06 
CsCl Center 1/3rd / of Radius 

-0 1.07E-06 1.02E-06 
CsCl Middle 113rd 
of Radius CsCl Region 

Average over entire 

\ 9.80E-07 
CsCl Outer 1/3rd 
of Radius 

\ 
\ \1.12E-07 

Outer Capsule 
Wall (Axial Center 
of CsCl region) 

1.77E-07 
Inner Capsule 
Wall (Axial Center 
of CsCl region) 

\ 
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Figure 3. 
Axial cross-section of the model for eight cesium 
chloride capsules in an overpack loaded in a 
storage tube in a Canister Storage Building (CSB). 

The overpack is a thin-walled tube-in-tube design 
See Figure 1 for general illustration. 

Figures 4 - 7 show energy deposition estimates across 
the axial midpoint (I e rntddle two capsules) cross-sectton 
of the capsule loaded overpack and CSB storage tube 

4 

Void Region (as modeled) 

CsCl Salt Region (as modeled) 

CsCl Capsule 

Capsule Holder Tube of Overpack 

Outer Shell Wall of Overpack 

CSB Storage Tube 

L 
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Figure 4. 
Specific Power Deposition across a CsCl Capsule 
Loaded Overpack in one CSB Storage Tube 
Results are in Watts/gram* for 1 Curie of Cs-I 37 in each capsule. 
*Gamma and beta power deposited in Watts 
per gram of matenal in the specified region 

There are eight CsCl Capsules in each overpack 
All results are radially symmetrical 
Reported CsCl source region deposition rates include 
beta power deposited at 5 61 E-07 Wattdgram .2 59E-09 

CSB Storage Tube 
(average over axial 
length of overpack) 

4 95E-08 f Overpack Inner Tube 

’ (average over axial 
length of overpack) 

2.70E-09 
CSB Storage Tube 
(axial center 
of overpack) 

(average over axial 
5 22E-09 length of overpack) 7 OverDack Outer Tube 

Overpack Inner Tube 
(axial extent corresponds 
to source region of capsule 

5 62E-09 0- 
Overpack Outer Tube 
(axial extent corresponds 
to source region of capsule) 

4 94E 
Overp 
(axial center 
of overpack) CSB Storage Tube 

(axial extent corresponds 
to source region of capsule 

Void Region (as modeled) 

CsCl Salt Region (as modeled 

5 45E-09 
Overpack Outer Tube 
(axial center / of overpack) 
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Figure 5. 
Specific Power Deposition across a CsCl Capsule in a Loaded Overpack 
Results are in Watts/gram* for 1 Curie of Cs-I 37 in each capsule. 
Eight capsules per overpack. 
All results are radially symmetrical across the capsule. 
The reported CsCl Source region deposition rates include ,......t'''' 
beta power deposited at 5.61 E-07 Wattdgram. _,._.....'' 

,._..." *Gamma and beta power deposited 
in Watts per gram of material in 

._...'. _.... 
the specified region 

...'. 
....I' 

8.62E-08. 
Outer Capsule Wall 
(average over length 
of capsule) 

1.34E-07 / 
Inner Capsule Wall 
(average over length 
of capsule) 

CsCl Outer 1/3rd of 
radius (axial average 
over CsCl region) 

9.88E-07 

CsCl Middle 1/3rd of 
radius (axial average 

1.07E-06 

1.1 OE-06 
CsCl Inner 113rd of 
radius (axial average 
over CsCl region) 

Void Region 
(as modeled) 

CsCl Salt Region 
(as modeled) 

1.21 E-07 
Outer Wall 
(axial center of 
CsCl region) 

1.81 E-07 
Inner Wall 
(axial center of 
CsCl region) 

1.00E-06 
CsCl Outer 113rd of 
radius (axial center 
of CsCl region) 

CsCl Middle 1/3rd of 
radius (axial center 
of CsCl region) 

1.12E-06 
CsCl Inner 1/3rd of 
radius (axial center 
of CsCl region) 

9.64E-08 
inner capsule cap 

1 / 
7 
=I .08E-06 

\ 

/ 
~ 3 . 5 9 E - 0 8  

outer capsule cap 
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Figure 6. 
Specific Power Deposition across a CsCl Capsule Loaded Overpack in a 
CSB Storage Tube for an Infinite Array of such CSB Tubes. 
Results are in Watts/gram* for 1 Curie of Cs-I 37 in each capsule. 
‘Gamma and beta power deposited in Watts 
per gram of material in the specified region. 

4.88E-09 
CSB Storage Tube 
(average over axial 
length of overpack) 

There are eight CsCl Capsules in each overpack. 
All results are radially symmetrical. 
Reported CsCl source region deposition rates include 
beta power deposited at 5.61E-07 Wattdgram. 

5.07E-08 
Overpack Inner Tube 
(average over axial 
length of overpack) 

Overpack Outer Tube 
(average over axial 
length of overpack) 

CSB Storage Tube Overpack Inner Tube 
(axial extent corresponds 
to source region of capsule: 

7 33E-09 
Overpack Outer Tube 
(axial extent corresponds 
to source region of capsule) 

CSB Storage Tube 
(axial extent corresponds 

Void Region (as modeled) 

CsCl Salt Region (as modeled 
Overpack Outer Tube 

0 
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Figure 7.  
Specific Power Deposition across a CsCl Capsule in a Loaded Overpack in 
a CSB Interim Storage Tube for an Infinite Array of such CSB Tubes. 
Results are in Watts/gram* for 1 Curie of Cs-I 37 in each cawule. 
Eight capsules per overpack. 
All results are radially symmetrical across the capsule. 
The reported CsCl Source region deposition rates include ,_....." 
beta power deposited at 5.61 E-07 Watts/gram. 

*Gamma and beta power deposited 
in Watts per gram of material in 
the specified region. 

,_,,....._"' 

_,......." 
,./ 

,_,..." 

...." 
8.71 E-08. 
Outer Capsule Wall 
(average over length 
of capsule) 

135E-07 
Inner Capsule Wall 
(average over length 
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9.89E-07 
CsCl Outer 1/3rd of 

over CsCl region) 

CsCl Middle 1/3rd of 
1.07E-06 

1.10E-06 
CsCl Inner 113rd of 
radius (axial average 
over CsCl region) 

12 

Void Region 
(as modeled) 

CsCl Salt Region 
(as modeled) 
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1.12E-06 
CsCl Inner 113rd of 
radius (axial center 
of CsCl region) 

9.74 E-08 
inner capsule cap 

=I .09E-06 

~ 3 . 6 7 E - 0 8  
outer capsule cap 
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Guide Tube 

Outer Case 

4.0 RESPECTIVE MODELS FOR AN OVERPACK CONTAINING EIGHT HANFORD CESIUM 
CHLORIDE CAPSULES AND FOR A CSB STORAGE TUBE CONTAINING OVERPACKED 
CAPSULES 

The Randklev 1996a and 1996b references prov ided most o f  t h e  i n f o r m a t i o n  
( i . e . ,  des ign concept, component dimensions, ma te r ia l s ,  p roper t i es ,  e t c . )  
needed t o  model t h i s  c o n f i g u r a t i o n  o f  components. F igu re  1 prov ides a general 
schematic i l l u s t r a t i o n  o f  t he  major  components and t h e i r  r e l a t i v e  p o s i t i o n i n g  
f o r  t h e  des ign concept o f  a capsule overpack loaded w i t h  e i g h t  CsCl capsules. 
As t h e  guidance notes, t h i s  overpack concept i s  one t h a t  i s  a candidate f o r  
use i n  the  d i sposa l  o p t i o n  i n v o l v i n g  a federa l  geo log i c  r e p o s i t o r y .  Per t h i s  
concept, t h e  overpack was modeled as con ta in ing  e i g h t  CsCl capsules w i t h  the  
e i g h t  capsules p laced a x i a l l y  end-to-end a long t h e  a x i a l  c e n t e r l i n e  o f  t h e  
overpack. The capsules were assumed t o  be h e l d  i n  t h i s  p o s i t i o n  by a small  
d iameter  gu ide tube he ld  i n  p lace by o the r  f i x t u r i n g  (e.g., a x i a l l y  a l i gned  
f i n  p l a t e s  at tached pe rpend icu la r  t o  t h e  guide tube ou te r  su r face ) .  
capsules were thus assumed t o  be r a d i a l l y  co-centered w i t h i n  t h i s  gu ide tube, 
an o u t e r  tube, and then a CSB (Canis ter  Storage B u i l d i n g )  i n t e r i m  storage 
tube, which i s  a s t e e l  tube pos i t i oned  i n  a v e r t i c a l  o r i e n t a t i o n  w i t h i n  a CSB. 
The dimensions o f  t he  modeled overpack are l i s t e d  i n  Table 3. 
o u t e r  tubes were modeled as 316 s t a i n l e s s  s t e e l  having t h e  same d e n s i t y  as was 
assumed i n  Sect ion 3.0 f o r  t he  s i n g l e  capsule model. The CSB tube was modeled 
as AISI/SAE-1020 carbon s t e e l  w i t h  an assumed d e n s i t y  o f  7.86 g/cc.  

The 

The i n n e r  and 

3 inches I D  1 / 4  i nch  t h i c k  

24 inches OD 3/8 i nch  t h i c k  

CSB Tube 28 inches OD 5 i nch  t h i c k  

The MCNP i n p u t  f i l e  f o r  t he  an e i g h t  capsule overpack i s  prov ided i n  
Appendix I .  

5.0 MODEL FOR I N F I N I T E  ARRAY OF CSB STORAGE TUBES LOADED WITH OVERPACKED 
CAPSULES 

The MCNP model f o r  t he  s i n g l e  CSB s torage tube, as loaded w i t h  an 
overpack p l u s  capsules, was mod i f i ed  by i n s e r t i n g  f o u r  r e f l e c t i v e  sur faces t o  
s imu la te  a c l o s e  packed i n f i n i t e  square a r r a y  ( i . e . ,  a conserva t i ve  case f o r  
power depos i t i on )  o f  such CSB tubes loaded w i t h  overpacked capsules. 
s p e c i f i c  spacing between t h e  tube a r ray  assumed f o r  t h i s  model i s  n o t  t h a t  
impor tan t  t o  t h e  r e s u l t s  s ince  t h e  mean f r e e  pa th  f o r  t h e  gamma r a d i a t i o n  i s  
about 6m i n  a i r .  For t h e  capsules i n  overpacks i n  such a CSB a r r a y  t h e  power 
d e p o s i t i o n  p r o f i l e  across the  r a d i a l  cross-sect ion o f  such a loaded CSB tube 

The 

13 
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i s  63% i n t o  t h e  CsCl, 6.7% i n t o  t h e  i nne r  capsule w a l l ,  5 .4% i n t o  the  o u t e r  
capsule w a l l ,  7.1% i n t o  the  guide tube ho ld ing  the  capsules i n  t h e  overpack 
u n i t ,  8.3% i n t o  t h e  o u t e r  s h e l l  o f  t h e  overpack u n i t ,  and 9.2% i n t o  t h e  CSB 
tube w a l l .  

14 
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concept. 
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6.500E-02 

7.500E-02 

6.0 CESIUM SOURCE 

The ISOSHLD code Lourant 1990) was used t o  gen7;rpmt.e t h e  gamma d i s t r i b u t i o n  
f o r  t h e  decay o f  67Cs and t h e  daughter product  
assoc iated bremsstrahlung r a d i a t i o n  i n  t h e  CsCl source m a t e r i a l .  The gamma 
d i s t r i b u t i o n  i s  shown i n  Table 4. 
second f o r  one c u r i e  o f  137Cs was used i n  the  MCNP i n p u t  f i l e .  

Ea, i n c l u d i n g  t h e  

A photon s t reng th  o f  3 . 6 2 6 ~ 1 0 ~ '  photons pe r  

2.547Et12 

1.990Et12 

Table 4. 137Cs/'37mBa Gamma D i s t r i b u t i o n  

Energy (MeV) 

8.250E-01 

1.000E+00 

Photons/Sec 
o r  37.65 kCi I f37cs 

2.689E+09 

2.362Et08 

I 4.500E-02 I4.919Et12 I 
I 5.500E-02 I3.708Et12 I 

I 8.500E-02 I1.434Et12 I 
I 9.500E-02 I1.096Et12 I 

1.500E-01 

3.500E-01 1.841Et11 

I4.750E-01 17.770E+10 I 
I6.500E-01 1 1.187E+15 I 

The t o t a l  photon power p r e d i c t e d  by the  ISOSHLD code f o r  t h e  decay o f  
was c a l c u l a t e d  t o  be 2 . 0 7 ~ 1 0 ~ '  MeV/s f o r  one C i  o f  137Cs i n  e q u i l i b r i u m  

w i t h  137mBa . Th is  equates t o  3 . 3 1 ~ 1 0 - ~ ~  Watts. To es t ima te  t h e  amount o f  
power deposi ted i n  t h e  CsCl s a l t  v i a  beta r a d i a t i o n ,  a p r e d i c t i o n  was made f o r  
t he  total power re leased from 137Cs decay ( i . e . ,  n o t  j u s t  t h e  c o n t r i b u t i o n  

137Cs 

16 
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from photons). 
us ing  t h e  ORIGENZ code (Schmi t t ro th  1994) was 4 . 8 2 ~ 1 0 - ~  Watts. 
d i f f e r e n c e  between these two p r e d i c t e d  values ( i . e . ,  t he  ORIGENZ value f o r  
t o t a l  power re leased minus the  ISOSHLD value f o r  t he  t o t a l  photon power 
re leased)  i s  1 . 5 1 ~ 1 0 - ~ ~  Watts. Th i s  d i f f e r e n c e  i s  assumed t o  be t h e  power 
absorbed i n  t h e  CsCl source reg ion  as beta r a d i a t i o n .  For an es t ima te  o f  2.7 

o f  CsCl pe r  capsule (Randklev 1996c), t he  beta depos i t i on  would be 5.61X10- 
OkgWatts/g o f  CsCl f o r  one C i  o f  137Cs. Th is  va lue was added t o  t h e  MCNP gamma 
power d e n s i t y  r e s u l t s  f o r  t h e  CsCl source reg ions.  

The t o t a l  power p r e d i c t e d  f o r  t he  cesiljm/barium decay scheme 
Thus t h e  

7 .0  PREDICTIONS OF DEPOSITION I N  OTHER COMPONENTS 

The power d e n s i t y  d e p o s i t i o n  values f o r  t h e  o the r  components i n  each o f  
t he  models ( i . e . ,  t he  components o the r  than the  CsCl s a l t  column, such as the  
i n n e r  and o u t e r  capsule metal wa l l s ,  tube w a l l s  f o r  t he  overpack components, 
e t c . )  were then p r e d i c t e d  us ing the  MCNP code. A nominal capsule l o a d i n g  o f  
2.7 kg o f  CsCl p e r  capsule was used i n  t h e  ana lys i s  (Randklev, 1 9 9 6 ~ ) .  
Component dimensions and t h e  CsCl d e n s i t y  values were taken from t h e  Randklev, 
1996b and 1996c references,  r e s p e c t i v e l y ,  and i n p u t  i n t o  t h e  MCNP code t o  
o b t a i n  t h e  power d e n s i t y  values (Watts/g). 
are r e p o r t e d  i n  F igures 2 through 7, and are expressed i n  u n i t s  o f  Watts/g. 

The r e s u l t s  o f  these c a l c u l a t i o n s  
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APPENDIX I 

MCNP INPUT FILES 

Cons is t i ng  o f  11 pages, 
i n c l u d i n g  cover  page. 
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MCNP INPUT FILE FOR SINGLE CAPSULE WITH ONE CURIE OF 137Cs. 

CsCl Capsule 1 Ci 
c 00011111111112222222222333333333344444444445555555555666666666677777777 

c 78901234567890123456789012345678901234567890123456789012345678901234567 

c #l CsCl source 
1 1 - 3 . 8  -1 6 - 1 3  

c {I2 inner capsule 
2 2 - 7 . 9  - 2  1 -5  6 

c 113 inner capsule top plug 
3 2 - 7 . 9  - 7  5 - 2  

c 114 inner capsule bottom plug 
4 2 - 7 . 9  - 6  8 - 2  

c #5 air gap between capsules (void) 
5 0  ( - 3  - 9  10 ) ( 2  : 7  : - 8  ) 

c 9 6  outer capsule 
6 2 - 7 . 9  - 4  3 - 9  10 

c #7 outer capsule top plug 
7 2 - 7 . 9  -11 9 - 4  

c #8 outer capsule bottom plug 
8 2 - 7 . 9  1 2  - 4  -10 

c 8 9  outside world 
9 0  4 :11 : - 1 2  

c {/lo void space above CsCl 
10 0 -1 1 3  - 5  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
1 3  
14 
15  
16  
17 

CZ 

CZ 

CZ 

CZ 

PZ 
PZ 
PZ 
PZ 
PZ 
PZ 
PZ 
PZ 
PZ 
PZ 
PZ 
CZ 

CZ 

2 . 5 1 8 0 0 0 0  
2 . 8 6 4 0 0 0 0  
3 . 0 2 9 0 0 0 0  
3 . 3 7 4 0 0 0 0  
4 8 . 0 7 0 0 0 0  
0.0000000 
4 9 . 0 8 6 0 0 0  

- 1 . 0 1 6 0 0 0 0  
4 9 . 4 0 3 0 0 0  

- 1 , 3 3 3 5 0 0 0  
5 0 . 4 1 9 0 0 0  

- 2 , 3 4 9 5 0 0 0  
3 1 . 2 4 5 5 0 0  
1 4 . 6 2 0 0 0 0  
1 6 . 6 2 0 0 0 0  
0 . 8 3 9 0 0 0 0  
1 . 6 7 9 0 0 0 0  

imp : p=l 

imp : p=l 

imp : p=l 

imp : p=l 

imp : p-1 

imp : p=l 

imp : p=l 

imp : p=l 

imp : p-0 

imp : p=l 

mode p 
C ............. 
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C 

C 

C 

ml 

C 

m2 

C 

me 

C 

C 

C 

C 

C 

- -  materials - -  

material one CsCl density 3.80 g/cc 
55000 0.50 $Cesium 50% 
17000 0.50 $Chlorine 50% 
material two 316-L Stainless Steel density 7.90 g/cc @ 2OOC 
26000 -0.65395 $Iron 

25000 - 0 . 0 2  $Manganese 
15000 -0,00045 $Phosphorus 
16000 -0.00030 $Sulfer 
14000 -0.01 $Silicon 
28000 -0.12 $Nickle 
24000 -0.17 $Chromium 
42000 -0.025 $Molybdenum 
material three Air density 0.00122 g/cc 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

6000 -0,0003 $Carbon 

7000 -0.765 $Nitrogen 
8000 -0,235 $Oxygen _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

source - - - -  
One Ci - - - -  

... 

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NOTE SOURCE IS FOR ONE CURIE 

sdef erg dl rad d2 ext d3 axs 0 0 1 wgt 3.626E+10 
si1 
1 
1.500E-02 
2.500E-02 
3.500E-02 
4,500E-02 
5.500E-02 
6.500E-02 
7,500E-02 
8.500E-02 
9.500E-02 
1.500E-01 
2.500E-01 
3.500E-01 
4.750E-01 
6,500E-01 
8.250E-01 
1.000E+00 

si2 2.518 
si3 0.00 31.2455 
C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
C ___. tally - - - -  
C ............... 

fc6 energy deposited per gram in Watts in end caps 
f6:p 3 4 7 8 

21 



WHC-SD-WM-TI-791 REV 0 

fm6 1.602E- 13 
C .._.._......... 

fc16  energy  d e p o s i t e d  p e r  gram i n  Watts i n  CsCl 
f16 :p  1 
fs16 -16 - 1 7  t 
fm16 1 .602E-13 

fc26  energy  d e p o s i t e d  p e r  gram i n  Watts i n  Inne r  Wall 
f26 :p  2 
f s26  -14 -15 -13 t 
fm26 1 ,602E-13 

fc36 energy  d e p o s i t e d  p e r  gram i n  Watts i n  Outer Wall 
f 3 6 : p  6 
f s36  -14 -15 -13  t 
fm36 1 .602E-13 

C _ _ _ _ _ _ _ _ _ _ _ _ _ _ .  

C .______.__._... 

C 

C 

_....._..______ 
____.__.______.  

nps  3000000 
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MCNP INPUT F I L E  FOR 8 CAPSULE OVERPACK - ONE C I  PER CAPSULE 

C s C l  Capsule 1 C i  per capsule 
c 00011111111112222222222333333333344444444445555555555666666666677777777 

c 78901234567890123456789012345678901234567890123456789012345678901234567 

iil soufce 
2 2  - 7 . 9 0 0 0 0  -2 1 - 5  6 

-3 .80000  -1 6 -13  
c 112 s t e e l  

c #3  s t e e l  
3 2  - 7 . 9 0 0 0 0  -7  5 -2 

- 7 . 9 0 0 0 0  - 6  8 -2 

f5 vOii ( - 3  - 9  10  ) ( 2  : 7  : - 8  ) i6 stee21 
7 2  - 7 . 9 0 0 0 0  -11 9 - 4  

8 2  - 7 , 9 0 0 0 0  12 - 4  -10  

- 7 . 9 0 0 0 0  -4  3 - 9  10 
c 117 s t e e l  

c //8 s t e e l  

c {{IO void 

c #ill  s t e e l  
10 0 -1. 13  - 5  

11 2 
c 1/12 s t e e l  

1 2  2 
c 1 1 3  s t e e l  

13 2 
c 1/14 s t e e l  

1 4  2 
c j j l 5  s t e e l  

15 2 
c # I 6  s t e e l  

1 6  2 
c 1\17 s t e e l  

17 2 
c #l8 s t e e l  

18 2 
c { /19  s t e e l  

1 9  2 
c 6 2 0  s t e e l  

20 2 
c 1/21 steel  

21 2 
c 822 s t e e l  

22 2 
c 1/23 s t e e l  

23 2 
c #24  s t e e l  

24 2 

- 7 , 9 0 0 0 0  

- 7 . 9 0 0 0 0  

- 7 . 9 0 0 0 0  

- 7 . 9 0 0 0 0  

- 7 . 9 0 0 0 0  

- 7 . 9 0 0 0 0  

- 7 . 9 0 0 0 0  

- 7 , 9 0 0 0 0  

- 7 . 9 0 0 0 0  

- 7 . 9 0 0 0 0  

- 7 . 9 0 0 0 0  

- 7 . 9 0 0 0 0  

- 7 . 9 0 0 0 0  

- 7 . 9 0 0 0 0  

-22 11 - 4  

- 2 0  21 -2 

22 -16 -4  3 

18 - 1 7  -2 

16 - 1 5  - 4  

-4  -30  15 

- 2  -28 29 

-2 26 - 2 5  

-4  -23  24 

- 4  -38 23 

- 2  -36 37 

- 2  - 3 3  34 

- 2  -44  45 

- 4  32 - 3 1  
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c 1/25 steel 
25 2 

c 1/26 steel 
26 2 

c 1/27 steel 
27 2 

c 1/26 steel 
28 2 

c 1/29 steel 
29 2 

c 1/30 steel 
30 2 

c 1/31 steel 
31 2 

c 1/32 steel 
32 2 

c 1/33 steel 
33 2 

c 1/34 steel 
34 2 

c 1\35 steel 
35 2 

c 1/36 steel 
36 2 

c 1\37 steel 
37 2 

c 1/38 steel 
38 2 

c 1/39 steel 
39 2 

c 1/40 steel 
40 2 

c 1 4 1  void 

-7 .90000 - 4  -46 3 1  

-7 .90000 - 2  4 2  - 4 1  

- 7 . 9 0 0 0 0  - 2  53 -52  

- 7 . 9 0 0 0 0  - 4  4 0  -39  

- 7 . 9 0 0 0 0  - 4  - 5 4  39 

-7 .90000 - 2  -49  50 

- 7 . 9 0 0 0 0  - 2  - 6 0  6 1  

- 7 . 9 0 0 0 0  -4  48 -47 

- 7 . 9 0 0 0 0  - 4  47 -62  

- 7 . 9 0 0 0 0  - 2  -57 58 

- 7 . 9 0 0 0 0  - 2  69 -68  

- 7 . 9 0 0 0 0  - 4  -55  56 

- 7 . 9 0 0 0 0  - 4  55 - 7 0  

- 7 . 9 0 0 0 0  - 2  -65  66 

- 7 . 9 0 0 0 0  - 4  6 4  - 6 3  

- 7 . 9 0 0 0 0  - 2  1 2 0  -18  

41 0 ( - 1 6  - 3  22 )(-21 : 1 7  : 2  ) 

42 1 -3 .8000 -1 20 -19  

4 3  0 -18  19 -1 

4 4  2 - 7 . 9 0 0 0 0  -4  3 30 - 2 4  

45  2 - 7 . 9 0 0 0 0  1 - 2  28 -26 

46 0 ( - 3  - 2 4  30 ) ( 2 5  : - 2 9  : 2  ) 

47 1 - 3 . 8 0 0 0  28 -1 -27 

48  0 -26 -1 27 

49  2 - 7 . 9 0 0 0 0  3 - 4  38 - 3 2  

5 0  2 - 7 . 9 0 0 0 0  1 - 2  - 3 4  36 

5 1  0 ( - 3 2  38 - 3  ) ( 3 3  : - 3 7  : 2  ) 

c 1/42 source 

c 1/43 void 

c 1/44 steel 

c 1/45 steel 

c 1/46 void 

c 1/47 source 

c 1/48 void 

c 1/49 steel 

c 1/50 steel 

c 1/51 void 
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c 1/52 source 

c 1/53 void 

c 8 5 4  steel 

c 1/55 steel 

c 1/56 void 

c 1/57 source 

c 1/58 void 

c 1/59 steel 

c i j 6 0  steel 

52 1 - 3 . 8 0 0 0  36 - 3 5  -1 

53 0 - 3 4  -1 35 

5 4  2 - 7 . 9 0 0 0 0  3 -4 4 6  - 4 0  

55 2 - 7 . 9 0 0 0 0  - 2  1 - 4 2  44 

5 6  0 ( - 3  -40 4 6  ) ( 4 1  : - 4 5  : 2  ) 

57 1 - 3 . 8 0 0 0  44 - 4 3  -1 

5 8  0 - 4 2  -1 43 

5 9  2 - 7 . 9 0 0 0 0  -4  3 5 4  -48 

6 6  2 - 7 . 9 0 0 0 0  1 - 2  5 2  - 5 0  

6 1  0 ( - 4 8  - 3  5 4  ) ( 4 9  : 2  : - 5 3  ) 

6 2  1 - 3 . 8 0 0 0  5 2  -1 - 5 1  

6 3  0 - 5 0  -1 5 1  

6 4  2 - 7 . 9 0 0 0 0  -4 3 6 2  - 5 6  

6 5  2 - 7 . 9 0 0 0 0  - 2  1 6 0  - 5 8  

c 1/61 void 

c 1/62 source 

c 1/63 void 

c 1/64 steel 

c 1/65 steel 

c { /66 void 

c 1/67 source 

c 8 6 8  void 

c 1 6 9  steel 

c 1/70 steel 

c 1/71 void 

c 1/72 source 

66 0 ( 6 2  - 5 6  - 3  ) ( 5 7  : - 6 1  : 2  ) 

67 1 - 3 . 8 0 0 0  6 0  - 5 9  -1 

6 8  0 - 5 8  -1 5 9  

6 9  2 - 7 . 9 0 0 0 0  - 6 4  7 0  -4 3 

7 0  2 - 7 . 9 0 0 0 0  - 2  1 6 8  - 6 6  

7 1  0 ( - 6 4  - 3  7 0  ) ( 6 5  : - 6 9  : 2  ) 

7 2  1 - 3 . 8 0 0 0  68  - 6 7  -1 
c 1/73 void 

c 1/74 steel 

c 1\75 steel 

c 1/76 void 

c { /77 steel 

c #78 steel 

7 3  0 - 6 6  67 -1 

7 4  2 - 7 . 9 0 0 0 0  63  - 7 8  - 7 2  

7 5  2 - 7 . 9 0 0 0 0  1 2  - 7 2  7 1  - 6 3  

7 6  0 - 7 1  4 - 6 3  1 2  

77  2 - 7 . 9 0 0 0 0  - 1 2  80 - 7 2  

7 8  2 - 7 . 9 0 0 0 0  7 4  - 7 3  80 - 7 8  
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c #79 s t e e l  

c # S O  v o i d  

c # 8 l  s t e e l  

7 9  2 -1 .90000  - 7 3  7 8  -79 

80 0 -78  -74  7 2  80 

8 1  2 -7 .90000  -80  8 1  -73  
c # 8 2  carbon s t e e l  

c 4/63 carbon s t e e l  
82 4 -7 .86000  -79  76 -75  81 

83 4 - 7 . 8 6 0 0 0  -75  - 8 1  82 

84 0 8 1  -79 13 -76 

85 4 - 7 . 8 6 0 0 0  79 -75  -77 

86 0 77 : 7 5  : - 8 2  

c # 8 4  v o i d  

c #85 carbon s t e l  

c #86 o u t s i d e  world 

1 cz  
2 C Z  
3 C Z  
4 C Z  

5 PZ 
6 PZ 
7 PZ 
8 PZ 
9 PZ 

10 PZ 
11 PZ 
12 PZ 
13  PZ 

C capsu le  2 

15 PZ 
16 PZ 
17 PZ 
1 8  PZ 
1 9  PZ 
20 PZ 
21  PZ 
22 PZ 

23 P= 
24 PZ 
25 P Z  
26 PZ 
2 1  PZ 
28 PZ 
29 PZ 
30 PZ 

C capsu le  3 

C capsu le  4 

2 ,5180000  
2 ,8640000  
3 .0290000  
3.3740000 
48.070000 
0.0000000 
49 .086000  

-1.0160000 
49.403000 

- 1 , 3 3 3 5 0 0 0  
50.419000 

-2 .3495000  
31.245500 

103.18800 
102.17200 
101.85500 
100.83900 
84 ,014500  
52.769000 
5 1 .  753000 
51.435500 

155.95700 
154.94100 
154.62400 
153.60800 
136.78350 
105.53800 
104.52200 
104.20450 

208 ,72600  
201 ,71000  
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33 PZ 
34 PZ 
35 P Z  
36 P Z  
37 P Z  
38 PZ 

39 PZ 
40 PZ 
4 1  PZ 
4 2  PZ 
4 3  PZ 
4 4  PZ 
45 P Z  
46 PZ 

47 PZ 
48 PZ 
49 PZ 
50 PZ 
5 1  PZ 
52 P= 
53 PZ 
54 PZ 

55 PZ 
56 PZ 
57 PZ 
58 PZ 
59 PZ 
60 P Z  
6 1  PZ 
62 PZ 

6 3  PZ 
6 4  PZ 
65 P Z  
66 PZ 
67 PZ 
68 PZ 
69 PZ 
7 0  PZ 

C c a p s u l e  5 

C c a p s u l e  6 

C c a p s u l e  7 

C c a p s u l e  8 

7 1  cz  
7 2  C Z  

7 3  cz  
7 4  cz  
7 5  C Z  
76 C Z  

77 PZ 
78 PZ 

207.39300 
2 0 6 , 3 7 7 0 0  
1 8 9 . 5 5 2 5 0  
158.30700 
157.29100 
1 5 6 , 9 7 3 5 0  

261.49500 
2 6 0 , 4 7 9 0 0  
2 6 0 , 1 6 2 0 0  
2 5 9 , 1 4 6 0 0  
242.32150 
2 1 1 , 0 7 6 0 0  
210.06000 
2 0 9 , 7 4 2 5 0  

314.26400 
313.24800 
312.93100 
311.91500 
295.09050 
263.84500 
262.82900 
262.51150 

367.03300 
366.01700 
365.70000 
364.68400 
347.85950 
316.61400 
315.59800 
315.28050 

4 1 9 , 8 0 2 0 0  
4 1 8 , 7 8 6 0 0  
4 1 8 . 4 6 9 0 0  
417.45300 
400.62850 
369.38300 
368.36700 
368.04950 
3 .8100000 
4 .4450000 
30.480000 
29 .527500 
35 .560000 
34 .290000 
422.65950 
4 2 0 . 4 3 7 0 0  
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79 
80 
81 
8 2  
100 
101 
102 
103 
104 
105 

421.38950 
-2.9845000 
-3.9370000 
-5.2070000 
0.839 
1.679 
171.4298 
176.4298 
224.1988 
229.1988 

mode p 
imp:p 1 83r 0 
C 
C 
C 
C 
ml 

C 

m2 

C 
C 

C 

C 

m4 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
- -  materials - -  
material one CsCl density 3 . 8 0  g/cc 
55000 0.50 $Cesium 50% 
17000 0.50 $Chlorine 50% 
material two 316-L Stainless Steel density 7.90 g/cc @ 2OOC 
26000 -0.65395 $Iron 

25000 -0.02 $Manganese 
15000 -0.00045 $Phosphorus 
16000 -0,00030 $Sulfer 
14000 -0.01 $Silicon 
28000 -0.12 $Nickle 
24000 -0.17 $Chromium 
42000 -0.025 $Molybdenum 
material three Air density 0.00122 g/cc 
m3 7000 -0,765 $Nitrogen 

material four Carbon Steel AISI-SAE 1020 density 7.86 g/cc 
26000 -0,9926 $Iron 

25000 -0,0045 $Manganese 
15000 -0,0004 $Phosphorus 
16000 -0.0005 $Sulfer 

............... 

6000 -0.0003 $Carbon 

8000 -0.235 $Oxygen 

6000 - 0 . 0 0 2 0  $Carbon 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
source - - - -  
One Ci - - - -  

_ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NOTE SOURCE IS FOR ONE CURIE. EIGHT SOURCES! 

sdef erg dl rad d2 ext d3 cel d5 pos fcel d4 axs 0 0 1 wgt 2.901E+ll 
si5 L 1 4 2  47 52 57 62 67 72 
s p 5  D 1 1  1 1  1 1  1 1  
# si1 SPl 

L D 
1.500E-02 3.182E+13 
2.500E-02 1.547E+13 
3.500E-02 1.042E+14 
4.500E-02 4.919E+12 
5.500E-02 3.708E+12 
6.500E-02 2.547E+12 
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7.5001-02  1.9903+12 
8 .500E-02 1.434E+12 
9.500E-02 1.096E+12 
1 .500E-01 3.636E+12 
2 .500E-01 7.220E+11 
3.500E-01 1 .841E+l l  
4 .7503-01  7.7703+10 
6.500E-01 1.1873+15 
8 .250E-01 2.689E+09 
1.000E+00 2.362E+08 

s i 2  2 .518  
s i 3  0 . 0 0  31.2455 
ds4  L 0 0 0 .00 

0 0 52.769 
0 0 105 .538  
0 0 158 .307  
0 0 211.076 
0 0 263.845 
0 0 316.614 
0 0 369.383 

C ....___________ 

C _ _ _ _  t a l l y  - - - -  
C _____........._ 

f c 6  ene rgy  d e p o s i t e d  p e r  gram i n  Watts i n  end caps  
f 6 : p  25 23 83 8 1  77 
fm6 1 ,602E-13 

f c16  ene rgy  d e p o s i t e d  p e r  gram i n  Watts i n  CsCl 
f 1 6 : p  57 52 
f s 1 6  -100 -101 t 
fm16 1.602E-13 

fc26  energy  d e p o s i t e d  p e r  gram i n  Watts i n  Overpack Walls l a r g e  
f26 :p  82 78 75 
f s 2 6  -23  -39 t 
fm26 1.602E-13 

f c36  ene rgy  d e p o s i t e d  p e r  gram i n  Watts i n  Overpack Walls s m a l l  
f 3 6 : p  82 78 75 
f s 3 6  -36 - 3 5  -44  -43 t 
fm36 1 ,602E-13 

f c46  energy  d e p o s i t e d  p e r  gram i n  Watts i n  upper  c a n i s t e r  w a l l s  
f 46 :p  54 55 
f s 4 6  -104 -105 -43  t 
fm46 1 .602E-13 

f c56  energy  d e p o s i t e d  p e r  gram i n  Watts i n  lower canister w a l l s  
f 5 6 : p  49 50 
f s 5 6  -102 -103 -35 t 
fm56 1 ,602E-13 

C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

C _________...... 

C _________...... 

C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

C ______________.  

_______..... 

f c66  ene rgy  d e p o s i t e d  p e r  gram i n  Watts i n  a x i a 1 , r a d i a l  c e n t e r  o f  CsCl upper  
f 6 6 : p  57 
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fs66 100 -104 -105 
fm66 1,6023-13 

fc76 energy deposited per gram in Watts in axia1,radial center of CsCl lower 
f76:p 52 
fs76 100 -102 -103 
fm76 1,602E-13 

fc86 energy deposited(W) per g in axial ctr radial mid of CsCl upper 
f86:p 57 
fs86 -100 101 -104 -105 
fm86 1.602E-13 

fc96 energy deposited(W) per g in axial ctr radial mid of CsCl lower 
f96:p 52 
fs96 -100 101 -102 -103 
fm96 1.6023-13 

fc106 energy deposited(W) per g in axial ctr radial out of CsCl upper 
f106:p 57 
fs106 -101 -104 -105 
fm106 1.602E-13 

fc116 energy deposited(W) per g in axial ctr radial out of CsCl lower 
f116:p 52 
fs116 -101 -102 -103 
fm116 1.602E-13 

C .....__________ 

C __.___...______ 

C .....__________ 

C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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-Sb -&M T i -  796 &o 
Internal Westinghouse 

Hanford Company Memo &Id 

From: 
Phone: 
Date: 
Subject: 

To : 

Process Technology 

Auoust 30. 1996 
376-1456 H5-27 
- a _ - -  - - 7  - 

REQUEST FOR RADIATION DECAY 
THERMAL ANALYSES OF HANFORD 
PROCESSING FOR TWO DISPOSAL 

73510-96-028 

DECISION ANALYSES 

R. A. Schwarz HO-35 

cc: T. R. Beaver HO-34 
R. D. Claghorn H5-49 
EWRZf?iW mer 8RtIZX- 
R. L. Gibby H5-27 
J .  Greenborg HO-35 
D. M. Ogden HO-34 
D. J. Washenfelder H5-27 
73510 File/LB H5-27 

ENERGY OFPOSITION ANALYSES TO SUPPORT 
CEsIUM CHLORiDE CAPSULES PER HANFORD 
PATH OPTIONS BEING EVALUATED IN A TWRS 

The purpose of this letter is to document the basic scope of the analysis 
assignment you are to perform. 
(J. Greenborg) as the lead for conducting this analysis assignment, and the 
following workscope description is in part based on the meeting that 
Mr. E. R. Cramer, of Process Engineering Analysis, and myself had with you 
on August 26, 1996 to discuss this matter. Your time charges for this work 
should be made to the TPCN D5222. 

The basic assignment is to provide radiation decay (Cs-137) energy 
deposition analysis to estimate the specific energy deposition amongst the 
fabrication components of a capsule and the surrounding components 
associated with the following design cases: 

You were identified by your manager 

a single capsule surrounded by air; 
a BUSS cask basket holding 16 capsules (fewer capsules optional) 
with the basket located in a lag storage pit (high-density 
concrete lined with stainless steel plate); 
a set of overpacked capsules surrounded by air, in which a set o f  
8 capsules are positioned end-to-end along the axial centerline of 
a right-circular cylinder overpack design (i.e., a stainless steel 
tube-in-tube overpack configuration where the innermost tube 
(i.e., holding the capsules) is positioned using four plate-type 
fins aligned axially along the outer surface of this inner-most 
tube; 
two capsule overpacks positioned end-to-end within a given storage 
tube (vertical orientation) in a Canister Storage Building (CSB) 
for high-level waste disposal products. 

Specific design details to be assumed for component materials, component 
dimensions, etc., will basically correspond to values for such component 
designs as used during the radiation dose rate analyses that you did for us 
during May and June of 1995 in support of an earlier stage of this work. 

Hanlord Oporafionr and Engineering ConlraOor for the US Department of Energy 
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A major except ion t o  t h a t  information i s  t h a t  t h e  diameter  of  t h e  capsule  
overpack design concept has been reduced from 27 inches in  diameter  
(1995 b a s i s )  t o  a value of 24 inches in  diameter  (1996 b a s i s ) .  
August 26, 1996 meeting, you ind ica ted  t h a t  you s t i l l  had t h e  models f o r  
those  e a r l i e r  determinat ions and t h a t  you a l s o  had a model f o r  t h e  BUSS cask 
basket  per  p a s t  work on a s a f e t y  ana lys i s  r e p o r t  for t h e  BUSS cask.  
take  advantage of any e x i s t i n g  models t h a t  a r e  appropr ia te .  

I propose t h a t  we handle t h e  remaining parameter value choices  by l e s s  
formal w r i t t e n  communication. Such choices ,  however, should be guided by 
our i n t e r e s t  i n  e s t a b l i s h i n g  a conserva t ive  envelope f o r  such r a d i a t i o n  
decay depos i t ion  ( i . e . ,  maximum l e v e l s  achievable  s t a r t i n g  from t h e  s a l t  
a x i a l  c e n t e r l i n e ,  inner  capsule  wal l ,  ou ter  capsule  wal l ,  overpack wal l s ,  
e t c . )  f o r  given capsule  c u r i e  loadings and capsule  des ign ,  overpack design,  
e t c . .  The reason f o r  t h i s  i s  t h a t  one o f  t h e  primary i n t e r e s t s  r e l a t i v e  t o  
t h e  follow-on thermal a n a l y s i s  work i s  t o  es t imate  t h e  maximum sa1t:metal 
( i n n e r  capsule)  i n t e r f a c e  temperatures  t h a t  could r e s u l t  from such 
conf igura t ions .  We wi l l  be looking t o  your exper t  t echnica l  judgement t o  
help guide us i n  making those  remaining parameter value choices .  

Please use the following est imated decayed values  f o r  t h e  maximum and 
average Curie  (kCi) loadings per  capsule  f o r  t h e  CsCl capsule  populat ion as  
decayed t o  t h e  calendar  years  2010, 2020, and 2035 (Per  a d i sposa l  
populat ion o f  1328 capsules  -- WHC/WESF es t imates  provided t o  me i n  
FY 1995). 

During our 

Please 

- Year Maximum Averase 
2010 37.65 kCi 27.77 kCi  
2020 (Est imates  pending--will be provided l a t e r )  
2035 21'. 20 k C i  15.63 kCi 

The l a g  s torage  (BUSS cask basket)  case should be analyzed using the  
est imated values  f o r  t h e  maximum and the  average capsule  inventory f o r  t h e  
ca lendar  y e a r s  2010 and 2020. The f i r s t  p r i o r i t y  f o r  a l l  t h e  requested 
a n a l y s i s  cases  i s  t o  run t h e  maximum est imated inventory value f i r s t .  The 
a n a l y s i s  case involving overpacked capsules  placed i n  a CSB s torage  tube 
should be s i m i l a r l y  run f o r  the ca lendar  y e a r s  of  2010, 2020, and 2035, 
preferab ly  in  t h a t  sequence. 

As I noted during our August 26, 1996 meeting, my review work on the r e p o r t s  
of p a s t  Monte Carlo analyses  of  the Cs-137 decay energy depos i t ion  across  
these  Hanford capsules  has revealed major d i f f e r e n c e s  between such 
p r e d i c t i o n s .  Please be advised of t h e  need t o  c a r e f u l l y  conduct these  
analyses  so t h a t  we can successfu l ly  reso lve  such controversy.  
Dr. Gregory Spriggs,  of  L A N L ,  who d i d  such an a n a l y s i s  (MCNP code), i n  
support  of  another  WHC t ask  during FY 1995, has been reviewing r e p o r t s  t h a t  
I s e n t  h i m  regarding o ther  such analyses ,  and he has i n i t i a t e d  a new MCNP 
a n a l y s i s  f o r  a s i n g l e  capsule  t o  help reso lve  this  mat te r .  I wil l  keep you 
informed on these  support ing e f f o r t s .  

The goal i s  t o  t r y  and complete t h e  work i n  FY 1996. 
myself w i l l  work w i t h  you next week t o  develop a more d e t a i l e d  and 
p r i o r i t i z e d  schedule regarding when you wi l l  be a b l e  t o  provide him w i t h  t h e  
input  he will need f o r  h i s  follow-on thermal a n a l y s i s  work. 

Mr. E .  R. Cramer and 

The Cost 
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Account Manager (R. D.  Claghorn) and myself recognize that in trying t o  
resume such detailed analysis work so late in the fiscal year there will 
likely be some challenges in trying to complete the work in FY 1996. 
indicated during our August 26, 1996 meeting that you might have as much as 
half-time to devote to this effort. 

You 

It may be possible to accommodate some workscope carryover into the first 
quarter o f  FY 1997 but that i s  not our preferred plan. 
informed (376-1456) as soon as any potential delays or complications arise. 

Please keep me 

=----&JQ+ 
E. H. Randklev, Principal Engineer 
Process Technology 

ehr 
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[475] From: Edward H (Ed) Randklev a t  -WHC133 9/17/96 5:34PFI (5661 by les :  87 I n )  
To: Randolph A Schwarz a t  -HANFORD07A, Eldon R Cramer a t  -WHC304 
cc: V i c t o r  E Roetman a t  -HANFORD07A, Edward H (Ed) Randklev 
Subject: In formal  N o t i c e  o f  Ana lys i s  P r i o r i t i e s  and Inpu ts  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Message Contents 

Randy, 

Please do t h e  decay energy depos i t i on  work accord ing t o  the  
f o l l o w i n g  l i s t ,  which i s  arranged i n  descending p r i o r i t y :  

a. s i n g l e  capsule case 
b. capsules i n  an overpack, which i s  loaded i n  a Can is te r  

Storage Bldg. s torage tube. 
NOTE: My 8/30/96 l e t t e r  [73510-96-0281 t o  you was n o t  
e x p l i c i t  enough about t h i s  p r i o r i t y .  
a re  e s s e n t i a l l y  on l y  i n t e r e s t e d  i n  the  a x i a l  m idpo in t  
c o n d i t i o n  ( i . e . ,  worst  case), unless t h e  end-ef fects  
thought  t o  be so l a r g e  t h a t  they must be considered. 

c. capsules loaded i n  basket ( i . e . ,  t he  same type as used 
i n  a BUSS cask) t h a t  i s  placed i n  a l a g  s torage 
p i t .  

We a l s o  

Eldon and I spoke t o  V i c t o r  Roetman t h i s  afternoon, and I 
r e a l i z e d  t h a t  I needed t o  issue some c l a r i f i c a t i o n  about 
both t h e  p r i o r i t i z a t i o n  and the  dimensions f o r  some o f  t h e  
cases. 

Regarding the  dimensions, please use the  f o l l o w i n g :  
1. For  a l l  ana lys i s  cases, use the  t h i r d  genera t i on  o f  

w a l l  th icknesses f o r  t h e  i nne r  and o u t e r  capsules, 
r e s p e c t i v e l y .  Th i s  should be 0.136 inches i n  w a l l  
t h i ckness  f o r  both capsules. I nne r  caps. OUTER d i a .  
i s  2.255ins. ( i . e . ,  2 1/4 i n s .  nominal) and t h e  Outer 
caps. had an INNER d i a .  o f  2.385ins, which w i t h  the  

( i . e . ,  2 5 /8 in .  nominal w i t h  to le rances ) .  Use t h e  
decimal values f o r  f i n a l i z i n g  the  dimensions. These 
came from WHC-SD-WM-D1C-004 Rev.0, page 1030 b y ,  
D.F. Washburn, S r .  
The capsules are 316 a u s t e n i t i c  s t a i n l e s s  s t e e l .  
The overpack should be assumed t o  be 316 a u s t e n i t i c  
s t a i n l e s s  s t e e l .  The ou te r  case o f  t h e  overpack i s  
nomina l l y  2 f t .  OD and would be 3 /8 ins .  t h i c k .  The 
"guide o r  p o s i t i o n i n g  tube" ,  which holds the  capsules 
a long t h e  a x i a l  c e n t e r l i n e  o f  t he  overpack tube, i s  

3 .  The Can is te r  Storage Bldg. w i l l  use a s t e e l  tube f o r  
p o s i t i o n i n g  t h e  overpacks, and t h i s  s t e e l  tube i s  
t o  be 28ins.  OD and l p i n s .  t h i c k .  carbon s t e e l .  
Th i s  would l eave  q u i t e  a l a r g e  r a d i a l  gap between t h e  
overpack OD and CSB tube I D ,  b u t  f o r  now assume t h a t  
overpack i s  h e l d  i n  p lace  t o  share the  same a x i a l  
c e n t e r l i n e .  It may t u r n  ou t  t h a t  t he  des ign w i l l  use 
some form o f  "s leeve"  ( s t e e l ,  e t c . )  t o  take  up some o f  
space, bu t  f o r  these f i r s t  analyses do n o t  i n c l u d e  any 
such sleeve. (THIS CSB CASE I S  THE MOST IMPORTANT) 

p i t " ,  assume t h a t  a p l a t e  

(same m a t e r i a l  as the  basket) w i l l  be 

0.136in. w a l l  t h i ckness  y i e l d s  a-in. OD 2.65'7 

2. 

nomina l l y  3 i n s f - W  and 1 /4 ins .  t h i c k .  1.9. 

4. For  t h e  "basket i n  a 

3s 
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set on the top of the basket to ensure that the KN 
capsules do not protrude above the top of this overall 
structure (hence will be radially shielded). 

(rt. cir. config.). Assume the 316 stainless steel i s  
1/2ins. thick and behind it is high-temperature (high 
density) concrete--very thick. 

5. The basket will set in a stainless steel lined pit 

I think the above information will fill in most of the 
missing pieces for your current modeling needs, and the 
prioritization guidance will further help focus the efforts. 

I will confirm all this with a WHC internal ltr. to you for 
your referencing in preparing the letter report back to me. 

I called Gregg Spriggs/LANL today, and he will not 
get the U of NM MCNP results for a single capsule case for 
about a month---the fellow is in Europe on business. 
I will compare your results to Sprigg’s reporting 
(will get you a copy of his report tomorrow) for our 
initial cross-check. Gregg thought your group’s idea of 
just assuming the beta was all deposited in the salt was 
fine for this analysis--i.e., conservative relative to my 
concern for salt/metal interface temperatures and not a 
significant factor anyway. Gregg still figures that if he 
did make an error in his MCNP analysis, it will turn out to 
be that he misinterpreted a piece of the codes output. We 
can discuss further once we make the comparison---and can 
call him and also discuss it further as needed. 

Later, 

Ed R .  



[525] From: Edward H (Ed) Randklev a t  -WHC133 9/26/96 5:43PM (1429 bytes:  25 I n )  
To: Victor  E Roetman a t  -HANFORD07A, Randolph A Schwarz a t  -HANFORD07A 
cc: Edward H (Ed) Randklev, Eldon R Cramer a t  -WHC304 
Subject :  EHR Se lec t ion  of  CsCl Density Value and S a l t  Wt./Caps. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - - - -  Message Contents _____________________----_---.- 

This  message i s  t o  provide a copy of the values  I provided 
Victor  v i a  our phone d iscuss ion  about l l A M  th i s  morning f o r  
use in  t h e  MCNP ana lys i s  case f o r  t h e  CsCl capsules .  

Density of  Cesium Chloride (CsC1) 
Use a value of 3 .8  gms/cc 
(Eldon and I der ived t h i s  from values  in  PNL-5517 t h a t  
given f o r  a s e t  of e levated temperatures and which could 
be converted t o  dens i ty .  
rounded o f f  from t h e  value a t t r i b u t e d  t o  CsCl a t  370C. 
In my view t h i s  i s  an appropr ia te ly  conservat ive value t o  
use f o r  our  MCNP work.) 

The 3 .8  value i s  a value 

Weight of  CsCl per  capsule:  

Use a value of  2.7kg of CsCl per  capsule .  
( I  go t  t h i s  from my d r a f t  of a Capsule Descr ipt ion Report 
Summary) 

Let ' s  s e t t l e  on t h e  s t ront ium f l u o r i d e  input values  
tomorrow. 

Later ,  

Ed R .  
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From: Process Technology 73510-96-030 
Phone: 376-1456 H5-27 
Date: September 30, 1996 
Subject :  REQUEST FOR THERMAL ANALYSES OF HANFORD PROCESSING PER TWO 

DISPOSAL PATH OPTIONS BEING EVALUATED I N  A TWRS DECISION ANALYSIS 

To : E. R. Cramer HO-34 

cc:  D.M. Ogden HO-34 

R.A. Schwarz HO-35 
V.E.  Roetman HO-35 

D.J. Washenfelder H5-27 

R.P. Claghorn H5-49 
73510 F i l e /LB  H5-27 

Reference: L e t t e r ,  E. H. Randklev t o  R. A. Schwarz, "Request f o r  Rad ia t i on  
Decay Energy Depos i t i on  Analyses t o  Support Thermal Analyses o f  
Hanford Cesium Ch lo r ide  Capsules Per Hanford Processing f o r  Two 
Disposal  Path Options Being Evaluated i n  a TWRS Dec is ion  
Analys is , "  73510-96-028, dated August 30, 1996. 

The purpose o f  t h i s  l e t t e r  i s  t o  f o r m a l l y  o u t l i n e  t h e  bas i c  scope o f  a thermal 
a n a l y s i s  assignment i n v o l v i n g  Hanford cesium c h l o r i d e  capsules and s t r o n t i u m  
f l u o r i d e  capsules r e l a t i v e  t o  two candidate schemes f o r  Hanford p repara t i ons  
t o  suppor t  f i n a l  d i sposa l .  
program d e c i s i o n  ana lys i s  o f  Hanford p repara t i on  opt ions,  p r e f e r r e d  d i sposa l  
p a t h  recommendation and then s e l e c t i o n  o f  a new TWRS program base l i ne  f o r  
capsule d i sposa l .  

Most o f  t h i s  i n f o r m a t i o n  was i n f o r m a l l y  prov ided t o  you e a r l i e r  t h i s  month, 
f o l l o w i n g  you r  Team Leader (D.M. Ogden) hav ing i d e n t i f i e d  you as t h e  l e a d  f o r  
do ing t h i s  assignment. 
FY-96 work on these analyses tasks  has necess i ta ted  t h a t  most o f  t h e  i n i t i a l  
i n s t r u c t i o n s  had t o  be handled i n f o r m a l l y .  Since M r .  T. R. Beaver o f  your  
group d i d  s i m i l a r  thermal analyses f o r  us i n  FY-95 and e a r l y  FY-96 ( i . e . ,  
rega rd ing  t h e  Hanford capsules o f  CsCl and those o f  SrF, r e l a t i v e  t o  p o t e n t i a l  
d i sposa l  process ing s i t u a t i o n s ) ,  we w i l l  expect you r  analyses e f f o r t s  t o  
u t i l i z e  M r .  Beaver 's  models, re fe rence  f i l e s  and t e c h n i c a l  pe rspec t i ve  t o  t h e  
maximum e x t e n t  p r a c t i c a l .  
TPCN D5222, u n t i l  t h e  end o f  FY-96, a t  which t ime  a new number w i l l  be 
prov ided.  

The b a s i c  assignment i s  t o  p rov ide  us w i t h  thermal analyses r e s u l t s  and 
i n t e r p r e t a t i o n  r e l a t i v e  t o  severa l  proposed des ign concepts associated w i t h  
hand1 i n g  and s t o r i n g  these capsules d u r i n g  Hanford p repara t i ons  f o r  f i n a l  
d i sposa l  ( o f f - s i t e )  o f  e i t h e r  t h e  whole capsules o r  a t  l e a s t  t h e i r  
r a d i o i s o t o p i c  contents .  

Th i s  i n fo rma t ion  i s  needed t o  suppor t  a TWRS 

The circumstances o f  t r y i n g  t o  expedi te  t h e  r e s t a r t  o f  

Your t ime  f o r  t h i s  work should be charged t o  t h e  
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For the ana lyses  cases  concerning t h e  Hanford CsC capsules ,  you a r e  t o  use as  
input  t h e  r e s u l t s  of r a d i a t i o n  decay (Cs-137, e t c  ) energy depos i t ion  analyses  
( i . e . ,  Monte Carlo code work) t h a t  wi l l  be provid zi by Mr. R .  A.  Schwarz/WHC 
and Mr. V. E .  Roetman/WHC of t h e  r a d i a t i o n  ana lys i s  group (Mr. J e s s  
Greenborg/Mgr.). As you know t h e  pas t  thermal analyses  cases  (CsC1 capsules ) ,  
which Mr. Tom Beaver d id  f o r  us, used r a d i a t i o n  decay energy values  ( i . e . ,  96 
of energy depos i ted)  from 1 i t e r a t u r e  re ferences .  

Mr. Beaver 's  FY-95 analyses  used values  from RHO-LD-167, Rev.1 by G .  D .  
Campbell/RHO, 1981, and h i s  FY-96 analyses  work f o r  us used values  from Monte 
Carlo code work done i n  t h e  l a s t  quar te r  of  FY-95 by Dr. G .  A .  Spriggs/LANL in 
support  of  a Stone and Webster Corp. r e p o r t  on thermal a n a l y s i s  of  dry s t o r i n g  
t h e  capsules .  However, my continued review of t h e  l i t e r a t u r e  has s u r p r i s i n g l y  
revealed even f u r t h e r  controversy regarding t h e  es t imat ion  of such energy 
depos i t ion  f o r  t h e  CsCl (Cs-137 decay) capsules .  To reso lve  this  s i t u a t i o n ,  
we have r e c e n t l y  arranged (Ref.) f o r  WHC r a d i a t i o n  a n a l y s t s  t o  perform Monte 
Carlo code determinat ions of these  energy depos i t ion  values  f o r  use a s  input  
t o  your thermal ana lyses .  I f  time and funding permit ,  th is  r a d i a t i o n  a n a l y s i s  
work w i l l  a l s o  provide such input  values  t o  support your thermal a n a l y s i s  work 
on cases  involving t h e  s t ront ium f l u o r i d e  capsules .  

The requested thermal analyses  work involves several  d i f f e r e n t  design 
conf igura t ions  and addi t iona l  components o ther  than t h e  capsules .  Except f o r  
the Hanford capsules ,  most of the components (e .g . ,  overpack, in te r im s torage  
tube,  l ag-s torage  p i t ,  e t c . )  a r e  merely design concepts  a t  th is  time. Hence, 
I will not  be a b l e  t o  g ive  you summary repor t ing  re ferences  f o r  
conf igura t ions ,  dimensions and mater ia l  s e l e c t i o n  and p r o p e r t i e s .  
w i l l  provide such d e t a i l  v i a  several  wr i t ten  communications t o  the ana lys is  
teams. 

The primary o b j e c t i v e  f o r  t h e  requested analyses  cases  i s  t o  obta in  an 
es t imate  of  the h ighes t  valued r a d i a l  thermal p r o f i l e  f o r  each set of  unique 
condi t ions .  
p r i o r i t y ,  and those  f o r  t h e  s t ront ium f l u o r i d e  capsules  a r e  second i n  
p r i o r i t y .  
c h l o r i d e  capsules  and t h e  s t ront ium f l u o r i d e  capsules ,  and t h e  cases  out l ined  
i n  Items a )  and b) a r e  considered as  precursor  analyses  cases  f o r  t h e  two 
s t o r a g e  design cases  noted in  Items c)  and d ) ,  with Item c )  being the h ighes t  
p r i o r i t y  overa l l  : 

Cesium Chloride Capsules 

Instead I 

The analyses  cases  f o r  t h e  cesium c h l o r i d e  capsules  a r e  t h e  f i r s t  

The fol lowing s e t  of cases  a r e  t o  be done f o r  both t h e  cesium 

a) Do a thermal a n a l y s i s  f o r  a s i n g l e  Hanford CsCl production 
capsule ,  i n  8OoF a i r ,  f o r  both t h e  maximum and average est imated 
kCi/capsule inventor ies  as  decayed t o  calendar  y e a r  2000 ( i . e . ,  
Dec. 31, 2000). Follow th i s  by doing the same analyses  f o r  a 
decay d a t e  of  2010. Supplement as  appropr ia te  Mr. Beaver's 
documented technica l  perspec t ive  as  t o  t h e  general  parametr ic  
response of  increas ing  t h e  a i r  temperature. 
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Do a thermal ana lys i s  f o r  a s e t  of  overpacked capsules ,  i n  80°F 
a i r ,  f o r  t h e  same condi t ions  a s  noted in  Item a)  above. The bas ic  
overpack design c o n s i s t s  of  8 capsules  pos i t ioned  end-to-end along 
t h e  ax ia l  c e n t e r l i n e  of a metal r i g h t - c i r c u l a r  c y l i n d e r ,  which i s  
capped a t  both ends. 
s t a i n l e s s  s t e e l  ( e . g . ,  316) t h a t  i s  3 /8  inches t h i c k ,  24 inches 
O . D . ,  and 15 f e e t  long. The capsules  w i l l  be held i n  p lace  along 
t h e  overpack ax ia l  c e n t e r l i n e  by a s i m i l a r  s t a i n l e s s  s t e e l  guide 
tube  t h a t  i s  nominally 3 inches I.D. and 1 /4  inches t h i c k .  
small spacer /shock-l imiter  d i s k  wi l l  s e p a r a t e  each capsules .  The 
capsule  guide (holder)  tube  i s ,  f o r  now, assumed t o  be held i n  
pos i t ion  by four  f i n - l i k e  p l a t e s  pos i t ioned  a t  90 degrees  t o  t h e  
tube  sur face  and 90 degrees  between t h e  r e s p e c t i v e  f i n  p l a t e s  
around the cross-sec t ion  of  the tube.  
Do a thermal ana lys i s  f o r  t h e  case  where two overpacks, each 
conta in ing  8 capsules ,  a r e  a l igned v e r t i c a l l y  ( i  . e . ,  end-to-end 
one over t h e  o ther )  i n  a s t e e l  s torage  tube  of a Canis te r  Storage 
Building t h a t  would be designed f o r  s t o r i n g  such overpacked 
capsules  in  preparat ion f o r  f i n a l  d i s p o s a l .  
design f o r  the s t e e l  s torage  tube  i s  t h e  same as  c u r r e n t l y  l i s t e d  
f o r  the v i t r i f i e d  HLW from Phase 1; namely, the each tube  wi l l  a 
r i g h t - c i r c u l a r  cy l inder  of  carbon s t e e l  t h a t  has an inner  diameter  
of  27 inches and i s  1/2 inches t h i c k .  Each such s t o r a g e  tube  i s  
sea led  a t  the bottom, conta ins  a shock-1 imiter /overpack holding 
f i x t u r e  a t  t h e  bottom of t h e  f i r s t  overpack and between t h e  two 
overpacks and t h a t  the top  of the tube  i s  sea led  w i t h  a sh ie lded  
plug. For now assume t h a t  t h e  gap between the o u t e r  sur face  of  
t h e  overpack and t h e  inner  sur face  of  t h i s  s t o r a g e  tube  i s  just 
f i l l e d  a i r  a t  atmospheric pressure ( i . e . ,  no forced c i r c u l a t i o n ) .  
Do a thermal ana lys i s  f o r  a lag-s torage  holding p i t  t h a t  uses t h e  
BUSS cask in te rna l  basket holding 16 capsules .  (NOTE: Depending 
the r e s u l t s  f o r  the 16 capsule  design o t h e r  basket  loadings  using 
fewer capsules ,  e :g . ,  8 capsules ,  may be considered f o r  a n a l y s i s . )  
The lag-s torage p l t  concept c o n s i s t s  of  a r i g h t - c i r c u l a r  c y l i n d e r  
c a v i t y ,  which would be constructed of  thick-walled s t r u c t u r a l  
concre te  faced with a l a y e r  of r e f r a c t o r y  concre te  and then an 
o u t e r  sur face  l a y e r  of s t a i n l e s s  s t e e l  ( e . g . ,  assume i t  i s  3 /8  
ins. t h i c k )  f o r  decontamination c o n t r o l .  Assume t h a t  the gap 
between t h e  O . D .  of t h e  BUSS cask basket  and t h e  I.D. of t h e  p i t  
i s  nominally 3 inches.  
t o  BUSS cask basket wal l s ,  basket t o  p i t  w a l l ,  e t c . )  a r e  f i l l e d  
with a i r .  
i s  not a l i d  over the p i t .  
t h e  r a d i a t i o n  ana lys i s  ( R .  A. Schwarz/WHC, e t . a l )  work provides  
some perspec t ive  a s  t o  t h e  s t r e n g t h  of  t h e  gamma f i e l d  coming o f f  
the top of  such a basket-capsule conf igura t ion .  
on t h e  lag-s torage p i t  would have s i g n i f i c a n t  impl ica t ions  f o r  t h e  
thermal condi t ions  of  a s torage  environment. 

b) 

Assume t h a t  t h e  overpack i s  composed of  

A 

Assume t h a t  t h e  

Also assume t h a t  a l l  gaps (e .g . ,  capsules  

For t h e  f i r s t  a n a l y s i s  of  t h i s  case ,  assume t h a t  t h e r e  
This assumption w i l l  be reviewed a f t e r  

Obviously a l i d  
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Strontium Fluoride CaDsules 
Do the same set of analyses for the strontium fluoride capsules as 
detailed in Items a) through d) for the cesium chloride capsules. 
The BUSS cask basket loadinq of capsules will be adjusted as 
needed to match what Hanford has used as the maximum loading per 
cask for shipping such capsules off-site in the past. 

I have already informally provided you with considerable input information, 
and will formally transmit the key elements of such material for report 
referencing purposes in the next week or so. 

The Cost Account Manager (R .  D. Claghorn) and myself recognize that trying to 
resume such analysis activity so near the end of the fiscal year has presented 
challenges in trying to get most of the work done during FY-96. What with the 
uncertainties about FY-97 funding levels and the reassignment of personnel to 
other contractors, we will no doubt have to do some adjustments of the scope 
and scheduling to better match the yet to be provided details of the FY-97 
funding . 
Please keep me informed (376-1456) as to your progress and any potentially 
significant delays or complications that come up. 

S L 4 k  K* 
Dr. E. H.  Randklev, Principal Engineer 
Process Technology 
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