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1.0 INTRODUCTION 

Radionuclide inventories are provided for 99 TRIGA fuel elements from the 
Hanford Neutron Radiography Facility (NRF). 
Croff (1980) and Wittekind (1994) calculations adjusted to underwater dose- 
rate measurements. The calculations include irradiations that occurred before 
being received at the NRF and irradiations that occurred during subsequent 
operation of the NRF. 

Supporting documentation is provided including six attachments. 
ORIGENZ radionuclide production calculations for 101 TRIGA fuel assemblies 
(including two fuel-followed control rods) are documented in 
Schmittroth (1994) and are included as Attachment 1. 

Subsequently, underwater measurements were made in the TRIGA pool for 
selected fuel elements. Dose rate comparisons (Schmittroth 1995) based on the 
ORIGENZ calculations are included as Attachment 2 .  The comparisons are 
generally good. However, the calculated results for the DORF elements, 
excluding two fuel-followed control rods, were low by about a factor of ten, 
and revised ORIGENZ calculations were made using prior burnups increased by a 
factor of ten. Measurements for the two DORF fuel-followed control rods 
(Serial Nos. 6312 and 6313) were higher by about a factor of five. A separate 
adjusted ORIGENZ calculation was made for each. 

the stainless steel elements including the DORF elements and the Gulf General 
Atomic (GA) elements. The cobalt impurities were not included in the original 
calculations. 

The values are based on ORIGENZ 

Initial 

The revised ORIGENZ calculations include trace impurities of cobalt in 

2.0 BASKET LOADINGS 

The 99 fuel assemblies were loaded into six casks. The two fuel-followed 
control rods were loaded into two separate containers. 
are given in Attachment 3 which lists the serial number of each element, the 
assigned cask/container and basket numbers, and the corresponding ORIGENZ 
computer output file. 
described in the TRIGA database file given in Attachment 4.  

The loading summary in Attachment 3 also lists a multiplier in the last 
column used to weight the corresponding ORIGENZ results in creating summary 
tables for each cask. This multiplier accounts for partial residence times in 
the NRF. 
irradiation condition (e.g., GA elements irradiated in Row 8 of the NRF). 

The specific loadings 

The serial number identifies the specific element as 

Separate ORIGENZ calculations were made for each fuel type and 

1 
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3.0 CORRECTIONS FOR PARTIAL RESIDENCE IN THE NRF CORE 

Most of the TRIGA fuel elements were either in the NRF for the full 
operating history or were not used. As noted, some also had prior burnups. 
Likewise, the basic set of ORIGENL calculations all assumed that the pins 
either experienced the complete NRF burnup history or were not used. A few 
(two NTS elements and eight AFFRI elements) were resident in the NRF core for 
only part of the time. 

Because of the uncertainties associated with the prior irradiation 
histories, it is adequate to estimate the results for partial burnups by 
scaling the full-burnup ORIGENL calculations. 
irradiations complicates this correction slightly. 

Let the actual burnup, T, be given by 

The presence of prior 

T = N  + P  

where 

N represents the actual burnup experienced in the Neutron Radiography Facility 
and P represents the prior burnup. 

Similarly denote the burnup, T*, used in the ORIGENL calculation by 

T *= N *+ P 

where 

N* represents the full NRF burnup. 
full-burnup ORIGENL calculations i s  

The desired factor needed to scale the 

which may be rewritten as 
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where 

m,=N/N* i s  t h e  burnup s c a l i n g  f a c t o r  i n  t h e  absence o f  any p r i o r  burnup (P=O). 

For  t h e  AFFRI p i n s ,  t h e  assumed p r i o r  burnup (43.8 kWd) was smal l  compared t o  
t h e  NRF burnup (311 kWd) g i v i n g  P/N'=0.141 so t h a t  t h e  e f f e c t  o f  p r i o r  burnup 
on r e s c a l i n g  t h e  ORIGENZ c a l c u l a t i o n  i s  sma l l .  I n  c o n t r a s t ,  t h e  p r i o r  burnup 
f o r  t h e  NTS p i n s  was assumed equal t o  t h e  NRF burnup assumed i n  ORIGENZ 
(P/N*=I). These va lues  were used t o  c a l c u l a t e  t h e  m u l t i p l i e r s  g i v e n  i n  
Attachment 3.  

4.0 CASK SUMMARY TABLES 

Summary t a b l e s  (Attachment 5) were c r e a t e d  f o r  each cask and c o n t a i n e r  by 
combining t h e  ORIGENZ o u t p u t  f i l e s  i n  accordance w i t h  t h e  element l o a d i n g s  and 
m u l t i p l i e r  we igh ts  g i v e n  i n  Attachment 3. 

Each s e t  o f  summary t a b l e s  i n c l u d e s  t a b l e s  f o r  grams, c u r i e s ,  and w a t t s  
(decay hea t )  f o r  decay t imes  r a n g i n g  f rom 0 t o  1000 years .  Each t a b l e  i s  
s o r t e d  on 20 yea r  decay t imes  (column 6) w i t h  t h e  l a r g e s t  25 e n t r i e s  l i s t e d .  
Each t a b l e  i n c l u d e s  t o t a l s  t h a t  rep resen t  t h e  e n t i r e  cask o r  c o n t a i n e r  
i n v e n t o r y .  I n  genera l  t h i s  procedure l i s t s  over  99% o f  t h e  t o t a l  va lues;  
however, t h e  i n te rchange  o f  dominant r a d i o n u c l i d e s  causes some excep t ions ,  
e s p e c i a l l y  f o r  s h o r t  t imes .  D e t a i l e d  va lues can be ob ta ined  f rom t h e  f u l l  
ORIGEN2 o u t p u t  f i l e s  g i v e n  i n  Attachment 6. 
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ORIGEN2 SOURCE TERM CALCULATIONS FOR THE NEUTRON 
RADIOGRAPHY FACILITY TRIGA REACTOR 

1.0 INTRODUCTION 

As described in Material Definition of Irradiated TRIGA Fuel for Storage 
at 200 West (McCord 1992), a Mark I Training Reactor, Isotopes, General Atomic 
(TRIGA) reactor operated in the 308 Building intermittently from the late 
1970's until its last power run in March 1989. 
Neutron Radiography Facility (NRF) and is described in further detail in the 
Safety Analysis Report (Plum and Krider 1975). 

(Croff 1980) code. 
provided. An earlier memo (Schwarz 1992) gave preliminary results for a 
selected set of elements that had no prior irradiation history. 

As partially documented in Material Definition of Irradiated TRIGA h e 7  
for Storage a t  200 West (McCord 1992) and the Safety Analysis Report (Plum and 
Krider 1975), the fuel came from diverse sources. The central part of the 
core consisted of fresh fuel elements from General Atomics (GA). Some of the 
other fuel elements had some prior irradiations which are described further in 
Section 3.0. 

This facility is called the 

This report documents the radioactive source terms based on the ORIGENZ 
Shielding calculations for a transportation cask are also 

2.0 DESCRIPTION OF NRF FUEL ASSEMBLIES 

All of the fuel can be broadly classed in two categories, stainless 
steel clad and alu inum clad. The stainless steel elements contain 38 g of 
8.5 wtX enriched '%I, while the aluminum clad elements contain 37 g of 
8.0 wtX enriched 235U. Attachment 1 (McCord 1992) gives a complete 
description of the fuel and cladding composition for both categories. Four 
elements are fuel-followed control rods and have the same material 
specifications as the stainless steel clad elements except they include an 
additional 14.25 in. borated graphite column. 

2.1 IRRADIATION HISTORY 

The fuel element irradiation histories in the NRF and their core 
locations are given in an NRF irradiation database in Attachment 2. A summary 
of the NRF irradiation histories is given in Table 1. 

1 
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Table 1. Sumnary o f  NRF Fuel Element I r r a d i a t i o n s .  

The Armed Forces Research I n s t i t u t e  Reactor (AFFRI) and t h e  NTS ( f rom 

The Diamond Ordinance Reactor F a c i l i t y  (DORF) elements had a p r i o r  

Vietnam) are aluminum c l a d  elements w i t h  a p r i o r  i r r a d i a t i o n  h i s t o r y .  

i r r a d i a t i o n  h i s t o r y  bu t  were n o t  i r r a d i a t e d  i n  t h e  NRF. 
were f u e l - f o l l o w e d  ( f f )  c o n t r o l  rods.  

rows. 

f o r  a t o t a l  o f  104 elements. 

Four o f  t h e  elements 

The GA elements were f r e s h  elements and loaded i n  t h e  i n n e r  8 and C 
They had no p r i o r  i r r a d i a t i o n  h i s t o r y .  

A s i n g l e  u n i r r a d i a t e d  element was ob ta ined  from Oregon S ta te  U n i v e r s i t y  

2.2  ASSUMED PRIOR IRRADIATION HISTORIES 

The AFFRI, NTS, and DORF elements a l l  had some small  amount o f  burnup 
when they  were rece ived  a t  t&$ NRF f a c i l i t y .  
elements i s  taken as 3 g o f  U d i v i d e d  among 56 elements (Plum and 
K r i d e r  1975).  
o f  a c t i v i t y  spread over 23 elements. 
rods (8322 and 8323) came from warm storage and were n o t  i r r a d i a t e d .  
noted, t h e  GA and Oregon S ta te  elements had no p r i o r  i r r a d i a t i o n .  

The p r i o r  burnup f o r  t h e  AFFRI 

Shipping.papers f o r  t he  DORF elements g i v e  approx imate ly  2 C i  
Two o f  t h e  DORF f u e l - f o l l o w e d  c o n t r o l  

As 
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235” 

23aU 

234u, 23% 

Hydrogen 
Zirconi um 
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Weight (9) 

Stainless Steel A1 umi num 

38.0 37.0 
153.9 149.9 

0.38 0.37 
35.7 23.4 
2030.5 2125.9 

3.0 ORIGEN2 SOURCE-TERM CALCULATIONS 

ORIGENZ source-term calculations for the 104 elements fall into two main 
categories, their source (AFFRI, NTS, DORF, GA, or Oregon State), and their 
irradiation location (core row). Therefore, separate calculations were made 
based on these attributes. As shown in Table 1, nearly all the elements were 
either in the core for the full irradiation history or were not irradiated at 
all. The full-period results can be scaled for those elements that had 
partial residence periods. 

3.1 MATERIAL INVENTORY MODEL 

Each ORIGENZ calculation requires a model of the material inventories 

The specified 

and the irradiation history. 
defined by the data in Material Definition of Irradiated T R I G A  Fuel for 
Storage at 200 West (McCord 1992) and shown in Attachment 1. 
235U weight provides \n absolute mass normalization. 
fixes the amount of “U. 
zirconium/hydrogen ratio can then be used to determine the amount of both 
hydrogen and zirconium. The results are given in Table 2. 

The material compositions for the fuel’ are 

The enrichment then 
The uranium content in percent together with the 

The cladding material inventories are also determined from the data in 
Material Definition of Irradiated T R I G A  Fuel for Storage at 200 West 
(McCord 199i). 
of 41.19 cm and a density of 8.03 g/cm3 yields a total mass of 331 g/fuel- 
element. The alumintm cladding has a larger volume of 60.47 cm3. An assumed 
density of 2.70 g/cm then gives 163 g of aluminum. The specific isotopic 
values are specified in Figure A.l which shows a generic ORIGENZ input run 
stream for stainless-steel cladding. For the cladding inventories, isotopic 

For the stainless steel elements, a calculated cladding volume 
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va lues are g i ven  f o r  1 kg u n i t s  o f  bo th  s t a i n l e s s  s t e e l  and aluminum. The 
d e s i r e d  amounts are then r e a d i l y  s p e c i f i e d  w i t h  the  ORIGENZ "ADD" command. 

S p e c i f i c  d e t a i l s  o f  fue l -e lement  endpieces and o t h e r  p e r i p h e r a l  hardware 
were n o t  modeled; however, t h e  gross va lues used here are more than adequate 
t o  determine source terms f o r  t h e  r e l a t i v e l y  un impor tant  non- fue l  m a t e r i a l s .  

amount o f  234U assumes a va lue t h a t  i s  1% o f  t h e  235U va lue  (see Attachment 3 ) .  
T h i s  small  amount i s  a l i t t l e  l a r g e r  than t h e  n a t u r a l l y  o c c u r r i n g  r a t i o  and i s  
t y p i c a l  f o r  enr iched f u e l .  
"U. F i n a l l y ,  28 cm3 ( t h e  f r e e  volume o f  1 . 5  i n .  d iameter  TRIGA f u e l )  o f  a i r  
(N and 0,) are i nc luded  t o  account f o r  t h e  p o s s i b i l i t y  o f  14C p roduc t i on  by 
a c t i v a t i o n  o f  14N and l60 (see Attachment 3 ) .  

Table 2 a l so  i nc ludes  est imates o f  t h e  amount o f  234U, and 236U. The 

The same va lue  g i v e s  a conserva t i ve  es t ima te  f o r  

3.2 IRRADIATION MODEL 

The i r r a d i a t i o n  model i nc ludes  two components corresponding t o  t h e  
i r r a d i a t i o n  h i s t o r y  i n  t h e  NRF F a c i l i t y  and any p r i o r  i r r a d i a t i o n s .  
F a c i l i t y  operated i n t e r m i t t e n t l y  f rom March 1977 t o  March 1990 (see the  NRF 
database i n  Attachment 2) f o r  a t o t a l  o f  13 years.  Accord ing t o  t h e  va lues i n  
t h e  database, t h e  o v e r a l l  ope ra t i on  cons is ted  o f  2769 hours (0.315 yea rs )  f o r  
a t o t a l  i n t e g r a t e d  power o f  563,981 kW-h. 
o f  204 kW, o r  204/68 = 3.00 kW p e r  assembly. 
source term would be obta ined by assuming t h a t  t h e  e n t i r e  i r r a d i a t i o n  occurred 
a t  t h e  end o f  t he  pe r iod ,  i t  i s  known t h a t  a s i g n i f i c a n t  p a r t  o f ' t h e  opera t i on  
o c c u r r e d ' e a r l y  i n  the  pe r iod .  Therefore,  a more r e a l  i s t i c  assumptions was 
made t h a t  s p l i t  t he  i r r a d i a t i o n  up i n t o  t h r e e  0.315/3 = 0.105 yea r  pe r iods :  
one a t  t h e  beginning,  one a t  t h e  end, and one i n  the  m idd le .  The p r e c i s e  
va lues used are de f i ned  i n  t h e  r u n  stream g iven  i n  Appendix A (F igu re  A . l )  f o r  
an average-power element. 

The NRF 

Th is  y i e l d s  an average co re  power 
Although t h e  most conserva t i ve  

The power l e v e l s  a re  dependent on t h e  co re  row. Power peaking f a c t o r s  
f o r  each row are taken f rom Attachment 4 and shown i n  Table 3 .  Based on t h e  
NRF database and the  i n i t i a l  l o a d i n g  i n  t h e  Sa fe ty  Ana lys i s  Report (Plum and 
K r i d e r  1975), t he  number o f  assemblies i n  each row was determined as a l s o  
shown i n  Table 3 .  

4 
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Table 3. TRIGA Fuel Element Powers By Row. 

If one multiplies the power factors, P, by the respective number of 
assemblies and sums over all rows, an overall factor of 1.188 is obtained. In 
order to obtain power factors, P', appropriate for the specific NRF loading, 
the power factors for each row were divided by this overall normalization. 
The specific powers used in the ORIGENZ calculations are shown in the last 
column of Table 3 .  

3.3 SPECIFIC CALCULATXONS 

The ORIGENZ run streams for individual fuel el'ements are 'all based on 
The specific modifications of the generic calculation given in Figure A.l. 

run streams are archived in the file triga.cpio created with Unix cpio utility 
and stored on the Common File System (CFS) in directory /v91039/origen2. Each 
run stream is identified by a unique input file name in the form name.inp :ith 
a corresponding output file name of name.outf. 
has the form o-ccr-i and is created according to the following conventions: 

1. "cc" identifies the cladding 

The file name prefix "name 

s s  - stainless steel 
a1 - aluminum 

b,c,d,e - corresponding row B, C, 0, E 
x - no irradiation in the NRF 

3. " i "  identifies the assumed prior irradiation history 
p - prior history equal to the NRF irradiation 
m - prior history based on mass of burned 
c - prior history based on curies 

2. "r" identifies the NRF irradiation row 
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Thus, for example, the input runstream for a GA stainless steel clad 
element irradiated in row B is in file o-ssb.inp with a corresponding output 
file o-ssb.outf. Table 4 summarizes the complete set of ORIGENZ runs. 

Table 4. Sumnary o f  ORIGENP Runs. 

Conplete runst ream are dacunented i n  Appendix A f o r  the puns marked u i t h  an aster isk  (*). 
other runs a r e  f a r  outer rows such that  the inner row calcu lat ions w i l l  g ive conservative S O U P C ~  

term estimates f o r  outer rows. s m r i e s  of the gram amounts derived frm the ORlGEN2 
calcu lat ions ape given in Appendix B matched one-to-one w i th  the input runst ream in Appendix A. 
Likewise cu r ie  amounts a re  given i n  Appendix C. 

The 

3.4 MAXIMUM SOURCE-TERM CALCULATION 

A maximum source term calculation was made by assuming irradiation in a 
row B location with a prior irradiation. In practice, the only elements in 
the high-power row B locations were the fresh-fuel GA elements. The prior 
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i r r a d i a t i o n  was taken t o  be t h a t  taken f o r  t h e  NTS assemblies. 
assemblies were assumed t o  be i r r a d i a t e d  between 1960 and 1969 (about 7 years 
p r i o r  t o  the  NRF i r r a d i a t i o n ) .  T h e i r  burnup was unknown, b u t  was assumed 
equal i n  magnitude t o  t h e  NRF i r r a d i a t i o n .  The ORIGEN2 runst ream f o r  t h i s  
case i s  shown i n  Appendix A (F igu re  A.2) which a l s o  documents the  i n p u t  setup 
used t o  model t h e  p r i o r  NTS i r r a d i a t i o n  h i s t o r y .  

These 

3.5 GA CALCULATIONS 

Two ORIGEN2 c a l c u l a t i o n s  were performed f o r  t h e  General Atomic (GA) f u e l  
elements, one f o r  Row B f u e l  elements and one f o r  Row C .  The i n p u t  runstreams 
a re  i d e n t i c a l  t o  the  gener i c  c a l c u l a t i o n s  g i ven  i n  F igu re  A . l  except t h a t  t h e  
f u e l  element powers are changed from 3 kW t o  t h e  va lue f o r  t h e  r e s p e c t i v e  row 
as g i ven  i n  Table 3. 

3.6 NTS CALCULATIONS 

Four c a l c u l a t i o n s  were performed f o r  t h e  aluminum c l a d  NTS f u e l  elements 
corresponding t o  rows C, 0, E, and F. The i n p u t  f o r  t h i s  case was cons t ruc ted  
s t a r t i n g  f rom the  runstream used f o r  t h e  maximum source term c a l c u l a t i o n  shown 
i n  F igu re  A.2. The i s o t o p i c  i n v e n t o r i e s  f o r  t h e  s t a i n l e s s - s t e e l  c ladd ing  were 
rep laced  by values f o r  t he  aluminum c ladd ing ,  and the  powers were a l t e r e d  f o r  
t h e  corresponding i r r a d i a t i o n  row. Note t h a t  t he  p r i o r  i r r a d i a t i o n  model i s  
g i ven  as 0.315 years i r r a d i a t i o n  fo l l owed  by 7 years decay. 

3.7 DORF CALCULATIONS 

A s i n g l e  c a l c u l a t i o n  was made f o r  t h e  Diamond Ordinance elements. There 
was no i r r a d i a t i o n  i n  the  NRF and t h e  p r i o r  i r r a d i a t i o n  was modeled by 
a d j u s t i n g  t h e  t ime t o  g i v e  t h e  r e q u i r e d  c u r i e  content  d iscussed p r e v i o u s l y .  
Th i s  was achieved by a very s h o r t  p r i o r  i r r a d i a t i o n  p e r i o d  o f  0.01 years a t  an 
average power o f  3 kW. 

3.8 AFFRI CALCULATIONS 

As seen i n  Table 1, the  AFFRI f u e l  p i n s  i nc luded  some t h a t  were 
i r r a d i a t e d  i n  t h e  NRF and o t h e r  t h a t  were n o t .  A l l  were assumed t o  have a 
p r i o r  i r r a d i a t i o n  t o  g i v e  about (3/56) grams burnup o f  235U. 
t o  be adequate ly  modeled by assuming a s h o r t  (0.04 yea rs )  i r r a d i a t i o n  p e r i o d  
a t  an average power o f  3 kW. 

Th is  was found 
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4.0 MAXIMUM PHOTON SOURCE TERM 

Photon source s t r e n g t h  t a b l e s  d e r i v e d  f rom ORIGENZ are g i ven  i n  
Appendix D ( f i g u r e  D . l )  f o r  t he  maximum source s t r e n g t h  case des ignated by the  
case i d e n t i f i e r  "0-ssb-p". Th i s  case represents  i r r a d i a t i o n  o f  a GA f u e l  
element i n  Row 8 w i t h  a p r i o r  assumed i r r a d i a t i o n  equal t o  the  NRF 
i r r a d i a t i o n .  

c a l c u l a t i o n s  was obta ined by summing t h e  a c t i v a t i o n ,  a c t i n i d e ,  and 
f i s s i o n - p r o d u c t  r e s u l t s  f o r  t h e  5-year decay t ime.  
m u l t i p l i e d  by 19 t o  rep resen t  the  source term f o r  a cask c o n t a i n i n g  19 p i n s .  
The r e s u l t s  are shown i n  f i g u r e  D.2 and are s u i t a b l e  f o r  e d i t i n g  i n t o  an 
ISOSHLD mode 3 s h i e l d i n g  and dose-rate c a l c u l a t i o n .  

A conse rva t i ve  source term use fu l  f o r  s h i e l d i n g  and dose r a t e  

The r e s u l t s  were then 
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5.2 FIGURES FOR INPUT RUNSTREAMS 

5 .2 .1  F i g u r e  A . l .  
( F i  1 e:  orig-base. i np) 

Base Origen2 i n p u t  runstream 

- 1  
1 

- 1  
BAS One Tr iga  fue l  element: Stainless Steel  c lad  
T I T  T r iga  f u e l  charagcter izat ion 
RDA 
LIP 
RDA 
LIB 
PW 
RDA 
RDA 
INP 
RDA 
I NP 
ROA 
INP 
ROA 
INP 
RDA 
INP 
RDA 
RDA 
MOV 
RDA 
ADO 
ROA 
A00 

0 0 0  
Read non-stardard data frm Uni t  3 fo r  C14. 
0 1 2 3 204 205 206 9 3 -2 1 1 
101 102 103 10 

I* Fuel f o r  one SS-clad element *I 

I* Fuel f o r  one Al -c lad  element *I 
-1 1 -1 -1  1 1 

-2  1 - 1  -1  1 1 
/* 1 kg o f  304 SS cladding * I  

-3 1 - 1  -1  1 1 
/* 1 kg of A1 cladding * I  

-4 1 -1  -1 1 1 
/* 1 cc a i r  (N2 + 02) * I  
-5 1 -1 -1 1 1 

I n i t i a l i z e  vector u i t h  Fuel 
- 1  1 0 1.0 
A d d  c ladding 
-3 1 0 0.331 A d d  0.331 kg o f  SS cladding 
~ d d  28 cc of  a i r  
-5 1 o 28.0 

ROA 
ROA Begin i r r a d i a t i o n  
ROA years MU 
BUP 
IRP 0.105 0.003 1 2 5 2 
OEC 6.0 2 3 5 0  
IRP 6.105 0.003 3 4 5 0 
OEC 12.895 4 5 5 0  
IRP 13.0 0.003 5 6 5 0 
BUP 
MOV 
RDA 
RDA 
RDA 
DEC 
DEC 
DEC 
DEC 
DEC 
Dna 

6 2 0 1.0 I* Move discharge t o  vector 2 ' I  

I' Star t  decay sect ion ' I  
years 
3.0 2 3 5  1 
4.0 3 4 5 0  
5.0 4 5 5 0  
10.0 5 6 5 0  
20.0 6 7 5 0  

I~ " "  

cur 5 I . O E - ~  7 I.OE-IO 9 I.OE-S -1  
RDA Output grams. curies, decay heat 
o P n  a a a a 7 a 7 a 7 a a a a a a a a a a a a a a a  
o m  a a a a 7 a i a 7 a a a a a a a a a a a a a a a  
oPrF a a a a 7 a 7 a 7 a ~ a a a a a a a a a a a a a  
HE0 1 I n i t i a l  
HE0 2 Discharge 
WT 6 1 - 1  0 
STP 4 
2 922350 38.0 922380 153.9 922340 0.38 922360 0.38 Fuel (ss) 
4 010000 35.7 400000 2030.5 0 0.0 Fuel (SS) 
0 
2 92~350 37.0 922380 149.9 922340 0.37 922360 0.37 Fuel ( A O  
4 010000 23.4 400000 2125.9 0 0.0 Fuel ( A 0  
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0 
4 260000 648.5 240000 200.0 280000 120.0 250000 20.0 SS-304 
4 060000 0.8 150000 0.4 160000 0.3 140000 10.8 SS-304 
0 
4 130000 1000.0 0 0.0 Aluninun 
0 
4 070000 9.8E-4 080000 3.OE-4 0 0.0 A i r  (lcc) 
0 
END -- _ _  
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5.2.2 Figure A . 2 .  
( F i l e :  o-ssb-p.inp) 

ORIGEN2 input runstream for maximum source 

-1  
-1  
-1 
BAS 
T I T  
RDA 
LIP 
RDA 
LIB 
PHO 
RDA 
RDA 
INP 
RDA 
INP 
RDA 
INP 
RDA 
INP 
RDA 
INP 
RDA 
RDA 
MOV 
RDA 
ADD 
RDA 
ADD 
RDA 
RDA 
RDA 
EUP 
1 RP 
OEC. 
8UP 
MOV 
RDA 
RDA 
SUP 
IRP 
OEC 
I RP 
OEC 
IRP 
BUP 
W V  
RDA 
RDA 
RDA 
OEC 
OEC 
OEC 
OEC 
DEC 
RDA 
CUT 
RDA 
OPTL 
OPTA 
OPTF 
HED 
HED 

Tr iga fue l  element: SS c lad  (Rou B) + p r i o r  i r r a d i a t i o n  
O r i g n 2  Tr iga  fuel charagc ter i ra t im 

0 0 0  
Read non-stardard data frm unit 3 f o r  c14. 
0 1 2 3 204 205 206 9 3 -2  1 1 
101 102 103 10 

/* Fuel fo r  one SS-clad element *I 

/* Fuel fo r  one A i -c lad  e l m n t  *I 
-1  1 -1 -1 1 1 

- 2  1 -1  -1  1 1 

-3  1 - 1  - 1  1 1 
/* 1 kg of 304 SS cladding * I  

;* ' 1  kg o f ' A l . c l i d d i n g  
-4 1 -1 -1 1 1 
I* 1 cc a i r  (N2 + 02) 
- 5  1 -1 -1  1 1 

' I  

' I  

I n i t i a l i z e  vector u i t h  Fuel 
-1  1 0 1.0 
A d d  c ladding 
- 3  1 0 0.331 A d d  0.331 kg o f  SS cladding 
A d d  28 cc o f  a i r  
- 5  1 o 28.0 

P r i o r  i r r a d i a t i o n  equal t o  NRF i r rad ia t ion .  
years MY 

0.315 0.00396 1 2 5 2 
7.0 2 3 5 0  

3 1 0 1.0 
Standard Full Power NRF i r r a d i a t i o n  
years MU 

0.105 0.00396 1 2 5 1 I* Reset time * I  
6.0 2 3 5 0  
6.105 0.00396 3 4 5 0 
12.895 4 5 5 0  
13.0 0.00396 5 6 5 0 

6 2 0 1.0 I* Move discharge t o  vector 2 *I 

/* Star t  decay sect ion */ 
years 
3.0 2 3 5 1 1'. Reset time */ 
4.0 3 4 5 0  
5.0 ' 4 5 5 0  
10.0 5 6 5 0  
20.0 6 7 5 0  

5 1.OE-10 7 1.OE-10 9 1.OE-10 -1 
Output grams, curies, decay heat 

8 8 8 a 7 8 7 a 7 a a a a a a a a 8 8 a a a a a  
a a a a 7 a 7 a 7 a a ~ a a a a a a a a ~ a s ~  
a a a a 7 8 7 a 7 a a a a a a a a a a a a a a a  

1 l n i t i a l  
2 Discharge 
7 1 - 1 0  
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4 010000 35.7 400000 2030.5 0 0.0 Fuel (SS)  
0 
2 922350 37.0 922380 149.9 922340 0.37 922360 0.37 Fuel ( A 0  
4 010000 23.4 400000 2125.9 0 0.0 Fuel ( A 0  
0 
4 260000 648.5 240000 200.0 280000 120.0 250000 20.0 SS-304 
4 060000 0.8 150000 0.4 160000 0.3 140000 10.0 55-304 
0 
4 130000 1000.0 0 0.0 Aluninun 
0 
4 070000 9 .81 -4  080000 3.OE-4 0 0 . 0  Air ( l c c )  
0 
END .. 
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5.2.3 F i g u r e  A.3. ORIGEN2 i n p u t  runstream f o r  GA (Row B) fuel element 
( F i l e :  o-ssb. i np) 
-1 
-1 
- 1  
BAS 
TIT 
RDA 
LIP 
RDA 
LIB 
PHO 
RDA 
RDA 
INP 
RDA 
INP 
ROA 
I NP 
RDA 
INP 
RDA 
INP 
ROA 
ROA 
nov 
RDA 
ADD 
RDA 
ADD 
RDA 
ROA 
ROA 
BUP 
IRP 
OEC 
IRP 
OEC 
IRP 
BUP 
MOV 
ROA 
ROA 
RDA 
OEC 
DEC 
OEC 
DEC 
DEC 
RDA 
CUT 
ROA 
OPTL 
OPTA 
OPTF 
HE0 

Tr iga  fue l  elenent: Stainless Steel  c lad  (Row 8) 
Origen2 Tr iga fue l  charagcter izat ion 

0 0 0  
Reed "on-standard data frm Uni t  3 f o r  C11. 
0 1 2 3 201 205 206 9 3 -2 1 1 
101 102 103 10 

/* Fuel fo r  one SS-clad element *I 

/* Fuel f o r  one At -c lad  element *I 
-1  1 - 1  -1  1 1 

- 2  1 -1 -1 1 1 

- 3  1 -1 - 1  1 1 
I* 1 kg of 304 SS cladding =/ 

/* 1 kg of A1 cladding 
-4 1 - 1  -1  1 1 
/* 1 cc a i r  (N2 + 02) 
-5 1 -1 -1 1 1 

*/ 

*I 

I n i t i a l i z e  vector u i t h  ~ u e l  
- 1  1 0 1.0 
A d d  c ladding 
-3 1 0 0.331 Add 0.331 kg o f  SS cladding 
A d d  28 cc o f  a i r  
-5 1 o 28.0 

Standard Ful l  Pouer NRF i r r a d i a t i o n  
years MU 

0.105 0.00396 1 2 5 2 
6.0 2 3 5 0  
6.105 0.00396 3 4 5 0 
12.895 4 5 5 0  
13.0 0.00396 5 6 5 0 

6 2 0 1.0 /* Move discharge t o  vector 2 */ 

/* Star t  decay sect ion */ 
years 
3.0 2 3 5 1 /* Reset time t o  0 */ 
4.0 3 4 5 0  
5.0 4 5 5 0  
10.0 5 6 5 0  
20.0 6 7 5 0  

5 1.OE-10 7 1.OE-10 9 1.OE-10 -1 
Output grams, curies, decay heat 

a a a 8 7 8 7 8 7 8 a 8 a a a a 8 a a a a a 8 a  
a a 8 8 7 8 7 8 7 a a 8 a a a a a a a a a a a a  
a a 8 8 7 8 7 8 7 8 a 8 a a 8 a a a 8 a a a a a  

1 l n i t i a l  
2 Discharge 
7 1 - 1 0  

HE0 
CUT 
STP 4 
2 922350 38.0 
4 010000 35.7 
n 
2 922350 37.0 
4 010000 23.4 
0 
4 260000 648.5 
4 omooo 0.8 

922380 153.9 922340 0.38 922360 0.38 Fuel (ss) 

922380 149.9 922340 0.37 922360 0.37 Fuel (AO 
400000 2125.9 0 0.0 Fuel ( A L )  

240000 200.0 2a0000 120.0 250000 20.0 55-304 

400000 2030.5 0 0.0 Fuel (SS) 

150000 0.4 160000 0.3 140000 10.0 SS-304 
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0 
4 130000 1000.0 0 0.0 
0 

0 
END 

4 070000 9 . 8 ~ - 4  oaoooo 3.0~-4 o 0.0 

I. 

A l u n i n u n  

Air ( lcc)  
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5 . 2 . 4  F i g u r e  A.4. 
( F i l e :  o-alc-p.inp) 

ORIGEN2 i n p u t  runstream for NTS (Row C) f u e l  e lement 

- 1  
1 
1 

BAS 
T I T  
RDA 
LIP 
RDA 
LIB 
PHO 
RDA 
RDA 
INP 
RDA 
INP 
RDA 
INP 
RDA 
INP 
RDA 
INP 
RDA 
RDA 
nov 
ROA 
ADD 
RDA 
ADD 
RDA 
RDA 
RDA 
BUP 
I RP 
DEC 
BUP 
HOV 
ROA 
ROA 
BUP 
IRP 
OEC 
IRP 
DEC 
IRP 
SUP 
MOV 
RDA 
RDA 
RDA 
DEC 
DEC 
DEC 
DEC 
DEC 
RDA 
CUT 
ROA 
OPTL 
OPTA 
OPTF 
HE0 
HE0 
WT 
STP 

Tr iga f u e l  element: A l  c lad  (Rou C) + p r i o r  i r r a d i a t i o n  
Origen2 Tr iga fue l  charagcter izat ion 

O D D  
Read non-standard data frm Uni t  3 f o r  c14. 
0 1 2 3 204 205 206 9 3 -2  1 1 
101 102 103 10 

I* Fuel f o r  one SS-clad e l m n t  

I* Fuel fo r  one Al-c lad element 

I* 1 kg o f  304 SS cladding 

I* 1 kg of A I  cladding 

-1 1 - 1  - 1  1 1 

-2  1 -1 -1  1 1 

- 3  1 -1 -1  1 1 

- L  1 -1 - 1  1 1 
I* l ' c c  a i r  iN2'+ 02) 
-5 1 - 1  -1 1 1 

' I  

*I 

=I 

' I  

*I 

I n i t i a l i z e  veccor u i t h  Fuel 
-2 1 0 1.0 
Add cladding 
- 4  1 0 0.163 Add 0.163 kg o f  A l  c ladding 
~ d d  28 cc of  a i r  
-5 1 0 28.0 

P r i o r  i r r a d i a t i o n  equal t o  NRF i r rad ia t ion .  
years Mu 

7.0 2 3 5 0  

3 1 0 1.0 
Standard Ful l  Power NRF i r r a d i a t i o n  
years MU 

0.315 0.00368 1 2 5 2 

0.105 0.00368 1 2 5 1 I* Reset tine *I 
6.0 2 3 5 0  

12.895 4 5 5 0  
13.0 0.00368 5 6 5 0 

6.105 0.00368 3 4 5 o 

6 2 0 1.0 I* Move discharge t o  vector 2 *I 

I* Star t  decay sect ion *I 
years 
3.0 2 3 5 1 I* Reset t i n e  *I 
4.0 3 4 5 0  
5.0 4 5 5 0  
10.0 5 6 5 0  
20.0 6 7 5 0  

5 1 .OE-10  . . 
output gram, 

a a a a 7 a  
a a a a 7 a  
a a a a 7 a  

7 1.OE-10 9 1.OE-10 -1 
curies, decay heat 
7 a 7 a a a a a a a a a a a a a a a  
7 a 7 a a a a a a a a a a a a a a a  
7 a 7 a a a a a a a a a a a a a a a  

1 I n i t i a l  
2 Discharge 
7 1 - 1 0  

6 
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2 922350 38.0 
4 010000 35.7 
0 
2 922350 37.0 
4 010000 23.4 
n 
4 260000 648.5 
4 060000 0.8 
0 
4 130000 1000.0 
0 
4 070000 9.81-4 
0 
EN0 _ _  __  

922380 153.9 
400000 2030.5 

922380 149.9 
400000 2125.9 

240000 200.0 
150000 0.4 

0 0.0 

080000 3.OE-4 

WHC-SD-SNF-ANAL-010, Rev. 0 

WHC-SD-TP-ANAL-001 Rev. 0 

922360 0.38 922360 0.38 Fuel (SS)  ' 
0 0.0 Fuel (ss) 

922340 0.37 922360 0.37 Fuel ( A 0  
0 0.0 Fuel ( A 0  

280000 120.0 250000 20.0 SS-304 
160000 0.3 140000 10.0 SS-304 

0 0.0 

Aluninun 

A i r  ( l c c )  

16 

A1-23 



WHC-SD-SNF-ANAL-010. Rev. 0 

WHC-SO-TP-ANAL-001 Rev. 0 

5 . 2 . 5  Figure A . 5 .  
(Fi le :  o-ssx-c.inp) 

ORIGEN2 input runstream for DORF (none) fuel element 

-1 
- 1  
- 1  
BAS 
T I T  
RDA 
LIP 
ROA 
L I B  
PHO 
RDA 
RDA 
I NP 
RDA 
INP 
RDA 
INP 
RDA 
INP 
ROA 
I NP 
RDA 
RDA 
MOV 
RDA 
ADD 
RDA 
ADD 
RDA 
RDA 
ROA 
BUP 

, IRP 
DEC 
RDA 
nov 
RDA 
RDA 
DEC 
RDA 
RDA 
RDA 
OEC 
DEC 
DEC 
DEC 
OEC 
RDA 
CUT 
RDA 
OPT1 
OPTA 
OPTF 
HE0 

Tr iga  fue l  element: SS c lad  (none) + (2123) C i  from p r i o r  Bu 
Or igm2 Tr iga fue l  character izat ion . 
0 0 0  
Read non-standard data from Un i t  3 fo r  C14. 
0 1 2 3 204 205 206 9 3 -2  1 1 
101 102 103 10 

I* Fuel f o r  one SS-clad element *I 
-1 1 -1  -1 1 1 
I* Fuel fo r  one A l -c lad  e l m t  *I 

-2  1 -1 - 1  1 1 
I* 1 kg of 304 SS cladding *I 

-3  1 - 1  - 1  1 1 
I' 1 kg of A I  cladding *I 

-4  1 -1  -1  1 1 
I' 1 cc a i r  (N2 + 02) *I 
-5  1 -1  -1 1 1 

I n i t i a l i z e  vector wi th Fuel 
-1 1 0 1.0 
Add cladding 
-3 1 0 0.331 Add 0.331 kg o f  SS cladding 
Add 28 cc o f  a i r  
- 5  1 o 28.0 

P r i o r  i r r a d i a t i o n  t o  g ive  (2123) c i  from p r i o r  BU. 
years MU 

0.010 0.003 1 2 5 2 
7.0 2 3 5 0  

3 1 0 1.0 I* Put back i n  vector 1 ' I  
Decay f o r  11 years ( s t a r t i n g  time May '79)  
years 
11.0 1 2 5 1 I* reset time *I 

I* S t a r t  decay sect ion ' I  
years 
3.0 2 3 5 1 I* Reset time ' I  
4.0 3 4 5 0  
5.0 4 5 5 0  
10.0 5 6 5 0  
20.0 6 7 5 0  

5 1.OE-10 7 1.OE-10 9 1.OE-10 -1 
O u t p t  grams, curies, decay heat 

a a a a 7 a 7 a 7 a a a a a a a a a a a a a a a  
a a a a 7 a 7 a 7 a a a a a a a a a a a a a a a  
a a a a 7 a 7 a 7 a a a a a a a a a a a a a a a  

1 I n i t i a l  
2 Discharge 

7 1 - 1 0  

2 922350 37.0 922380 149.9 922340 0.37 922360 0.37 Fuel (11) 
4 010000 23.4 400000 2125.9 0 0.0 Fuel ( A 0  
0 
4 ~60000 648.5 240000 200.0 2a0000 120.0 250000 20.0 55-304 
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4 060000 0.8 150000 0 . 4  160000 0.3 140000 10.0 55-304 
0 
4 130000 1000.0 0 0.0 ALminun 
0 
4 070000 ? . E - 4  080000 3.OE-4 0 0.0 Air ( lcc)  
0 
END _ _  __ 
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5.2.6 F igu re  A.6. 
( F i  1 e: o-a1 x-rn. inp)  

ORIGEN2 i n p u t  runstream f o r  AFFRI (none) f u e l  element 

- 1  
- 1  
- 1  
BAS 
T I T  
ROA 
LIP 
RDA 
LIB 
PHO 
RDA 
ROA 
INP 
RDA 
INP 
RDA 
I NP 
ROA 
INP 
RDA 
INP 
RDA 
RDA 
nov 
RDA 
ADD 
ROA 
ADD 
RDA 
RDA 
RDA 
BUP 
IRP 
OEC 
RDA 
MOV 
RDA 
RDA 
DEC 
RDA 
RDA 
ROA 
OEC 
OEC 
OEC 
OEC 
OEC 
RDA 
CUT 
RDA 
OPTL 
OPTL 
OPTF 
HE0 

Tr iga fue l  element: A I  c l ad  (none) + (3156) 9-235 Bu 
Origen2 Triga fuel  character izat ion 

0 0 0  
Read non-standard data frm Unit  3 f o r  Cl4. 
0 1 2 3 204 205 206 9 3 -2 1 1 
101 102 103 10 

I* Fuel f o r  one SS-clad element *I 

I* Fuel for  one Al -c lad el-t ' 1  
- 1  1 - 1  - 1  1 1 

-2 1 - 1  - 1  1 1 
I* 1 kg of  304 SS cladding 'I 
-3 1 - 1  - 1  1 1 
I* 1 kg of A l  cladding 'I 

-4 1 - 1  - 1  1 1 
I* 1 cc a i r  (N2 + 02) =I 
-5 1 - 1  - 1  1 1 

I n i t i a l i z e  vector wi th Fuel 
-2 1 0 1.0 
Add ctadding 
-4 1 0 0.163 Add 0.163 kg o f  A I  cladding 
Add 28 cc of a i r  
-5  1 0 28.0 

Pr io r  i r r a d i a t i o n  t o  g ive (3156) gram U235 BU. 
years FBI 

0.040 0.003 1 2 5 2 
7.0 2 3 5 0  

3 1 0 1.0 I' Put back i n  vector 1 ' 1  
Decay f o r  13 years 
years 
13.0 1 2 5 1 I* reset t i n e  *I 

I* Sta r t  decay section *I 
years 
3.0 2 3 5 1 I* Reset t i n e  *I 
4.0 3 4 5 0  
5.0 4 5 5 0  
10.0 5 6 5 0  
20.0 6 7 5 0  

5 1.OE-10 7 1.OE-10 9 1.OE-10 -1 
Output grams, curies, decay heat 

a a a a 7 a 7 a 7 a a a a a a a ~ a a ~ a ~ a a  
a a a a 7 a 7 a 7 a a a ~ a ~ a a a a a a ~ a a  
a a a a 7 a 7 a 7 a ~ a a a a ~ a a a a a ~ a ~  

1 I n i t i a l  
HE0 2 Discharge 
OUT 7 1 - 1  0 
STP 4 

4 010000 35.7 400000 2030.5 0 0.0 Fuel (SS)  
0 

4 010000 23.4 400000 2125.9 0 0.0 Fuel (A l )  
0 

2 922350 38.0 922380 153.9 922340 0.38 922360 0.38 Fuel (ss)  

2 922350 37.0 922380 149.9 92234.0 0.37 922360 0.37 F W L  ( A O  

4 260000 648.5 240000 200.0 2aoooo 120.0 250000 20.0 ss-304 
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4 060000 0.8 150000 0.4 160000 0.3 140000 10.0 18-304 
0 
4 130000 1000.0 0 0.0 
0 
4 070000 9.81-4 080000 3.OE-4 0 0.0 
n 
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5.2.7 F i g u r e  A.7. 
( F i  1 e: o-ale-m. i np) 

ORIGEN2 i n p u t  runstream f o r  AFFRI (Row E) f u e l  element 

-1 
-1  
-1  
BAS 
T I T  
RDA 
LIP 
RDA 
LIB 
PHO 
RDA 
RDA 
INP 
RDA 
I NP 
RDA 
INP 
RDA 
iNP 
RDA 
INP 
ROA 
RDA 
HOV 
ROA 
ADO 
RDA 
ADD 
RDA 
RDA 
RD A 
EUP 
iRP 
DEC 
EUP 
MOV 
RDA 
RDA 
BUP 
IRP 
OEC 
IRP 
OEC 
IRP 
SUP 
MQV 
RDA 
RDA 
RDA 
DEC 
OEC 
OEC 
OEC 
OEC 

Tr iga fuel  element: A l  c lad  (ROU E )  (3/56) 9-235 EU 
Qrigen2 Tr iga  fue l  character izat ion 

n n n  
Rea; nowstandard data from Un i t  3 f o r  C14. 
0 1 2 3 204 205 206 9 3 -2 1 1 
101 102 103 10 

I* Fuel f o r  one SS-clad element * I  
- 1  1 -1 -1 1 1 

-2  1 -1 -1 1 1 
I' Fuel f o r  one A l -c lad  element ' I  

/* 1 kg of 304 SS cladding */ 
-1 1 .1 - 1  I 1 
:* '1  kg Of'Al 'c ladding 

- 4  1 -1 -1  1 1 
I' 1 cc a i r  (N2 + 02) 
-5 1 -1 -1  1 1 

*/ 
* I  

I n i t i a l i z e  vector w i th  Fuel 
-2 1 0 1.0 
A d d  c ladding 
-4 1 0 0.163 Add 0.163 kg of A I  c ladding 
Add 28 cc of a i r  

Prior i r r a d i a t i o n  t o  give (3/56) g r a m  U235 EU. 
years mi 

0.040 0.003 1 2 5 2 
7.0 2 3 5 0  

-5 1 o 28.0 

3 1 0 1.0 
Standard Full Pouer NRF i r r a d i a t i o n  
years MY 

0.105 0.00270 1 2 5 1 /* Reset time * I  
6.0 2 3 5 0  
6.105 0.00270 3 4 5 0 
12.895 4 5 5 0  
13.0 0.00270 5 6 5 0 

6 2 0 1.0 I* Move discharge t o  vector 2 */ 

/* S t a r t  decay sect ion */ 
years 
3.0 2 3 5 1 /* Reset t ime *I 
4.0 3 4 5 0  
5.0 4 5 5 0  
10.0 5 6 5 0  
20.0 6 7 5 0  

HED 1 I n i t i a l  
HE0 2 Discharge 
OUT 7 1 -1 0 
STP 4 
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922350 
010000 

922350 
010000 

38.0 
35.7 

37.0 
23.4 

922380 153.9 
400000 2030.5 

922380 149.9 
400000 2125.9 

922340 
0 

922340 
0 

0.38 
0.0 

0.37 
0.0 

922360 0.38 

922360 0.37 

Fuel (SS) 
Fuel (SSI 

Fuel ( A l l  
Fuel (At)  

4 260000 648.5 240000 200.0 280000 120.0 250000 20.0 SS-304 
4 060000 0.8 150000 0.4 160000 0.3 140000 10.0 SS-304 
0 
4 130000 1000.0 0 0.0 Aluninun 
0 
4 070000 9.8E-4 080000 3.OE-4 0 0.0 A i r  (lcc) 
0 
END 
== 
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5.3 FIGURES FOR GRAM INVENTORIES 

5.3.1 F i g u r e  B . l .  Gram i n v e n t o r i e s  from ORIGEN2 for avet 

U238 
U235 
U236 
u234 
P z 3 9  

I n i t i a l  
1.539-02 
3.800r01 
3.800e-01 
3.800e-01 ...~.. ~ 

o.oooe+oo 

Discharge 
1.539-02 
3.756-01 
4.597~-01 
3.785e-01 
2.693e-02 

3.OYR 
1.539-02 
3.756-01 
4.597e-01 
3.785e-01 
2 . m e - 0 2  

4.OYR 
1.539-02 
3.756-01 
4.597e-01 
3.785e-01 
2 . m e - o 2  

5 . O Y R  
1.539e+02 
3.756-01 
4.597e-01 
3.78%-01 
2 .me-02 

10.OYR 
1.539-02 
3.756-01 
4.597e-01 
3.784e-01 
2. T16e-02 

SUIITOT 1.927-02 1.923-02 1.923-02 1.923-02 1.923e02 1.923-02 

One Tr ig8 fue l  elernent: Stainless Steel clad 
F I S S I O N  PRWUCTS. GRAMS 

XE136 
XE134 
EA138 
tE 140 
LA139 
CS133 
NO143 
CE142 
PR141 
NO144 
CS135 

I n i t i a l  
o.oooe+oo 
o.oooe+oo 
0.000e+00 
0.000~00 
0.000H00 
0. oooe+oo 
0. oooe+oo 
0.000e+00 
0. oooe+oo 

Discharge 
1.597e-02 
1.57%-02 
1.436e-05 
1.178e-02 
1.373e-02 
1.27De-02 
1.088e-02 
1.276e-02 

3.OYR 
1.597e-02 
1.576e-02 
1.437e-02 
1.389e-02 
1.374e-02 
1.372e-02 
1.29Oe-02 
1.278e-02 
1.272e-02 
1.17Oe-02 
1.098e-02 

4.OYR 
1.597e-02 
1.576e-02 
1.437e-02 
1.389e-02 
1.374~-02 
1.372e-02 
1.290e-02 
1.278e-02 
1.272c-02 
1.185e-02 
l.098e-02 

5.OYR 
1.597e-02 
1.576e-02 
1.437e-02 
1.389e-02 
1.374e-02 
1.372e-02 
1.290e-02 
1.278e-02 
1.272e-02 
1.192e-02 
1.098e-02 

1O.OYR 
1.597~-02 
1.576e-02 
1.437e-02 
1.389e-02 
1.374e-02 
1.372e-02 
1.290e-02 
1.278e-02 
1.272e-02 
1 .196e-O2 
1.098e-02 

*age power 
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CS137 
MOIOO 
MO 95 
ZR 96 
ZR 93 
TC 99 

o.oooe+oo 
o.oooe+oo 
o.oooe+oo 
o.oooe+oo 
o.ooo*oo . . . . . . . . 
0.000n00 

1 .109e-02 
9.644e- 03 
6.336e-03 
9.248e- 03 
9.140~-03 
8: 7 G i - 0 3  
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1.035e-02 
9.644e-03 
9.320e-03 
9.248e- 03 
9.189e-03 
9.086e-03 

1.01 le-02 
9.644e- 03 
9.320e-03 
9.248e-03 
9.189e-03 
9 .086c-03 

9.880e- 03 
9.644e- 03 
9.320e-03 
9.248e-03 
9.189e-03 
9.086e-03 

8.802e-03 
9.644e- 03 
9.320e-03 
9.248e-03 
9.189e-03 
9.085e- 03 

ZR 94 o.ooonoo 8.959.-03 a.9.G-03 aI96ii-03 i:9ii;-a3 8i9i i i -03 
98 0 . 0 0 0 r 0 0  8.780e-03 8.78Oe-03 8.780s-03 8.780e-03 8.780e-03 

HO 97 
XE132 
NO145 
ZR 92 
ZR 91 
RUlOl 
NO146 
RUl02 

0.000n00 
0. O O O n o o  
0. oooe+oo 
o.oooe+oo 
0.000n00 
O . O O O ~ O O  
0.000e+00 
0.000e+00 

8.658e-03 
8.369e- 03 
8.643e-03 
8.412e-03 
5.945e-03 
7.ame-03 .. .. .- 
6.M9e-03 
6.658e-03 

8.740e- 03 
8.734e- 03 
8.670e- 03 
8.439e-03 
8.131e-03 
7.881s-03 
6.671~-03 . . . . . . .- 
6.659e-03 

8.740e-03 
8.734e- 03 
8.670e-03 
8.439e-03 
8.131e-03 
7.881e-03 
6.671 e-03 
6.659~-03 

8.740e-03 
8. TJ4e-03 
8.670e- 03 
8.439e-03 
8.13 1 e- 03 
7.881e-03 
6.671e-03 
6.659e-03 

8.740e- 03 
8.734e- 03 
8.670e-03 
8.439e-03 
8.131~-03 
7.881e-03 
6.671 e-03 
6.659e-03 

Y 89 O . O O O n O 0  4.821e-03 6.507~-03 6.507e-03 6.507e-03 6.507e-03 
SR 90 0.000n00 6.767e-03 6.300e-03 6.152e-03 6.008e-03 5.334e-03 
YE131 O.OOOe+OO 5.209e-03 5.789e-03 5.789e-03 5.789e-03 5.789e-03 
RH103 0.000r00 3.78%-03 4.998~-03 4.998e-03 4.998e-03 4.998e-03 
SR 88 O.OOOe+OO 4.921e-03 4.929e-03 4.929e-03 4.929e-03 4.929e-03 
511147 O.OOOe+OO 3.106e-03 4.220e-03 4.434e-03 4.599e-03 4.997e-03 
no148 O.OOOe+OO 3.844e-03 3.844e-03 3.8Ue-03 3.8Ue-03 3.844e-03 
RB 87 O.OOOe+OO 3.422e-03 3.424~-03 3.424e-03 3.424e-03 3.424e-03 
RU104 O . O O O n O 0  3.060e-03 3.061e-03 3.061e-03 3.061e-03 3.061e-03 
TE130 O.OOOe+OO 3.030e-03 3.030e-03 3.030e-03 3.030e-03 3.030e-03 
BA137 0 . 0 0 0 r 0 0  1.747e-03 2.490e-03 2.726e-03 2.957e-03 4.03%-03 
KR 86 
2R 90 
PO105 
NO150 
RB 85 
I129 . -. 
KR 84 

0.000n00 
0.000noo 
o.oooe+oo 
o.oooe+oo 
0.000~00 
o.oooe+oo 
0.000~00 

2.644e-03 
l.lO9e-03 
1.672e-03 
1.507e-03 
1.410e-03 
1.381e-03 
1.327e-03 

2.644e-03 
1.576~-03 
1.707~-03 
1.507e-03 
1.456e-03 
1.431e-03 
1.327t- 03 

2.644e-03 
1.724e-03 
1.707e-03 
1.507e-03 
1.468e-03 
1.431e-03 
1.327e-03 

2.644e-03 
1.869e-03 
1.707e-03 
1.507e-03 
1.48Oe-03 
1.431e-03 
1.327e-03 

2.644e- 03 
2.543e-03 
1.707e-03 
1.507e-03 
1.528e-03 
1.431e-03 
1.327e-03 

St4149 O.OOOe+OO 1.249e-03 1.320e-03 1.3iOe-03 1.3iOe-03 1.3iOe-03 
SI4150 0 OOOe+OO 1.183e-03 1.183e-03 1.183e-03 1.183e-03 1.183e-03 
SUMTOT O.OOOe+OO 3.58%-01 3.58%-01 3,585e-01 3.585e-01 3.585e-01 _ _  _ _  
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5.3.2 F i g u r e  8.2.  Gram i n v e n t o r i e s  from ORIGEN2 f o r  maximum source term 

Input file: o-ssb-p.outf 
Multiplier: l.OOOe+OO 

Triga fuel elnnent: SS clad (Ron B )  + prior irradiation 
ACTIVATION, GRAMS 

2O.OYR 
1.031-03 
3.637-02 
3.498-02 
2.266-02 
1.972-02 
5.976-01 
5.540n01 
3.569-01 
2.676-01 
1.204-01 
1.059nOl 
6.616-00 
6.408-00 
4.734000 
3.041e+OO 
2.764-00 
1.627-00 
1.504e+OO 
6.466e- 01 
4.67%-01 
3.937e-01 
2.616e-01 
1.595e-01 
1.324e-01 
1.09%-01 
9.408e- 02 
2.733e-02 
1.207e-02 
1.054e-02 
8.377e-03 
7.242e-03 
5.856e-03 
4.432~-03 
3.915e-03 
3.181e-03 
2.284e-03 
2.397-03 

Initial Oischarge 3.0YR 4.OYR 5.OYR 10.OYR 
1.031-03 1.031-03 1.031-03 1.031W03 1.031-03 1.031-03 ZR 90 

ZR 94 
ZR 92 
ZR 91 
FE 56 
ZR 96 
CR 52 
H 1  
N I  58 
FE 54 
N l  60 
MN 55 
CR 53 
FE 57 
51 28 
CR 50 
CR 54 
N I  62 
FE 58 
N I  61 
N I  64 
c 12 

2.266-02 
1.972-02 

2.266erO2 
1.972-02 
5.976-01 
5.540eOl 
3.569-01 
2.676-01 
1.204e+01 
1.059e01 
6.616-00 
6.408-00 
4.734-00 
3.041n00 

2.266-02 
1.972-02 
5.976-01 
5.540u01 
3.569-01 
2.676-01 
1.204WOl 
1.059-01 
6.616e+00 
6.408~00 
4.734-00 
3.041eOO 
2.764eOO 
1.627-00 
1.504-00 
6.466e-01 
4.67%-01 
3.937e-01 
2.616e-01 
1.595e-01 
1.324.~-01 
1.09%-01 

2.266roi 
1.972-02 
5.976WOl 
5.540e01 

. . . . . .- 
2.266-02 
1.972-02 
5.976-01 
5.540-01 
3.569-01 
2.676-01 
1.204r01 
l.O59e+Ol 
6.616-00 
6.408-00 
4.734n00 
3.041-00 
2.764-00 
1.627-00 
1.504e+OO 
6.466e-01 
4.675e-01 
3.937e-01 
2.616e-01 
1.59%-01 
1.324e-01 
1.09%-01 

-. . . . .- 
2.266cl.02 
1.972W02 
5.976-01 
5.540-01 
3.569-01 
2.676-01 
1.204W01 
l.O59e+Ol 
6.616-00 
6.408n00 
4.734-00 
3. O4lrOO 
2.764-00 
1.627-00 
1.504-00 
6.466e-01 
4.675e-01 
3.937e-01 
2.616e-01 
1.59%-01 
1.324e-01 
1.095e-01 

5.9TIe+01 
5.541-01 
3.569-01 
2.677-01 
1.204r01 
1.059-01 ... . . 
6.618e+OO 
6.405eOO 
4.719-00 
3.041r00 
2.765-00 
1.624-00 
1.504-00 
6.462e-01 
4.667e-01 
3.937e-01 
2.616e-01 
1.595-01 
1.324e-01 
1.09%-01 

. . . . . . . 
6.408-00 
4.734-00 
3.041eOO 
2.764-00 
1.627-00 
1.504H00 
6.4660-01 
4.67%-01 
3.937e-01 
2.616~-01 
1.595e-01 
1.324e-01 
1.09%-01 

.. .. . 
3.937e-01 
2.616e-01 
1.59%-01 
1.324e-01 
1.095e-01 

9.408e-02 9.408e-02 9.408e-02 9.408e-02 9.408e-02 9.408~-02 
2.733e-02 2.733e-02 2.733e-02 2.733e-02 2.733e-02 2.733e-02 
1.138e-02 1.207e-02 1.207e-02 1.207~-02 1.207e-02 1.201e-02 
5.235e-03 1.054e-02 1.054e-02 1.054e-02 1.054e-02 1.054e-02 
8.377e- 03 8.377e-03 8 . 3 n e -  03 8.377e- 03 8.  3 n e - 0 3  a. 3ne- 03 ~~ ~~~ ... ... ... 
3.605e-03 7.243e-03 7.243e-03 7.243e-03 7.243e-03 7.242~-03 
2.910e-03 5.828e-03 5.856e-03 5.856e-03 5.856e-03 5.856e-03 
4.432e-03 4.432e-03 4.432e-03 4.432e-03 4.432e-03 4.432e-03 

MO 97 
s 34 
Ma 95 
C 13 
v 51 
SUMTOT -- 

Triga fuel 
ACTINIDES, 

1.946e-03 3.28le-03 3.915e-03 3.915~03 3.91%-03 3.915~-03 
3.181e-03 3.18le-03 3.18le-03 3.18le-03 3.181e-03 3.18le-03 
1.13%-03 2.037e-03 2.284e-03 2.28Ce-03 2.284e-03 2.284e-03 
2..397-03 2.397-03 2.397-03 2.397-03 2.397~03 2.397~03 

element: ss clad (Ron 8) + prior irradiation 
GRAMS 

Initial 
1.539-02 
3.743-01 
4.851e-01 
3.780e-01 
3.650e-02 
1.145e-03 
3.19Oe- 04 
1.922-02 

Initial 
1.539-02 
3.743-01 
4.851e-01 
3.780e-01 
3.650e-02 
1.145e-03 
3.19Oe- 04 
1.922-02 

Discharge 
1.538-02 

3.OYR 
1.538-02 

4.OYR 
1.538-02 

5.OYR 
1.538-02 

10.OYR 
1.538-02 

2O.OYR 
1.538W02 
3.685-01 
5.896e-01 
3.759e-01 
7.161e-02 
2.509e- 03 
1.258e-03 
1.917-02 

U238 
U235 
U236 
U234 
PU239 
NP237 
PU240 

3.685-01 
5.896e-01 
3.759e-01 
7.052e-02 
2.385e-03 
1.260e-03 

3.685-01 
5.896e-01 
3.759e-01 
7.164e-02 
2.508e-03 
1.260e-03 

3.685r01 
5.896e-01 
3.75%-01 
7.164e-02 
2.508e-03 
1.260e-03 

3.685-01 
5.896e-01 
3.759e-01 
7.163e-02 
2.508e-03 
1.259e-03 

SUMTOT 1.917-02 1.917-02 1.917-02 1.917-02 1.917-02 

Triga fuel element: 
FISSION PRODUCTS, 

SS clad (Rou 
GRAMS 

prior irradiation 

Initial Discharge 3.OYR 4.OYR 5.OYR 10.OYR 2O.OYR 
XE136 2.197e-02 4.392e-02 4.392e-02 4.392e-02 4.392e-02 4.392e-02 4.392e-02 
XE134 2.081e-02 4.159e-02 4.161e-02 4.161e-02 4.161e-02 4.161e-02 4.161e-02 
EA138 1.896e-02 3.791e-02 3.791e-02 3.791e-02 3.791e-02 3.791~-02 3.79le-02 
CE140 1.794e-02 3.349e-02 3.627e-02 3.627e-02 3.627e-02 3.627e-02 3.627e-02 
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LA139 
CS133 
NO143 
CE142 
PR141 
NO144 
CS135 
no100 
IK) 95 
ZR 96 
ZR 93 
TC 99 
2R 94 
no 98 
XE132 
no 97 
NO145 
CS137 
ZR 92 
ZR 91 
RUlOl 
NO146 
RUlO2 
Y 89 
XE131 
SR 90 
RH103 
SR 88 
SI4147 
BA137 
NO148 
RB 87 
RU104 
TE130 
2R 90 
KR 86 
sn150 
PO105 
RB 85 
ND150 
1129 
KR 84 
TE128 
SM152 
PO106 
SI4151 
KR 83 
94149 
SE 82 
EU153 
SUMTOT 
._ __ 

.813e-02 

.etle-02 

.701e-02 
,686~-02 
,679e-02 
,576e-02 
,361e-02 
.273e-02 
.23Oe-02 
.221e-02 
213e-02 
199~-02 
183e-02 
159e-02 
154e-02 
154e-02 
144e-02 
447e-02 
11Le-02 
One-02 
040e-02 
809e-03 
791e-03 
587e-03 
634e-03 
820s-03 
602e-03 
505e-03 
610e-03 
479e-03 
07%-03 
5 18e- 03 
044e-03 
001e-03 
574e-03 
49Oe-03 
823e-03 
251e-03 
886e-03 
990e-03 
890e-03 
7S2e-03 
055e-03 
620e-04 
54%-04 
12%-03 
006e-04 
482e-03 
519e-04 
270e-04 
729e-01 

3.623e-02 
3.480e-02 
3.122e-02 
3.370~-02 
2.974e-02 
2.671~-02 
2.710e-02 
2.546e-02 
2.064~- 02 
2.44 1 e-02 
2.4 17e-02 
2.350e-02 
2. 364e-02 
2.318e-02 
2.266e- 02 
2.296e-02 
2.28le-02 
2.535e-02 
2.22%-02 
1.856e-02 
2.080e-02 
1.764e-02 
1.760e-02 
1.494e-02 
1 A4e-02 
1.539e-02 
1.153~-02 
1.299e-02 
1.072e-02 
8.538e-03 
1.015e-02 
9.026e-03 
8.107e- 03 
8.007e-03 
5.384e-03 
6.974e-03 
4.94Ee-03 
4.476e- 03 
3.914e-03 
3.982e-03 
3.714e-03 
3.506e-03 
2.112e-03 
2.104e-03 
1.634e-03 
1 .95 le-03 
1.793e-03 
1.567e-03 
1.103e-03 
1.054e-03 
9.462e-01 
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3.625e-02 
3.615e-02 
3.388e-02 
3.372e-02 
3.357e-02 
3.137e-02 
2.722e-02 
2.546e- 02 
2.458e-02 
2.441e-02 
2.424e-02 
2.39502 
2.365e-02 
2.318e-02 
2.314e-02 
2.307e- 02 
2.28%-02 
2.36%-02 
2.226e-02 
2.144e-02 
2.OBOe-02 

1.024e-02 
1.015.~-02 
9.029e- 03 
8.107e-03 
8.007e- 03 
6.445e-03 
6.974~-03 
4.948e-03 
4.52%-03 
3.997e-03 
3.982e-03 

1.661e-03 
1.103e-03 
1.068e-03 
9.462e-01 

3.625e-02 3.625e-02 

2.424~-02 
2.395e-02 
2.365-02 
2.318e-02 
2.314e-02 
2.307e-02 
2.285e-02 
2.311e-02 
2.226e-02 
2.144e-02 
2.080e-02 
1.764e-02 

1.250e-02 
1.078e-02 
1.015e-02 

2.424e-02 
2.395-02 
2.365e-02 
2.318e-02 
2.314e-02 
2.307e-02 
2.28%-02 
2.259e-02 
2.226e-02 
2.144e-02 
2.08Oe-02 
1.764e-02 
1.760e-02 
1.716e-02 
1.521e-02 
1.366e-02 
1.314e-02 
1.300e-02 
1.272e-02 
1.130e-02 

4.52ie-03 
4.02Oe- 03 
3.982e-03 

4.523e- 03 
4.041e-03 
3.982e-03 

1 :795e-03 
1.661e-03 
1.103e-03 
1.068e-03 
9.462e-01 

1.795e-03 
1.661e-03 
1.103e-03 
1.068e-03 
9.462e-01 

3.625e-02 
3.61%-02 
3 .388e-02 
3.372e-02 
3.357e-02 
3.172e-02 
2.722e-02 
2.546e-02 
2.458~-02 
2.44le-02 
2.424e-02 
2.395e-02 
2.365e-02 
2.318e-02 
2.314e-02 
2.307e-02 
2.285e-02 
2.012e-02 
2.226e- 02 
2.144e- 02 
2.080e-02 
1.764e-02 
1.760e-02 
1.716~-02 
1.521e-02 
1.213e-02 
1.314e-02 
1.3OOe-02 
1.32%-02 
1.377e-02 
1.01%-02 
9.029e-03 
8.107~-03 
8.007e-03 
8.644e-03 
6.974e-03 
4 .948e-03 
4.523e-03 
4.131e-03 
3.982e-03 
3.781e-03 
3.507e-03 
2.113e-03 
2.110e-03 
1.949e-03 
1.824e-03 
1.795e-03 
1.661e-03 
1.103e-03 
1.068e-03 
9.462e-01 

3.625e-02 
3.61%-02 
3.388e-02 
3.372e-02 
3.357e-02 
3.172e-02 
2.722e-02 
2.546e-02 
2.458e-02 
2.441e-02 
2.424e-02 
2.395e-02 
2.365e-02 
2.318e-02 
2.314e-02 
2.307e-02 
2.285e-02 
1.597~-02 
2.226e-02 
2.144e-02 
2.08Oe-02 
1.764e-02 
1.760e-02 
1.716e-02 
1.521e-02 
9.559e-03 
1.314e-02 
1.300e-02 
1.34%-02 
1.792e-02 
1.015e-02 
9.029e-03 
8.107e-03 
8.007e-03 
1.12le-02 
6.974e- 03 
4.948e-03 
4.523e-03 
4.243e-03 
3.982e-03 
3.781e-03 
3.507e-03 
2.113e-03 
2.113~03 
1.949e-03 
1.689e-03 
l.795e-03 
1.661e-03 
1.103e-03 
1.068e-03 
9.462e-01 
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5.3.3 F i g u r e  8.3. Gram i n v e n t o r i e s  from ORIGEN2 for GA (Row B) element 

Input f i l e :  o-ssb.wtf 
Mu l t i p l i e r :  l.OOOe+OO 

Tr iga fue l  e l w n t :  s ta in less Steel c lad  (Rou B)  
ACTIVATION, GRAMS 

I n i t i a l  
1.031e+03 
3.637-02 
3.498-02 
2.266-02 
1.973e+02 
5.977e+Ol 
5.541-01 
3 369-01 
2.677-01 
1.205e+Ol 
1.059n01 
6.620-00 
6.403eOO 
4.705n00 
3.041eOO 
2.766-00 
1.621e+OO 
1.505POO 
6.458e-01 
4.660e-01 
3.937e-01 
2.616e-01 
1.59%-01 
1.324e-01 
1.095e-01 
9.408e-02 
2.733e-02 
1.071e-02 
8.377e-03 
0.000e+00 
4.432e-03 
o.oooe+oo 
3.181 e-03 
o.oooe+oo 
o.oooe+oo 
o.oooe+oo 
2.397-03 

Discharge 
l.O31e+03 
3.637-02 
3.498-02 
2.266-02 
1 .972WO2 
5 .977~01  

3.OYR 
1.031-03 
3.637-02 
3.498nOP 
2.266trO2 
1.972u02 
5.977-01 

4.OYR 
1 .031u03 
3.637-02 
3.498-02 
2.266-02 
1.972-02 
5.977-01 
5.541-01 

5.OYR 
1 .031-03 
3.637-02 
3.498-02 
2.266-02 
1.972-02 
5.977-01 
5.541-01 

10.OYR 
1.031e03 
3.637-02 
3.498-02 
2.266-02 
1.972r02 
5.977-01 
5 5 4 1  -01 

2.677-01 
1.204-01 
1.059e+01 
6.618-00 
6,405e+OO 
4.719-00 
3.041 -00 
2.765-00 
1.624-00 
1.504rOO 
6.462e- 01 

3.569-01 

2O.OYR 
1.031e+03 
3.637-02 
3.498-02 
2.266-02 
1.972-02 
5.977-01 
5.541eo1 
3.569-01 
2.677-01 
1.204n01 
1.059-01 
6 .618~00  
6.405r00 
4.719-00 
3.041 -00 
2.765FtOO 
1.624-00 
1.504e+00 
6.462e-01 
4.667e-01 
3.937e-01 
2.616e-01 
1.595e-01 
1.324e-01 
1.095e-01 
9.408e-02 
2.733e-02 
1.138e-02 
8.377e- 03 
5.235e-03 
4.432e-03 
3.604e-03 
3.181e-03 
2.910e-03 
1.946e-03 
1.13%-03 
2.397-03 

2R 90 
2R 94 
ZR 92 
2R 91 
FE 56 
2R 96 
CR 52 
H 1  
N I  58 
FE 54 
H I  60 
MY 55 
CR 53 
FE 57 
SI 28 
CR 50 
CR 54 
H I  62 
FE 58 
N I  61 
N I  64 
c 12 
SI 29 
P 31 
SI 30 
S 32 
N 14 
H 2  
0 16 
2R 93 
s 34 
N I  59 
C 13 
MO 97 
MO 95 
v 51 
SUMTOT 

5.541e+o1 
3 369-01 
2.677-01 
1.204NOl 
1.059er01 
6.618e+OO 
6.405e+OO 
4.719n00 
3.041e+OO 
2.765-00 
1.624-00 
1.504r00 
6.461e-01 

... . . 
5.541u01 
3.569-01 
2.677-01 
1.204-01 
1.059r01 
6.618erOO 
6. L 0 5 r 0 0  
4.719-00 
3.041e*OO 
2.765-00 
1.624-00 
1.504WOO 
6.462e-01 

3.569-01 
2.677-01 
1.204e+01 
1.059-01 

... . . 
3.569-01 
2.677-01 
1.204e01 
1.059-01 
6.618-00 
6.405eOO 
4.719-00 

2.765r00 
1.624-00 
1.504r00 
6.462e- 01 

3.041 -00 

6 .618~00  
6.405erOO 
4.719-00 
3.0Lle+00 . . . . . . . 
2.765-00 
1 . 6 2 4 ~ 0 0  
1.504H00 
6.462e-01 

4.667e-01 
3.937e-01 
2.616e-01 
1.595e-01 
1.324e-01 
1 .095e-01 

4.667e- 01 
3.937e-01 
2.616~-01 
1.595e-01 
1.324e-01 
1.09%-01 

4.667e-01 
3.937e-01 
2.616~-01 
1.595e-01 
1.324e-01 
1.09%-01 

4.667e-01 
3.937e-01 
2.616e-01 
1.595e-01 
1.324e-01 
1.09%-01 

4.667e-01 
3.937e-01 
2.616e-01 
1.595e-01 
1.324e-01 
1.095e-01 
9.408e-02 
2.733e- 02 

9.408e-02 
2.733e-02 

.. .. . 
9.4C8c-02 
2.733e-02 

.. .. . 
9.408e-.02 
2. TJ3e-02 

. . . . . . . . 
9.LOBe-02 
2.733e-02 

1.138e-02 
8.377e- 03 
5 .23503  
4.432e-03 
3.605e-03 
3.18le-03 
2.882e-03 
1.320e-03 

1.138e-02 
8.377e- 03 
5.235e-03 
4.432e-03 
3.605e-03 
3.181e-03 
2.910e-03 

1 .138e-02 
8.377e- 03 
5.235e-03 
4 .h32e-03 
3.605e-03 
3.181e-03 
2.910e-03 
1.946e-03 

1.138e-02 
8.377e-03 
5.235e-03 
4.432e-03 
3.605e-03 
3.18le-03 
2.910e-03 
1.946e-03 

1.138e-02 
8.377e- 03 
5.235e-03 
4.432e-03 
3.605e-03 
3.181e-03 
2.910e-03 
1.966e-03 
1.135e-03 
2.397-03 

. . . . . .. 
1.946e-03 
1.135e-03 
2.397er03 

8.908e-04 
2.397-03 

1.135e-03 
2.397-03 

1.135~-03 
2.397-03 

Triga f ue l  element: Stainless Steel c lad  (Row E) 
ACTINIDES,  GRAMS 

I n i t i a l  Discharge 3.OYR 4.OYR 5.OYR 10.OYR 2O.OYR 
U238 1.539-02 1.539er02 1.539-02 1.539-02 1.539-02 1.539-02 1.539-02 
U235 3.800e+01 3.743-01 3.743-01 3.743-01 3.743-01 3.743-01 3.743e01 
U236 3.800e-01 4.851~-01 4.851e-01 4.851e-01 4.851e-01 4.851e-01 4.851e-01 
U234 3.800e-01 3.780e-01 3.780e-01 3.780e-01 3.780e-01 3.780e-01 3.779e-01 
PU239 O.OOOe+OO 3.538~-02 3.649e-02 3.649e-02 3.649e-02 3.649e-02 3 .648~02  
NP237 O.OOOetO0 1.034e-03 1.136e-03 1.136e-03 1.136e-03 1.136e-03 1.136e-03 
SUMTOT 1.927-02 1.922e+02 1.922-02 1.922-02 1.922-02 1.922-02 1.922e+02 

Tr iga fuel  element: Stainless Steel c lad  (Ron B)  
FISSION PRWUCTS, GRAMS 

XE136 
XE134 
SA138 
CE140 
LA139 

I n i t i a l  
0.000e+00 
0.000e+00 
0.000e+00 
o.oooe+oo 
0.000e+00 

Discharge 
2.191e-02 
2.07%-02 
1.895e-02 
1.554e-02 
l.812e-02 

3.OYR 
2.191e-02 
2.08le-02 
1.896e-02 
1.833e-02 
1.813e-02 

4.0YR 
2.191e-02 
2.081e-02 
1.896e-02 
1.833e-02 
1.813e-02 

5.OYR 
2.191e-02 
2.081e-02 
1.896e-02 
1.833e-02 
1.813e-02 

1O.OYR 
2.19le-02 
2.081e-02 
1.896e-02 
1.833e-02 
1.813e-02 

2O.OYR 
2.19le-02 
2.081e-02 
1.896e-02 
1.833e-02 
1.813e-02 

27 

A1-34 



CS133 
NDl43 
CE142 
PR141 
ND144 
CS135 
CS137 
no100 
no 95 
ZR 96 
ZR 93 
TC 99 
ZR 94 
no 98 
MO 97 
XE132 
ND145 
ZR 92 
ZR 91 
RUlOl 
ND 146 
RUlO2 
Y 89 
SR 90 
XE131 
RH103 
SR 88 
94147 
NO148 
RB 87 
RU104 
TE130 
BA137 
KR 86 
ZR 90 
PO105 
NO150 
RB 85 
I129 
511150 
KR 84 
34149 
SM151 
TE128 
SUMTOT _ _  __  

O.OOOe+OO 1.675e-02 
O.OOOe+OO 1.43%-02 
0.000r00' 1.685~-02 
O.OOOe+OO 1.296e-02 
O.OOOe+OO 1.078e-02 
O.OOOe+OO 1.354e-02 
o.oooe+oo 1.461.e-02 
0.000n00 1.273e-02 
O.OOOe+OO 8.361e-03 
o.oooe+oo 1.221e-02 
O.OOOe+OO 1.206e-02 
O.OOOe+OO 1.154e-02 
0.000n00 1.182e-02 
O.OOOe+OO 1.159e-02 
... 
0.01 

_ _  
.-02 

O.OOOe+OO 1.140e-Oi 
O.OOOe+OO 1.llOe-02 
O.OOOe+OO 7.847e-03 
O.OOOe+OO 1.040e-02 

O.OOOe+OO 8.791e-03 
0.000r00 6.36%-03 

..OOOe+OO 6.87L .. 
O.OOOe+OO 4.988e-03 
0.1 

O.OOOe+OO 6.495e-03 
O.OOOe+OO 4.093e-03 
O.OOOe+OO 5.074e-03 
O.OOOe+OO 4.515e-03 
O.OOOe+OO 4.042e-03 
O.OOOe+OO 4.000e-03 
0.000e+00 2.306e-03 
O.OOOe+OO 3.490e-03 
O.OOOe+OO 1.46l.e-03 
O.OOOe+OO 2.20%-03 
O.OOOe+OO 1.990e-03 
O.OOOe+OO 1.861e-03 
O.OOOe+OO 1.823e-03 
O.OOOe+OO 1.831e-03 
O.OOOe+OO 1.752e-03 
O.OOOe+OO 1.379e-03 
0.000e+00 1.108e-03 
0.000e+00 1.054e-03 
O.OOOe+OO 4.733e-01 

WHC-SD-SNF-ANAL -010, 

WHC-SD-TP-ANAL-001 

.81 le-02 
,701e-02 
.6&e-02 
,679e-02 
,545e-02 
,366~-02 
,366e- 02 
.273e-02 
,230e-02 
.221e-02 
.213e-02 
,199e-02 
,183e-02 
159e-02 
154e-02 
154e-02 
144e-02 
114e-02 
073e-02 
040e-02 
809e-03 
791e-03 
587e-03 
31%-03 
636e-03 
59%-03 
505e-03 
563e-03 
074e-03 
5 lac- 03 
043e-03 
001e-03 
286e-03 
490e-03 
080e-03 
252e-03 
990e-03 
921e-03 
890e-03 
831e-03 
752e-03 
473e-03 
102e-03 
05%-03 
733e-01 

1.811e-02 
1.7Ole-02 
1.686e-02 
1.679e-02 
1.566e-02 
1.366e-02 
1 . 3 3 5 0 2  
1.273e-02 
1.23Oe-02 
1.221e-02 
1.213e-02 
1. W e - 0 2  
1 .183e-02 
1.159e-02 
1.154e-02 
1.154e-02 
1.144e-02 
1.114~-02 
1. one-02 
1.040e-02 
8.809e- 03 
8.791e-03 
8.587e-03 
8.119e-03 
7.636e- 03 
6,593e-03 
6.505e-03 
5.845e-03 
5.07Le-03 
4.518e-03 
4.043~-03 
4.001e-03 
3.598e-03 
3.490e-03 
2.275e-03 
2.252e-03 
1 .Woe-03 
1.938e-03 
1.890e-03 
1.831e-03 
1 .E2e-O3 
1.473e-03 
1.094e-03 
1.05%-03 
4. m e - 0 1  

1.811e-02 
1.701e-02 
1.686e-02 
1.679e-02 
1.574e-02 
1.366s-02 
1.304e-02 
1.273c-02 
1.230e-02 
1.22le-02 
1.213e-02 
1.199e-02 
1.183e-02 
1.159e-02 
1.154e-02 
1.154e-02 
1.144e-02 
1.114e-02 
1.073e-02 
1.040e-02 
8.809e-03 
8.791 e- 03 
8.587e-03 
7.928e-03 
7.636e- 03 
6.593e-03 
6.505e-03 
6.062e-03 
5.074~-03 
4.518e-03 
4.043e- 03 
4.001e-03 
3.903e-03 
3.490e-03 
2.466e-03 
2.252e-03 
1 .WOe-03 
1.953e-03 
1.890e-03 
1.831e-03 
1.752e-03 
1.473e-03 
1.08%-03 
1.055e-03 
4.733e-01 

Rev. 0 

Rev. 0 

1.811e-02 
1.701e-02 
1.686e-02 
1.679e-02 
1.580e-02 
1.366e-02 
1.162~-02 
1.273e-02 
1.230e-02 
l.221e-02 
1.213e-02 
1.1We-02 
1.183e-02 
1.159e-02 
1 .154e-02 
1 .154e-02 
1.14Le-02 
1.114e-02 
1.073e-02 
1.040e-02 
8.809e-03 
8.791e-03 
8.507e-03 
7.039e-03 
7.636e-03 
6.59%-03 
6.50%-03 
6.587e- 03 
5.074e-03 
4.518e-03 
4.043e-03 
4.001e-03 
5.326e-03 
3.490e-03 
3.356e-03 
2.252e- 03 
1.990e-C3 
2.017e-03 
1.890e-03 
1.831e-03 
1.752e-03 
1.473e-03 
1.044e-03 
1.05%-03 
4.733e-01 

1.811e-02 
1.701e-02 
1.686e-02 
1.679e-02 
1.580e-02 
1.366e-02 
9.222e-03 
1.273e-02 
1.230e-02 
1.22le-02 
1.213e-02 
1.199e-02 
1.183e-02 
1.159e-02 
1.154e-02 
1.154e-02 
1.144e-02 
1.114e-02 
1.073e-02 
1.040e-02 
8.809~- 03 
8.791e-03 
8.587e-03 
5.54e.e-03 
7.636e- 03 
6.59%-03 
6.50%-03 
6.76%-03 
5.074e-03 
4.518e-03 
4.043e-03 
4.001e-03 
7.723e-03 
3.490e-03 
4.847e- 03 
2.252e-03 
1.990e-03 
2.097e-03 
1.890e-03 
1.831e-03 
1.752e-03 
1.475-03 
9.668e-04 
1.055e-03 
4.733e-01 
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5.3.4 F i g u r e  6.4. Gram i n v e n t o r i e s  from ORIGEN2 f o r  NTS (Row C) element 

Input f i l e :  o-alc-p.outf 
M u l t i p l i e r :  l.OOOe+OO 

Tr iga fue l  element: A1 c lad  (Rou C)  + p r i o r  i r r a d i a t i o n  
ACTIVATION, GRAMS 

I n i t i a l  Discharge 3.0YR 4.0YR 5.0YR 10.OYR 2O.OYR 
ZR 90 1.079-03 1.079-03 1.079-03 1.079-03 1.079-03 1.079-03 1.079-03 
ZR 94 3.808n02 3.808-02 3.808t+02 3.808-02 3.808n02 3.808-02 3.808-02 
ZR 92 3.663-02 3.663-02 3.663-02 3.663-02 3.663-02 3.663-02 3.663-02 
ZR 91 2.373-02 2.373-02 2.373-02 2.373-02 2.373-02 2.373-02 2.373-02 
AL 27 1.630-02 1.630-02 1.630-02 1.630-02 1.630-02 1.630-02 1 . 6 3 0 ~ 0 2  
ZR 96 
H 1  
N 14 
ZR 93 
0 16 
H 2  

6.257-01 
2.339-01 
2.733e-02 
5.230e-03 
8.377e- 03 
7.442e-03 

6.257-01 
2.339-01 
2.733e-02 
1.052~-02 
a.377e-03 

6.257-01 
2.339-01 
2.733e- 02 
1.052~-02 

..- . _ _  8.377e-03 
7.87oe-03 7.870~-03 

6.257-01 
2.339-01 
2.733e-02 
1.052e-02 
8.377e- 03 
7. a70e- 03 

6.257-01 
2.333-01 
2. n3e -02  
1.052e-02 
8.377e-03 
7. ~70c -03  

6.257-01 
2.339-01 
2.733e-02 
1.052e-02 
8.377e-03 
7 .  a70e-03 

6.257eoi  
2.339-01 
2.733s-02 
1.052e-02 
8.377e-03 
7 n7ar-m 

I40 97 2.907e-03 5.820e-03 5.&-03 5:848;-63 5:848;-Oi 5:&-1% 5:848;-63 
I40 95 1.944e-03 3.277e-03 3.910e-03 3.910e-03 3.910e-03 3.910e-03 3.910e-03 
SI 28 1.002e-03 2.016e-03 2.016e-03 2.016e-03 2.016e-03 2.016e-03 2.016e-03 
SUMTOT 2.312-03 2.312-03 2.312-03 2.312-03 2.312-03 2.312-03 2.312-03 

Tr iga fue l  element: A1 c lad  (Ron C)  + p r i o r  i r r a d i a t i o n  

I n i t i a l  Discharge 3.0YR 4.OYR 5.0YR 1O.OYR 2O.OYR 

ACTINIDES, GRAMS 

U238 1.499-02 1.498-02 1.498-02 1.498-02 1.498-02 1.498-02 1.498-02 
U235 3.647-01 3.593-01 3.593-01 3.593-01 3.593-01 3.593-01 3.593-01 
UP36 4.677e-01 5.649e-01 5.649e-01 5.649e-01 5.649e-01 5.649e-01 5.649e-01 
U234 3.681e-01 3.662e-01 3.662e-01 3.662e-01 3.662e-01 3.662e-01 3.662e-01 
PU239 3.395e-02 6.566e-02 6.671e-02 6.671~-02 6.670e-02 6.669e-02 6.66ae-02 
NP237 1.059e-03 2.199e-03 2.311e-03 2.311~-03 2.311e-03 2.311e-03 2.312e-03 
PU240 2.833e-04 1.120e-03 1.120e-03 1.120e-03 1.120e-03 .1.119e-03 1.118e-03 
SUHTOT , 1.872-02 1.868-02 1.86ae+02 1.868-02 1.868-02 1.868-02 1.868-02 

Tr iga fue l  element: A l  c l ad  (Row C )  + p r i o r  i r r a d i a t i o n  
FISSION PRODUCTS, GRAMS 

E 1 3 6  
XE134 
BA138 
CE140 
LA139 
CS133 
NO143 
CE142 
PR141 
NO 144 
CS135 
no100 
HO 95 
ZR 96 
ZR 93 
TC 99 
ZR 94 

XE132 

NO145 
CS137 
ZR 92 
ZR 91 
RUlOl 
NO146 

no 98 

no 97 

I n i t i a l  
2.028e-02 
1.934e-02 
1.762e-02 
1.667e-02 
1.685e-02 
1.683e-02 

Discharge 
4.054e-02 
3 . 8 6 5 0 2  
3.523e-02 
3.112e-02 
3.367~-02 
3.234s-02 

3.OYR 
4.054e-02 
3.867e-02 
3.523e-02 
3.371e-02 
3.36%-02 
3.360e-02 

4.OYR 
4.054e-02 
3.867e-02 
3.523e-02 
3.371e-02 
3.369e-02 
3.360e-02 

5.OYR 
4.054e-02 
3.867e-02 
3.523e-02 
3.371e-02 
3.369e-02 
3.360e-02 

1O.OYR 
4.054e-02 
3.867e-02 
3.523e-02 
3.371e-02 
3.369e-02 
3.36Oe-02 

2O.OYR 
4.054e-02 
3.867e-02 
3.523e-02 
3.371e-02 
3.369e-02 
3.360e-02 

1.581e-02 2.903e-02 3.149e-02 3.149e-02 3.149e-02 3.149e-02 3.149e-0i 
1.567e-02 3.132e-02 3.133e-02 3.133e-02 3.133e-02 3.133e-02 3.133e-02 
1.560e-02 
1.465e-02 
1.278e-02 
1.183e-02 
1.143e-02 
1.134e-02 

2.763e-02 
2.481 e- 02 
2.546e- 02 
2.366e-02 
1.91%-02 
2.26ae-02 

3.120e-02 
2.915e-02 
2.558e-02 
2.366e-02 

2.268e-02 
2.2a1.e-02 

3.120e-02 
2.934e-02 
2.558e-02 
2.366e-02 
2.284e-02 
2.26ae-02 

3.12Oe-02 
2.94le-02 
2.558e-02 
2.366e-02 
2.2a4e-02 
2.26ae-02 

3.12Oe-02 
2.947e-02 
2.558e-02 
2.366e-02 
2.284e-02 
2.26ae-02 

3.12Oe-02 
2.947e-02 
2.558e-02 
2.366e-02 
2.284e-02 
2.268e-02 

1.127.42 ~:~46&02 2:i52e-Oi s:i52e-O2 i:i52e-O2 2li52e-Oi j:iSie-Oi 
1.114e-02 2.184e-02 2.226e-02 2.226e-02 2.226~-02 2.226~-02 2.226e-02 
1.099e-02 
1.077e-02 
1 .o72e-02 
1 . O n e 0 2  
1.063e-02 
1.344e-02 

2.197e-02 
2.154e-02 
2.10%-02 
2.134e-02 
2.12Oe-02 
2.356e-02 

2.198e-02 
2.154e-02 
2.150e-02 
2.144e- 02 
2.123e-02 
2.19ae-02 

2.198e-02 
2.154e-02 
2.150e-02 
2.144e-02 
2.123e-02 
2.148e-02 

2.198e-02 
2.154e-02 
2.150e-02 
2.144e-02 
2.123e-02 
2.099e-02 

2.198~-02 
2.154e-02 
2.150e-02 
2.144e-02 
2.123e-02 
1.870e-02 

2.198e- 02 
2.154e-02 
2.150e-02 
2.144e-02 
2.123e- 02 
1.4Ue-02 

1.035e-02 2.066e-02 2.069e-02 2.069e-02 2.069e-02 2.069e-02 2.069e-02 
9.972e-03 1.725e-02 1.993e-02 1.993e-02 1.993e-02 1.993e-02 1.993e-02 
9.667e-03 1.933e-02 1.933e-02 1.933e-02 1.933e-02 1.933e-02 1.933e-02 
8.185e-03 i.639e-02 i . m e - 0 2  i.639e-02 i.639e-02 i . 6 3 ~ e - w  i.639e-02 
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RUlO2 8.169e-03 1.635-02 1.63%-02 1.635e-02 1.635e-02 1.635e-02 1.63%-02 
Y 89 7.98Oe-03 1.388e-02 1.595e-02 1.59%-02 1.595e-02 1.59%-02 1.59%-02 
XE131 
SR 90 
RH103 

y11l.7 
SR a8 

.. 
EA137 
NO148 

7.09%-03 
8.196e-03 
6.136e-03 
6.046e-03 
5.217e-03 
2.304e-03 
4.716e-03 

. .. 
9.  l.30e- 03 

1.414e-02 
1.300e-02 
1 .222e-02 
1.208e-02 
1 .162e-02 
1.001 e- 02 
9 A30e-03 

1.414e-02 
270e-02 

1.414e-02 
1.127e-02 
1.222e-02 
1.2080-02 
1.23Ze-02 
1.279e-02 
w.me-03 

1.414e-02 
8.884e-03 
1.22Ze-02 
1 .208e-02 
1.249e-02 
1.665e-02 
o Lznr-nz ~ .~ ~~ ~ .~~ ~. . .~. .. . ... .. . ... .. .- _ _  

RB 87 4.199e-03 8.389e-03 8.392e-03 8.392e-03 8.392e-03 8.392e-03 8.392e-03 
RU104 3.757e-03 7.532e-03 7.532e-03 7.532e-03 7.532e-03 7.532e-03 7.532~-03 
TE130 3.718e-03 7.440e-03 7.44le-03 7.441e-03 7.441e-03 7.441e-03 7.441e-03 
ZR 90 1.463e-03 5.004e-03 5.990s-03 6.303e-03 6.609e-03 8.034e-03 1.042e-02 
KR 86 
SM150 
PO105 
RB 85 
NO150 
1129 . -. 
KR 84 
TE128 
SI4152 
PO 106 
SI4151 
KR 83 
511149 
SE 82 
SUUTOT 
5= 

3.24%-03 
1.653e-03 
2.092e-03 
1.75%-03 
1 .849e-03 
1.756e-03 
1.628e-03 

6.481 e-03 
4.532e-03 
4.159~-03 
3.637e-03 
3.700e-03 
3.452e-03 
3.258e-03 

6.481e-03 
4.532e-03 
4.20%-03 
3.943e- 03 
3,700e-03 
3.514e-03 
3.259e- 03 

9.802e-04 1.962e-03 1.96%-03 1.96%-03 1.963e-03 1.963e-03 1.663e-03 
8.895e-04 1.940e-03 1.942e-03 1 . 9 4 2 ~ 4 3  1.943e-03 1.945e-03 1.949e-03 
8.861e-04 1.515e-03 1.771e-03 1.789e-03 1.798e-03 1.808e-03 1.808e-03 
1.048e-03 1.827e-03 1.803e-03 1.789e-03 1.775e-03 1.708e-03 1.582e-03 
8.37&-04 1.667e-03 1.668e-03 1.668e-03 1.668e-03 1.668e-03 1.668e-03 
1.419e-03 1.523e-03 1.610e-03 1.610e-03 1.610e-03 1.610~-03 1.610e-03 
5.129e-04 1.025e-03 1.025e-03 1.025e-03 1.025e-03 1.025e-03 1.025e-03 
4.39%-01 8.793e-01 8.793e-01 8.793e-01 8.79%-01 8.79%-01 8.793e-01 
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5.3.5 F i g u r e  8.5.  Gram i n v e n t o r i e s  from ORIGENZ f o r  DORF (Row C)  element 

Inpt file: o-ssx-c.outf 
Multiplier: l.OOOe+OO 

Triga fuel elmnt: SS clad (none) (2123) Ci frm prior BU 
ACTIVATION, GRAMS 

2R 90 
2R 94 
2R 92 
2R 91 
FE 56 
2R 96 
CR 52 
H 1  
NI 58 
FE 54 
N I  60 
MN 55 
CR 53 
FE 57 
SI 28 
CR 50 
CR 54 
NI 62 
FE 58 
HI 61 
HI 64 

SUMTOT 

Initial Oischarge 3.0YR 4.OYR 5.OYR 10.OYR 2O.OYR 
1.031e+03 1.031-03 1.031-03 1.031e+03 1.031e03 1.031e03 1.031e03 
3.637-02 3.637-02 3.637-02 3.637-02 3.637-02 3.637-02 3.637-02 
3.498-02 3.498-02 3.498-02 3.08-02 3.498-02 3.498-02 3.498-02 
2.266-02 
1.973-02 
5.977e01 
5.541eOl 
3.569eO1 
2.677-01 

2.266-02 
1.973-02 
5.977-01 
5.541n01 
3.569-01 
2.677-01 

1.205&01 
1 .059e+Ol 
6.620-00 
6.403e*00 
4.705-00 
3.041 -00 
2.766-00 
1.621e+OO 
1.505e+OO 
6.458e-01 
4.660e- 01 
3.937e- 01 
2.616e-01 
1.59%-01 
1.324e-01 1.324~-01 
1.095e-01 1.095e-01 
9.408e-02 9.408e-02 
2.733e-02 2.733e-02 
1.073e-02 1 .073e-02 
8.377e- 03 8.3ne-03 
4.432e-03 4.432e-03 
3.181e-03 
2.397-03 

... . . 
1.205n01 
l.O59e+Ol 
6.620-00 
6.403e+OO 
4.705-00 
3.041 -00 
2.766-00 
1.621eOO 
1.505e+OO 
6.458e-01 
4.660e-01 
3.937e-01 
2.616e-01 
1.59%-01 

3. iiii-oi 
2.397-03 

2.266-02 
1.973-02 
5.977-01 
5.541-01 
3.569-01 
2.677*01 
1.205n01 
1.059eOl 
6.620-00 
6.403-00 
4.705HOO 
3.041e*OO 
2.7Me+OO 
1.621-00 
1.505e+00 
6.458e-01 
4.6M)e-01 
3.937e-01 
2.616e-01 
1.595e-01 
1.324e-01 
1.095~-01 
9.408e-02 
2.733e-02 
1.073e-ca 
8.377e-03 
4.432e-03 
3.18le-03 
2.397-03 

2.266-02 
1.973-02 
5.977-01 
5.541n01 
3.569-01 
2.677-01 
1.205e+01 
l.O59e+Ol 

2.2MerO2 2.266-02 

5.977-01 5.977-01 
5.541er01 5.541-01 
3.569-01 3.569-01 
2.677-01 2.677eOl 
1.205r01 1.205e+Ol 
1.059r01 1.059-07 
6.620-00 
6.403e+OO 
4.705eOO 

i.9m+o2 1.973-02 

6.620n00 
6.403-00 
4.705-00 
3.041e+OO 3.041e+OO 
2.766-00 2.766-00 
1.621-00 1.621-00 
1.505e+OO 1.505n00 
6.458s-01 6.458e-01 
4.660e-01 L.660e-01 
3.937e-01 
2.616e-01 
1.595e-01 
1.324e-01 
1.095~-01 
9.408e-02 
2.733e-02 
1.073~-02 
8.377e-03 
4.432e-03 
3.181e-03 
2.397-03 

..... . 
3.937e-01 
2.616e-01 
1.595e-01 
1.324~-01 
1.095e-01 
9.408e-02 
2.733e-02 
1.073e-02 
8.377e-03 
4.432e-03 
3.181e-03 
2.397-03 

... . . 
6.62Oe+OO 
6.403-00 
4.705e+OO 
3.041e*OO 
2.766-00 2.766-00 
1.621n00 1.621-00 
1.505r00 1.505e+OO 
6.458e-01 6.458e-01 
4.660e-01 4.660e-01 
3.937e-01 3.937e-01 
2.616e-01 2.616e-01 
1.595-01 1.595e-01 
1.324e-01 1.324e-01 
1.095e-01 1.095e-01 
9.408e-02 9.408e-02 
2.733e-02 2.733e-02 
1.073e-02 1.073e-02 
8.377e-03 8.377e-03 
4.432e-03 4.432e-03 
3.181e-03 3.181e-03 
2.397-03 

2.266-02 
1.973e02 
5.977-01 
5.541-01 
3.569-01 
2.677-01 
1.205n01 
1.059e+Ol 
6.620-00 
6.403-00 
4.705CrOO 
3.04le+OO 

2.397-03 

Triga fuel element: SS clad (none) + (2123) Ci f rom prior BU 
ACTINIOES, GRAMS 

Initial Discharge 3.OYR 4.0YR 5.OYR 10.OYR 2O.OYR 
U238 1.539e+02 1.539er02 1.539-02 1.539-02 1.539-02 1.539-02 1.539-02 
U235 3.799e+01 3.799-01 3.799-01 3.799-01 3.799eOl 3.799-01 3.799-01 
U236 3.825e-01 3.825e-01 3.825e-01 3.825e-01 3.825e-01 3.825e-01 3.825e-01 
U234 3.799e-01 3.799e-01 3.799s-01 3.799e-01 3.799e-01 3.799e-01 3.799e-01 
SUMTOT 1.926-02 1.926-02 1.926-02 1.926-02 1.926-02 1.926-02 1.926-02 

Triga fuel element: SS clad (none) + (2123) Ci frm prior BU 
FISSION PRCOUCTS, GRAMS 

Initial Discharge 3.OYR 4.OYR 5.0YR 10.OYR 2O.OYR 
SUMTOT 1.139e-02 1.139~-02 1.139e-02 1.139e-02 1.139e-02 1.139e-02 1.139e-02 
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5 . 3 . 6  Figure 8 . 6 .  Gram inventories from ORIGENZ for AFFRI (none) element 
Input f i l e :  a-alx-m.outf 
M u l t i p l i e r :  l.OOOe+OO 

Triga fue l  element: A I  c lad  (none) + (3/56) 9-235 BU 
ACTIVATION, CRAMS 

I n i t i a l  Oischarge 3.0YR 4.0YR 5.OYR 1O.OYR 2O.OYR 
ZR 90 1.079-03 1.079-03 1.079-03 1.079-03 1.079cr03 1 . 0 7 9 ~ 0 3  1.079-03 
ZR 94 
ZR 92 
ZR 91 
AL 27 
ZR 96 
n r  
N 14 
0 16 

3.808-02 3.808-02 3.808-02 3.808-02 3.808-02 3.808-02 3.808-02 
3.662-02 

1.630-02 
6.258-01 
2.339-01 

2.373-02 

~. .. . . . . 
2.733e-02 
8.377e-03 

3.662-02 
2.373-02 
1.630-02 
6.258-01 
2.339-01 
2.733e-02 
8.377e-03 

3.662-02 
2.373-02 
1.630-02 
6.258COl 
2.339-01 
2. m e - 0 2  
8.3ne-03 

3.662-02 
2.373-02 
1.630-02 
6.258-01 
2.339-01 
2 .733e-02 
8.311e-03 

3.662-02 
2.373-02 
1.630-02 
6.258-01 
2.339-01 
2.733e-02 
8.311~-03 

3.662-02 
2.373-02 
1.630*02 
6.258-01 
2.339-01 
2.733e- 02 
8.377e-03 

3.662-02 
2.373-02 
1.630-02 
6.258-0 1 
2.339-01 
2.733e-02 
8.311e-03 

H 2 7.063e-03 7.063e-03 7.06%-03 7.06%-03 7.063e-03 7.063e-03 7.063e-03 
SUFITOT 2.312-03 2.312-03 2.312-03 2.312-03 2.312-03 2.312-03 2.312-03 

Tr iga fue l  e l m n t :  A l  c lad (none) + (3/56) 9-235 8u 
ACTINIDES, GRAMS 

I n i t i a l  Oischarge 3.OYR 4.OYR 5.0111 1O.OYR 2O.OYR 
U238 1.499-02 1.499-02 1.4WnO2 1 . 4 9 9 ~ 0 2  1.499-02 1.499-02 1.499-02 
U235 3.694-01 3.694etO1 3.694-01 3.694-01 3.694-01 3.691-01 3.694-01 
U236 3.801e-01 3.801~-01 3.8Ole-01 3.801e-01 3.801e-01 3.801e-01 3.801e-01 
U234 3.698e-01 3.698e-01 3.698e-01 3.698e-01 3.698.~-01 3.698e-01 3.698e-01 
PU239 3.571e-03 3.570~-03 3.570e-03 3.570e-03 3.57Oe-03 3.569e-03 3.568e-03 
SUMTOT 1.876-02 1.876-02 1.876-02 1.876-02 1.876-02 1.876-02 1.876-02 

Tr iga fuel  element: A L  c lad  (none) + W 5 6 )  9-235 EU 
FISSION PRWUCTS, GRAMS 

XE136 
XE134 
EA138 
LA139 
CS133 
CE140 
NO143 
CE142 
PR141 
NO144 
CS135 
Mol00 
MO 95 
TC 99 
ZR 96 
2R 93 
ZR 94 
XE132 
MO 98 
MO 97 
ND145 
ZR 92 
ZR 91 ' 
RUlOl 
SUMTOT __ __ 

I n i t i a l  
2.022e-03 
2.001e-03 
1.824e-03 
1.745e-03 
1.745e-03 
1.691 e-03 
1.642e-03 
1.622e-03 
1.616e-03 
1 ,512e-03 
1.400e-03 
1.224e-03 
1.184e-03 
l.177e-03 
1.175e-03 
1 .167e-03 
1.138e-03 
1.116e-03 
1.11%-03 
1.110e-03 
1.102e-03 
1.072e-03 
1.033e-03 
1.001e-03 
4.549e-02 

Discharge 
2.022e-03 
2.001e-03 
1.824e-03 
1.745e-03 
1.74%-03 
1.691e-03 
1.642e-03 
1.622e-03 
1.616e-03 
1.515e-03 
1.400e-03 
1.224e-03 
1.186e-03 
1 .177e-03 
1.17%-03 
1.167e-03 
1.138e-03 
1.116e-03 
1.115e-03 
1.110e-03 
l.lO2e-03 
1 .ORe-03 
1.033e-03 
1.001e-03 
4.549e-02 

3.OYR 
2.022e-03 
2.001e-03 
1 A24e-03 
1.745e-03 
1.745e-03 
1.691e-03 
1.642e-03 
1.622e-03 
1.616e-03 
1.51%-03 
1.400e-03 
1.224e-03 
1 . lake-03 
1.1 Te-03 
1.175e-03 
1.167e-03 
1.138e-03 
1.116e-03 
1.11%-03 
1.110e-03 
1.102e-03 
1.072e-03 
1.033e-03 
1.001e-03 
4.549e-02 

4.OYR 
2.022e-03 
2.001e-03 
1.824e-03 
1.745~-03 
1 . 7 4 5 0 3  
1.691e-03 
1.642e-03 
1.622e-03 
1.616e-03 
1.5 1%-03 
1.400e-03 
1.224e-03 
1.184e-03 
1.177e-03 
1. m e - 0 3  
1 .167e-03 
1 .138e-03 
1 . 1 16e-03 
1.11%-03 
1.110e-03 
1.102e-03 
1 .ORe-03 
1.033e-03 
1.001e-03 
4.549e-02 

5.OYR 
2.022e-03 
2.001e-03 
1.824e-03 
1.745e-03 
1.745e-03 
1.691e-03 
1.642e-03 
1.622e-03 
1.616e-03 
1.515e-03 
1.400e-03 
1.224e-03 
1 ,184e-03 
1 . 1 r e - 0 3  
1.175e-03 
1 ,167e-03 
1 . 138e-03 
1 . 1 16e-03 
1.115~-03 
1.110e-03 
1.102e-03 
1.072e-03 
1.033e-03 
1.001e-03 
4.549e-02 

10.OYR 
2.022e-03 
2.001e-03 
1.824e-03 
1.745e-03 
1.745e-03 
1.691e-03 
1.642e-03 
1.622e-03 
1.616e-03 
1.515e-03 
1.400.~-03 
1.224e-03 
1 .184e-03 
1.1TIe-03 
1.1 n e - 0 3  
1.167e-03 
1. m e - 0 3  
1.116e-03 
1 :11se-o3 
1.110e-03 
l.lO2e-03 
1.072e-03 
1.033e-03 
1.001e-03 
4.54%-02 

2O.OYR 
2.022e-03 
2.001e-03 
1.824e-03 
1.745e-03 
1.745e-03 
1.691e-03 
1.642e-03 
1.622e-03 
1.616e-03 
1.515e-03 
1.4OOe-03 
1.224e-03 
1.184e- 03 
1.177e- 03 
1.1Ee-03 
1 .167e-O3 
1 . m e - 0 3  
1 - 1  16e-03 
1 .rrse-o3 
1.110e-03 
1.102e-03 
1.072e-03 
1.033e-03 
1.001e-03 
4.549e-02 
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5 . 3 . 7  Figure B.7. Gram inventories from ORIGENZ for AFFRI (Row E) element 

Input f i l e :  o-ale-n.outf 
M u l t i p l i e r :  l.OOOe+OO 

Tr iga fue l  element: A1 c l a d  (Rou E) + (3/56) 9-235 EU 
ACTIVATION,  GRAMS 

2R 90 
ZR 94 
ZR 92 
ZR 91 
AL 27 
ZR 96 
H l  
N 14 
0 16 
H 2  
2R 93 
no 97 
Ma 95 
SUMTOl 

I n i t i a l  
1.079-03 
3.808-02 
3.662-02 
2.373-02 
1.630-02 
6.258-01 

Discharge 
1.079-03 
3.808-02 
3.663-08 
2.373-02 
1.630-02 
6.257-01 

3.0YR 
1 . O n e 0 3  
3.808-02 
3.663-02 
2.373n02 
1.630-02 
6.257-01 
2.339-01 

4.0YR 
1.079-03 
3.808-02 
3.663-02 
2.373-02 
1.630-02 
6.257-01 
2.339-01 
2.733e-02 
8,377e-03 
7.373e-03 
4.374e-03 
2.431 e- 03 
1.626e-03 
2.312-03 

5.OYR 
1.079-03 
3.808-02 
3.663-02 
2.373-02 
1.630-02 
6.257-01 
2.339-01 
2.733e-02 
8.377e-03 

10.OYR 
1 . O n e 0 3  
3.808-02 
3.663c02 
2.373r02 
1.630-02 
6.257-01 
2.339-01 
2.733e-02 
8.377e-03 

2O.OYR 
1.079-03 
3.808e+02 
3.663-02 
2.373-02 
1.630-02 
6.257-01 
2.339-01 
2.733e-02 
8.377e-03 
7.373e-03 
4.374e-03 
2.431e-03 
1.626e-03 
2.3 12-03 

. . -. . . . 
2.339-01 
2.733e-02 
8.377e-03 
7.063e-03 
5.385-04 
2.992e-04 
2.002e-04 
2.312-03 

..-. ~ . 
2.339-01 
2.733e-02 2.e3e-02 

8.377e- 03 
7.373e-03 
4.374e-03 
2.431 e-03 
1.626e-03 
2.312-03 

8.377e- 03 
7.373e-03 
4.374e-03 
2.41le-03 
1.168e-03 
2.312-03 

7.373e-03 
4 .37&e-03 
2 .431~03 
1.626e-03 
2.31 2-03 

7.373e-03 
4.37Le-03 
2.431e-03 
1.626e-03 
2.3 12-03 

Tr iga fuel  element: A I  c lad (Row E) + (3/56) 9-235 EU 
ACTINIDES, GRAMS 

U238 
U235 
U236 
u234 
PU239 
SUMTOl 

I n i t i a l  
1 A99-02 
3.694e+0 1 
3.801e-01 
3.698e-01 
3.571e-03 
1 .876-02 

Discharge 
1.499-02 
3.655-01 
4.518e-01 
3.684e-01 
2.77%-02 

3.OYR 
1.499-02 
3.655HOl 
4.518e-01 
3.684e- 01 
2.850e- 02 
1.873e+02 

4.0YR 
1.499-02 
3.655-01 
4.518e-01 
3.684e-01 
2.850e-02 
1.873e+OP 

5.0YR 
1.499-02 
3.655-01 
4.518e-01 
3.684e-01 
2.850e-02 
1.873rO2 

1O.OYR 
1 .499-02 
3.655-01 
4. 518e-01 
3.684e- 01 
2.850e-02 
1.873e+02 

2O.OYR 
1 .LWe+O2 
3.655e+Ol 
4.518e-01 
3.684e-01 
2.849e-02 
1 .873e+02 

Tr iga fue l  element: A I  c lad :Row E )  + (3/56) 9-235 EU 
FISSION PRODUCTS, GRAMS 

I n i t i a l  
2.022e-03 
2.001e-03 
1.824e-03 
1.691e-03 

Discharge 
1.625e-02 
1.618e-02 
1.475e-02 
1.229e-02 
1.410e-02 

3.OYR 
1.625e-02 
1.619e-02 
1.47%-02 
1.419e-02 
1.411e-02 
1.409e-02 
1.324e-02 

4.0YR 
1.625e-02 
1.619e-02 
1.475e-02 
1.419e-02 

5.OYR 
1.625e-02 
1.619e-02 
1.475e-02 
1.419e-02 
1.411e-02 

1O.OYR 
1.625e-02 
1.619e-02 
1.475e-02 
1.419e-02 
1 .4 l le-02 

2O.OYR 
1.625e-02 
1.619e-02 
1.475~-02 
1.419e-02 
1.411e-02 
1.409e-02 
1.324e-02 
1.312e-02 
1.307e-02 
1.229e-02 
1.142e-02 
9.904e- 03 
6.935e-03 
9.571e-03 
9.498e-03 
9.436e- 03 
9.352e-03 
9.202e-03 
9.017e-03 
8.980e- 03 
8.976~- 03 
8.904e- 03 
8.667e-03 
8.350~-03 
E. OP4e-03 
6.852e-03 
6.839e-03 
6.682e-03 
4.169e- 03 

XE136 
XE134 
EA138 
CE140 
LA139 
CS133 
NO143 
CE142 
PR141 
ND144 
CS135 
Mol00 
CS137 
Ma 95 
ZR 96 
ZR 93 
TC 99 
2R 94 
no 98 
XE132 
no 97 
ND145 
2R 92 
ZR 91 
RUlOl 
NO146 
RUlO2 
Y 89 
SR 90 

1 . k - 0 3  
1.74%-03 
1.642e-03 
1.622e-03 
1.616e-03 
1.512e-03 
1.400e-03 
1.224e-03 
1.387e-03 
1.184e-03 
1.17%-03 
1.167e-03 
1 .177e-03 
1 .138e-03 
1.11%-03 
1.116e-03 
1.110.~-03 
1.102e-03 
1.072e-03 
1.033e-03 
1.001e-03 
8.463e-04 
8.450e-04 
8.267e- 04 
8 .463e- 04 

1:411e-oi 
1.409e-02 
1.324e-02 

1.317e-02 
1.143e-02 

1.409e-02 
1.324e-02 

1.409e-02 
1.324e-02 

1.311e-02 
1.04%-02 
8.864e- 03 
1 . 1 3 4 ~ 0 2  
9.904e-03 
1.101e-02 

1.312e-02 
1.307e-02 
1.20%-02 
1.142e-02 
9.904e- 03 
1.027e-02 

1.312e-02 
1.307e-02 
1.219e-02 
1.142e-02 
9.904e-03 
1.004e-02 

1.312e-02 
1.307e-02 
1.225-02 
1.142e-02 
9.90l.e-03 

1.312e-02 
1.307e-02 
1.229e-02 
1.142e-02 
9.901.e-03 ... . .. 

9.807e-03 
9.571e-03 
9.498e-03 

8.737e-03 
9.571 e-03 
9.498e-03 

6.885;-03 
9.498e-03 
9.392e-03 

91571e-Oi 
9.498e-03 
9.436e- 03 
9.353e-03 
9.202e-03 
9.01 7e-03 
8.980e- 03 
8.976e- 03 
8.904e- 03 
8.667e- 03 
8.350e-03 
8.094e-03 
6.852e- 03 
6,839e- 03 
6.682e-03 
6.248e-03 

9.571e-03 
9.498e-03 
9.436e-03 
9.353~-03 
9.202e-03 
9.017e-03 
8.98Oe- 03 
8.976e-03 

9.436e- 03 
9.353e-03 
9.202e-03 
9.017e-03 
8.980e-03 
a.9xe-03 

9 A36e-03 
9.352e-03 
9.202e-03 
9,017e-03 
8.980~-03 
a 03 

9.048e-03 
9.201 e-03 
9.017e-03 
8.65 1 e-03 
8.902e-03 
a. me- 03 819Oze-03 

8.667e-03 
8.350e-03 

8.904e-03 
8.667e- 03 

8.904e-03 
8.667e- 03 8.642.- 03 

6.383e-03 
8.092e-03 
6.850e-03 
6.838e-03 
5.165e-03 
6.710e-03 

8.350e-03 
8.094e-03 
6.852e- 03 
6.839e-03 
6.682~- 03 
5.9%-03 

8.350e- 03 
8.09I.e-03 
6.852e-03 
6.839~-03 
6.6aze-03 

8.094e-03 
6.852e-03 
6.839e-03 
6.682e-03 
6.101e-03 5.289.-03 
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XE131 
RH103 
SR 88 
a 1 4 7  
NO148 
R8 87 
81137 
RUl04 
TE130 
KR 86 
ZR 90 
PO105 
NO150 
R B  85 
1129 
KR 84 
SM149 
511150 
SUUTOT 

WHC-SD-SNF-ANAL-010, Rev. 0 

WHC-SO-TP-ANAL-001 Rev. 0 

7.368e-04 5.422e-03 5 .944e103 5.9W.e-03 5.9Ue-03 5.964e-03 5.944e-03 
6.359e-04 4.037e-03 5.131e-03 5.131e-03 5.131e-03 5.131e-03 5.131e-03 
6.263e-04 5.055e-03 5.062e-03 5.062e-03 5.062~-03 5.062e-03 5.062e-03 
5.531e-04 3.447e-03 L.452e-03 4.645e-03 4.793e-03 5.152e-03 5.274e-03 
4.880e-04 3.947e-03 3.947e-03 3.947e-03 3.947e-03 3.947e-03 3.947e-03 
4.350e-04 3.514e-03 3.516e-03 3.516e-03 3.516e-03 3.516e-03 3.516e-03 
2.429e-04 
3.880e-04 
3.846e-04 
3.360e-04 
1 S42e-04 
2.163e-01 

2.912e-03 
3.144e-03 
3.ll2e-03 
2.71 6e- 03 
1.810e-03 
1.754e-03 

3.147e-03 
3. W e - 0 3  
3.112e-03 
2.716e-03 

1. 

6.249e-03 
3. M e - 0 3  
3.112e-03 
2.716e-03 
3.920e-03 
1.754e-03 

i.913;-04 1 .5 i i e -a i  1.548e-03 1 Si8e-03 1.548e-03 1 . M e - 0 3  1.548e-03 
1.818e-04 1.467e-03 1.510e-03 1.522e-03 1.533e-03 1.579e-03 1.637e-03 
1.817e-04 1.424e-03 1.470e-03 1.470e-03 1.470e-03 1.470e-03 1.470e-03 
1.684e-04 1.363e-03 1.363e-03 1.363e-03 1.363e-03 1.363e-03 1.363e-03 
2.975e-04 1.248e-03 1.313e-03 1.313e-03 1.313e-03 1.313e-03 1.313e-03 
1.952e-05 1.258e-03 1.258e-03 1.258e-03 1.258e-03 1.258e-03 1.258e-03 
4.549e-02 3.682e-01 3.682e-01 3.682~-01 3.6LUe-01 3.682e-01 3.682e-01 
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5.4 FIGURES FOR CURIE INVENTORIES 

5.4.1 Figure C.l. Curie inventories from ORIGEN2 for average power 
Sort c o l m  = 5 
Input f i l e :  wig-base.outf 
Mu l t i p l i e r :  l.OOOe+OO 

One Triga fue l  e l m n t :  Stainless Steel c lad 
ACTIVATION, CURIES 

I n i t i a l  Discharge 3.OYR 4.OYR 5.OYR 10.0YR 
FE 55 O.OOOe+OO 5.322e-01 2.392e-01 1.832t-01 1.403e-01 3.701e-02 
N I  63 O.OOOe+OO 2.436e-02 2.381e-02 2.364.~-02 2.346e-02 2.259e-02 
MN 54 O.OOOe+OO 1.253e-01 1.103e-02 4.904e-03 2.181e-03 3.798e-05 
CO 60 O.OOOe+OO 8.018e-04 5.404e-04 4.TJ8e-04 4.154e-04 2.152e-04 
N I  59 O . O O O e O 0  2.067~-04 2.067e-04 2.067e-04 2.067e-04 2.067e-04 
2R 93 O.OOOe+OO 9.955e-06 9.955e-06 9.955e-06 9.955e-06 9.955e-06 
C 14 O.OOOe+OO 4.549e-06 4.548e-06 4.547~-06 4.547e-06 4.544e-06 
NE 931 O.OOOe+OO 2.466e-06 3.458e-06 3.756e-06 4.039e-06 5.258e-06 
SUMTOT O.OOOe+OO 2.065-02 2.750e-01 2.125e-01 1.666e-01 6.008e-02 

One Triga fue l  elenent: s ta in less Steel c lad 
ACTINIOES, CURIES 

U234 
PU239 
PU241 
TH231 
U235 ~.~~ 
PA234M 
TH234 
U238 
PU240 
PU238 
U236 
AM241 
SUMTOT 

I n i t i a l  
2.375e-03 
o.oooe+oo 
o.oooe+oo 
o.oooe+oo 
8.217e-05 
o.oooe+oo 

Oischarge 
2.366~-03 
1.674e-03 
2.187e-04 
5.558e-04 
8.1Ue-05 
5.17%-05 

3.OYR 
2.366e- 03 
1.727e-03 
1.892e-04 
8.123e- 05 
8.123e- 05 
5.175e-05 

4.OYR 
2.366e-03 
1.727e-03 
1.804e-04 
8.1Ue-05 
8.123e-05 
5.17%-05 

5.OYR 
2.366e-03 
1.727e-03 
1.719e-04 
8.1 Ue-05 
8.1 Ue-05 
5.17%-05 

10.OYR 
2.366e-03 
1 .726e-03 
1.351e-04 
8.123e- 05 
8.123e- 05 
5.175.e-05 

O.OOOe+OO 5.175e-05 5.lEe-05 5.175e-05 5.1%-05 5.1*;-05 
5.176e-05 5.17%-05 5 .17505  5.175e-05 5.17%-05 5.17%-05 
O.OOOe+OO 4.193e-05 4.192e-05 4.191e-05 4.191e-05 4.189e-05 
O.OOOe+OO 3.915~-05 4.057e-05 4.02%-05 3.994e-05 3.839e-05 
2.459e-05 2.97%-05 2.97%-05 2.975e-05 2.975-05 2.97%-05 
O.OOOe+OO 7.252e-07 1.699e-06 1.992e-06 2.271e-06 3.4i3e-06 
2.534e-03 3.950e+02 4.716e-03 4.707e-03 4.698e-03 4.661e-03 

One Triga fue l  element: Stainless Steel c lad  
FISSION PROOUCTS, CURIES 

CS137 
Y 90 
SR 90 
8A137M 
PI4147 

I n i t i a l  
0.000e+00 
0.000e+00 
0 .oooe+oo 
0 .OOOe+OO 
o.oooe+oo 

Oischarge 
9.651e-01 
9.320e-01 
9.234e-01 
9.19Le-01 .... . . 
1.28le+OO 

3.0YR 
9.005e-01 
8.6OOe-01 
8.598e-01 
8.518e-01 
8.549e-01 

4.OYR 
8.79%-01 
8.397e-01 
8.395e-01 
8.324e-01 
6.564e-01 

5.0YR 
8.598e-01 
8.200e-01 
8.198e- 01 
8.134e-01 
5.040e-01 

1O.OYR 
7.660e-01 
7.280e-01 
7.278e-01 
7.246e-01 
1.345e-01 

~ ~~~~ ~~ . .~ ... .. . .... . . . .. .. 
PR144 O.OOOe+OO 1.219-01 8.387e-01 3.442e-01 1.413e-01 1.645e-03 
CEl44 O.OOOe+OO 1.213-01 8.387e-01 3.442e-01 1.413e-01 1.645.~-03 
KR 85 O.OOOe+OO 9.480e-02 7.835e-02 7.345e-02 6.885e-02 4.983e-02 
RH106 
RU106 
51151 
EU155 
58125 
H 3  
TE125M 
CS134 
PR144M 
EU154 
EU152 
TC 99 . .. 
CD113M 
SUHTOT __  _ _  

o.oooe+oo 
o.oooe+oo 
o.oooe+oo 
0.000H00 
o.oooe+oo 
0.000e+00 

8.837e-01 
7.799e-01 
2.259e-02 
2.060e-02 
3.1Me-02 

9.9lle-02 
9.911e-02 
2.245e-02 
1.355e-02 
1.668.z-02 
2.997e- 03 

4.983e- 02 
4.983e-02 
2.228e-02 
1.178e-02 
1.299e-02 
2.833e-03 

2.505e-02 
2.505e-02 
2.21 le-02 
1.024e-02 
1 .Olle-02 
2 1679;- 05 

8.047e-04 
8.047e-04 
2.127e-02 
5.093e-03 
2.893e- 03 
2.023e-03 

O.OOOe+OO 2.624e-03 4.069e-03 3.168e-03 2.467e-03 7.05%-04 
O.OOOe+OO 1.179e-02 4.304e-03 3.075~-03 2.197e-03 4.092e-04 
O.OOOe+OO 1.465e-01 1.006e-02 4.130e-03 1.695e-03 1.973e-05 
O.OOOe+OO 6.108e-04 4.796e-04 4.425e-04 4.082e-04 2.72%-04 
O.OOOe+OO 4.705e-04 4.038e-04 3.837e-04 3.646e-04 2.826~-04 
O.OOOe+OO 1.484e-04 1.541e-04 1.541e-04 1.541e-04 1.54le-04 
0.000e+00 1.215e-04 1.056e-04 1.007e-04 9.606e-05 7.57%-05 
0.000e+00 1.377e+04 6.358e+OO 4.971eOO 4.271eOO 3.169e+00 
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5.4.2 Figure C.2. Curie inventories from ORIGEN2 for maximum source term 
Input f i l e :  o-ssb-p.outf 
Mu l t i p l i e r :  l.OOOe+OO 

Tr iga fuel  element: SS clad (Rou 8) + p r i o r  i r r a d i a t i o n  
ACTIVATION,  CURIES 

FE 55 
H I  63 
M N  54 
CO 60 
N1 59 
ZR 93 
N8 93M 

I n i t i a l  
2.893e-01 
3.212e-02 
2 .O2Oe-03 
8.168e- 04 
2. m e - 0 4  
1.316s-05 
3.681e-06 

Discharge 
7.222e-01 
6.171e-02 
1.679e-01 
1.247e-03 
5.488e-04 
2.648e-05 .. 
1.125e-05 

3.OYR 
3.246e-01 
6.033e-02 
1.478e-02 
8.402e-04 
5.488e-04 
2.648e- 05 
1.322e-05 

4.OYR 
2.486e- 01 
5.988e-02 
6.573e-03 
7.364~-04 
5.488e-04 
2.648e-05 
1.382e-05 

5.OYR 
1.90l.e-01 
5.943e-02 
2.924e-03 
6.458e-04 
5.488e-04 
2. M e - 0 5  
1.438c-05 

10.OYR 
5 .022e-02 
5.723e-02 
5.09Oe-05 
3.346e- 04 
5.488e-04 
2.648e-05 
1.681e-05 

2O.OYR 
3.492e-03 
5.308e-02 
1.543e-08 
8.980e- 05 
5.487e-Ob 
2.648e-05 
2.01Le-05 

C 14 6.014e-06 1.210e-05 1.209e-05 1.209e-05 1.209e-05 1.208e-05 i.207e-06 
SUMTOT 3.245e-01 2.768-02 4.014e-01 3.164e-01 2.540e-01 1.084e-01 5.727e-02 

Triga fue l  element: SS c lad  (ROY 0 )  + p r i o r  i r r a d i a t i o n  
ACTINIDES, CURIES 

PU239 
PU241 
U234 
PU238 
PU240 
TH231 
u235 
AH741 
U2f8 
PA234M 
TH234 
U236 
NP237 
PA233 
SUMTOT' 

Triga f 
F I S S I O N  

CS137 
Y 90 
SR 90 
8A137M 
DY1L7 

PR144 
CE144 
KR 85 
SM151 
RH106 
RU106 
Ell155 
Sa125 
CS134 
H 3  
TE125U 
EU152 
PR144M 
EU154 
TC 99 
CD113M 
SUMTOT __ __  

I n i t i a l  Discharge 
2.270e-03 4.385e-03 
4.024e-04 3.355e-03 
2.363e-03 2.350e-03 
7.535e-05 3.169e-04 
7.272e-05 2.873e-04 
8.093e-05 1.051e-03 
8.093e-05 7.969e-05 
5.129e-06 3.393e-05 
5.175e-05 5.173e-05 
5.1Ee-05 5.174e-05 
5.175e-05 5.174e-05 
3.140e-05 3.816e-05 
8.077e-07 1.682e-06 
8.077e-07 2.651e-06 
5.538e-03 5.312-02 

uel  element: SS clad (Row 
PRWUCTS, CURIES 

3.OYR 
4.455e-03 
2.904~- 03 
2.350e-03 
3.205e-04 
2.872e-04 
7.969e-05 
7.969e-05 
4 .876e-O5 
5.173e-05 
5.173e-05 
5. m e - 0 5  
3.816e-05 
1.769e-C6 
1.769e-06 
1.07%-02 

I 8 )  + p r i o r  

4.0YR 5.OYR 
4.455e-03 4.455e-03 
2.767e-03 2.637e-03 
2.350e-03 2.350e-03 
3.18Oe-04 3.155e-04 
2. m e - 0 4  2.871 e-04 
7.969e-05 7.969~-05 
7.969e-05 7.969e-05 
5.322e-05 5,746e-05 
5.173e-05 5.173e-05 
5.173e-05 5.173e-05 
5.173e-05 5.173e-05 
3.816e-35 3.816e-05 
1.769e-06 1.769e-06 
1.769e-06. 1.769e-06 
1.059e-02 1 046e-02 

i r r a d i a t i o n  

1O.OYR 
4.454e-03 
2.073e-03 
2.350~-03 
3.033e-04 
2.870e-04 
7.969e-05 
7.96%-05 
7.572e-05 
5.173e-05 
5.173e-05 
5.173e-05 
3.816e- 05 
1.769e-06 
1.769e-06 
9.903e-03 

2O.OYR 
4.453e-03 
1.281e-03 
2.350e-03 
2.803e-04 
2.867e-04 
7.969e- 05 
7.969e-05 
1.007e-04 
5.1ne-05 
5.173e-05 
5 .  m e - 0 5  
3.816.-05 
1.769e-06 
!.769t-06 . 
9.111e-03 

I n i t i a l  Discharge 3.OYR 4.OYR 5.OYR 1O.OYR 2O.OYR 
1 . 2 5 9 ~ 0 0  2 .206~00  2.058er00 2 .011~00  1.965-00 1 . 7 5 1 ~ 0 0  1 . 3 9 0 ~ 0 0  
1 . 2 0 4 ~ 0 0  2 .118~00  1.956e+OO 1.9lOe+OO 1 . 8 6 5 ~ 0 0  1 . 6 5 5 ~ 0 0  1 . 3 0 5 ~ 0 0  
1.204HOO 
1.191e+oo 
1.028HOO 
1.137e-01 
1.137e-01 
1.170e-01 

2.1 ooe+oo 
2 . 0 9 6 ~ 0 0  
1 .720e+OO 
1.609H01 
1.600n01 
1.754e-01 

1.955e+OO 
1.947erOO 
1.142eoo 
1.106e+00 
1.106e+OO 
1.u9e-01 

1.909HOO 
1.903e+00 
8.765e-01 
4.535%-01 
4.539e-01 
1.358e-01 

1.864e+OO 
1.859-00 
6.730e-01 
1.863e-01 
1.863e-01 
1.273e-01 

1.655rOV 
1.656e+OO 
1.796e-01 
2. W e - 0 3  
2.168e-03 
9.213e-02 

1 . 3 0 4 ~ 0 0  
1 . 3 1 5 ~ 0 0  
1.279e-02 
2.939e-07 
2.939e-07 
4.826e-02 

2.955e-02 5.135e-02 5.067e-02 5.028e-02 4.990.-02 4.801e-02 4.415e-OI 
2 869e-02 1 . 2 4 1 ~ 0 0  1.342e-01 6.745e-02 3.391e-02 1.089e-03 1.133.~-06 
2.869e-02 
1.992e-02 
2.097e-02 
3.593e-03 
4.433e-03 
5.117e-03 

1.056er00 
3.027e-02 
4.261e-02 
4.887e-02 
6.826e-03 
3.686e-03 

1.342e-01 
1.99le-02 
2.256e-02 
1.783e-02 
5.768e-03 
5.504e-03 

6.745e-02 
1.731e-02 
1.757e-02 
1.274e-02 
5.454e-03 
4.286e-03 

3.391e-02 
1.505e-02 
1.368e-02 
9.104e-03 
5.156e-03 
3.337e-03 

1.089e-03 
7.483~-  03 
3.914e-03 
1.695e-03 
3 .894e-O3 

1.133e-06 
1.850e-03 
3.205e-04 
5.880e-05 
2.222e-03 
7.819e-05 

1.365e-03 1.931e-01 1.327e-02 5.447e-03 2.235e-03 2.602e-05 3.526e-09 
7.809e-04 3.164e-03 2.484.~-03 2.292e-03 2.114e-03 1.413~-03 6.311e-04 
2.033e-04 3.986e-04 4.061e-04 4.061e-04 4.061e-04 4.061e-04 4.061e-04 
1.546e-04 2.460e-04 2.137e-04 2.037e-04 1.943e-04 1.532e-04 9.527e-05 
6 . 3 7 3 ~ 0 0  1 . 8 1 6 ~ 0 4  1 . 1 8 3 ~ 0 1  9.907e+OO 8.898eOO 7.066e+00 5 .426~00  
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5 . 4 . 3  F i g u r e  C.3. 

WHC-SD-TP-ANAL-001 

C u r i e  i n v e n t o r i e s  

l n p t  f i l e :  o-ssb-outf 
Mu l t i p l i e r :  l.OOOe+OO 

Tr iga fue l  e lenmt:  s ta in less Steel c lad (Ron 8) 
ACTIVATION, CURIES 

FE 55 
N I  63 
MN 54 
CO 60 
N I  59 
2R 93 
C 14 
NB 93M 
SUMTOT 

I n i t i a l  
o.oooe+oo 
o.oooe+oo 
o.oooe+oo 
o.oooe+oo 
o.oooe+oo 
o.oooe+oo 
o.oooe+oo 
o.oooe+oo 
0.000e+00 

Discharge 
7.042e-01 
3.22Oe-02 
1.6%-01 
1.063e-03 
2.732e-04 
1.316e-05 
6.014e-06 
3.259e-06 
2.733-02 

3.OYR 
3.165e-01 
3.148e-02 
1.459e-02 
7.166s-04 
2. r i l e - 0 4  
1.316e-05 
6.012e-06 
4.569e-06 
3.639e-01 

4.OYR 
2.424e-01 
3.124~-02 
6.490e-03 
6.283e-04 
2. r i l e - 0 4  
1.316~-05 
6.011e-06 
L.963e-06 . . .. . . . 
2.811e-01 

from ORIGEN2 

Rev. 0 

f o r  GA (Row 6)  element 

5.0YR 
1.857e-01 
3.lOle-02 
2.887e-03 
5.508e-04 
2. r i le-04 
1.316e-05 
6.011e-06 
5.338e-06 
2.204e-01 

10.OYR 
4.897~- 02 
2.986e-02 
5.025e-05 
2.854e-04 
2.731e-04 
1.316e-05 
6.007e-06 
6.949e- 06 
7.947e-02 

20.OYR 
3.405e-03 
2.77Oe- 02 
1.523e-08 
7.659e- 05 
2. r i l e - 0 4  
1.316e-05 
6.000e-06 
9. 166e-06 
3.148e-02 

Tr iga fue l  element: Stainless Steel c lad (Ron 8) 
ACTINIOES, CURIES 

U234 
PU239 
PU241 
U235 
TH231 
PU240 
PU238 
PA234M 
TH234 
U238 
U236 
AM241 
SUMTOT 

I n i t i a l  Discharge 3.OYR 4.OYR 5.OYR 1O.OYR 2O.OYR 
2.375e-03 2.363e-03 2.363~-03 2.363e-03 2.363e-03 2.363e-03 2.363e-03 
O.OOOe+OO 2.200e-03 2.269e-03 2.269e-03 2.269e-03 2.269~-03 2.268e-03 
O.OOOe+OO 5.010e-04 4.336e-04 4.132e-04 3.938e-04 3.096e-04 1.913e-04 
8.217e-05 8.093e-05 8.093e-05 8.W3e-05 8.093e-05 8.093e-05 8.093e-05 
O.OOOe+OO 7.080e-04 8.093e-05 8.093e-05 8.093e-05 8.09%-05 8.093e-05 
o.oooe+oo 
0.000~00 
o.oooe+oo 
o.oooe+oo 
5.176e-05 
2.459~-05 
o.onoe+oo 

7.270e-05 
6.936e-05 
5.1Ee-05 
5. m e - 0 5  
5.175-05 
3.140e-05 
1.659s-06 

7.268e-05 
7.194e-05 
5.175e-05 
5.175,-05 

3.140e-05 
3.889e-06 

5.175e-05 

7.267e-05 
7.138e-05 
5. m e - 0 5  
5. m e - 0 5  
5.175-05 
3.140e-05 
L -561 e-06 

7.266~-05 
7.08le-05 
5.17%-05 
5.175e-05 
5.175-05 
3.140e-05 
5.2OOe-06 

7.262e-05 
6.807e- 05 
5.175e-05 
5.175e-05 
5.17505 
3.140e-05 . . . . . . . 
7.953e-06 

7.254e-05 
6.29Oe- 05 
5 .17505  
5.17%-05 
5.17%-05 
3.140e-05 
1.17%-05 

Triga fue l  e lenmt:  Stainless Steel c lad (Ron B)  
F I S S I O N  PRODUCTS, CURIES 

CS137 
SR 90 
Y 90 
BAl3M 
PH147 
PR144 
CE144 
KR 85 
RH106 
RU106 
SM151 
EU155 
Sa125 
CS134 
H 3  
TE125M 
PR144M 
EU154 
Ell152 
TC 99 
C0113M 
SUMTOT 
== 

0.000e+00 1.688e+OO 1.127e+00 8.655e-01 6.646e-01 1.773e-01 1.263e-02 
O.OOOe+OO 1.611e+01 1.107e+OO 4.543e-01 1.864e-01 2.170e-03 2.941e-07 
O.OOOe+OO 1.601e+01 1.107e+00 4.54%-01 1.864e-01 2.170e-03 2.941e-07 
0.000e+00 1.251e-01 1.034e-01 9.693e-02 9.086e-02 6.576e-02 3.445e-02 
0.000n00 1.215eOO 1.314e-01 6.605e-02 3.321e-02 1.067e-03 1.102e-06 
O.OOOe+OO 1.034e+OO 1.314e-01 6 .60502  3.321e-02 1.067e-03 1.102e-06 
0.000et00 2.917e-02 2.901e-02 2.878~-02 2.856e-02 2.748~-02 2.545e-02 
o.onoe+no 2.703~3:’ i . nse -a2  i . 5~6e-02  1.3ue-02 6.68i.e-03 i.652e-03 
o:Ooo;+oo i:iSl;-oI 2:20i;-OI 11ir.G-02 11336;-02 3.i23e-03 3.13ie-Oi 
O.OOOe+OO 2.057e-Oi 7.507e-03 5.364e-03 3.832e-03 7.137e-04 2 . 4 7 5 0 5  
O.OOOe+OO 4.682e-03 3.957e-03 3.741e-03 3.536e-03 2.671e-03 1.524e-03 
O.OOOe+OO 3.466e-03 5.377e-03 4.187~-03 3.260e-03 9.328e-04 7.638e-05 
0.000n00 1.933e-01 1.328e-02 5.451e-03 2.237e-03 2.604e-05 3.529e-09 
O.OOOe+OO 1.066e-03 8.370e-04 7.Rle-04 7.124e-04 4.761e-04 2.126e-04 
O.OOOe+OO 7.962e-04 6.833e-04 6.494e-04 6.171e-04 4.783e-04 2.873e-04 
0.000w00 1.958e-04 2.033e-04 2.033e-04 2.035-04 2.033e-04 2.033e-04 
o.OOOe+Oo 1.607e-04 1.397e-04 1.332e-04 1.270e-04 1.002e-04 6.228e-05 
o.oooe+oo i.816e+o4 8.393eroo 6.562e+ao 5.637e+oo 4.182e+oo 3.153e+oo 
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5.4.4 Figure C.4. Curie inventories from ORIGEN2 for NTS (Row C) element 
Input f i l e :  o-alc-p.outf 
M u l t i p l i e r :  l.OOOe+OO 

Tr iga fuel  elenme: A1 clad (Ron C)  + p r i o r  i r r a d i a t i o n  
ACTIVATION, CURIES 

ZR 93 
NB 93M 
c 14 
H 3  
SUMTOT 

I n i t i a l  
1.31%-05 
3.6Tle-06 
5 .738e-06 
9.042e-07 
2.347e-05 

Oischarge 
2.64%-05 
1.124e- 05 
1.154e-05 
1.548e-06 
2.264-02 

3.0YR 
2. 645e- 05 
1.321e-05 
1.153e-05 
1.308e-06 
3.139e-04 

4.0YR 
2.645e-05 
1.380e-05 
1.153e-05 
1.237e-06 
5.81%-05 

5.OYR 
2.645e-05 
1.436e-05 
1.153e-05 
1.169e-06 
5.362e-05 

10.OYR 
2.645-05 
1.678e-05 
1.152e-05 
8.831e-07 
5.565e-05 

2O.OYR 
2.64%-05 
2.012e-05 
1.15 le-05 
5.038e-07 
5.858e-05 

Tr iga fuel  elenme: A l  c lad (Row C) + p r i o r  i r r a d i a t i o n  
ACTINIDES, CURIES 

PU239 
U234 
PU241 
PU238 
PU240 
U235 
TH231 
PA234M 
U238 
TH234 
AI4241 
U236 
NP237 
PA233 
SUMTOT 

I n i t i a l  Discharge 3.OYR 4.0YR 5.OYR 1O.OYR 2O.OYR 
2.112e-03 
2.301e-03 
3.410e-04 
6.661e-05 
6.458e-05 
7.886e-05 

4.083e-03 
2.289e-03 
2.845e-03 
2.793e-04 
2.55Le-04 . . 
7.771 e-05 

4.148e- 03 
2.289e- 03 
2.462e-03 
2.823e- 04 
2.553e-04 
7.77le-05 

4.148e-03 
2.289e-03 
2.346e-03 
2.801e-04 
2.552e-04 
7.77le-05 

4.148e- 03 
2.289e-03 
2.236e-03 
2.77%-04 
2.552e-04 
7 .n ie -ns  

4.147e-03 
2.289e- 03 
1.758e-03 
2.671 e-04 
2.551 e-04 
7.771 e-05 

4.146e-03 
2.289e-03 
1.086e-03 
2.468e- 04 
2.548e- 04 
7.77le-05 

7.886e-05 9.802e-04 7.77le-05 7.Tlle-05 7.Tlle-05 7.Tlle-05 7.77le-05 
5.OLOe-05 5.039e-05 5.039e-05 5.039e-05 5.039e-05 5.039e-05 5.039e-05 
5.040e-05 5.039e-05 5.039e-05 5.039e-05 5.039e-05 5.039e-05 5.039e-05 
5.04Oe-05 5.039e-05 5.039e-05 5.039e-05 5.03%-05 5.039e-05 5.039e-05 
4.347e-06 2.879e-05 4.136e-05 4.515e-05 4.874e-05 6.422e-05 8.538e-05 
3.027e-05 3.656e-05 3.656e-05 3.656e-05 3.656e-05 3.656e-05 3.656e-05 
7.~7oe-07 i .ss ie-n6 i.63oe-06 i.63ne-06 i . 6 m e - m  1 . 6 3 0 ~ ~  i.6me-n6 
7:470e-07 2:i38e-06 1:630;-06 1:63oe-06 1:630;-06 1:630;-06 1:6io;-06 
5.230e-03 4.932-02 9.830e-03 9.714e-03 9.605e-03 9.130e-03 8.458e-03 

Tr iga fuel  element: A l  c lad (Row C) p r i o r  i r r a d i a t i o n  
FISSION PRWUCTS. CURIES 

CS137 
SR 90 
Y 90 
8A13M 
PM147 
PR144 
CE144 
KR 85 
SM151 
RH106 
RU106 
EU155 
SB125 
CS134 
H 3  
TE125M 
EU152 
PR1401 
EU154 
TC 99 
C0113M 
SUMTOT 
21 

I n i t i a l  Discharge 3.OYR 4.0YR 5.OYR 1O.OYR 2O.OYR 
1.170eOO 2.05Oe+OO 1.913e+00 1.869-00 1.827-00 1.627e40 1.292-00 
1.118e+OO 1.951-00 1.817e+OO 1 . 7 7 4 e O O  1.733eOO 1.538e+00 1.212er00 
i.i19e+nn 1.~68-00 i .ai7ernn 1.m-00 1 . ~ ~ 3 - 0 0  1.539-00 i . ~ i 3 e + a o  
1:107GOO 1:9i?e*00 l:ElOG00 1:768&00 1:7%+00 1:539&00 l:I22.+00 
9.560e-01 1.599eOO 1.061e+00 8.147.-01 6.256e-01 1.66%-01 1.189e-02 
1.058e-01 1.495eOl 1 . 0 2 8 ~ 0 0  4.218e-01 1.731e-01 2.015e-03 2.731e-07 
1.058e-01 
1.088e-01 
2.757e-02 
2.66%-02 
2.665e-02 
1.855e-02 
1 .949e-n2 

1.487-01 
1.631e-01 
4.809e-02 
1.144eoo 
9.794e-01 
2.816e-02 
3.958~-02 

l.O28e+OO 
1.346e-01 
4.745e-02 
1.245e-01 
1.245e-01 
1.852e-02 
2.096e-02 

4.218e-01 
1.262e-01 
4.709e-02 
6.258e-02 
6.258e-02 
1.610e-02 
1.632e-02 

1.731e-01 
1.183e-01 
4.673e-02 
3.146e-02 
3.146e-02 
1.400e-02 
1.270e-02 

2.015e-03 
8.562e-02 
4.496e-02 
1 .Olle-03 
1-01 ie-n3 
6:962;-03 
3.63%-03 

2.73le-07 
4 .  m e - 0 2  
4.163e-02 
1.046e-06 
1.046e-06 
1.721e-03 
2.977e-04 

3.186e-03 4.331e-0: i.580e-02 1.129e-02 8.068e-03 1.503e-03 5.211e-05 
4.120e-03 6.343e-03 5.360e-03 5.068e-03 4.791e-03 3.619e-03 2.064e-03 
4.755-03 
1.162e-05 
1.269e-03 
6.92%-04 
1.890e-04 
1 .h%e-nl  

3.424e-03 
3.186e-03 
1.79%-01 
2.803e-03 
3.704e-04 
2.28%-04 

5.113e-03 
2.734e-03 
1.233e-02 
2.201e-03 
3 . m e - 0 4  
1.QUe-04. 

3.981e-03 
2.598e-03 
5.062e-03 
2.030e-03 
3 . m e - 0 4  
1.892e-04 

3.100e-03 
2.469e-03 
2.OTle-03 
1.873e-03 

1 .a04e-04 
3. m e - 0 4  

8.869e-04 
1.914e-03 
2.418e-05 
1.252e-03 
3.77%-04 

7.262e-05 
1.150e-03 
3.277e-09 
5.591e-04 
3 .me-04  
8 .albae- 05 

5.9%00 i.i88e+O4 1 .OWe+Ol 9.206eOO 8.269eOO 6.567e+OO 5.043e+OO 
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5.4.5 F i g u r e  C .5 .  C u r i e  i n v e n t o r i e s  from ORIGEN2 f o r  DORF (none) element 

Input f i l e :  o-ssx-c.outf 
Mu l t i p l i e r :  1 . 0 0 0 ~ 0 0  

Triga fue l  element: SS c lad  (none) + (2/23) ti f rom p r i o r  8U 
ACTIVATION, CURIES 

I n i t i a l  Discharge 3.OYR 4.0YR 5.OYR 10.0YR 2O.OYR 
H I  63 7.673e-04 7.063e-04 6.905e-04 6.853e-04 6.802e-04 6.551e-04 6.075e-04 
FE 55 6.637e-03 3.535e-04 1.589e-04 1.217e-04 9.322e-05 2.458e-05 1.709e-06 
N I  59 6.540e-06 6.540e-06 6.539e-06 6.539e-06 6.539e-06 6.539e-06 6.538e-06 
CO 60 1.90%-05 4.482e-06 3.021e-06 2.6L8e-06 2.322e-06 1.203e-06 3.228e-07 
SUPITOT 7.474e-03 1.ORe-03 8.596e-04 8.169e-04 7.830e-04 6.88le-04 6.168e-04 

Tr iga fue l  element: 55 c lad  (none) (2/23) C i  frm p r i o r  EU 
ACTINIDES, CURIES 

U234 2.375e-03 2.375e-03 2.37%-03 2.375e-03 .2.373e-03 2.375e-03 2.375e-03 
TH231 8.214e-05 8.214e-05 8.214e-05 8.214.~-05 8.214e-05 8.214e-05 8.214e-05 
U235 8.214e-05 8.214e-05 8.214e-05 8.214e-05 8.214e-05 8.2lle-05 8.214e-05 
PU239 5.556e-05 5.555e-05 5.554e-05 5.554e-05 5.554e-05 5.553e-05 5.551e-05 
PA234M 5.176e-05 5.176e-05 5.176e-05 5.176e-05 5.176e-05 5.176e-05 5.176e-05 
TH234 5.176e-05 5.176e-05 5.176e-05 5.176e-05 5.176e-05 5.176e-05 5.176e-05 
U238 5.176e-05 5.176e-05 5.176e-05 5.176.3-05 5.176e-05 5.176e-05 5.176e-05 
U236 2.476e-05 2.476e-05 2.476e-05 2.476e-05 2.476e-05 2.476e-05 2.476e-05 
SUMTOT 2.775e-03 2.77%-03 2.776e-03 2.776e-03 2.776e-03 2.776e-03 2.776e-03 

Triga fue l  element: SS c lad  (none) + (2/23) C i  f r m  p r i o r  8U 
FISSION PROOUCTS, CURIES 

l n i t i a l  Discharge 3.0117 4.0YR 5.OYR 10.0YR 2O.OYR 

I n i t i a l  Discharge 3.OYR 4.OYR 5.OYR 10.OYR 2O.OYR 
CS137 3.017e-02 2.340e-02 2.18%-02 2.133e-02 2.08%-02 1.857e-02 1.474e-02 
Y 90 2.887e-02 2.222e-02 2.069e-02 2.020e-02 ’ 1.973e-02 1.752e-02 1.381e-02 
EA13714 2.854e-02 2.214e-02 2.065e-02 2.018e-02 1.972e-02 1.757e-02 1.394e-02 
SR 90 2.887e-02 2.222e-02 2.069~-02 2.02Oe-02 1.972e-02 1.75le-02 !.380e-02 
KR 85 2.7a9e-03 i.37oe-03 1.12ae-03 i.057e-03 P . Q I Z ~ - O ~  7.174e-0~ 3 . ~ 8 e - 0 ~  
94151 7 780e-04 7.148e-04 6.984e-04 6.931e-04 6.878e-04 6.618e-04 6.127e-04 
PM147 2.412e-02 1.319~-03 5.970e-04 4.584e-04 3.520e-04 9.392e-05 6.688~-06 
EU155 
H 3  
SE125 
TC 99 
TE125M 
CD113M 

4.894e-04 1.052e-04 6.915e-05 6.013e-05 5.229e-05 2.599e-05 6.42%-06 
1.056e-04 5.698e-05 4.81%-05 4.552e-05 4.30%-05 3.250e-05 1.854e-05 
4.846e-04 3.090e-05 1.458~-05 1.135e-05 8.841e-06 2.530~-06 2.071e-07 
5.05%-06 5.053e-06 5.055-06 5.053e-06 5.053e-06 5.053e-06 5.053e-06 
1.182e-04 7.538e-06 3.558e-06 2.77Oe-06 2.157e-06 6.172e-07 5.054e-08 
3.66qe-06 2. ine-06 i . aue -06  i .7we-06 i . 7 n e - 0 6  i . m e - 0 6  8.4iie-a7 

SUMTOT 1.514e-01 P.359e-02 8.643e-02 8.425e-02 8.216e-02 7.271e-02 5.732e-02 -- _ _  
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5.4.6 F igu re  C.6. Cur ie  i n v e n t o r i e s  from ORIGEN2 f o r  AFFRI (none) element 

Input f i l e :  o-alx-m.outf 
Mu l t i p l i e r :  l.OOOe+OO 

Triga fuel element: A I  c lad (none) + (3/56) 9-235 Bu 
ACTIVATION, CURIES 

I n i t i a l  Discharge 3.OYR 4.0YR 5 . 0 ~  10.OYR 2O.OYR 
2R 93 1.354e-06 1.354e-06 1.354e-06 1.354e-06 1.354e-06 1.354e-06 1.354e-06 
NMTOT 2.419e-06 2.808e-06 2.867e-06 2.885e-06 2.902e-06 2.974e-06 3.075-06 

Triga fuel e l m n t :  A1 c lad  (none) (3/56) 9-235 Bu 
ACTINIDES, CURIES 

PU239 2.221 e- 04 2.22Oe-04 2.220e-04 2.22Oe- 04 2.220e- 04 2.219e- 04 2.219e- 04 
U235 7.989e-05 7.989e-05 7.989e-05 7.989e-05 7.98%-05 7.989e-05 7.989e-05 
THUI 7.989~-05 7.989e-05 7.98%-05 7:989;-05 7I989e-05 7:989;-05 7i989;-05 
TH234 5.041e-05 5.041e-05 5.041e-05 5.042e-05 5.062e-05 5.041e-05 5.04le-05 
PA234M 5.041e-05 5.041e-05 5.041 e-05 5.042e-05 5.042e-05 5.041 e-05 5.041 e-05 
U238 5.041e-05 5.041e-05 5.041e-05 5.041e-05 5.041e-05 5.041e-05 5.041e-05 
U236 2.460e-05 2.460e-05 2.460e-05 2.460e-05 2.460e-05 2.460e-05 2.460e-05 
SUMTOT 2.871 e- 03 2.871 e-03 2.871 e- 03 2.871 e-03 2.871 e- 03 2.871 e- 03 2.871 e- 03 

Triga fuel  element: A I  c lad (none) + (3156) 9-235 Bu 
FISSION PRWUCTS, CURIES 

CS137 
BA137M 
Y 90 
SR 90 
KR 85 
51151 
PMl47 

I n i t i a l  
1.207e-01 
1.142e-01 
1.15%-01 
1.155e-01 
1.117e-02 
3.089e-Oi 
9.682e-02 

Discharge 
8.939e-02 
8.456e-02 
8.477e-02 
8.47%-02 
4.818e-03 
2.794e-03 
3.121e-03 

3.OYR 
8.340e-02 
7.890e-02 
7.893e-02 
7.891e-02 
3.968e-03 
2.731e-03 
1.413e-03 

4.0YR 
8.150e-02 
7.710e-02 
7.707e-02 
7.706~-02 
3.720~-03 
2.710e-03 

5.0YR 
7.964e-02 
7.534e-02 
7.526e-02 
7.524e-02 
3 .487e-03 
2.689e-03 
8.328e-04 

10.OYR 
7.095e-02 
6.712e-02 
6.682e-02 
6.68Oe- 02 
2.524e-03 
2.587e-03 
2.222e-04 

2O.OYR 
5.631e-02 
5.327e-02 
5.266e-02 
5.26%-02 
1.322e-03 
2.39%-03 
t -58%-05 

H 3  
SB125 
TC 99 
CDll3M 
TE125M 
SUMTOT __  _ _  

4.229e-04 2.039e-04 1.723e-04 1.629e-04 1.540e-04 1,163e-04 6.635e-05 
1.946e-03 7.521e-05 3.550e-05 2.764e-05 2.152~-05 6.158e-06 5.043e-07 
1.996e-05 1.996e-05 1.996e-05 1.996e-05 1.996e-05 1.996e-05 1.996~-05 
1.469e-05 7.921e-06 6.869e-06 6.550e-06 6.246e-06 4.925e-06 3.063e-06 
4.748e-04 1.83%-05 8.662e-06 6.744e-06 5.251e-06 1.503e-06 l.230e-07 
6.062e-01 3.549e-01 3.287e-01 3.207e-01 3.129e-01 2 . m e - 0 i  2.187e-01 
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5.4.7 Figure C.7. Curie inventories from ORIGEN2 for AFFRI (Row E) element 
Input file: o-ale-moutf 
Multiplier: 1.000n00 

Triga fuel element: A 1  clad (Row E )  + (3/56) g-235 8U 
ACTIVATION, CURIES 

Initial Discharge 3.OYR 4.OYR 5.OYR 1O.OYR 2O.OYR 
ZR 93 1.354e-06 1.100e-05 1.100e-05 1.100e-05 1.100e-05 1.100e-05 1.100e-05 
N8 93M 3.850e-07 3.211e-06 4.237e-06 4.545e-06 4.838e-06 6.100e-06 7.835e-06 
C 14 5.908e-07 4.798e-06 4.796e-06 4.796e-06 4.79%-06 4.792e-06 4.787e-06 
SUMTOT 2.419e-06 1.639-02 2.099e-04 2.465e-05 2.128e-05 2.232e-05 2.387e-05 

Triga fuel element: A 1  clad (Row E) + (3/56) 9-235 8U 
ACTINIOES, CURIES 

U234 
PU239 
PU24l 
TH231 
U235 
PA234M 
TH234 
U238 
PU240 
PU238 
U236 
AM241 
SUMTOT 

Initial 
2.312e-03 
2.221 e-04 
2.492e-07 
7.989e-05 
7.989e-05 
5.041e-05 
5.041e-05 
5.041e-05 
5.151e-07 
2.538e-07 
2.460e-05 
3.290e-09 
2.871 e- 03 

Discharge 
2.303e-03 
1.72%-03 
2.426e-04 
7.363e-04 
7.904e-05 
5.041e-05 
5.041e-05 
5.040e-05 
4.539e-05 
4.326e-05 
2.924e-05 
1 .02Oe-06 
3.559-02 

3.OYR 
2.303e-03 
l.772e-03 
2.lOOe-04 
7.904e-05 
7.904e-05 
5.040e-05 
5.040e-05 
5.040e-05 
4.538e- 05 
4.451e-05 
2.924e-05 
2.099e-06 
4.719e-03 

4.OYR 
2.303e-03 
1.772e-03 
2.001e-04 
7.90Le-05 
7.904e-05 
5,OLle-05 
5.041~-05 
5.040e-05 
4.537e- 05 
4.416e-05 
2.924e- 05 
2.424e-06 
4.709e-03 

Triga fuel element: A1 clad (Row E) + (3/56) 9-235 BU 
FISSION PRODUCTS, CURIES 

CS137 
Y 90 
SR 90 
BA137M 
PM147 
CE 144 
PR144 
KR 85 
RH106 
RU106 
SM151 
EU155 
S8125 
H 3  
TE125M 
CS134 
PR144M 
EU152 
EU154 
TC 99 

SUMTOT 
coii3n 

Initial 
1.207e-01 
1.155e-01 
1.155e-01 
1.142e-01 
9.682e-02 
9.620e-03 
9.649e-03 
1.117e-02 
2.48le-03 
2.481e-03 
3.089e-03 
1.955e-03 
1.946e-03 
4.229e- 04 
4.748e-04 
1.450e-05 
1 . 1 58e- 04 
3.114e-08 
5.224e-06 
1 .?96e-05 
1.469e-05 
6.Oh2e-01 

Oischarge 
9.579e-01 
9.237e-01 
9.157e-01 
9.120e-01 
l.l56e+OO 
l.O92e+Ol 
1.097er01 
9.013e-02 
7.892e-01 
7.027e-01 
2.288e-02 
1.888e-02 
2.838e-02 
3.396e-03 
2.381e-03 
1.168e-02 
1.318e-01 
6.061e-04 
6.299e- 04 
1.535e-04 
1.174e-04 
1.240e+04 

3.OYR 
‘8.938e-01 
8.528e-01 
8.526e-01 
8.456e-01 
7.710e-01 
7.548e-01 
7.548e-01 
7.448e-02 
8.930e-02 
8.930~-02 
2.270e- 02 
1.242e-02 
1.505~-02 
2.870e-03 
3.672e-03 
4.264e-03 
9.058~-03 
5.202e-04 
4.946e-04 
1.586e-04 
1.020e-04 
6.051e+OO 

4.OYR 
8.73Le-01 
8.328e-01 
8.325e-01 
8.262e-01 
5.92Oe-01 
3.098e-01 
3.098~01 
6.982~-02 
4.490~-02 
4.49Oe-02 
2.253e-02 
1.080e-02 
1.172e-02 
2.713e-03 
2.859e- 03 
3.047e- 03 
3.717e-03 
4.944e- 04 
4.563e-04 
1.586e-04 
9. n9c-05 
4.79SeOO 

5.OYR 
2.303e-03 
l.772e-03 
1.907e-04 
7.904e-05 
7.904e-05 
5.041e-05 
5.041e-05 
5.040e-05 
4.537e-05 
4.381e-05 
2.924e- 05 
2.733e- 06 
4.700e-03 

5.OYR 
8.535e-01 
8.132e-01 
8.130e-01 
8.074e-01 
4.545e-01 
1.271e-01 
1.271e-01 
6.544e-02 
2.257e-02 
2.257e-02 
2.235e-02 
9.390e-03 
9.125e- 03 
2.565e-03 
2.226e- 03 
2.177e- 03 
1.526e-03 
4.698e- 04 
4.210e-04 
1.586e-04 

10.0YR 
2.303e-03 
l.772e-03 
1.499e-04 
7.904e-05 
7.904e-05 
5.040e-05 
5.040e-05 
5.040e-05 
4.534e-05 
4.2lle-05 
2. Q24e- 05 
4.065e-06 
4.658e-03 

10.0YR 
7.603e-01 
7.219e-01 
7.217e-01 
7.193e-01 
1.213e-01 
1.480e-03 
1.480e-03 
4.TJ7e-02 
7.250e-04 
7.250e-04 
2.151e-02 
4.668e-03 
2.611e-03 
1.937e-03 
6.370e-04 
4.054e-04 
1.776e-05 
3.641e-04 
2.813e-04 
1.586e-04 
7.316s-05 
3.129-00 

2O.OYR 
2.303e-03 
1.772e-03 
9.264e-05 
7.904e-05 
7.904e- 05 
5.040e-05 
5.040e-05 
5.04Oe-05 
4.529e-05 
3.891e-05 
2.924e-05 
5.892e-06 
4.599e- 03 

2O.OYR 
6.03501 
5.690e-01 
5.689e-01 
5.709~-01 
8.637e-03 
2.006e-07 
2.006e-07 
2.481e-02 
7.481e-07 
7.449e- 07 
1.992e-02 
1.154e-03 
2.138e-04 
1.105e-03 
5.216e-05 
1.406e-05 
2.407e- 09 
2-187e-04 
1.257e-04 
1.586e-04 
4.549e-05 
2.369-00 
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5.5  FIGURES FOR MAXIMUM PHOTON SOURCE TERN RESULTS 

5 . 5 . 1  Figure D . l .  Photon source tables from ORIGEN2 for maximum source term 

Sort  c o l m  = 5 
Input f i l e :  o-ssb-p.outf 
M u l t i p l i e r :  l.OOOe+OO 

EASIS=Triga fue l  e l m n t :  SS c lad  (Rou 8) p r i o r  i r r a d i a t i o n  
ACTIVATION, PHOTONS (photonslsec) 

E-mean 
1.500E-02 
2.5001-02 
3.750E-02 
5.750E-02 
8.500E-02 
1.250E-01 

I n i t i a l  
1.852e+07 
6.781-05 
2.396-05 
1.86&+05 
7 01Le+O4 
2:693&04 

Discharge 
3.081-12 
6.194-11 
&.078e+ll 
5 . 8 9 9 n l l  
3.616-11 
2.393-11 

3.OYR 
9.013-07 
1.106-06 
3.538e05 
2.429-05 
9.124-04 
3.718&04 

2.%0k-01 8.858e03 i . 6 5 8 e l l  2.359-04 
3.T50E-01 2.486-03 2.622-11 5.032-03 
5.7501-01 1.452-02 2.298-12 2.929-05 
8.500E-01 
1.250€+00 
1 .75OE+OO 
2.2501+00 
2.7501+00 
TOTAL 

7.337e+07 
6.042e+07 
3.292e-02 
3.202-02 
9.9lOe-01 
1.535-08 

5.246-12 
1.478el l  
9.325-1 1 

6.002n10 
4.287-11 

1.505e*13 

5.464vo.3 
6.216-07 
5.427-03 
3.2%e+02 
1.019-00 
7.009@08 

n-rous = 19 

nASiS=Triga fue l  element: 52 clad (Rou 8) + 
ACTINIDES, PHOTONS (photons/sec) 

E-mean I n i t i a l  
1.500E-02 2.101e+07 

1.2501+00 1.213ec04 
1.750E+00 1.907e+03 
2.2501+00 1.417e+00 
2.750E+00 3.603et02 
3.500€+00 3.522e-01 
5.000E+00 1.462e-01 
7.000€+00 1.636e-02 
1.1001+01 1.850e-03 
TOTAL 2.562e+07 

Discharge 3.0YR 
1.357-13 2.863-07 
5.966-11 7.286-05 
8.798-11 1.71he+05 
7.776-11 1.115r06 
6.139-12 7.911-05 
4.867-12 6.153-05 
3.447-12 1.734e06 
3.723-11 9.005e+04 
5.883-10 3.001er04 
8.676~10 i.w-04 
2.228-09 1.22Le+04 
2.430-06 2.160e*03 
7.139r00 8.594-00 
1.762-03 2.688-03 
7.07%-01 5.111e-01 
2.892e-01 2.025~-01 
3.25%-02 2.257e-02 
3.698e-03 2.547e-03 
3.080e+13 3.394-07 

EASIS=Triga fue l  element: SS c lad  (Rou 8) + 
FISSION PRODUCTS, PHOTONS (photons/sec) 

E-ma" 
1.5001-02 
2.5001-02 
3. 750E-02 
5.7501-02 
8.500E-02 
1.250E-01 
2.25OE-01 
3.7501-01 
5.7501-01 
8.500E-01 

i n i t i a l  
4.111e+10 
8.962-09 
9.083e09 
7.831-09 
4.955-09 
3.612-09 
4.004e09 
2.01 1-09 
4.723e+10 
4.320-08 

Discharge 
2.506-14 
6.295-13 
5.192-13 
5.421-13 
3.996-13 
4.007et13 
9.868-13 
6.004-13 
i :aose+1i 
1.057er14 

3.0YR 
9.499-10 
2.031e+10 
2.237-10 
1.872H10 
1.245e+lO 
1.232-10 
l.O22e+lO 
5.006e+09 
8.025n10 
1.634-09 

2.314-03 1.972-03 
8.317-03 3.450-02 
2.390-08 1.062e08 
5.450-07 4.778-07 
1.518-02 4.269-00 
2.888-02 2.532-02 
8.937e-01 7.836e-01 
3.424-08 1.839-08 

p r i o r  i r r a d i a t i o n  

4.OYR 5.0YR 
2.864-07 2.865-07 
7.328-05 7.368-05 
1.717-05 1.720-05 
1.176-06 1.235-06 
7.913-05 7.915-05 
6.153-05 6.154-05 
1 .nk+O6 1 .TNe+06 
9 . 0 0 9 r 0 4  9.012-04 
3,018-04 3.028e04 
1.872-04 1.876-04 
1.224-04 1.225-04 
z . in-03 2.186e+03 
9.265-00 9.966-00 
2.824-03 2.907-03 
5.118e-01 5.137e-01 
2.018e-01 2.017e-01 
2.250e-02 2.248e-02 
2.539e-03 2.537e-03 
3.401e07 3.409-07 

p r i o r  i r r a d i a t i o n  

4.OYR 5 . O Y R  
7.254-10 6.224-10 
l.SUe+lO 1.318-10 
1.649-10 1.385e+10 
1.408-10 1.197-10 
8.995 -09 7.444e09 
7.582-09 5.549-09 
7.409-09 6.149e09 
3.555ec09 2.888-09 
7.625er10 7.345erlO 
1.095e+09 8.314er08 
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10.OYR 
1.276-07 
8.207-05 
2.lOlrOS 
e.824-04 
2.882-04 
l. lOLn04 . . . .  
3.639-03 
1.023-03 
6.143-01 
1.850-06 
2.475-07 
2.404e-02 
1.312-02 
4.059e-01 
4.053-07 

1O.OYR 
2.872-07 
7.539-05 
1. 732-05 
1.486er06 
7.917-05 
6.154-05 
1.734-06 
9.025w04 
3.038~04 
1.881-04 
1.227-04 
2.205-03 
1.391-01 
2.970-03 
5.262e-01 
2.01%-01 
2.246e-02 
2.534e-03 
3.443-07 

10.OYR 
4.903-10 
1.02le+lO 
1.071e+10 
9.376-09 
5.648-09 
3.675-09 .~ 
4.71 0-09 
2.088-09 
6.434-1 0 
4.320er08 

2O.OYR 
1.119-07 
6.940e05 
1.523-05 
3.375-04 
7.809-03 
2 .974~03  . .- 
9.834-02 
2.77%+02 
1.805e+Ol 
8.092nO2 
6.643-06 
1.895e-02 
3.521e+Ol 
1.089e-01 
1.873-07 

2O.OYR 
2.877-07 
7.773e*05 
1.747WO5 
1.829-06 
7.918-05 
6.154e05 
1.734-06 
P.OLPe+OL 
3 :019>O4 
1.872e+OL 
1.230-04 
2.214e03 
2.392-01 
2.736-03 
5.583e-01 
2.012e-01 
2.243e-02 
2.531e-03 
3.485e+07 

2O.OYR 
3.830-10 
7.918e+09 
8.356e+09 
7.332-09 
4.379-09 
2.838-09 
3.688e09 
1.598e09 
5.093e+lO 
2,839-08 



1.250E+00 
l.PjOE+OO 
2.2501*00 
2.750E+00 
3.500E+00 
5.000E+00 
7.000E+00 
1.100E+01 
TOTAL 

i .6m+oa 
1.564-07 
3.357-07 
2.568-05 

1 ~ I 3 2 e - W  
6.696~-11 
4 . 2 3 h  12 
1.294-11 

2.982-04 

6.996-13 

1.399-13 
5.984-12 

2.436-13 

3.626-12 
1.952-12 
1.577e+lO 
3.109e+06 
9.815-14 
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7.400-08 
7.5 16-07 
3.186-08 
1.346-06 
1.394-05 
2.107e-09 
1.367e- 10 
8.64%-12 
2.794-11 

4.532-08 
3.946-07 
1.314-08 
6.509-05 
7.011e+W 
2.120e-09 
1.3Ee-10 
8.697e-12 
2.241-11 

3.212-08 
2.352-07 

3.167-05 
3.525-04 
2.129e-09 
1.382e-10 
8.737e- 12 
1.979-11 

5.428-07 

1.783-08 
9.562-06 
6.706-05 
9.210-03 
1.132-03 
2.153e-09 
1.397~-10 
8.833e-12 
1.604-11 

1.196-08 
7.004e+06 
8.634-02 
9. oa4e+oo 
1.178-00 
2.161~-09 
1.402e-10 

1.257-11 
8.865e-12 
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5 . 5 . 2  F i g u r e  0.2. ’ T o t a l  maximum photon source s t r e n g t h  f o r  19 TRIGA f u e l  p i n s  
( f o r m a t  s u i t a b l e  f o r  ISOSHLD mode 2) c a l c u l a t i o n s )  

EASIS=Triga fuel  element: SS clad (Rou 0)  + p r i o r  i r r a d i a t i o n  

M u l t i p l i e r  = 19.000000 

5.OYR 
1.184e+12. 
2.505e+ll,  
2.632-11, 
2.275n11, 
1.415e+ll,  
1.05&+11, 
1 .16Pet l l .  
5 .487e10;  
1.396-12. 
1.781e+10, 
7.011e+09, 
4.469-08. 
1.031e+09, 
6.073e+06, 
6.698-05. 
3.832e+OO, 
4.271e-01, 
4.820e-02, 

MeV 
1.500E-02, 
2.5001-02, 
3.7SOE-02. 
5.750E-02, 
8.500E-02, 
1.250E-01, 
2.2508-01, 
3.7501-01, 
5.7501-01. 
8.5001-01; 
1.2501+00, 
1.750E+00, 
2.250E+00, 
2.750E+00, 
3.5001+00, 
5.000E+00, 
7.000E100, 
l . l O O E + O l ,  

0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0. 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
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5 . 6  ATTACHMENT 1. COPIES OF FUEL ELEMENT DESCRIPTIONS TAKEN FROM MCCORD 
REFERENCE 
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NRF TRIGA FUEL ASSEMBLIES PRINCIPAL DESIGN PARAMETERS 

Fuel Element Design 

Fuel-moderator Haterial 

Uranium Content 

Uranium Enrichment 

Shape o f  Fuel Core 

i englh  o f  Fuel Core 

Diameter o f  fuel Core 

u"' Content (nominal) 

Fuel Fixture Zr 
(atmic ratio) H 

u ( W t % )  

Zirconium Hydride Content 

Length o f  Top 6 Bottom 
C r q h , t z  LE:leitors 

Cladding Haterial 

Top 6 Bottom End-fixture 

Cladding Thickness 

Oiarnctcr o f  Fuel Element 

Over~ll Length o f  Fuel 

M A t W l l l  

Elcmanr 

Stainless Steel Clad 
wi riEment 

U-ZrH,., 

8.5 WtZ 

2 0 %  $35 

Cylindrical 

15 i n .  Ovcrall 

1.43 I.. 0 .D .  

38 grams 

Aluminum Clad 
Fuel Elme& 

U-ZrH,,, 

8 . 0  UT% 

20% UZJS 

Cy1 indrical 

I 4  t u .  0vcr~ll 

1 . 4 1  in. 0.0. 

37 gninr  

1.8 1.0 
' 6  1.0 

8.5 t1.o 

91.5 ~ 1 7 .  12.0 Wt%,  

3.47 in. 4.00 in. 

Type 104 IS Al-1100, anodized 

Type 104 SS AI-1100.  anodized 

0.020 i. 0.Q30 ,". 
1.17 in. 0.0. 1.47 In. 0.0. 

28.37 in. 28.37 In. 
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NRF TRIGA FUEL ASSEMBLIES PRINCIPAL DESIGN PARAMETERS 

Fuel Folloued Control Rod Oerlpn 

Fuel -moderator Material 

Uranium Content 

Uranium Enrichment 

Shape of Fuel Core 

Length o f  Fuel Core 

Diameter of Fuel Core 

u~’’ Content (nominal 1 

Fuel Uixture lr 
(P tomic  ratio) H 

u (ut%) 
Zlrcnniun Hydrlde Content 

Length o f  Borated Graphite 

Cladding Material 

TOP I Bottom End-Fixture 

C1 adding Thickness 

Oiamter of fuel Follo-*d 

Overall Length o f  Fuel Followed 

Column 

nairt ,-; 

Control tud 

Control Rod 

U-ZrH,,, 

8.5 Ut% 

20z U’J’ 

Cy1 indrical 

15 in. Overal! 

1.335 in. 0.0. 

38 grams 

1.0 
1.n 
H G  

91.5 WtZ 

14.25 in. 

Type 304 55 

T,po 304 5 5  

0.020 in. 

1.375 i n .  0.0. 

45.75 in. 
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5 . 7  ATTACHMENT 2 .  NRF FUEL-ELEMENT IRRADIATION DATABASE 
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5.8 ATTACHMENT 3. FAX FROM W. L. WHITTEMORE (GENERAL ATOMICS) 
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5 .9  ATTACHMENT 4. TRIGA POWER FACTORS 

TRIGA POYER FACTORS (P,) FOR EACH CORE RING 

nC 250 KWIARK I TRIGA REACTOR 

FOR FUEL flfMHT BURNVP CALCULATIONS 

A j - . , , d  
Y 

A RING > Pf = 1.61 i 

B RING > Pf = 1.57 c 

C RING > Pf = 1.45 15 

D RING > Pf = 1.29 18 

E RING > Pf = 1.07 F'I 

F RING > Pf = 0.81 3 O  

G RING > Pf = 0.66 

FRDn B I L L  STOUT, GENERAL ATflMICS, 8/18/92 

JOD POWERFC? TRI 
1 0 1 2 7 p 2  
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5.10 CHECKLIST FOR CALCULATION REVIEN 

Document Reviewed (Complete re fe rence )  Memorandum 22570-FAS-94-001 

ORIGENZ Source Term C a l c u l a t i o n s  f o r  t h e  Neutron RadioqraDhy F a c i l i t y  T r i q a  

Reactor 

Au tho r (s )  F. A. Schmi t t ro th  

CHECKLIST FOR CALCULATION REVIEW 
Y e s  No N/A 

General Considerat ions 

_. 

Problem comp le te l y  de f i ned .  
Necessary assumptions e x p l i c i t l y  s t a t e d  and supported. 
Computer codes and da ta  f i l e s  documented. 
Data used i n  c a l c u l a t i o n s  e x p l i c i t l y  s t a t e d  i n  document. 
Data checked f o r  cons i s tency  w i t h  o r i g i n a l  source i n fo rma t ion  
as appl  i cab1 e .  
Mathematical  d e r i v a t i o n s  checked i n c l u d i n g  d imensional  
cons i s tency  o f  r e s u l t s .  
Models app rop r ia te  and used w i t h i n  range o f  v a l i d i t y  o r  use 
o u t s i d e  range o f  e s t a b l i s h e d  v a l i d i t y  j u s t i f i e d .  
Hand c a l c u l a t i o n s  checked f o r  e r r o r s .  
Code runstreams c o r r e c t  and c o n s i s t e n t  w i t h  a n a l y s i s  documen- 
t a t i o n .  
Code ou tpu t  c o n s i s t e n t  w i t h  i n p u t  and w i t h  r e s u l t s  repo r ted  
i n  a n a l y s i s  documentation. 
A c c e p t a b i l i t y  l i m i t s  on a n a l y t i c a l  r e s u l t s  a p p l i c a b l e  and 
supported. L i m i t s  checked aga ins t  sources. 
Sa fe ty  margins c o n s i s t e n t  w i t h  good eng ineer ing  p r a c t i c e s .  
Conclusions c o n s i s t e n t  w i t h  a n a l y t i c a l  r e s u l t s  and app l i cab le  
l i m i t s .  
Resu l ts  and conclus ions address a l l  p o i n t s  r e q u i r e d  i n  t h e  

Techn ica l  Revie&r Approval  'Dave 

Note: Any c a l c u l a t i o n s ,  comments, o r  no tes  generated as p a r t  o f  t h i s  
rev iew  shou ld  be signed, dated and at tached t o  t h i s  c h e c k l i s t .  
Such m a t e r i a l  shou ld  be l a b e l e d  and recorded i n  such a manner as 
t o  be i n t e l l i g i b l e  t o  a t e c h n i c a l l y  q u a l i f i e d  t h i r d  p a r t y .  
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ATTACHMENT 2 

DOSE RATE COMPARISONS OF UNDERWATER MEASUREMENTS WITH RESULTS 
BASED ON ORIGEN2 CALCULATIONS 
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Westinghouse Internal 
Hanford Company Memo 

From: Nuc lea r  Phys ics and S h i e l d i n g  8M730-FAS-95-001 
Phone: 376-3463 HO-35 
Date: May 23, 1996 
Sub jec t :  UNDERWATER DOSE-RATE MEASUREMENTS FOR TRIGA FUEL PINS AT THE 

NEUTRON RADIOGRAPHY FACILITY 

To : J. 0. D i t t m e r  N1-41 

cc :  J. Greenborg HO-35 

J. V .  Nelson HO-35 
D. C .  Hedengren R3-86 

FAS F i l e / L B  

References: 1)  J. 0. D i t t m e r ,  5-2 Document No. 3A-05-00006/W, "Dose 
Measuremen! and I n s p e c t i o n  o f  Se lec ted  T r i g a  Fuel 
Assemblies , Rev. 0, Westinghouse Hanford Company, Rich land,  
Washington, da ted  February 7, 1995. 

2) F. Schmi t t ro th ,  WHC-SD-TP-ANAL-001, "ORIGENL Source Term 
C a l c u l a t i o n s  f o r  t h e  Neutron Radiography TRIGA Reactor" ,  
Rev. 0, Westinghouse Hanford Company, Rich land,  Washington, 
dated February 1994. 

R. L. Plum and H. S. K r i d e r ,  " F i n a l  S a f e t y  Analys iS.Repor t  
Neutron Radiography F a c i l i t y  (TRIGA Mark I Rac to r )  , Hanford 
Eng ineer ing  Development Laboratory ,  da ted  August 1975. 

3) 

I n t r o d u c t i o n  

Underwater dose - ra te  measurements (Ref. 1)  were completed f o r  s e l e c t e d  f u e l  
p i n s  i n  t h e  Neutron Radiography F a c i l i t y  (NRF) T r i g a  r e a c t o r .  These 
measurements se rve  two purposes. F i r s t ,  t h e y  p r o v i d e  a cons is tency  check 
f o r  f u e l  p i n s  w i t h  a known i r r a d i a t i o n  h i s t o r y .  Secondly, t h e y  a s s i s t  i n  
a d j u s t i n g  t h e  burnup h i s t o r y  f o r  p i n s  t h a t  a r r i v e d  a t  t h e  NRF w i t h  p o o r l y  
documented h i s t o r i e s .  

Measurements were completed w i t h  a gamma-ray probe p o s i t i o n e d  bo th  3"  (7.62 
cm) and 12" (30.48 cm) r a d i a l l y  f rom t h e  c e n t e r  o f  t h e  a c t i v e  f u e l  r e g i o n  
( s u r f a c e  t o  s u r f a c e ) .  The two d i s tances  were s e l e c t e d  t o  ensure t h a t  
reasonable dose r a t e  ranges were encountered and t h a t  measurement geometr ies 
were c o r r e c t l y  addressed. 

Dose r a t e  c a l c u l a t i o n s  were c a r r i e d  ou t  u s i n g  t h e  p o i n t - k e r n a l  ISOSHLD code 
f o r  t h e  measured c o n f i g u r a t i o n s .  The r a d i i  o f  bo th  t h e  f u e l  p i n  (1.82 cm) 
and t h e  probe w i t h  an underwater housing (2.22 cm) were added t o  t h e  su r face  

Hanford Operations and Engineering Contractor f o r  the US Department of Energy 
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to surface distance to obtain an effective ISOSHLD dose-rate position. 
fuel pin was modeled as a simple cylinder of uranium zirconium hydride by 
assuming a source material consisting of 192 grams of  uranium, 2031 grams of 
zirconium, and 36 grams of hydrogen. Using an active fuel region having a 
diameter of 1.43" (3.63 cm) and a height of 15" (38.1 cm), Ref.(3), gives an 
effective density of 5.7 g/cm3. 
water shield. 
steel clad pins. The differences in dose rates are expected to be 
negligible. 
runstream for the Row B Gulf General Atomic fuel pins. Runstreams for the 
other cases differ only in the source term and are archived in CFS as 
/v91039/triga/triga-meas.tar.Z. The archive also includes the corresponding 
output files. 

The photon source terms are from archived ORIGENZ calculations documented in 
Ref. (2). 

The 

The intervening space was modeled as a 
The same geometry was used for both aluminum and stainless 

Specific details are documented in the attached ISOSHLD 

Results 

The measured and calculated results are compared in Table I .  The calculated 
values are absolute with no adjustments or scaling. 

Table I .  NRF Triga dose-rate measurements and calculations. 
(Conversion factors to rem were included in the calculation.) 
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The measured and calculated results for the GA pins are in excellent 
agreement. 
ambiguous irradiation history. 
elements is correctly matched as well as the absolute magnitudes. 

The agreement for the NTS elements whose prior irradiation history was 
unknown is not as good. 
the measured values or are higher. 
3069E indicates that the NTS assemblies had substantial variations in their 
prior irradiation histories. 

The low prior burnup assumed for the AFFRI elements is confirmed by the 
comparison. 
measured values for both those elements that were irradiated in the NRF as 
well as for those that were not. Discrepancies at the 12" location are 
likely at the limit of the detector scale. 

The calculations for the DORF fuel elements grossly under predict the 
measured values by a factor o f  ten at the more reliable 3" location. 
these elements were not irradiated in the NRF, the assumed prior irradiation 
history was severely underestimated. 

for convenience, calculated contact values are also included in Table I .  
For practical applications, the low DORF values,,should be increased by the 
ratio of the measured to calculated values at 3 . 
Recommendations 

Based on these comparisons, the following recommendation are made. The 
current ORIGENZ calculations give a good representation of the fission- 
product radionuclide inventories for the GA fuel elements. Although not 

These fuel pins started as fresh elements with no prior 
The variation between row B and row C 

However the calculated values are either close to 
The factor of two difference for element 

The calculated dose rates compare well (within 30%) with the 

Since 
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directly tested by the current comparison, the actinide inventories should 
also be reasonably predicted. 
recommended. 

While the agreement for the NTS and AFFRI elements is not as good, neither 
is there a basis for adjusting these calculations. The strong dose-rate 
variations observed for the measured NTS elements i s  reasonably bounded by 
the current calculations. However, there is no way to precisely estimate 
values for unmeasured pins. 
pin could have values somewhat higher than the basis ORIGENZ calculations. 

The ORIGENL calculations for the DORF assemblies should be repeated with 
revised prior burnups adjusted to the measured dose rates. 

The ORIGENZ calculations were made for common categories of elements (e.g. a 
given type and irradiation location). 
irradiation histories than those assumed in the ORIGENZ results. Further 
calculations to account for these detailed differences are not recommended. 
Scaling of the existing results would not introduce uncertainties any larger 
than those that arise from current prior history ambiguities. 

No adjustment of the GA calculations is 

There is also a possibility that an unmeasured 

A few fuel pins had shorter 

F. A. Schmittroth Concurrence: 
Nuclear Physics & Shielding J. Greenborg 
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3 Dose i n  wa te r  (1 T r i g a  f u e l  element, SS c l a d  (Row E),  5 y r  decay) 
X 5 11.66 (3"  between su r faces )  

$INPUT 
NEXT= 3, OPTION= 1, ISPEC= 3, 
NTHETA=IO, NPSI=10, DELR=l.O, units='MREM' 

IGEOM= 7, X= 11.66, Y= 19.0, 
NSHLD= 2, J E W =  2, 
SLTH=38.0, 

T ( l ) =  1.816, 
T(2)= 9.843, 

SOURCE(1,1)= 
3.923et10, 
8.417et09, 
8.789et09, 
7.549et09, 
4.805et09, 
3.812et09, 
3.926et09, 
1.910et09, 
4.275et10, 
5.594et08, 
2.331et08, 
1.848et07, 
5.429et07, 
3.125et05, 
3.452et04, 
1.461e-01, 
1.635e-02, 
1.849e-03. 

1.500E-02, 
2.500E-02, 
3.750E-02, 
5.750E-02, 
8.500E-02, 
1.250E-01, 
2.250E-01, 
3.750E-01, 
5.750E-01, 
8.500E-01, 
1.250Et00, 
1.750Et00, 
2.250E+00, 
2.750Et00, 
3.500Et00, 
5.000E+00, 
7.000Et00, 
1.100Et01. 

0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0, 
0.0. 

$--------1---------1---------2--------3---------4 
ZR 5.7 0.0 0.0 0.0 

1WA 0.0 1.0 0.0 0.0 
X = 34.52 (12" between su r faces  

L a s t  case 
$INPUT NEXT=4, X = 34.52, T(2) = 32.7 $ 

$INPUT NEXT=6 $ 
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CHECKLIST FOR INDEPENDENT TECHNICAL REVIEW 

DOCUMENT REVIEWED 

TITLE: Underwater Dose Rate Measurements for Triqa Fuel Pins at the 

AUTHOR(s): F. Schmittroth 

I. Method(s) of Review 

NUMBER: 8M730-FAS-95-001 

Neutron Radioqraohv Facilitv 

11. 

111 

I V .  

( x  ) 
( ) Independent calculation performed 

( ) Comparison to experiment or previous results 
( ) Alternate method (define) 

Checklist (either check or enter NA if not applied) 

Input data checked for accuracy 

( ) Hand calculation 
( ) Alternate computer code: 

Task completely defined 
Activity consistent with task specification 
Necessary assumptions explicitly stated and supported 
Resources properly identified and referenced 
Resource documentation appropriate for this application 
Input data explicitly stated 
Input data verified to be consistent with original source 
Geometric model adequate representation o f  actual geometry 
Material properties appropriate and reasonable 
Mathematical derivations checked including dimensional consistency 
Hand calculations checked for errors 
Assumptions explicitly stated and justified 
Computer software appropriate for task and used within range of . .  
validity 
Use of resource outside range of established validity is justified 
Software runstreams correct and consistent with results 
Software output consistent with input 
Results consistent with applicable previous experimental or 
analytical findings 
Results and conclusions address all points and are consistent with 
task requirements and/or established limits or criteria 
Conclusions consistent with analytical results and established 
1 imi ts 
Uncertainty assesment appropriate and reasonable 

(NA) 
(x ) 
(x ) 
(NA) 

(x ) 

(x ) 

(x ) 
( ) Other (define) 

Comments: The version of ISOSHIELD (4.0) used in the analysis has not 

been certified. However. draft documentation. includina a 

validiation section, has been comoleted. and the code aooears 

to be aperatina correctlv. 
- I  

REVIEWER: 3 .  V .  Nelson _',--_- DATE: Aori l  26. 1995 
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NRF Cask #1, Basket #1, GA (b,c) & DORF pins 
No. I d e n t i f i e r  Origen2 f i l e  M u l t i p l i e r  

1 7186 03-ssb.outf 1.00 
2 7189 03-ssc.outf 1.00 
3 7180 03-ssc.outf 1.00 
4 7183 03-ssc.outf 1.00 
5 7199 03-ssc.outf 1.00 
6 7185 03-ssc.outf 1.00 
7 3110 03-ssx-c.outf 1.00 
8 3108 03-ssx-c.outf 1.00 
9 3109 03-ssx-c.outf 1.00 

10 3104 03-ssx-c.outf 1.00 
11 3090 03-ssx-c.outf 1.00 
12 3095 03-ssx-c.outf 1.00 
13 3092 03-ssx-c.outf 1.00 
14 3106 03-ssx-c.outf 1.00 
15 3102 03-ssx-c.outf 1.00 
16 3087 03-ssx-c.outf 1.00 
17 3000 03-ssx-c.outf 1.00 

No. I d e n t i f i e r  Origen2 f i l e  M u l t i p l i e r  
NRF Cask #2, Basket #2, NTS (d,e,f) 

1 2890 02-ald-p.outf 1.00 
2 2834 02-a ld-p.out f  1.00 
3 2828 02-ald-p.outf 1.00 
4 2867 02-ald-p.outf 1.00 
5 2874 02-a ld-p.out f  1.00 
6 2862 02-ald-p.outf 1.00 
7 2843 02-ald-p.outf 1.00 
8 2877 02-ald-p.outf 1.00 
9 2855 02-ald-p.outf 1.00 

10 2837 02-ald-p.outf 1.00 
11 2831 02-ald-p.outf 1.00 
12 2850 02-aLe-p.outf 1.00 
13 2892 02-a le-p.out f  1.00 
14 3065 02-a l f -p .out f  0.78 
15 2849 02-ale-p.outf 1.00 
16 2884 02-ale-p.outf 1.00 
17 2851 02-ale-p.outf 1.00 

No.  I d e n t i f i e r  Origen2 f i l e  M u l t i p l i e r  
1 2573 02-ale-m.outf 1.00 
2 2603 02-ale-m.outf 1.00 
3 2611 02-ale-m.outf 1.00 
4 2286 02-a l f -m.out f  1.00 
5 3073 02-alf-m.outf 0.61 
6 2576 02-ale-m.outf 1.00 
7 2602 02-ale-m.outf 0.84 
8 2609 02-ale-m.outf 1.00 
9 3077 02-ale-m.outf 0.45 

10 2586 02-alf-m.outf 1.00 
11 2610 02-alf-m.outf 0.61 
12 2259 02-ale-m.outf 1.00 
13 2613 02-alf-m.outf 1.00 
14 2482 02-ale-m.outf 1.00 
15 3076 02-alf-m.outf 1.00 
16 3071 02-a l f -m.out f  0.71 
17 2486 02-alf-m.outf 0.71 

NO. I d e n t i f i e r  Origen2 f i l e  M u l t i p l i e r  

NRF Cask #3, Basket #3, AFFRI  (e,f) 

NRF Cask 116, Basket #6. GA (b,c) B DORF 

I 7187 03-ssc.outf 1.00 
2 7181 03-ssb.outf 1.00 
3 7190 03-ssb.outf 1.00 
4 7188 03-ssb.autf 1.00 
5 7182 03-ssb.outf 1.00 
6 7184 03-ssb.outf 1.00 
7 2999 03-ssx-c.outf 1.00 
8 3003 03-ssx-c.outf 1.00 
9 2995 03-ssx-c.outf 1.00 

10 3098 03-ssx-c.outf 1.00 
11 3099 03-ssx-c.outf 1.00 
12 3101 03-ssx-c.outf 1.00 
13 2996 03-ssx-c.outf 1.00 
14 3091 03-ssx-c.outf 1.00 
15 3089 03-ssx-c.outf 1.00 
16 3151 03-ssx-c.outf 1.00 

NRF Cask #4, Basket #4. NTS (c,d,e) 
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N o .  
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

I d e n t i f i e r  Origen2 f i l e  
2876 02-a lc-p.out f  
2840 02-alc-p.outf 
2897 02-alc-p.outf 
2896 02-ald-p.outf 
2895 02-ald-p.outf 
2894 02-a ld-p.out f  
2832 02-a ld-p.out f  
2860 02-ald-p.outf 
2859 02-ald-p.outf 
2871 02-ald-p.outf 
2883 02-a lc-p.out f  
3069 02-ale-p.outf 
2891 02-ale-p.outf 
3067 02-ale-p.outf 
2864 02-a le-D. out f 

16 884 02-ale-p.outf 

No. I d e n t i f i e r  Origen2 f i l e  M u l t i p l i e r  
NRF Cask #5, Basket #5, A F F R l  (e,f,n) 

1 2616 02-alf-m.outf 1.00 
2 2584 02-elf-m.outf 1.00 
3 2477 02-alx-m.outf 1.00 
4 2566 02-alx-m.outf 1.00 
5 2558 02-alx-m.outf 1.00 
6 2561 02-alx-m.outf 1.00 
7 2591 02-alx-m.outf 1.00 
8 2335 02-ale-m.outf 0.67 
9 2336 02-alf-m.outf 0.41 

10 2463 02-alx-m.outf 1.00 
11 2474 02-alx-m.outf 1.00 

M u l t i p l i e r  
1.00 
1.00 
1.00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1.00 
1.00 
1.00 
1 .oo 
1 .oo 
1 .oo 
1.00 
1.00 
0.59 

12 2484 02-ale-m.outf 1.00 
13 2612 02-ale-m.outf 1.00 
14 2600 02-ale-m.outf 1.00 
15 2579 02-ale-m.outf 1.00 
16 2483 02-ale-m.outf 1.00 

DOT 6M Container # l .  Basket #1. DORF 
No. I d e n t i f i e r  Origen2 f i l e  M u l t i p l i e r  

1 6312 03- f fcr .out f  1.00 
DOT 6M Container #2, Basket #2, DORF 

No. I d e n t i f i e r  Origen2 f i l e  M u l t i p l i e r  
1 6313 03 - f f c r .ou t f  1.00 
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et  Orientat ion Notch 

Basket Fuel Element Posi t ion Numbers 

Fuel Element Serial Number 

Cask Basket Number  # 1 and 

NRF TRIGA C a s k  Number # 1. 

NRF TRIGA FUEL'ELEMENT SERIAL NUMBER 
AND POSITION ORIENTATION IN BASKET 

BASKORbADWZ 

NRF TRIGA @ Cask: Fuel Element Ser ia l  Number, Basket Pos i t ion  Number, 

Cask Basket Nunber, and NRF TRIGA @ Cask Number 
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NRF TRIGA FUEL'ELEMENT SERIAL NUMBER 
AND POSITION ORIENTATION IN BASKET 

BASKORAB.DW2 

NRF T R I G A  @ Cask: Fuel Element Ser ia l  Nunber, Basket Pos i t ion  N d e r .  

Cask Basket Number. and NRF TRlCA @ Cask Nunber 
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y Basket Orientat ion Notch 

Basket Fuel Element Position Numbers 

Fuel Element Serial Number 

Cask Basket Number # 3 and 

NRF TRIGA Cask Number # 3. 
- 
- 

NRF TRIGA FUEL'ELEMENT SERIAL NUMBER 
AND POSITION ORIENTATION IN BASKET 

BASKORAC.DW2 

NRF TRIGA @I Cask: Fuel Element Ser ia l  Number, Basket Pos i t ion  Number, 
Cask Basket Number, and NRF TRIGA @ Cask Nmber 
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,-Basket Orientation Notch 

Basket Fuel Element Position Numbers 

Fuel Element Serial Number 

Cask Basket Number # 6 ond 

NRF TRIGA Ccsk Number # 6 .  
- 
- 

I 

NRF TRIGA FUEL'ELEMENT SERIAL NUMBER 
AND POSITION ORIENTATION IN BASKET 

BASKORAG.DW2 

NRF TRIGA @ Cask: Fuel Element serial Number, Basket Position Number, 
Cask Basket NLmber, and NRF TRIGA @ Cask Number 
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7 Basket Orientation Notch 

NRF TRIGA FUEL'ELEMENT SERIAL NUMBER 
AND POSITION ORIENTATION IN  BASKET 

BASKORAH DW2 

NRF T R I G A  @ Cask: Fuel ELement Ser ia l  Nmber, Basket Pos i t ion  Number, 

Cask Basket Nunber, a d  NRF R I G A  @ Cask Nmber 
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Basket Orientat ion Notch 

Basket Fuel Element Posi t ion Numbers 

Fuel Element Serial Number 

Fuel Elements Loaded in: 

Cask Basket Number # 5 and 

NRF TRIGA Cask Number # 5. 
- 
- 

NRF T R I G A  FUEL'ELEMENT SERIAL NUMBER 
AND POSITION ORIENTATION IN  BASKET 

BASKORAI DW2 

NRF TRIGA @ Cask: Fuel ELement Ser ia l  Nwnber, Basket Position Number, 

Cask Basket Number, and NRF TRIGA @ Cask Number 
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I , 7 FFCR Rack for  DOT 6M Container 

Rack FFCR Posi t ion Number 

FFCR Serial Number 

Container Rack Number 2 

N R F  TRIGA F U E L  F O L L O W E D  C O N T R O L  R O D  ( F F C R )  SERIAL  N U M B E R  
A N D  POSIT ION ORIENTATION IN R A C K  

RACKOREB.OW2 

DOT 6M Container: Fuel Folloued Control R o d  Serial Hurber, 
Rack Position Number, Container Rack Number. and DOT 6M Container Number 
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ATTACHMENT 4 

TRIGA DATABASE F I L E  
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ATTACHMENT 5 

TRIGA CASK SUMMARY TABLES 
(CURIES, GRAMS, WATTS) 
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