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C a l c u l a t i o n a l  Note 
i n  suppor t  o f  

I n v e n t o r y  Assessment o f  Three Tank T r a i l e r s  
u s i n g  R a d i o l o g i c a l  A t t e n u a t i o n  C a l c u l a t i o n s  

Harvey Goldberg 
21  December 1996 

Purpose 

The PUREX P l a n t  wishes t o  a s c e r t a i n  t h e  degree o f  r a d i o l o g i c a l  c o n t a m i n a t i o n  
i n s i d e  t h r e e  t a n k  t r a i l e r s  wh ich  are ,  f o r  a l l  e x t e n t  and purposes, empty. 
Dose/Exposure r a t e  measurements have been per formed on t h e  o u t s i d e  o f  t h e  
t a n k s  which, when combined w i t h  h i s t o r i c a l  r e c o r d s  o f  t h e  i s o t o p i c  c o m p o s i t i o n  
o f  t h e  waste t h a t  had been shipped i n  t h e  tanks ,  p r o v i d e d  an e s t i m a t e  o f  t h e  
p r e s e n t  degree o f  c o n t a m i n a t i o n .  

Methodology 

The computer code ISOSHLD (References 1, 2, and 3) was used t o  c a l c u l a t e  t h e  
dose r a t e  on t h e  o u t s i d e  o f  t h e  tanks .  
e m i t t i n g  r a d i o n u c l i d e s  was accounted f o r .  The f luence- to -dose c o n v e r s i o n  
f a c t o r s  used i n  t h e  c a l c u l a t i o n  were t h e  deep dose e q u i v a l e n t  c o n v e r s i o n  
f a c t o r s  f rom Reference 4. It was f e l t  t h a t  these convers ion  f a c t o r s  
corresponded b e s t  t o  t h e  c a l i b r a t i o n  o f  t h e  Hanford  hand-held survey  
i n s t r u m e n t s .  

Bremsstrah lung f rom t h e  B - p a r t i c l e  

Assumptions 

It was assumed t h a t  each t a n k  c o u l d  be modeled as a long,  t h i n  c y l i n d e r  w i t h  
c y l i n d r i c a l  s h i e l d s  between i t  and t h e  dose p o i n t s .  Dose p o i n t s  were chosen 
i n  t h e  m i d d l e  and t h e  end o f  t h e  s i d e  o f  t h e  t a n k  t o  cor respond t o  t h e  
r a d i o l o g i c a l  survey  p r o v i d e d  by t h e  customer.  The f i r s t  s h i e l d  which i s  t h e  
source was modeled somewhat a r b i t r a r i l y  as aluminum. 

The d e n s i t y  used was t h e  r e p o r t e d  d e n s i t y  o f  t h e  o r i g i n a l  s o l u t i o n s  a l t h o u g h  
by t h i s  t i m e  e v a p o r a t i o n  most p r o b a b l y  has r e s u l t e d  i n  a much denser  s o l u t i o n .  
T h i s  i s  a c o n s e r v a t i v e  assumpt ion w i t h  r e s p e c t  t o  t h e  v a r i o u s  f i s s i o n  p r o d u c t s  
and uranium a c t u a l l y  i n  t h e  source. The second s h i e l d  was chosen t o  be i r o n  
wh ich  i s  a g a i n  a c o n s e r v a t i v e  assumpt ion s i n c e  s t a i n l e s s  s t e e l  i s  s l i g h t l y  
denser.  
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I n p u t  Data 

There a r e  t h r e e  t a n k e r  t r a i l e r s  be ing  i n v e s t i g a t e d ;  

H0-64-4278, f o r m e r l y  used f o r  o rgan ic  waste.  T h i s  t r a i l e r  i s  1036 cm 
( “34  f t )  l o n g  and has an o u t e r  d iamete r  o f  12.70 cm ( - 5  f t ) .  I t  i s  
c o n s t r u c t e d  o u t  o f  5 i n  316 s t a i n l e s s  s t e e l .  
o f  app rox ima te l y  18,900 1 (5,000 g a l )  a l t hough  i t  i s  es t ima ted  t h a t  
t h e r e  i s  o n l y  3 . 8  t o  7.6 1 (1 - 2 g a l )  o f  waste i n  t h e  t a n k e r .  

T h i s  t r a i l e r  i s  701 cm ( -23  f t )  l o n g  and has an o u t e r  d iamete r  o f  145 cm 
( -57  i n ) .  It i s  c o n s t r u c t e d  o u t  o f  5; i n  304L s t a i n l e s s  s t e e l .  The 
t a n k e r  has a c a p a c i t y  o f  app rox ima te l y  11,400 1 (3,000 g a l )  a l t hough  i t  
i s  es t ima ted  t h a t  i t  i s  empty a t  t h e  moment. However t h e r e  may be a 
s o l i d  hee l  on t h e  bo t tom.  

The t a n k e r  has a c a p a c i t y  

H0-64-5920, an o l d e r  t a n k e r  used f o r  Urany l  N i t r a t e  Hexahydra te  (UNH). 

H0-64-5473, a newer t a n k e r  used f o r  UNH. T h i s  t r a i l e r  i s  751 cm 
( -24  ft 7.5 i n )  l o n g  and has an o u t e r  d iamete r  o f  145 cm ( -57  i n ) .  I t  
i s  c o n s t r u c t e d  o u t  o f  i n  304L s t a i n l e s s  s t e e l .  The t a n k e r  has a 
c a p a c i t y  o f  app rox ima te l y  11,400 1 (3,000 g a l )  a l t hough  i t  i s  e s t i m a t e d  
t h a t  t h e r e  i s  o n l y  7.6 t o  11 .4  1 (2  - 3 g a l )  o f  waste i n  t h e  t a n k e r .  

Surveys have been per fo rmed.  
mR/hr a t  t h e  “ b e l l y ”  o f  t h e  o r g a n i c  tank .  
measurement was per fo rmed i n  t h e  c e n t e r  o f  t h e  t a n k e r .  
measurement a t  t h e  f r o n t  y i e l d e d  3 mR/hr w h i l e  one a t  t h e  back y i e l d e d  4 
mR/hr. These were a l s o  i n  c o n t a c t  w i t h  t h e  s u r f a c e  o f  t h e  tank .  
r a t e s  a long  t h e  s u r f a c e  o f  bo th  UNH tanks  were below 0 .5  mR/hr. For  t h e  
purpose o f  t h i s  a n a l y s i s ,  t h e  c o n s e r v a t i v e  assumption was made t h a t  t h e  
exposure r a t e s  were a t  t h i s  l i m i t .  

An i s o t o p i c  i n v e n t o r y  o f  t h e  s o l u t i o n s  sh ipped i n  t h e  t a n k e r s  was used as t h e  
assumed i s o t o p i c  i n v e n t o r y  o f  t h e  rema in ing  con tamina t ion .  
o r g a n i c  waste,  two ana lyses  were a v a i l a b l e .  
chosen. These i n v e n t o r i e s  a r e  p resen ted  below i n  Tab le  1. 

The c o n t a c t  exposure r a t e s  measured were 170 
It was assumed t h a t  t h i s  

I n  a d d i t i o n  a 

Exposure 

I n  t h e  case o f  t h e  
The wors t  case i n v e n t o r y  was 



HNF-SD-WM-CN-091 
Rev. 0 

Page 3 o f  64 

Isotope 

6oco 

95Nb 

952,- 

lo3Ru 

Table 1: Isotopic lnventory (&i/l) 

Organic Waste UNH 
p = 0.8122 g/cm3 

1.45e-01 

1.84e-02 4.67e-01 

2.08e-02 7 .1%-02 

1.46e-02 < 3.96e-02 

p = 1.665 g/cm3 

' 4 4 ~ e  

1 4 4 ~ r  

1 5 5 E ~  

)I lo6Ru I 6.82et00 I < 5.33e-01 11 

7.12e-01 < 5.81e-01 

7.1212-01 < 5.811~-01 

8.44e-02 

6.82et00 

2 3 4 ~  

235u 

236u 

2 3 8 ~  

I1 r 3 7 m ~ a  I 7.99e-01 I 3.41e-02 11 

1.72e-09 2 . 6 9 ~ 0 3  

4.97e-08 9.80e-02 

1.39e-08 2.17e-02 

8.31e-06 1.59et00 

Whenever t h e  concen t r a t ion  i s  repor ted  as less  than an amount, t h e  amount was 
used a s  a worst  case .  
amounts a s  i l l u s t r a t e d  in  Table 2 .  
Organic waste had 2.500 x 

The Uranium numbers were ca l cu la t ed  from t h e  gram 
The U N H  waste had 4.7905 g,/l whi le  t h e  

gJ1. 
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6 . 4 7 ~ 0 1  

Tab le  2 :  Uranium Concen t ra t i ons  

Waste we igh t  Weight A c t i v i t y  
f r a c t i o n  Concen t ra t i on  Concen t ra t i on  

6 .25e i03  Organ ic  0.00011 2.75e- 10 1.72e-06 

0.00009 4.31e-04 2 .69et00  

~ ~ _ _ _ _ _  

UNH 0.00947 4.54e-02 9.80e-02 

Organ ic  0.00086 2.15e-09 1.39e-07 

UNH 0.0007 3.35e-03 2.17e-01 

235u 

3.36e-01 2 3 8 ~  

236u 

Organ ic  0.98982 2.47e-06 8.31e-07 

UNH 0.98974 4.74et00 1.59et00 
- 

2.16et00  I Orqan ic  I 0.00921 I 2.30e-08 I 4.97e-08 11 

Cal c u l  a t i  ons 

The computer code ISOSHLD (References 1, 2, and 3 )  was used t o  c a l c u l a t e  t h e  
dose r a t e  on t h e  o u t s i d e  o f  t h e  tanks .  
e m i t t i n g  r a d i o n u c l i d e s  was accounted f o r .  
f a c t o r s  used i n  t h e  c a l c u l a t i o n  were t h e  deep dose e q u i v a l e n t  conve rs ion  
f a c t o r s  f rom Reference 4.  It was f e l t  t h a t  t hese  convers ion  f a c t o r s  
cor responded b e s t  t o  t h e  c a l i b r a t i o n  o f  t h e  Hanford  hand-held survey  
i ns t rumen ts .  

The source  was modeled as a l o n g  t h i n  c y l i n d e r ,  co r respond ing  t o  a s o l i d  hee l  
o r  a few g a l l o n s  o f  waste on t h e  l o w e s t  p o r t i o n  o f  t h e  t a n k e r .  
source  was exper imented w i t h  a l s o  wh ich  wou ld  cor respond t o  a t h i n  l a y e r  o f  
con tamina t ion  c o v e r i n g  a l l  o f  t h e  i n s i d e  s u r f a c e  o f  t h e  t a n k e r .  However, i t  
was f e l t  t h a t  t h e  r e s u l t s  o f  t h i s  c a l c u l a t i o n  were unbe l i evab le .  

The dose p o i n t s  were i n  c o n t a c t  w i t h  t h e  o u t s i d e  s u r f a c e  o f  t h e  t a n k e r  i n  t h e  
m i d d l e  o f  i t s  l e n g t h  and a t  t h e  end o f  t h e  s i d e  w a l l .  
p laced  i n  t h e  m i d p o i n t  read ings  than  i n  t h e  end read ings  s i n c e  t h e  e f f e c t  o f  
t h e  end w a l l  and o f  any a d d i t i o n a l  hardware on t h e  end o f  t h e  t a n k e r  c o u l d  n o t  
be t a k e n  i n t o  account .  

Bremsst rah lung f rom t h e  O - p a r t i c l e  
The f luence- to -dose convers ion  

An annu la r  

More credence was 

The a c t i v i t y  o f  one l i t e r  o f  o r i g i n a l  s o l u t i o n  was used as a source .  
source  was m u l t i p l i e d  by  1,000 i n  o r d e r  t o  have t h e  r e s u l t s  i n  mR/hr r a t h e r  
t h a n  R /h r .  

T h i s  

These r e s u l t s  a re  t a b u l a t e d  i n  Tab le  3.  
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New UNH 
Tanker 

1 Tab le  3: ISOSHLD R e s u l t s  and Measurements 11 

Midd le  I 6 . 2 1 ~ 1 0 . ~  I < 0.5 I < 81 
End I 4 . 4 8 ~ 1 0 . ~  I < 0.5 I < 110 

Source P o s i t i o n  ISOSHLD 
(mR/hr) 

Organ ic  M idd le  
Tanker 

M idd le  6 . 6 5 ~ 1 0 . ~  

4 . 7 9 ~ 1 0 . ~  

O l d  UNH 
Tanker 

Volume 

17 1600 

Source P o s i t i o n  ISOSHLD Measurement Es t ima ted  
(mR/hr) (mR/hr) Volume 

Organ ic  
Tanker 

4 ( F r o n t )  

O l d  UNH Midd le  < 75 
Tanker 

End < 100 

3 (back) 
4 ( F r o n t )  

< 0.5 

As I s t a t e d  above, t h e  m i d d l e  r e a d i n g  i s  more b e l i e v a b l e  than  t h e  end read ing ,  
and t h u s  i n  my o p i n i o n ,  t h e  b e s t  es t ima te  o f  t h e  amount o f  r a d i o n u c l i d e s  i n  
t h e  t a n k e r s  i s  1600 1 i n  t h e  o r g a n i c  tanke r ,  75 1 i n  t h e  o l d  UNH t a n k e r ,  and 
81 1 i n  t h e  new UNH t a n k e r .  I t  must be unders tood t h a t  t h i s  i s  t h e  a c t i v i t y  
t h a t  was i n  those  volumes o f  t h e  o r i g i n a l  s o l u t i o n ,  n o t  t h e  a c t u a l  volume o f  
r e s i d u e  l e f t  i n  t h e  tanks .  T h i s  a c t i v i t y  i s  d e f i n i t e l y  more concen t ra ted  due 
t o  e v a p o r a t i o n  o f  t h e  o r i g i n a l  waste s o l u t i o n s  and may be i n  t h e  fo rm o f  a 
s o l  i d  r e s i d u e .  

Conc lus ions  

Tab le  4 i s  a l i s t i n g  o f  t h e  es t ima ted  a c t i v i t i e s  o f  t h e  v a r i o u s  i s o t o p e s  
b e l i e v e d  t o  be i n  each o f  t h e  t h r e e  tanke rs .  I n  a d d i t i o n ,  t h e  uran ium 
e s t i m a t e s  a r e  g i v e n  i n  te rms o f  es t ima ted  mass as w e l l  as es t ima ted  a c t i v i t y .  
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Isotope 

6Oco 

95Nb 

9 5 ~ r  

Io3Ru 

Tab le  4: Es t imated Contents  
lrci (9) 

Organic  Old UNH New UNH 
Tanker Tanker Tanker 

2.32et02 0.00et00 0 .00e t00  

2 .94e t01  3 .50e t01  3 .78e t01  

3 .33e t01  5.39et00 5 .82e t00  

2 .34e t01  2.97et00 3.2 1 e t 0 0  

lo6Ru 1.09et04 4.00et01 4.32et01 

2 . m - 0 5  1.63et00 1 .76e t00  

3.44e-07 2.52e-02 2.72%-02 

1.33e-02 1.19et02 1.29et02 

3.96e-02 3 . 5 5 ~ 0 2  3 . 8 3 ~ 0 2  

241Am 2.40et02 0.00et00 0.00et00 

I/ lo6Rh 1.09et04 4.00et01 4 . 3 2 ~ 0 1  1 
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The t o t a l  u ran ium c o n t e n t  o f  t h e  t h r e e  tanke rs  i s  4 .0  x 10.' g f o r  t h e  o r g a n i c  
tanke r ,  3.9 x 10' g f o r  t h e  o l d  UNH tanke r ,  and 4 . 2 ~ 1 0 '  g. Note  t h a t  t hese  
a r e  w o r s t  case es t ima tes .  T h i s  i s  e s p e c i a l l y  t r u e  f o r  t h e  UNH tanks .  The 
su rvey  sheets  i n d i c a t e  t h a t  no read ings  were ob ta ined  and t h e  read ings  a r e  
reco rded  as l e s s  than  t h e  l ower  l i m i t  o f  d e t e c t i o n .  
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Computer Outpu t  
Run s t a r t e d  a t  11:54:57 12/20/96 

o r i g i n a l l y  ISOSHLD-11; RIBD was removed 
P lease send ques t i ons  o r  comments t o :  
Paul D. R i t tmann,  PhD CHP 509-376-8715 

PO Box 1970 R ich land ,  WA 99352 
eMa i l :  Paul-D-Rit tmannprl  .gov 

West inghouse Hanford  Company H6-06 

T i t l e  L i n e  f rom L i b r a r y  F i l e  ( ISO-PC.LIB):  
A t t e n u a t i o n  & B u i l d u p  f o r  30 Groups; Photon & Beta  P roduc t i on  2/14/96 PDR 

Ruri T i t . l e :  PUREX Tank T r a i l e r s  

Organ ic  Tank (HO-64-4278) L i n e  Source - Midd le  

Tah le  o f  Source A c t i v i t y :  

Sca le  F a c t o r  = 1.000Et03 

I s o t o p e  I n i t i a l  F i n a l  
W t .  Name Values FC i 

472 
117 
119 
155 
170 
172 
269 
319 ~ ~~ 

335 
336 
376 
377 
418 
520 
476 
398 
526 
496 

CO- 60 
ZR- 95 
N8- 95 
RU-103 
RU-106 
RH-106 
SB-125 
CS-134 
cs-137 
BA-137M 
CE-144 
PR-144 
EU-155 
U -234 
U -235 
U -236 
U -238 
AM-241 

1.450E-01 
2.080E-02 
1.840E-02 
1.460E-02 
6.820Et00 
6.820Et00 
1.200E-01 
1.930E-02 
8.450E-01 
7.990E-01 
7.120E-01 
7.120E-01 
8.440E-02 
1.720E-09 
1.390E-08 
4.970E-08 
8.310E-06 
2.150E-02 

1.450Et02 
2.080Et01 
1.840Et01 
1.460Et01 
6.820Et03 
6.820Et03 
1.200Et02 
1.930Et01 
8.450Et02 
i .  99oEto2 
7.120Et02 
7.120Et02 
8.440Et01 
1.720E-06 
1.390E-05 
4.970E-05 
8.310E-03 
2.150Et01 
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Organ ic  Tank (HO-64-4278) L i n e  Source - M i d d l e  

Photon P r o d u c t i o n  Rate f o r  Each Rad ionuc l ide :  

>>> CO- 60 ( Z  = 27) Weight (472)  = 1.450Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High  Gamma&Xray Eremss. photon/s  

1 0.0144 0 .01  0.02 0.000Et00 1.701Et04 1.701Et04 
2 0.0241 0.02 0.03 0.000Et00 5.881Et03 5.881Et03 
3 0.0345 0.03 0.04 0.000Et00 3.187Et03 3.187Et03 
4 0.0447 0.04 0.05 0.000Et00 1.877Et03 1.877Et03 
5 0.0546 0.05 0.06 0.000Et00 1.211Et03 1.211Et03 
6 0.0647 0.06 0.07 0.000EtOG 8.433Et02 8.433Et02 
7 0.0747 0.07 0.08 0.000Et00 5.828Et02 5.828Et02 
8 0.0847 0 .08  0.09 0.00GEt00 4.164Et02 4.164Et02 
9 0.0947 0.09 0.10 0.000Et00 3.022Et02 3.022Et02 

10 0.1239 0.10 0.20 0.000Et00 7.872Et02 7.872Et02 
11 0.2141 0.20 0.30 0.000Et00 2.098Et01 2.098Et01 

14 0.6938 0.55 0.75 8.584Et02 0.000Et00 8.584Et02 
17 1.2530 1.10 1.35 1.073Et07 0.000Et00 1.073Et07 

-- 

12 0.3000 0.30 0.40 0.000Et00 8.216E-03 8.216E-03 

T o t a l  Photons/sec:  1.073Et07 3.211Et04 1.076Et07 

>>Z ZR- 95 ( Z  = 40) W e i g h t ( l l 7 )  = 2.G80Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High  Gamma&Xray Eremss. photon/s  

6 
7 
8 
9 

1 0  
11 1 
II 2 
:I 3 
14 
:L 5 

0.0145 
0.0242 
0.0347 
0.0446 
0.0547 
0.0647 
0.0748 
0.0847 
0.0948 
0.1288 
0.2290 
0.3347 
0.4551 
0.7242 
0.7567 
0.9332 
1.1000 

0.01 0.02 
0.02 0.03 
0.03 0.04 
0.04 0.05 
0.05 0.06 
0.06 0.07 
0.07 0.08 
0 .08  0.09 
0.09 0.10 
0.10 0.20 
0.20 0.30 
0.30 0.40 
0.40 0.55 
0.55 0.75 
0.75 0.90 
0.90 1.10 
1.10 1.35 

0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
3.363Et05 
4.256Et05 
0.000Et00 
0.000Et00 

2.867Et03 
1.338Et03 
6.166Et02 
3.882Et02 
2.596Et02 
1.787Et02 
1.298Et02 
9.554Et01 
7.200Et01 
2.248Et02 
1.791Et01 
2.054Et00 
7.270E-01 
1.455E-01 
8.727E-03 

7.298E-08 
7 .2 l lE-04  

2.867Et03 
1.338Et03 
6.166Et02 
3.882Et02 
2.596Et02 
1.787Et02 
1.298Et02 
9.554Et01 
7.200Et01 
2.248Et02 
1.791Et01 
2.054Et00 
7.270E-01 
3.363Et05 
4.256Et05 
7 .21  1 E-04 
7.298E-08 

T o t a l  Photons jsec :  7.619Et05 6.190Et03 7.681Et05 
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>>> NB- 95 ( Z  = 41) W e i g h t ( l l 9 )  = 1.840Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High  Gamrna&Xray Bremss. photon /s  

4 
5 
6 
7 
8 
9 

10 
11 
12 
15 

0.0136 0.01 0.02 0.000Et00 6.098Et02 
0.0244 0.02 0.03 0.000Et00 1.963Et02 
0.0344 0.03 0.04 0.000Et00 8.983Et01 
0.0444 0.04 0.05 0.000Et00 4.550Et01 
0.0545 0.05 0.06 0.000Et00 2.414Et01 
0.0645 0.06 0.07 0.000Et00 1.285Et01 
0.0745 0.07 0 .08  0.000Et00 6.746Et00 
0.0844 0.08 0.09 0.000Et00 3.465Et00 
0.0944 0.09 0.10 0.000Et00 1.707Et00 
0.1003 0.10 0.20 0.000Et00 2.772Et00 

0.7658 0.75 0.90 6.795Et05 0.000Et00 

T o t a l  Photons/sec:  6.795Et05 9.931Et02 

0.2144 0.20 0.30 0.000Et00 8.258E-04 
0.3000 0.30 0.40 0.000Et00 4.805E-07 

- 

6.098Et02 
1.963Et02 
8.983Et01 
4.550Et01 
2.414Et01 
1.285Et01 
6.746Et00 
3.465Et00 
1.707Et00 
2.772Et00 

6.795Et05 

8.258E-04 
4.805E-07 

6.805Et05 

>>> RU-103 ( Z  = 44) W e i g h t ( l 5 5 )  = 1.460Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High  Gamma&Xray Bremss. photon /s  

1 0.0137 0.01 0.02 0.000Et00 7.374Et02 7.374Et02 
2 0.0204 0.02 0.03 2.539Et03 2.863Et02 2.825Et03 
3 0.0345 0.03 0.04 0.000Et00 1.551Et02 1.551Et02 
4 0.0445 0.04 0.05 0.000Et00 8.891Et01 8.891Et01 
5 0.0530 0.05 0.06 1.945Et03 5.052Et01 1.995Et03 
6 0.0647 0.06 0.07 0.000Et00 3.336Et01 3.336Et01 
7 0.0747 0.07 0.08 0.000Et00 2.256Et01 2.256Et01 
8 0.0847 0.08 0.09 0.000Et00 1.501Et01 1.501Et01 
9 0.0947 0.09 0.10 0.000Et00 1.055Et01 1.055Et01 

10 0.1293 0.10 0.20 0.000Et00 3.251Et01 3.251Et01 
11 0.2968 0.20 0.30 1.459Et03 5.263Et00 1.464Et03 
12 0.3381 0.30 0.40 0.000Et00 1.251Et00 1.251Et00 

14 0.6044 0.55 0.75 3.911Et04 1.611E-02 3.911Et04 

T o t a l  Photons/sec:  5.223Et05 1.439Et03 5.238Et05 

- 

13 0.4978 0.40 0.55 4.773Et05 2.963E-01 4.773Et05 

- 

>>:. RU-106 ( Z  = 44) Weight (170)  = 6.820Et03 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High  Gamrna&Xray Bremss. photon /s  

1 0.0129 0.01 0.02 0.000Et00 8.662Et03 8.662Et03 
2 0.0225 0.02 0.03 0.000Et00 5.734Et02 5.734Et02 
3 0.0304 0.03 0.04 0.000Et00 1.579Et01 1.579Et01 

T o t a l  Photons/sec:  0.000Et00 9.252Et03 9.252Et03 

- 

- 
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>>> RH-106 ( 2  = 45) W e i g h t ( l 7 2 )  = 6.820Et03 M C i  
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamma&Xray 8remss. photon/s  

4 
5 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

0.0146 
0.0245 
0.0347 
0.0447 
0.0548 
0.0648 
0.0748 
0.0849 
0.0950 
0.1441 
0.2410 
0.3460 
0.5106 
0.6220 
0.8590 
1.0460 
1.1428 
1.4048 
1.6911 
1.8907 
E .  0900 
2.2892 
2.4879 
2.6855 
2.9226 
3.2000 
-- 

T o t a l  

0 .01  0.02 
0.02 0.03 
0.03 0.04 
0.04 0.05 
0.05 0.06 
0.06 0.07 
0.07 0.08 
0.08 0.09 
0.09 0.10 
0.10 0.20 
0.20 0.30 
0.30 0.40 
0.40 0.55 
0.55 0.75 
0.75 0.90 
0.90 1.10 
1.10 1.35 
1.35 1.60 
1.60 1.80 
i . 8 0  2.00 
2.00 2.20 
2.20 2.40 
2.40 2.60 
2.60 2.80 
2.80 3.20 
3.20 4.00 

Photons/sec:  

0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
5.198Et07 
2.650Et07 
1.060Et06 
4.365Et06 
1.009Et06 
1.867Et06 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 

1.305Et07 1.305Et07 
7.016Et06 7.016Et06 
4.627Et06 4.627Et06 
3.296Et06 3.296Et06 
2.498Et06 
2.041Et06 
1.633Et06 

2.498Et06 
2.041Et06 
1.633Et06 

i .375Eto6 1 . 3 7 5 ~ t 0 6  
1.242Et06 1.242Et06 
8.888Et06 8.888Et06 
3.453Et06 
1.687Et06 
1.362Et06 
9.304Et05 
3.905Et05 
3.157Et05 
2.185Et05 
1.135Et05 
5.022Et04 
2.943Et04 
1.666Et04 
8.946E+03 
4.455Et03 
1.983Et03 
9.684Et02 
7.528Et01 

3.453Et06 
1.687Et06 
5.334Et07 
2.743Et07 
1.450Et06 
4.681Et06 
1.228Et06 
1.981Et06 
5.022Et04 
2.943Et04 
1.666Et04 
8.946Et03 
4.455Et03 
1.983Et03 
9.684Et02 
7.528Et01 

8.678Et07 5.425Et07 1.410Et08 
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>>> SB-125 ( Z  = 51) Weight(269) = 1.200Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High  Gamma&Xray Bremss. photon /s  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

0.0142 0 .01  0 . 0 2  
0.0287 0.02 0.03 
0.0345 0.03 0.04 
0.0445 0.04 0.05 
0.0547 0.05 0.06 
0.0647 0.06 0.07 
0.0747 0.07 0.08 
0.0848 0.08 0.09 
0.0948 0.09 0.10 
0.1740 0.10 0.20 
0.2101 0.20 0.30 
0.3675 0.30 0.40 
0.4371 0.40 0.55 
0.6161 0.55 0.75 

T o t a l  Photons/sec:  

0.000EtOO 
2.180Et06 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
3.255Et05 
3.108Et04 
8.480Et04 
1.784Et06 
1.595Et06 

6.000Et06 

1.097Et04 
4.966Et03 
2.783Et03 
1.540Et03 
9.858Et02 
7.180Et02 
5.053Et02 
3.754Et02 

1.097Et04 
2.185Et06 
2.783Et03 
1.540Et03 
9.858Et02 
7.180Et02 
5.053Et02 
3.754Et02 

2.921Et02 2.921Et02 
1.001Et03 3.265Et05 
1.377Et02 3.122Et04 
2.437Et01 8.483Et04 
3.736Et00 

2.430Et04 

3.994E-02 
1.784Et06 
1.595Et06 

6.025Et06 

>>> CS-134 ( Z  = 55) Weight(319) = 1.930Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamma&Xray Bremss. photon /s  

1 0.0142 0 .01  0 . 0 2  0.000Et00 3.383Et03 3.383Et03 
2 0.0286 0.02 0.03 5.998Et03 1.948Et03 7.946Et03 
3 0.0346 0.03 0 .04  0.000Et00 1.333Et03 1.333Et03 
4 0.0444 0.04 0.05 0.000Et00 7.481Et02 7.481Et02 
5 0.0548 0.05 0.06 0.000Et00 4.366Et02 4.366Et02 
6 0.0648 0.06 0.07 0.000Et00 3.477Et02 3.477Et02 
7 0.0747 0.07 0.08 0.000Et00 2.600Et02 2.600Et02 
8 0.0848 0.08 0 .09  0.000Et00 1.910Et02 1.910Et02 
9 0.0948 0.09 0.10 0.000Et00 1.585Et02 1.585Et02 

10 0.1343 0.10 0.20 0.000Et00 6.324Et02 6.324Et02 
11 0.2372 0.20 0.30 0.000Et00 1.232Et02 1.232Et02 
12 0.3369 0.30 0.40 0.000Et00 2.700Et01 2.700Et01 
13 0.4754 0.40 0 . 5 5  1.043Et04 5.312Et00 1.043Et04 

- 

14 0.5973 0.55 0.75 8.670Et05 1.797E-01 8.670Et05 
15 0.7964 0.75 0.90 6.722Et05 4.976E-04 6.722Et05 
16 0.9000 0.90 1.10 0.000Et00 7.385E-06 7.385E-06 
17 1.1220 1.10 1.35 1.999Et04 0.000Et00 1.999Et04 
18 1.3650 1.35 1.60 2.171Et04 0.000Et00 2.171Et04 

T o t a l  Photons/sec:  1.597Et06 9.594Et03 1.607Et06 
- 
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>>> CS-137 ( Z  = 55) Weight(335) = 8.450Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H i g h  Gamma&Xray Bremss. photon /s  

1 0.0143 0 . 0 1  0.02 
2 0.0246 0 .02  0.03 
3 0.0344 0.03 0.04 
4 0.0448 
5 0.0547 
6 0.0647 
7 0.0748 
8 0.0847 
9 0.0949 

10 0.1340 
11 0.2379 
12 0.3400 
13 0.4580 
14 0.6219 
15 0.8048 
16 0.9459 
17 1.1000 

0 .04  0.05 
0.05 0 .06  
0.06 0.07 
0.07 0.08 
0.08 0.09 
0.09 0.10 
0.10 0 .20  
0 .20  0 .30  
0 .30  0.40 
0 .40  0.55 
0.55 0.75 
0.75 0 .90  
0.90 1 .10  
1 .10  1.35 

0.000Et00 1.706Et05 
0.000Et00 9.901Et04 
0.000Et00 5.260Et04 
0.000Et00 3.119Et04 
0.000Et00 2.351Et04 
0.000E+00 1.643Et04 
0.000Et00 1.261Et04 
0.000Et00 9.109Et03 
0.000Et00 6.934Et03 
0.000Et00 2.776Et04 
0.000Et00 5.305Et03 
0.000Et00 1.393Et03 
0.000Et00 6.258Et02 
0.000Et00 2.013Et02 
0.000Et00 2.736Et01 
0.000Et00 3.982Et00 
0.000Et00 2.896E-02 

1.706Et05 
9.901Et04 
5.260Et04 
3.119Et04 
2.351Et04 
1.643Et04 
1.261Et04 
9.109Et03 
6.934Et03 
2.776Et04 
5.305Et03 
1.393Et03 
6.258Et02 
2.013Et02 
2.736Et01 
3.982Et00 
2.896E-02 

T o t a l  Photons/sec: 0.000Et00 4.573Et05 4.573Et05 

>>> EA-137M ( Z  = 56) Weight(336) = 7.990Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H i g h  Gamma&Xray Bremss. photon /s  

3 0.0329 0.03 0.04 2.152Et06 0.000Et00 2.152Et06 
14 0.6616 0.55 0.75 2.660Et07 0.000Et00 2.660Et07 
- 

T o t a l  Photons/sec: 2.875Et07 0.000Et00 2.875Et07 
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>>> CE-144 ( Z  = 58) Weight (376)  = 7.120Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High Gamma&Xray Bremss. photon/s  

1 0.0143 0.01 0.02 0.000Et00 6.951Et04 6.951Et04 
2 0.0241 0.02 0.03 0.000Et00 2.382Et04 2.382Et04 
3 0.0358 0.03 0.04 1.899Et06 1.267Et04 1.912Et06 
4 0.0409 0.04 0.05 5.427Et05 7.357Et03 5.500Et05 
5 0.0546 0.05 0.06 0.000Et00 4.675Et03 4.675Et03 
6 0.0647 0.06 0.07 0.000Et00 3.197Et03 3.197Et03 
7 0.0747 0.07 0.08 0.000Et00 2.177Et03 2.177Et03 
8 0.0801 0.08 0.09 4.215Et05 1.533Et03 4.230Et05 
9 0.0947 0.09 0.10 0.000Et00 1.097Et03 1.097Et03 

1.0 0.1335 0.10 0.20 2.845Et06 2.792Et03 2.848Et06 
11 0.2139 0.20 0.30 0.000Et00 6.976Et01 6.976Et01 
1.2 0.3000 0.30 0.40 0.000Et00 2.692E-02 2.692E-02 

T o t a l  Photons/sec:  5.709Et06 1.289Et05 5.838Et06 

>>>. PR-144 ( 2  = 59) Weight (377)  = 7.120Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High Gamma&Xray Bremss. photon /s  

11 0 
11 1 
11 2 
11 3 
11 4 
11 5 
1 6 

0.0145 
0.0246 
0.0346 
0.0448 
0.0548 
0.0648 
0.0749 
0.0850 
0.0949 
0.1424 
0 . 2 4 I 8  
0.3447 
0.4668 
0.6876 
0.8186 
0.9894 

0.01 0.02 
0.02 0.03 
0.03 0.04 
0.04 0.05 
0.05 0.06 
0.06 0.07 
0.07 0.08 
0.08 0.09 
0 .09  0.10 
0.10 0.20 
0.20 0.30 
0.30 0.40 
0.40 0.55 
0.55 0.75 
0.75 0.90 
0.90 1.10 

0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
3.899Et05 
0.000Et00 
0.000Et00 

1.216Et06 
6.079Et05 
4.095Et05 

1.216Et06 
6.079Et05 
4.095Et05 

2.830Et05 2.830Et05 
2.228Et05 2.228Et05 
1.697Et05 1.697Et05 
1.359Et05 1.359Et05 
1.264Et05 
1.191Et05 
7.941Et05 

1.264Et05 
1.191Et05 
7.941Et05 

2.581Et05 2.581Et05 
1.329Et05 1.329Et05 
1.066Et05 1.066Et05 
6.955Et04 
2.772Et04 
2.153Et04 

4.594Et05 
2.772Et04 
2.153Et04 ~~~ ~~ . . ~  .~~~ 

:I7 1.2095 1.10 1.35 0.000Et00 1.377Et04 1.377Et04 
:18 1.4867 1.35 1.60 7.903Et04 6.443Et03 8.547Et04 
:I9 1.6891 1.60 1.80 0.000Et00 2.472Et03 2.472Et03 
20 1.8874 1.80 2.00 0.000Et00 1.227Et03 1.227Et03 
;!1 2.1857 2.00 2.20 2.028Et05 5.577Et02 2.034Et05 
2 2  2.2828 2 .20  2.40 0.000Et00 2.135Et02 2.135Et02 
23 2.4759 2.40 2.60 0.000Et00 6.414Et01 6.414Et01 
;!4 2.6672 2.60 2.80 0.000Et00 1.240Et01 1.240Et01 
;!5 2.8000 2.80 3.20 0.000Et00 1.268Et00 1.268Et00 

T o t a l  Photons/sec:  6.718Et05 4.726Et06 5.398Et06 
___ 
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>>:. EU-155 ( Z  = 63) Weight (418)  = 8.440EtOl  pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High Gamma&Xray Bremss. photon/s  

9 
I. 0 
I. 1 

0.0138 
0.0243 
0.0344 
0.0440 
0.0545 
0.0613 
0.0745 
0.0865 
0.0946 
0.1053 
0.2000 

0.01 0.02 
0.02 0.03 
0.03 0.04 
0.04 0.05 
0.05 0.06 
0.06 0.07 
0.07 0.08 
0.08 0.09 
0.09 0.10 
0.10 0.20 
0.20 0.30 

0.000Et00 3.222Et03 3.222Et03 
0.000Et00 1.017Et03 1.017Et03 
0.000Et00 4.734Et02 4.734EtOZ 
7.501Et05 2.485Et02 7.503Et05 
0.000Et00 1.365Et02 1.365Et02 
4.060Et04 7.836Et01 4.067Et04 
0.000Et00 4.568Et01 4.568Et01 
9.696Et05 2.674Et01 9.697Et05 
0.000Et00 1.582Et01 1.582Et01 
6.455Et05 2.953Et01 6.455Et05 
0.000Et00 1.036E-01 1.036E-01 

T o t a l  Photons/sec:  2.406Et06 5.294Et03 2.411Et06 

>>>. U -234 ( Z  = 92) Weight (520)  = 1.720E-06 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamma&Xray Eremss. photon/s  

1 0.0130 0 .01  0.02 6.682E-03 5.785E-07 6.683E-03 
2 0.0231 0.02 0.03 0.000Et00 5.414E-08 5.414E-08 
3 0.0334 0.03 0.04 0.000Et00 6.507E-09 6.507E-09 
4 0.0439 0.04 0.05 0.000Et00 1.251E-09 1.251E-09 
5 0.0532 0.05 0.06 7.573E-05 3.967E-10 7.573E-05 
6 0.0639 0.06 0.07 0.000Et00 1.191E-10 1.191E-10 . . ._.  
7 0.0736 0.07 0.08 0.000Et00 2.770E-11 2.770E-11 
8 0.0830 0.08 0.09 0.000Et00 3.921E-12 3.921E-12 
9 0.0916 0.09 0.10 0.000Et00 1.806E-13 1.806E-13 

1.0 0.1210 0.10 0.20 2.546E-05 6.653E-18 2.546E-05 
1.3 0.4900 0.40 0.55 2.546E-06 0.000Et00 2.546E-06 
1.4 0.5800 0.55 0.75 7.637E-09 0.000Et00 7.637E-09 
- 

T o t a l  Photons/sec:  6.786E-03 6.409E-07 6.787E-03 
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>>> U -235 ( Z  = 92) Weight (476)  = 1.390E-05 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamma&Xray 8remss. photon /s  

1 0.0130 0.01 0.02 
2 0 .0241 0.02 0.03 
3 0.0342 0.03 0.04 
4 0.0443 0.04 0.05 
5 0.0544 0.05 0.06 
6 0.0645 0.06 0.07 
7 0.0727 0.07 0.08 
8 0.0845 0.08 0.09 
9 0.0921 0.09 0.10 

1.590E-01 2.866E-05 1.590E-01 
0.000Et00 7.255E-06 7.255E-06 
0.000Et00 2.674E-06 2.674E-06 
0.000Et00 1.156E-06 1.156E-06 
0.000Et00 5.548E-07 5.548E-07 
0.000Et00 2.828E-07 2.828E-07 
5.657E-04 1.489E-07 5.659E-04 
0.000Et00 7.816E-08 7.816E-08 
3.698E-02 4.064E-08 3.698E-02 

10 0.1729 0.10 0.20 3.812E-01 7.181E-08 3.812E-01 
11 0.2071 0.20 0.30 3.117E-02 0.000Et00 3.117E-02 
12 0.3685 0.30 0.40 6.686E-04 0.000Et00 6.686E-04 
13 0.4457 0.40 0.55 6.172E-05 0.000Et00 6.172E-05 
14 0.7425 0.55 0.75 2.057E-06 0.000Et00 2.057E-06 
15 0.7947 0.75 0.90 3.086E-06 0.000Et00 3.086E-06 

T o t a l  Photons/sec:  6.096E-01 4.092E-05 6.097E-01 

>>>* U -236 ( 2  = 92) Weight (398)  = 4.970E-05 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamma&Xray 8remss. photon/s  

1 0.0128 0 .01  0 .02  0.000Et00 1.075E-05 1.075E-05 
2 0.0230 0.02 0.03 0.000Et00 8.918E-07 8.918E-07 
3 0.0335 0.03 0.04 0.000Et00 1.046E-07 1.046E-07 .... 
4 0.0440 0 .04  0.05 0.000Et00 2.557E-08 2.557E-08 
5 0.0539 0.05 0.06 0.000Et00 7.627E-09 7.627E-09 
6 0.0682 0.06 0.07 2.023E-03 1.828E-09 2.023E-03 
7 0.0731 0.07 0 .08  0.000Et00 2.799E-10 2.799E-10 
8 0.0817 0.08 0.09 0.000Et00 1.487E-11 1.487E-11 
9 0.0900 0.09 0.10 0.000Et00 7.756E-15 7.756E-15 

- 
T o t a l  Photons/sec:  2.023E-03 1.179E-05 2.035E-03 
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>>> U -238 ( 2  = 92) Weight (526)  = 8.310E-03 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamma&Xray Bremss. photon/s  

1 0.0130 0 .01  0.02 2.715Et01 1.617E-03 2.715Et01 
2 0.0230 0.02 0.03 0.000Et00 1.339E-04 1.339E-04 
3 0.0335 0.03 0.04 0.000Et00 1.523E-05 1.523E-05 
4 0.0440 0.04 0.05 0.000Et00 3.472E-06 3.472E-06 
5 0.0538 0.05 0.06 0.000Et00 9.529E-07 9.529E-07 
6 0.0664 0.06 0.07 3.075E-01 1.968E-07 3.075E-01 
7 0.0729 0.07 0 . 0 8  0.000Et00 2.496E-08 2.496E-08 
8 0.0808 0 .08  0.09 0.000Et00 1.207E-09 1.207E-09 

T o t a l  Photons/sec:  2.746Et01 1.771E-03 2.746Et01 

>>> AM-241 ( Z  = 95) Weight(496) = 2.150Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamma&Xray Bremss. photon /s  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

0.0139 
0.0263 
0.0332 
0.0430 
0.0595 
0.0699 
0.0732 
0.0821 
0.0989 
0.1087 
0.2132 
0.3441 
0.4348 
0.6758 
0.7684 

0.01 0.02 3.421Et05 
0.02 0.03 1.909Et04 
0.03 0.04 8.751Et02 
0.04 0.05 7.160Et02 
0.05 0.06 2.840Et05 
0.06 0.07 1.591Et01 
0.07 0 .08  0.000Et00 
0.08 0.09 0.000Et00 
0.09 0.10 1.671Et02 
0.10 0.20 2.227Et02 
0.20 0.30 6.841Et00 
0.30 0.40 1.034Et01 
0.40 0 .55  6.205E-01 
0.55 0.75 5.489Et00 
0.75 0.90 1.750E-01 

1.660Et01 
1.734Et00 
2.050E-01 
2.238E-02 
3.396E-03 

3.421Et05 
1.909Et04 
8.753Et02 
7.160Et02 
2.840Et05 

6.423E-04 1.591Et01 
9.154E-05 9.154E-05 
6.033E-06 6.033E-06 
4.201E-08 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 

1.671Et02 
2.227Et02 
6.841Et00 
1.034Et01 

5.489Et00 
6.205E-01 

1.750E-01 

T o t a l  Photons/sec:  6.472Et05 1.856Et01 6.472Et05 
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Organ ic  Tank (HO-64-4278) L i n e  Source - M i d d l e  

S h i e l d  Composi t ion,  g /cc  

S h i e l d  1 S h i e l d  2 S h i e l d  3 

A I I1 0.000Et00 0.000Et00 1.290E-03 
ALUMINUM 8.122E-01 0.000Et00 0.000Et00 
I RON 0.000Et00 7.800Et00 0.000Et00 

T o t a l s :  8.122E-01 7.800Et00 1.290E-03 

E., MeV L i n e a r  A t t e n u a t i o n ,  p e r  cm ( l a s t  r e g i o n  i s  a i r )  

0 0145 
0 0254 
0 0345 
0 0442 
0 0553 
0 0648 
0 0748 
0 0847 
0 0950 
0 1406 
0 2408 
0 3468 
0 5081 
0 6409 
0 8129 
1 0457 
1 2414 
1 4077 
1 6910 
1 8906 
2 1785 
2 2890 
2 4878 
2 6854 
2.9224 
3.2000 

7.175Et00 
1.430Et00 
6.386E-01 
3.703E-01 
2.476E-01 
1.992E-01 
1.714E-01 
1.543E-01 
1.419E-01 
1.159E-01 
9.207E-02 
7.972E-02 
6.816E-02 
6.148E-02 
5.512E-02 
4.876E-02 
4.473E-02 
4.195E-02 
3.820E-02 
3.610E-02 
3.362E-02 
3.281E-02 
3.149E-02 
3.034E-02 
2.912E-02 
2.789E-02 

5.015Et02 
1.038Et02 
4.319Et01 
2.131Et01 
1.155Et01 
7.729Et00 
5.439Et00 
4.095Et00 
3.215Et00 
1.698Et00 
9.921E-01 
7.904E-01 
6.501E-01 
5.808E-01 
5.170E-01 
4.559E-01 
4.178E-01 
3.922E-01 
3.584E-01 
3.402E-01 
3.192E-01 
3.123E-01 
3.016E-01 
2.926E-01 
2.835E-01 
2.751E-01 

2.205E-03 
5.985E-04 
3.741E-04 
2.891E-04 
2.486E-04 
2.318E-04 
2.186E-04 
2.09ZE-04 
2.019E-04 
1.793E-04 
1.496E-04 
1.302E-04 
1.113E-04 
1.007E-04 
9.044E-05 
8.012E-05 
7.347E-05 
6.883E-05 
6.266E-05 
5.905E-05 
5.441E-05 
5.279E-05 
5.018E-05 
4.794E-05 
4.576E-05 
4.383E-05 
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Organ ic  Tank (HO-64-4278) L i n e  

Source S h i e l d s  
Cy1 i n d r i c a l  Cy1 i n d r i c a l  

Sclurce Lena th  = 1.036Et03 cm 

Source - M i d d l e  

D is tance  t o  D e t e c t o r ,  X = 2.500Et00 cm 
Source Volume = 3.255Et03 cc  
Source Mass = 2.643Et03 grams 
D i s t a n c e  Along C y l i n d e r ,  Y = 5.180Et02 cm 

11 NPSI = 11 DELR computed i n t e r n a l l y  I n l t e g r a t i o i  Specs: NTHETA = 
T o t a l  I n t e r v a l s :  7.623Et04 (pho ton  source i s  t h e  1s t  r e g i o n )  

Sh l i e ld  Th ickness :  1.000Et00, 1.270Et00, 2.300E-01 cm 
D is tances  f r o m  Dose P o i n t  t o  t h e  Ou ts ide  o f  

( 1 )  Source Region:  1.500Et00 cm ( 2 )  Next  Laye r :  2.300E-01 cm 
Do'se B u i l d u p  Data f o r  S h i e l d  2 w i t h  E f f e c t i v e  Atomic Number 26.00 

Sc'urce v a l u e s  a r e  i n t e r p r e t e d  as  f i C i  
Scsurce Sca le  F a c t o r  was 1.000Et03 
Fluence-to-Dose Convers ion:  Photons i n  A i r  

B u i l d u p  M a t e r i a l  i s  I r o n  

Average Source T o t a l  F luence t o  Energy F luence Dose Rate 
E, MeV photons/sec Dose F a c t o r  MeV/cm*/s R /h r  

0.0145 
0.0254 
0.0345 
0.0442 
0.0553 
0.0648 
0.0748 
0.0847 
0.0950 
0.1406 
0.2408 
0.3468 
0.5081 
0.6409 
0.8129 
1.0457 
1.2414 
1.4077 
1.6910 
1.8906 
2.1785 
2.2890 
2.4878 
2.6854 
2.9224 
3.2000 

1.490Et07 
9.971Et06 
9.163Et06 
4.916Et06 
3.038Et06 
2.273Et06 
1.785Et06 
2.904Et06 
1.370Et06 
1.353Et07 
3.749Et06 
1.906Et06 
5.572Et07 
5.733Et07 
3.255Et06 
4.703Et06 
1.199Et07 
2.088Et06 
5.269Et04 
3.066Et04 
2.201Et05 
9.159Et03 
4.520Et03 
1.996Et03 
9.697Et02 
7.528Et01 

9.036E-05 
1.577E-05 
6.335E-06 
3.359E-06 
2.204E-06 
1.835E-06 
1.666E-06 
1.605E-06 
1.592E-06 
1.708E-06 
1.919E-06 
2.017E-06 
2.040E-06 
2.030E-06 
1.986E-06 
1.907E-06 
1.845E-06 
1.794E-06 
1.714E-06 
1.66ZE-06 
1.604E-06 
1.593E-06 
1.537E-06 
1.501E-06 
1.464E-06 
1.425E-06 

0.000Et00 
0.000Et00 
1.498E-24 
2.873E-12 
1.178E-06 
2.140E-04 
4.922E-03 
6.225E-02 
1.191E-01 
3.207Et01 
3.309Et01 
2.997Et01 
1.474Et03 
2.040Et03 
1.548Et02 
2.996Et02 
9.245Et02 
1.844Et02 
5.635Et00 
3.677Et00 
3.057Et01 
1.339Et00 
7.184E-01 
3.416E-01 
1.798E-01 
1.522E-02 

~ 

0.000Et00 
0.000Et00 
9.487E-30 
9.652E-18 
2.596E-12 
3.927E-10 
8.202E-09 
9.988E-08 
1.896E-07 
5.479E-05 

6.044E-05 
3.008E-03 
4.141E-03 
3.075E-04 
5.713E-04 
1.705E-03 
3.307E-04 
9.660E-06 
6.112E-06 
4.905E-05 
2.133E-06 
1.104E-06 
5.129E-07 
2.634E-07 
2.169E-08 

6.350E-05 

T o t a l s :  2.049Et08 photons/sec 5.216Et03 1.031E-02 R /h r  
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Organ ic  Tank (HO-64-4278) Annu la r  Source - M i d d l e  

S h i e l d  Composi t ion,  g / cc  

S h i e l d  1 S h i e l d  2 S h i e l d  3 S h i e l d  4 

AIR 1.290E-03 0.000Et00 0.000Et00 1.290E-03 
ALUMINUM 0.000Et00 8.122E-01 0.000Et00 0.000Et00 
I RON 0.000Et00 0.000Et00 7.800Et00 0.000Et00 

Tc l ta ls :  1.290E-03 8.122E-01 7.800Et00 1.290E-03 

E, MeV L i n e a r  A t t e n u a t i o n ,  p e r  cm ( l a s t  r e g i o n  i s  a i r )  

0.0145 
0.0254 
0.0345 
0.0442 
0.0553 
0.0648 
0.0748 
0.0847 
0.0950 
0.1406 
0.2408 
0.3468 
0.5081 
0.6409 
0.8129 
1.0457 
1.2414 
1.4077 
1.6910 
1.8906 
2.1785 
2.2890 
2.4878 
2.6854 
2.9224 
3.2000 

2.205E-03 
5.985E-04 
3.741E-04 
2.891E-04 
2.486E-04 
2.318E-04 
2.186E-04 
2.092E-04 
2.019E-04 
1.793E-04 
1.496E-04 
1.30ZE-04 
1.113E-04 
1.007E-04 
9.044E-05 
8.012E-05 
7.347E-05 
6.883E-05 
6.266E-05 
5.905E-05 
5.441E-05 
5.279E-05 
5.018E-05 
4.794E-05 
4.576E-05 
4.383E-05 

7.175Et00 
1.430Et00 
6.386E-01 
3.703E-01 
2.476E-01 
1.992E-01 
1.714E-01 
1.543E-01 
1.419E-01 
1.159E-01 
9.207E-02 
7.972E-02 
6.816E-02 
6.148E-02 
5.512E-02 
4.876E-02 
4.473E-02 
4.195E-02 
3.820E-02 
3.610E-02 
3.362E-02 
3.281E-02 
3.149E-02 
3.034E-02 
2.912E-02 
2.789E-02 

5.015Et02 
1.038Et02 
4.319Et01 
2.131Et01 
1.155Et01 
7.729Et00 
5.439Et00 
4.095Et00 
3.215Et00 
1.698Et00 
9.921E-01 
7.904E-01 
6.501E-01 
5.808E-01 
5.170E-01 
4.559E-01 
4.178E-01 
3.922E-01 
3.584E-01 
3.402E-01 
3.192E-01 
3.123E-01 
3.016E-01 
2.926E-01 
2.835E-01 
2.751E-01 

2.205E-03 
5.985E-04 
3.741E-04 
2.891E-04 
2.486E-04 
2.318E-04 
2.186E-04 
2.092E-04 
2.019E-04 
1.793E-04 
1.496E-04 
1.302E-04 
1.113E-04 
1.007E-04 
9.044E-05 
8.012E-05 
7.347E-05 
6.883E-05 
6.266E-05 
5.905E-05 
5.441E-05 
5.279E-05 
5.018E-05 
4.794E-05 
4.576E-05 
4.383E-05 
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Organ ic  Tank (HO-64-4278) Annu la r  Source - M i d d l e  

Source S h i e l d s  D i s t a n c e  t o  D e t e c t o r ,  X = 7.800Et01 cm 
Annu la r  13 Cyl. & S l a b  Source Volume = 4.963Et04 cc  

Source Mass = 4.031Et04 grams 
Source Leng th  = 1.036Et03 cm D is tance  Along C y l i n d e r ,  Y = 5.180Et02 cm 
I n l t e g r a t i o n  Specs: NTHETA = 11 NPSI = 11 DELR computed i n t e r n a l l y  

T o t a l  I n t e r v a l s :  1.731Et02 (pho ton  source i s  t h e  2nd r e g i o n )  
Shl ie ld  Th ickness :  7.620Et01, 1.000E-01, 1.270Et00, 4.300E-01 cm 
D is tances  f r o m  Dose P o i n t  t o  t h e  Ou ts ide  o f  

( 1 )  Source Region:  1.700Et00 cm ( 2 )  Next  Laye r :  4.300E-01 cm 
Dclse B u i l d u p  Data f o r  S h i e l d  3 w i t h  E f f e c t i v e  Atomic Number 26.00 

Source va lues  a r e  i n t e r p r e t e d  as pCi 
Sclurce Sca le  F a c t o r  was 1.000Et03 
Fluence-to-Dose Convers ion :  Photons i n  A i r  

B u i l d u p  M a t e r i a l  i s  I r o n  

Average Source T o t a l  F luence t o  Energy F luence Dose Rate 
E, MeV pho tons /sec  Dose F a c t o r  MeV/cm*/s R /h r  

0.0145 1.490Et07 9.036E-05 0.000Et00 0.000Et00 
0.0254 9.971Et06 1.577E-05 0.000Et00 0.000Et00 
0.0345 9.163Et06 6.335E-06 2.671E-26 1.692E-31 
0.0442 4.916Et06 3.359E-06 4.401E-14 1.478E-19 
0.0553 3.038Et06 2.204E-06 1.735E-08 3.822E-14 
0.0648 2.273Et06 1.835E-06 3.203E-06 5.878E-12 
0.0748 1.785Et06 1.666E-06 7.680E-05 1.280E-10 
0.0847 2.904Et06 1.605E-06 1.021E-03 1.638E-09 
0.0950 1.370Et06 1.592E-06 2.058E-03 3.277E-09 
0.1406 1.353Et07 1.708E-06 6.858E-01 1.172E-06 
0.2408 3.749Et06 1.919E-06 8.498E-01 1.631E-06 
0.3468 1.906Et06 2.017E-06 8.303E-01 1.675E-06 
0.5081 5.572Et07 2.040E-06 4.343Et01 8.859E-05 
0.6409 5.733Et07 2.030E-06 6.210Et01 1.260E-04 
0.8129 3.255Et06 1.986E-06 4.864Et00 9.660E-06 
1.0457 4.703Et06 1.907E-06 9.712Et00 1.852E-05 
1.2414 1.199Et07 1.845E-06 3.055Et01 5.635E-05 
1.4077 2.088Et06 1.794E-06 6.171Et00 1.107E-05 
1.6910 5.269Et04 1.714E-06 1.917E-01 3.287E-07 
1.8906 3.066Et04 1.662E-06 1.262E-01 2.098E-07 
7 1785 7 . 7 0 1  F+05 1.604E-06 1.060Et00 1.701E-06 - . -. - - . . 
2.2890 9.159Et03 i .593E-o6 4.657E-02 7.420E-08 
2.4878 4.520Et03 1.537E-06 2.511E-02 3.861E-08 
2.6854 1.996Et03 1.501E-06 1.198E-02 1.799E-08 
2.9224 9.697Et02 1.464E-06 6.324E-03 9.261E-09 
3.2000 7.528Et01 1.425E-06 5.366E-04 7.646E-10 

~~~ 

l o t a l s :  2.049Et08 photons/sec 1.607Et02 3.171E-04 R /h r  
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Organic  Tank (HO-64-4278) L i n e  Source - End 

S h i e l d  Composi t ion,  g / cc  

S h i e l d  1 S h i e l d  2 S h i e l d  3 

A IF  0.000Et00 0.000Et00 1.290E-03 
ALUMINUM 8.122E-01 0.000Et00 0.000Et00 
I RON 0.000Et00 7.800Et00 0.000Et00 

T o t a l s :  8.122E-01 7.800Et00 1.290E-03 

E, MeV L i n e a r  A t t e n u a t i o n ,  p e r  cm ( l a s t  r e g i o n  i s  a i r )  

0.0145 
0.0254 
0.0345 
0.0442 
0.0553 
0.0648 
0.0748 
0.0847 
0.0950 
0.1406 
0.2408 
0.3468 
0.5081 
0.6409 
0.8129 
1.0457 
1.2414 
1.4077 
1.6910 
1.8906 
2.1785 
2.2890 
2.4878 
2.6854 
2.9224 
3.2000 

7.175Et00 
1.430Et00 
6.386E-01 
3.703E-01 
2.476E-01 
1.992E-01 
1.714E-01 
1.543E-01 
1.419E-01 
1.159E-01 
9.207E-02 
7.972E-02 
6.816E-02 
6.148E-02 
5.512E-02 
4.876E-02 
4.473E-02 
4.195E-02 
3.820E-02 
3.610E-02 
3.362E-02 
3.281E-02 
3.149E-02 
3.034E-02 
2.912E-02 
2.789E-02 

5.015Et02 
1.038Et02 
4.319Et01 
2.131Et01 
1.155Et01 
7.729Et00 
5.439Et00 
4.095Et00 
3.215Et00 
1.698Et00 
9.921E-01 
7.904E-01 
6.501E-01 
5.808E-01 
5.170E-01 
4.559E-01 
4.178E-01 
3.922E-01 
3.584E-01 
3.402E-01 
3.192E-01 
3.123E-01 
3.016E-01 
2.926E-01 
2.835E-01 
2.751E-01 

2.205E-03 
5.985E-04 
3.741E-04 
2.891E-04 
2.486E-04 
2.318E-04 
2.186E-04 
2.092E-04 
2.019E-04 
1.793E-04 
1.496E-04 
1.302E-04 
1.113E-04 
1.007E-04 
9.044E-05 
8.012E-05 
7.347E-05 
6.883E-05 
6.266E-05 
5.905E-05 
5.441E-05 
5.279E-05 
5.018E-05 
4.794E-05 
4.576E-05 
4.383E-05 
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Organ ic  Tank (HO-64-4278) L i n e  Source - End 

Source S h i e l d s  D i s t a n c e  t o  D e t e c t o r ,  X = 2.500Et00 cm 
Cy1 i n d r i  c a l  C y l i n d r i c a l  Source Volume = 3.255Et03 cc  

Source Leng th  = 1.036Et03 cm D i s t a n c e  Along C y l i n d e r ,  Y = 1.035Et03 cm 
I r i t e g r a t i o n  Specs: NTHETA = 11 NPSI = 11 DELR computed i n t e r n a l l y  

Sbl ie ld  Th ickness :  1.000Et00, 1.270Et00, 2.300E-01 cm 
D is tances  f rom Dose P o i n t  t o  t h e  Ou ts ide  o f  

Dose B u i l d u p  Da ta  f o r  S h i e l d  2 w i t h  E f f e c t i v e  Atomic Number 26.00 

Source v a l u e s  a r e  i n t e r p r e t e d  as pCi 
Source Sca le  F a c t o r  was 1.000Et03 
Fluence-to-Dose Convers ion:  Photons i n  A i r  

Source Mass = 2.643Et03 grams 

T o t a l  I n t e r v a l s :  7.623Et04 (photon source i s  t h e  1 s t  r e g i o n )  

( 1 )  Source Region: 1.500Et00 cm ( 2 )  Next  Layer :  2.300E-01 cm 

B u i l d u p  M a t e r i a l  i s  I r o n  

Average Source T o t a l  F luence t o  Energy F luence Dose Rate 
E, MeV pho tons /sec  Dose F a c t o r  MeV/cmz/s R/hr  

0.0145 
0.0254 
0.0345 
0.0442 
0.0553 
0.0648 
0.0748 
0.0847 
0.0950 
0.1406 
0.2408 
0.3468 
0.5081 
0.6409 
0.8129 
1.0457 
1.2414 
1.4077 
1.6910 
1.8906 
2.1785 
2.2890 
2.4878 
2.6854 
2.9224 
3.2000 

1.490Et07 
9.971Et06 
9.163Et06 
4.916Et06 
3.038Et06 
2.273Et06 ~~ 

1.785Et06 
2.904Et06 
1.370Et06 
1.353Et07 
3.749Et06 
1.906Et06 
5.572Et07 ~ ~ ~~ 

5 .733Et07 
3.255Et06 
4.703Et06 
1.199Et07 
2.088Et06 
5.269Et04 
3.066Et04 
2.201Et05 
9.159Et03 
4.520Et03 
1.996Et03 
9.697Et02 
7.528Et01 

9.036E-05 
1.577E-05 
6.335E-06 
3.359E-06 
2.204E-06 
1.835E-06 
1.666E-06 
1.605E-06 
1.592E-06 
1.708E-06 
1.919E-06 
2.017E-06 
2.040E-06 
2.030E-06 
1.986E-06 
1.907E-06 
1.845E-06 
1.794E-06 
1.714E-06 
1.66ZE-06 
1.604E-06 
1.593E-06 
1.537E-06 
1.501E-06 
1.464E-06 
1.425E-06 

0.000Et00 
0.000Et00 
1.495E-24 
2.830E-12 
1.119E-06 

0.000Et00 
0.000Et00 
9.472E-30 
9.507E-18 
2.467E-12 

1.962E-04 3.601 E-10 
4.35lE-03 7.251E-09 
5.331E-02 8.553E-08 
9.925E-02 1.580E-07 
2.451Et01 
2.406Et01 
2.140Et01 
1.039Et03 
i .427Et03 
1.076Et02 
2.069Et02 
6.359Et02 
1.265Et02 
3.855Et00 
2.512Et00 
2.085Et01 
9.126E-01 
4.894E-01 
2.326E-01 
1.224E-01 
1.036E-02 

4.187E-05 
4.616E-05 
4.316E-05 
2.119E-03 ~ ~~ ~ 

2.896E-03 
2.136E-04 
3.944E-04 
1.173E-03 
2.269E-04 
6.609E-06 
4.176E-06 
3.345E-05 
1.454E-06 
7.523E-07 
3.492E-07 
1.79ZE-07 
1.476E-08 

T o t a l s :  2.049Et08 photons/sec 3.641Et03 7.201E-03 R /h r  
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Organ ic  Tank (HO-64-4278) Annu la r  Source - End 

S h i e l d  Composi t ion,  g / cc  

S h i e l d  1 S h i e l d  2 S h i e l d  3 S h i e l d  4 

AIR 1.290E-03 0.000Et00 0.000Et00 1.290E-03 
ALUMINUM 0.000Et00 8.122E-01 0.000Et00 0.000Et00 
I R O N  0.000Et00 0.000Et00 7.800Et00 0.000Et00 
~ _ _ _ ~ ~  ~ 

T o t a l s :  1.290E-03 8.122E-01 7.800Et00 1.290E-03 

E, MeV L i n e a r  A t t e n u a t i o n ,  p e r  cm ( l a s t  r e g i o n  i s  a i r )  

0.0145 
0.0254 
0.0345 
0.0442 
0.0553 
0.0648 
0.0748 
0.0847 
0.0950 
0.1406 
0.2408 
0.3468 
0.5081 
0.6409 
0.8129 
1.0457 
1.2414 
1.4077 
1.6910 
1.8906 
2.1785 
2.2890 
2.4878 
2.6854 
2.9224 
3.2000 

2.205E-03 
5.985E-04 
3.741E-04 
2.891E-04 
2.486E-04 
2.318E-04 
2.186E-04 
2.092E-04 
2.019E-04 
1.793E-04 
1.496E-04 
1.302E-04 
1.113E-04 
1.007E-04 
9.044E-05 
8.012E-05 
7.347E-05 
6.883E-05 
6.266E-05 
5.905E-05 
5.441E-05 
5.279E-05 
5.018E-05 
4.794E-05 
4.576E-05 
4.383E-05 

7.175Et00 
1.430Et00 
6.386E-01 
3.703E-01 
2.476E-01 
1.992E-01 
1.714E-01 
1.543E-01 
1.419E-01 
1.159E-01 
9.207E-02 
7.972E-02 
6.816E-02 
6.148E-02 
5.512E-02 
4.876E-02 
4.473E-02 
4.195E-02 
3.820E-02 
3.610E-02 
3.362E-02 
3.281E-02 
3.149E-02 
3.034E-02 
2.912E-02 
2.789E-02 

5.015Et02 
1.038Et02 
4.319Et01 
2.131Et01 
1.155Et01 
7.729Et00 
5.439Et00 
4.095Et00 
3.215Et00 
1.698Et00 
9.921E-01 
7.904E-01 
6.501E-01 
5.808E-01 
5.170E-01 
4.559E-01 
4.178E-01 
3.922E-01 
3.584E-01 
3.402E-01 
3.192E-01 
3.123E-01 
3.016E-01 
2.926E-01 
2.835E-01 
2.751E-01 

2.205E-03 
5.985E-04 
3.741E-04 
2 .E91 E-04 
2.486E-04 
2.318E-04 
2.186E-04 
2.092E-04 
2.019E-04 
1.793E-04 
1.496E-04 
1.302E-04 
1.113E-04 
1.007E-04 
9.044E-05 
8.012E-05 
7.347E-05 
6.883E-05 
6.266E-05 
5.905E-05 
5.441E-05 
5.279E-05 
5.018E-05 
4.794E-05 
4.576E-05 
4.383E-05 



HNF-SD-WM-CN-091 
Rev. 0 

Page 25 o f  64 

Organ ic  Tank (HO-64-4278) Annu la r  Source - End 

Source S h i e l d s  D i s t a n c e  t o  D e t e c t o r ,  X = 7 .800Et01 cm 
Annu la r  13 Cyl. & S l a b  Source Volume = 4.963Et04 cc  

Source Leng th  = 1.036Et03 cm D i s t a n c e  Along C y l i n d e r ,  Y = 1.035Et03 cm 
I n t e g r a t i o n  Specs: NTHETA = 11 NPSI = 11 DELR computed i n t e r n a l l y  

T o t a l  I n t e r v a l s :  1.731Et02 (photon source i s  t h e  2nd r e g i o n )  
S h i e l d  Th ickness :  7.620Et01, 1.000E-01, 1.270Et00, 4.300E-01 cm 
D is tances  f rom Dose P o i n t  t o  t h e  Ou ts ide  o f  

(1) Source Region: 1.700Et00 cm ( 2 )  Next  Layer :  4.300E-01 cm 
Dose B u i l d u p  Data f o r  S h i e l d  3 w i t h  E f f e c t i v e  Atomic Number 26.00 

Source va lues  a r e  i n t e r p r e t e d  as pCi 
Source Sca le  F a c t o r  was 1.000Et03 
Fluence-to-Dose Convers ion :  Photons i n  A i r  

E, MeV pho tons /sec  Dose F a c t o r  MeV/cm*/s R/hr  

Source Mass = 4.031Et04 grams 

B u i l d u p  M a t e r i a l  i s  I r o n  

Average Source T o t a l  F luence t o  Energy F luence Dose Rate 

0.0145 
0.0254 
0.0345 
0.0442 
0.0553 
0.0648 
0.0748 
0.0847 
0.0950 
0.1406 
0.2408 
0.3468 
0.5081 
0.6409 
0.8129 
1.0457 
1.2414 
1.4077 
1.6910 
1.8906 
2.1785 
2.2890 
2.4878 
2.6854 
2.9224 
3.2000 

1.490Et07 
9.971Et06 
9.163Et06 
4.916Et06 
3.038Et06 
2.273Et06 
1.785Et06 
2.904Et06 
1.370Et06 
1.353Et07 
3.749Et06 
1.906Et06 
5.572Et07 
5.733Et07 
3.255Et06 
4.703Et06 
1.199Et07 
2.088Et06 
5.269Et04 
3.066Et04 
2.201Et05 
9.159Et03 
4.520Et03 
1.996Et03 
9.697Et02 
7.528Et01 

9.036E-05 
1.577E-05 
6.335E-06 
3.359E-06 
2.204E-06 
1.835E-06 
1.666E-06 
1.605E-06 
1.592E-06 
1.708E-06 
1.919E-06 
2.017E-06 
2.040E-06 
2.030E-06 
1.986E-06 
1.907E-06 
1.845E-06 
1.794E-06 
1.714E-06 
1.662E-06 
1.604E-06 
1.593E-06 
1.537E-06 
1.501E-06 
1.464E-06 
1.425E-06 

0. O O O E t O O  
0.000Et00 
2.263E-26 
3.621 E- 14 
1.396E-08 
2.526E-06 
5.914E-05 
7.680E-04 
1.516E-03 
4.70ZE-01 
5.583E-01 
5.376E-01 
2.783Et01 
3.959Et01 
3.086Et00 
6.136Et00 
1.925Et01 
3.883Et00 
1.204E-01 
7.917E-02 
6.642E-01 
2.917E-02 
1.57ZE-02 
7.499E-03 
3.957E-03 
3.356E-04 

0.000Et00 
0.000Et00 
1.433E-31 
1.216E-19 
3.075E-14 
4.636E-12 
9.855E-11 
1.232E-09 
2.413E-09 
8.031E-07 
1.071 E-06 
1.084E-06 
5.676E-05 
8.035E-05 
6.129E-06 
1.170E-05 
3.551E-05 
6.965E-06 
2.064E-07 
1.316E-07 
1.066E-06 
4.648E-08 
2.417E-08 
1.126E-08 
5.794E-09 
4.782E-10 

T o t a l s :  2 .049Et08 photons/sec 1.023Et02 2.019E-04 R/hr  
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Old  UNH Tank (HO-64-5920) L i n e  Source - M i d d l e  

Tab le  o f  Source A c t i v i t y :  

Sca le  F a c t o r  = 1.000Et03 

I s o t o p e  I n i t i a l  F i n a l  
W t .  Name Values MC i 

117 
119 
155 
170 
172 
319 
335 
336 
376 
377 
520 
476 
398 
526 

ZR- 95 
NB- 95 
RU-103 
RU-106 
RH-106 
CS-134 
CS-137 
BA- 137M 
CE-144 
PR-144 
U -234 
U -235 
U -236 
U -238 

7.180E-02 
4.670E-01 
3.960E-02 
5.330E-01 
5.330E-01 
4.270E-02 
3.600E-02 

7.180Et01 
4.670Et02 
3.960Et01 
5.330Et02 
5.330Et02 
4.270Et01 
3.600Et01 

3.410E-02 3.410Et01 
5.810E-01 5.810Et02 
5.810E-01 5.810Et02 
2.690E-03 
9.800E-02 
2.170E-02 
1.590Et01 

2.690Et00 
9.800Et01 
2.170Et01 
1.590Et04 
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Old  UNH Tank (HO-64-5920) L i n e  Source - M i d d l e  

Photon P r o d u c t i o n  Rate f o r  Each R a d i o n u c l i d e :  

>>> ZR- 95 (2 = 40) W e i g h t ( l l 7 )  = 7.180Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamma&Xray Bremss. photon/s  

1 0.0145 
2 0.0242 
3 0.0347 
4 0.0446 
5 0.0547 
6 0.0647 
7 0.0748 
8 0.0847 
9 0.0948 

10 0.1288 
11 0.2290 
12 0.3347 
13 0.4551 
14 0.7242 
15 0.7567 
16 0.9332 
17 1.1000 

T o t a l  

0 .01  0.02 
0.02 0.03 
0.03 0.04 
0.04 0.05 
0.05 0.06 
0.06 0.07 
0.07 0.08 
0.08 0.09 
0.09 0.10 
0.10 0.20 
0.20 0.30 
0.30 0.40 
0.40 0.55 
0.55 0.75 
0.75 0.90 
0.90 1.10 
1.10 1.35 

Photons/sec:  

0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
O.OOOE+OO 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
1.161Et06 
1.469Et06 
0.000Et00 
0.000Et00 

2.630Et06 

9.895Et03 
4.617Et03 
2.128Et03 
1.340Et03 
8.960Et02 
6.168Et02 
4.481Et02 
3.298Et02 
2.485Et02 
7.761Et02 
6.182Et01 
7.091Et00 
2.510Et00 
5.022E-01 
3.012E-02 
2.489E-03 
2.519E-07 

9.895Et03 
4.617Et03 
2.128Et03 
1.340Et03 
8.960Et02 
6.168Et02 
4.481Et02 
3.298Et02 
2.485Et02 
7.761Et02 
6.182Et01 
7.091Et00 
2.510Et00 
1.161Et06 
1.469Et06 
2.489E-03 
2.519E-07 

2.137Et04 2.651Et06 

>>>. NB- 95 (2 = 41) W e i g h t ( l l 9 )  = 4.670Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

Flo. Mean Low High  Gamrna&Xray Bremss. photon /s  

1 0.0136 0.01 0.02 0.000Et00 1.548Et04 1.548Et04 
2 0.0244 0.02 0.03 0.000Et00 4.982Et03 4.982Et03 
3 0.0344 0.03 0.04 0.000Et00 2.280Et03 2.280Et03 
4 0.0444 0 .04  0.05 0.000Et00 1.155Et03 1.155Et03 
5 0.0545 0.05 0.06 0.000Et00 6.127Et02 6.127Et02 
6 0.0645 0.06 0.07 0.000Et00 3.260Et02 3.260Et02 
7 0.0745 0.07 0.08 0.000Et00 1.712Et02 1.712Et02 
8 0.0844 0.08 0.09 0.000Et00 8.793Et01 8.793Et01 
9 0.0944 0.09 0.10 0.000Et00 4.334Et01 4.334Et01 

10 0.1003 0.10 0.20 0.000Et00 7.036Et01 7.036Et01 

1 5  0.7658 0.75 0.90 1.725Et07 0.000Et00 1.725Et07 

T o t a l  Photons/sec:  1.725Et07 2.521Et04 1.727Et07 

- 

11 0.2144 0.20 0.30 0.000Et00 2.096E-02 2.096E-02 
12  0.3000 0.30 0 .40  0.000Et00 1.220E-05 1.220E-05 

-- 
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>>> RU-103 ( 2  
Group Photon 

No. Mean 

= 44) Weight (155)  = 3.960Et01 pC 
Energy, MeV Photon P r o d u c t i o n  Rate 

Low High  Gamma&Xray Bremss. 

1 0.0137 
2 0.0204 
3 0.0345 
4 0.0445 
5 0.0530 
6 0.0647 
7 0.0747 
8 0.0847 
9 0.0947 

10 0.1293 
11 0.2968 
12 0.3381 
13 0.4978 0.40 0.55 1.295Et06 8.038E-01 1.295Et06 
14 0.6044 0.55 0.75 1.061Et05 4.370E-02 1.061Et05 

T o t a l  Photons/sec:  1.417Et06 3.903Et03 1.421Et06 

>>> RU-106 ( Z  = 44) W e i g h t ( l 7 0 )  = 5.330Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High  Gamma&Xray Bremss. photon/s  

1 0.0129 0.01 0.02 0.000Et00 6.770Et02 6.770Et02 
2 0.0225 0.02 0.03 0.000Et00 4.482Et01 4.482Et01 
3 0.0304 0.03 0.04 0.000Et00 1.234Et00 1.234Et00 

-- 

6.118Eto i  
4.071Et01 
2.861Et01 
8.818Et01 
3.970Et03 
3.394Et00 

0.01 0.02 0.000Et00 2.000Et03 
0.02 0.03 6.886Et03 7.766Et02 
0.03 0.04 0.000Et00 4.206Et02 
0.04 0.05 0.000Et00 2.412Et02 
0.05 0.06 5.275Et03 1.370Et02 
0.06 0.07 0.000Et00 9.047Et01 
0.07 0 .08  0.000Et00 6.118Et01 
0.08 0.09 0.000Et00 4.071Et01 
0.09 0.10 0.000Et00 2.861EtOl 
0.10 0.20 0.000Et00 8.818Et01 
0.20 0.30 3.956Et03 1.428Et01 
0.30 0.40 0.000Et00 3.394Et00 

i 
T o t a l  

photon /s  

2.000Et03 
7.663Et03 
4.206Et02 
2.412Et02 
5.412Et03 
9.047Et01 

T o t a l  Photons/sec:  0.000Et00 7.230Et02 7.230Et02 
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>>> RH-106 ( Z  = 45) W e i g h t ( l 7 2 )  = 5.330Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

INo. Mean Low High  Gamma&Xray Bremss. photon/s  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

0.0146 
0.0245 
0.0347 
0.0447 
0.0548 
0.0648 
0.0748 
0.0849 
0.0950 
0.1441 
0.2410 
0.3460 
0.5106 
0.6220 
0.8590 
1.0460 
1.1428 
1.4048 
1.6911 
1.8907 
2,0900 
2.2892 
2.4879 
2.6855 
2.9226 
3.2000 

0.01 0.02 
0.02 0.03 
0.03 0.04 
0.04 0.05 
0.05 0.06 
0.06 0.07 
0.07 0.08 
0.08 0.09 
0.09 0.10 
0.10 0.20 
0.20 0.30 
0.30 0.40 
0.40 0.55 
0.55 0.75 
0.75 0.90 
0.90 1.10 
1.10 1.35 
1.35 1.60 
1.60 1.80 
1.80 2.00 
2.00 2.20 
2.20 2.40 
2.40 2.60 
2.60 2.80 
2.80 3.20 
3 .20  4.00 

0.000Et00 1.020Et06 
0.000Et00 5.483Et05 
0.000Et00 3.616Et05 
0.000Et00 2.576Et05 
0.000Et00 1.952Et05 
0.000Et00 1.595Et05 
0.000Et00 1.276Et05 
0.000Et00 1.074Et05 
0.000Et00 9.709Et04 
0.000Et00 6.946Et05 
0.000Et00 2.698Et05 
0.000Et00 1.319Et05 
4.063Et06 1.064Et05 
2.071Et06 7.271Et04 
8.283Et04 3.052Et04 
3.412Et05 2.467Et04 
7.888Et04 1.708Et04 
1.459Et05 8.871Et03 
0.000Et00 3.925Et03 
0.000Et00 2.300Et03 
0.000Et00 1.302Et03 
0.000Et00 6.991Et02 
0.000Et00 3.482Et02 
0.000Et00 1.550Et02 
0.000Et00 7.568Et01 
0.000Et00 5.883Et00 

1.020Et06 
5.483Et05 
3.616Et05 
2.576Et05 
1.952Et05 
1.595Et05 
1.276Et05 
1.074Et05 
9.709Et04 
6.946Et05 
2.698Et05 
1.319Et05 
4.169Et06 
2.143Et06 
1.133Et05 
3.658Et05 
9.596Et04 
1.548Et05 
3.925Et03 
2.300Et03 
1.302Et03 
6.991Et02 
3.482Et02 
1.550Et02 
7.568EtOl  
5.883Et00 

T o t a l  Photons/sec:  6.782Et06 4.240Et06 1.102Et07 
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>>> CS-134 ( 2  = 55) Weight(319) = 4.270Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamma&Xray 8remss. photon /s  

1 
2 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

0.0142 
0.0286 
0.0346 
0.0444 
0.0548 
0.0648 
0.0747 
0.0848 
0.0948 
0.1343 
0.2372 
0.3369 
0.4754 
0.5973 
0.7964 
0.9000 
1.1220 
1.3650 

0.01 0.02 0.000Et00 
0.02 0.03 1.327Et04 
0.03 0.04 0.000Et00 
0.04 0.05 0.000Et00 
0.05 0.06 0.000Et00 
0.06 0.07 0.000Et00 
0.07 0.08 0.000Et00 
0.08  0.09 0.000Et00 
0.09 0.10 0.000Et00 
0.10 0.20 0.000Et00 
0.20 0.30 0.000Et00 
0.30 0.40 0.000Et00 
0.40 0.55 2.307Et04 
0.55 0.75 1.918Et06 
0.75 0 .90  1.487Et06 
0.90 1.10 0.000Et00 
1.10 1.35 4.424Et04 
1.35 1 .60  4.803Et04 

7.484Et03 
4.310Et03 
2.950Et03 
1.655Et03 
9.660Et02 
7.692Et02 
5.752Et02 
4.225Et02 
3.507Et02 
1.399Et03 
2.725Et02 
5.973Et01 
1.175Et01 
3.976E-01 
1.101E-03 
1.634E-05 
0.000Et00 
0.000Et00 

7.484Et03 
1.758Et04 
2.950Et03 
1.655Et03 
9.660Et02 
7.692Et02 
5.752Et02 
4.225Et02 
3.507Et02 
1.399Et03 
2.725Et02 
5.973Et01 
2.308Et04 
1.918Et06 
1.487Et06 
i .634E-o5 
4.424Et04 
4.803Et04 

T o t a l  Photons/sec:  3.534Et06 2.123Et04 3.555Et06 

>>> cs-137 ( Z  = 55) Weight(335) = 3.600Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High  Gamma&Xray Bremss. photon /s  

1 0.0143 
2 0.0246 
3 0.0344 
4 0.0448 . . . . . . . 
5 0.0547 
6 0.0647 
7 0.0748 
8 0.0847 
9 0.0949 

10 0.1340 
11 0.2379 
12 0.3400 
13 0.4580 
14 0.6219 
15 0.8048 
16 0.9459 
17 1.1000 

0.01 0.02 
0.02 0.03 
0.03 0.04 
0.04 0.05 
0.05 0.06 
0.06 0.07 
0.07 0 . 0 8  
0.08 0.09 
0 .09  0.10 
0.10 0.20 
0.20 0.30 
0.30 0.40 
0.40 0.55 
0.55 0.75 
0.75 0.90 
0.90 1.10 
1.10 1.35 

0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 

7.268Et03 
4.218Et03 
2.241Et03 
1.329Et03 
1.002Et03 
7.001Et02 
5.370Et02 
3.881Et02 
2.954Et02 
1.183Et03 
2.260Et02 
5.935Et01 
2.666Et01 
8.576Et00 
1.166Et00 
1.696E-01 
1.234E-03 

7.268Et03 
4.218Et03 
2.241Et03 
1.329Et03 
1.002Et03 
7.001Et02 
5.370Et02 
3.881Et02 
2.954Et02 
1.183Et03 
2.260Et02 
5.935Et01 
2.666Et01 
8.576Et00 
1.166Et00 
1.696E-01 
1.234E-03 

T o t a l  Photons/sec:  0.000Et00 1.948Et04 1.948Et04 
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>>> BA-137M ( 2  = 56)  Weight (336)  = 3.410Et01 f i C i  
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamma&Xray Bremss.  pho ton /s  

3 0.0329 0.03 0.04 9.185Et04 0.000Et00 9.185Et04 
14 0.6616 0.55 0.75 1.135Et06 0.000Et00 1.135Et06 

T o t a l  Photons/sec:  1.227Et06 0.000Et00 1.227Et06 
- 

>>> CE-144 ( Z  = 58) Weight(376) = 5.810Et02 f i C i  
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High  Gamma&Xray Bremss. pho ton /s  

1 0.0143 0.01 0 .02  0.000Et00 5.672Et04 5.672Et04 
2 0.0241 0.02 0.03 0.000Et00 1.944Et04 1.944Et04 
3 0.0358 0.03 0 .04  1.550Et06 1.034Et04 1.560Et06 
4 0.0409 0.04 0.05 4.428Et05 6.003Et03 4.488Et05 
5 0.0546 0.05 0.06 0.000Et00 3.815Et03 3.815Et03 
6 0.0647 0.06 0.07 0.000Et00 2.609Et03 2.609Et03 
7 0.0747 0.07 0.08 0.000Et00 1.777Et03 1.777Et03 

- 

8 0.0801 0.08 0.09 3.440Et05 1.251Et03 3.452Et05 
9 0.0947 0.09 0.10 0.000Et00 8.952Et02 8.952Et02 

10 0.1335 0.10 0.20 2.322Et06 2.278Et03 2.324Et06 
11 0.2139 0.20 0.30 0.000Et00 5.692Et01 5.692Et01 
12 0.3000 0.30 0.40 0.000Et00 2.197E-02 2.197E-02 

T o t a l  Photons/sec:  4.658Et06 1.052Et05 4.764Et06 
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>>> PR-144 ( Z  = 59) Weight(377) = 5.810Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High  Gamma&Xray Bremss. photon /s  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

0.0145 
0.0246 
0.0346 
0.0448 
0.0548 
0.0648 
0.0749 
0.0850 
0.0949 
0.1424 
0.2418 
0.3447 
0.4668 
0.6876 
0.8186 
0.9894 
1.2095 
1.4867 
1.6891 
1.8874 
2.1857 
2.2828 
2.4759 
2.6672 
2.8000 

0.01  0.02 
0.02 0.03 
0.03 0.04 
0.04 0.05 
0.05 0.06 
0.06 0.07 
0.07 0.08 
0.08 0.09 
0.09 0.10 
0.10 0.20 
0.20 0.30 
0.30 0.40 
0.40 0.55 
0.55 0.75 
0.75 0.90 
0.90 1.10 
1.10 1.35 
1.35 1.60 
1.60 1.80 
1.80 2.00 
2.00 2 . 2 0  
2.20  2.40 
2.40 2.60 
2.60 2.80 
2.80 3.20 

0.000Et00 9.927Et05 
0.000Et00 4.960Et05 
0.000Et00 3.341Et05 
0.000Et00 2.309Et05 
0.000Et00 1.818Et05 
0.000Et00 1.385Et05 
0.000Et00 1.109Et05 
0.000Et00 1.031Et05 
0.000Et00 9.720Et04 
0.000Et00 6.480Et05 
0.000Et00 2.106Et05 
0.000Et00 1.085Et05 
0.000Et00 8.697Et04 
3.182Et05 5.676Et04 
0.000Et00 2.262Et04 
0.000Et00 1.757Et04 
0.000Et00 1.124Et04 
6.449Et04 5.257Et.03 
0.000Et00 2.017Et03 
0.000Et00 1.002Et03 
1.655Et05 4.551Et02 
0.000Et00 1.742Et02 
0.000Et00 5.234Et01 
0.000Et00 1.012Et01 
0.000Et00 1.035Et00 

9.927Et05 
4.960Et05 
3.341Et05 
2.309Et05 
1.818Et05 
1.385Et05 
1.109Et05 
1.031Et05 
9.720Et04 
6.480Et05 
2.106Et05 
1.085Et05 
8.697Et04 
3.749Et05 
2.262Et04 
1.757Et04 
1.124Et04 
6.975Et04 
2.017Et03 
1.002Et03 
1.660Et05 
1.742Et02 
5.234Et01 
1.012Et01 
1.035Et00 

T o t a l  Photons/sec:  5.482Et05 3.856Et06 4.405Et06 

>>> U -234 ( Z  = 92) Weight (520)  = 2.690Et00 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High  Gamma&Xray Bremss. photon /s  

1 0.0130 0 .01  0 . 0 2  1.045Et04 9.047E-01 1.045Et04 
2 0.0231 0.02 0.03 0.000Et00 8.468E-02 8.468E-02 
3 0.0334 0.03 0.04 0.000Et00 1.018E-02 1.018E-02 
4 0.0439 0.04 0.05 0.000Et00 1.957E-03 1.957E-03 

6 0.0639 0.06 0.07 0.000Et00 1.863E-04 1.863E-04 
7 0.0736 0.07 0.08 0.000Et00 4.332E-05 4.332E-05 
8 0.0830 0.08 0.09 0.000Et00 6.132E-06 6.132E-06 
9 0.0916 0.09 0.10 0.000Et00 2.824E-07 2.824E-07 

5 0.0532 0.05 0.06 1.184Et02 6.204E-04 1.184Et02 

10 0.1210 0.10 0.20 3.981Et01 1.040E-11 3.981Et01 
13 0.4900 0.40 0.55 3.981Et00 0.000Et00 3.981Et00 

T o t a l  Photons/sec:  1.061Et04 1.00ZEt00 1.061Et04 

14 0.5800 0.55 0.75 1.194E-02 0.000Et00 1.194E-02 
-- 
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>>> U -235 ( 2  = 92) Weight(476) = 9.800Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H i g h  Gamrna&Xray Bremss. photon /s  

1 0.0130 0.01 0.02 1.121Et06 2.021Et02 1.121Et06 
2 0.0241 0.02 0.03 0.000Et00 5.115Et01 5.115Et01 
3 0.0342 0.03 0 .04  0.000Et00 1.885Et01 1.885Et01 
4 0.0443 0.04 0 .05  0.000Et00 8.147Et00 8.147Et00 
5 0.0544 0.05 0.06 0.000Et00 3.912Et00 3.912Et00 
6 0.0645 0.06 0.07 0.000Et00 1.994Et00 1.994Et00 
7 0.0727 0.07 0 . 0 8  3.989Et03 1.050Et00 3.990Et03 
8 0.0845 0.08 0 .09  0.000Et00 5.511E-01 5.511E-01 ~ . ~ .~ ~ ~~ ~ ~~~~ ~ ~~~~ ~. 

9 0.0921 0.09 0 .10  2.607Et05 2.865E-01 2.607Et05 

11 0.2071 0 .20  0.30 2.197Et05 0.000Et00 2.197Et05 
10 0.1729 0.10 0.20 2.688Et06 5.063E-01 2.688Et06 

12 0.3685 0.30 0 .40  4.714Et03 0.000Et00 4.714Et03 
13 0.4457 0 .40  0 .55  4.351Et02 0.000Et00 4.351Et02 
14 0.7425 0 .55  0.75 1.450Et01 0.000Et00 1.450Et01 
15 0.7947 0 .75  0.90 2.176Et01 0.000Et00 2.176Et01 

T o t a l  Photons/sec: 4.298Et06 2.885Et02 4.298Et06 

>>> U -236 ( Z  = 92) Weight(398) = 2.170Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H i g h  Gamrna&Xray Bremss. photon /s  

1 0.0128 0 . 0 1  0.02 0.000Et00 4.695Et00 4.695Et00 
2 0.0230 0 .02  0.03 0.000Et00 3.894E-01 3.894E-01 
3 0.0335 0.03 0.04 0.000Et00 4.566E-02 4.566E-02 
4 0.0440 0 .04  0.05 0.000Et00 1.116E-02 1.116E-02 
5 0.0539 0 .05  0.06 0.000Et00 3.330E-03 3.330E-03 
6 0.0682 0.06 0.07 8.832Et02 7.981E-04 8.832Et02 
7 0.0731 0 .07  0.08  0.000Et00 1.222E-04 1.222E-04 
8 0.0817 0 . 0 8  0.09 0.000Et00 6.494E-06 6.494E-06 
9 0.0900 0 .09  0.10 0.000Et00 3.386E-09 3.386E-09 

T o t a l  Photons /sec :  8.832Et02 5.146Et00 8.883Et02 
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>>> U -238 ( Z  = 92) Weight (526)  = 1.590Et04 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Garnma&Xray Bremss. photon/s  

1 n . n i x  0.01 0.02 5 . 1 9 5 ~ t o 7  3 . 0 9 4 ~ t 0 3  5 . 1 9 5 ~ t o 7  - - . . - - . . . . 
2 0.0230 0.02 0.05 0.000Et00 2.563Et02 2.563Et02 
3 0.0335 0.03 0.04 0.000Et00 2.914Et01 2.914Et01 
4 0.0440 0.04 0.05 0.000Et00 6.644Et00 6.644Et00 
5 0.0538 0.05 0.06 0.000Et00 1.823Et00 1.823Et00 
6 0.0664 0.06 0.07 5.883Et05 3.766E-01 5.883Et05 

8 0.0808 0.08 0.09 0.000Et00 2.309E-03 2.309E-03 

T o t a l  Photons/sec:  5.254Et07 3.388Et03 5.254Et07 

7 0.0729 0.07 0.08 0.000Et00 4.775E-02 4.775E-02 

-~ 
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O ld  UNH Tank (HO-64-5920) L i n e  Source - M i d d l e  

S h i e l d  Composi t ion,  g / cc  

S h i e l d  1 S h i e l d  2 S h i e l d  3 

AIR 0.000Et00 0.000Et00 1.290E-03 
ALUMINUM 1.665Et00 0.000Et00 0.000Et00 
I RON 0.000Et00 7.800Et00 0.000Et00 

T o t a l s :  1.665Et00 7.800Et00 1.290E-03 

E, MeV L i n e a r  A t t e n u a t i o n ,  p e r  cm ( l a s t  r e g i o n  i s  a i r )  
- 

0.0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2.9209 
3.2000 

2.004Et01 
3.229Et00 
1.236Et00 
8.096E-01 
5.145E-01 
4.008E-01 
3.516E-01 
3.254E-01 
2.947E-01 
2.284E-01 
1.920E-01 
1.636E-01 
1.399E-01 
1.259E-01 
1.160E-01 
1.001E-01 
9.565E-02 
8.565E-02 
7.831E-02 
7.401E-02 
6.883E-02 
6.728E-02 
6.458E-02 
6.221E-02 
5.971E-02 
5 .71  7E-02 

6.779Et02 
1.146Et02 
4.037Et01 
2.318Et01 
1.182Et01 
7.416Et00 
5.442Et00 
4.420Et00 
3.335Et00 
1.508Et00 
1.031Et00 
7.918E-01 
6.509E-01 
5.802E-01 
5.316E-01 
4.565E-01 
4.360E-01 
3.906E-01 
3.585E-01 
3.402E-01 
3.188E-01 
3.124E-01 
3.017E-01 
2.926E-01 
2.836E-01 
2.751E-01 

2.838E-03 
6.409E-04 
3.627E-04 
2.979E-04 
2.497E-04 
2.302E-04 
2.186E-04 
2.117E-04 
2.030E-04 
1.749E-04 
1.518E-04 
1.304E-04 
1.114E-04 
1.006E-04 
9.281E-05 
8.021E-05 
7.665E-05 
6.855E-05 
6.267E-05 
5.906E-05 
5.431E-05 
5.280E-05 
5.019E-05 
4.795E-05 
4.577E-05 
4.383E-05 
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Old UNH Tank (HO-64-5920) Line Source - Middle 

Source Shields Distance to Detector, X = Z.OOOEt00 cm 
Cy1 indrical Cylindrical Source Volume = 2.202Et03 cc 

Source Mass = 3.667Et03 grams 
Source Length = 7.010Et02 cm Distance Along Cylinder, Y = 3.505Et02 cm 
Integration Specs: NTHETA = 11 NPSI = 11 DELR computed internally 
Total Intervals: 1.038Et05 (photon source is the 1 s t  region) 

Shield Thickness: 1.000Et00, 6.350E-01, 3.650E-01 cm 
Distances from Dose Point to the Outside of 

(1) Source Region: 1.000Et00 cm (2) Next Layer: 3.650E-01 cm 
Dose Buildup Data for Shield 2 with Effective Atomic Number 26.00 

Source values are interpreted as pCi 
Source Scale Factor was 1.000Et03 
Fluence-to-Dose Conversion: Photons in Air 

Buildup Material is Iron 

Average 
E, MeV 

0.0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2.9209 
3 ,2000 

-~ 
Source Total 
photons/sec 

F1 uence to 
Dose Factor 

5.519Et07 
1.103Et06 
2.358Et06 
9.431 Et05 
3.898Et05 
8.923Et05 
2.460Et05 
5.570Et05 
4.569Et05 
6.358Et06 
7.047Et05 
2.452Et05 
5.574Et06 
6.839Et06 
2.034Et07 
3.834Et05 
1.514Et05 
2.726Et05 
5.942Et03 
3.301Et03 
1.673Et05 
8.734Et02 
4.005Et02 
1.651Et02 
7.672Et01 
5.883Et00 

1.263E-04 
1.754E-05 
5.931E-06 
3.621E-06 
2.232E-06 
1.81 1E-06 
1.667E-06 
1.621E-06 
1.594E-06 
1.734E-06 
1.901E-06 
2.016E-06 
2.040E-06 
2.030E-06 
i .997E-06 
1.907E-06 
1.875E-06 
1.790E-06 
1.714E-06 
1.663E-06 
1.604E-06 
1.593E-06 
1.538E-06 
1.502E-06 
1.465E-06 
1.425E-06 

Energy F1 uence 
MeV/cmZ/s 

0.000Et00 
0.000Et00 
3.467E-12 
2.045E-07 
3.504E-04 
2.639E-02 
3.775E-02 
2.087E-01 
4.651E-01 
7.600Et01 
1.680Et01 
1.003Et01 
3.606Et02 
5.810Et02 
2.110Et03 
5.536Et01 
2.402Et01 
5.403Et01 
1.403Et00 

5.103Et01 
8.708E-01 

2.790E-01 
1.389E-01 
6.163E-02 
3.102E-02 
2.596E-03 

Totals: 1.032Et08 photons/sec 3.342Et03 

Dose Rate 
R/hr 

0.000Et00 
0.000Et00 
2.056E-17 
7.406E-13 
7.821E-10 
4.781E-08 
6.292E-08 
3.382E-07 
7.413E-07 
1.318E-04 
3.195E-05 
2.021E-05 
7.356E-04 
1.179E-03 
4.213E-03 
1.056E-04 
4.505E-05 
9.674E-05 
2.406E-06 
1.448E-06 
8.184E-05 
4.445E-07 
2.136E-07 
9.254E-08 
4.543E-08 
3.699E-09 

6.646E-03 R/hr 



HNF-SD-WM-CN-091 
Rev. 0 

Page 37 o f  64 

O ld  UNH Tank (HO-64-5920) Annu la r  Source - M i d d l e  

S h i e l d  Composi t ion,  g / cc  

S h i e l d  1 S h i e l d  2 S h i e l d  3 S h i e l d  4 

AIR 1.290E-03 0.000Et00 0.000Et00 1.290E-03 
ALUMINUM 0.000Et00 1.665Et00 0.000Et00 0.000Et00 
I RON 0.000Et00 0.000Et00 7.800Et00 0.000Et00 

T o t a l s :  1.290E-03 1.665Et00 7.800Et00 1.290E-03 

E, MeV L i n e a r  A t t e n u a t i o n ,  p e r  cm ( l a s t  r e g i o n  i s  a i r )  

0 .0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2.9209 
3.2000 

2.838E-03 
6.409E-04 
3.627E-04 
2.979E-04 
2.497E-04 
2.302E-04 
2.186E-04 
2.117E-04 
2.030E-04 
1.749E-04 
1.518E-04 
1.304E-04 
1.114E-04 
1.006E-04 
9.281E-05 
8.02lE-05 
7.665E-05 
6.855E-05 
6.267E-05 
5.906E-05 
5.431E-05 
5.280E-05 
5.019E-05 
4.795E-05 
4.577E-05 
4.383E-05 

2.004Et01 
3.229Et00 
1.236Et00 
8.096E-01 
5.145E-01 
4.008E-01 
3.516E-01 
3.254E-01 
2.947E-01 
2.284E-01 
1.920E-01 
1.636E-01 
1.399E-01 
1.259E-01 
1.160E-01 
1.001E-01 
9.565E-02 
8.565E-02 
7.831E-02 
7.401E-02 
6.883E-02 
6.728E-02 
6.458E-02 
6.221E-02 
5.971E-02 
5.717E-02 

6.779Et02 
1.146Et02 
4.037Et01 
2.318Et01 
1.18ZEt01 
7.416Et00 
5.442Et00 
4.420Et00 
3.335Et00 
1.508Et00 
1.031Et00 
7.918E-01 
6.509E-01 
5.802E-01 
5.316E-01 
4.565E-01 
4.360E-01 
3.906E-01 
3.585E-01 
3.402E-01 
3.188E-01 
3.124E-01 
3.017E-01 
2.926E-01 
2.836E-01 
2.751E-01 

2.838E-03 
6.409E-04 
3.627E-04 
2.979E-04 
2.497E-04 
2.302E-04 
2.186E-04 
2.117E-04 
2.030E-04 
1.749E-04 
1.518E-04 
1.304E-04 
1.114E-04 
1.006E-04 
9.281E-05 
8.021E-05 
7.665E-05 
6.855E-05 
6.267E-05 
5.906E-05 
5.431E-05 
5.280E-05 
5.019E-05 
4.795E-05 
4.577E-05 
4.383E-05 
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O ld  UNH Tank (HO-64-5920) Annu la r  Source - M i d d l e  

Source S h i e l d s  D i s t a n c e  t o  D e t e c t o r ,  X = 7.350Et01 cm 
Annu la r  13 Cyl. & S l a b  Source Volume = 3.191Et04 c c  

Source Mass = 5.313Et04 grams 
Source Leng th  = 7.010Et02 cm D is tance  Along C y l i n d e r ,  Y = 3.505Et02 cm 
I n t e g r a t i o n  Specs: NTHETA = 11 NPSI = 11 DELR computed i n t e r n a l l y  

T o t a l  I n t e r v a l s :  1.861Et02 (pho ton  source i s  t h e  2nd r e g i o n )  
S h i e l d  Th ickness :  7.240Et01, 1.000E-01, 6.350E-01, 3.650E-01 cm 
D is tances  f rom Dose P o i n t  t o  t h e  Ou ts ide  o f  

(1) Source Region: 1.000Et00 cm ( 2 )  Next  Layer :  3.650E-01 cm 
Dose B u i l d u p  Data f o r  S h i e l d  3 w i t h  E f f e c t i v e  Atomic Number 26.00 

Source va lues  a r e  i n t e r p r e t e d  as pCi 
Source Sca le  F a c t o r  was 1.000Et03 
Fluence-to-Dose Convers ion:  Photons i n  A i r  

B u i l d u p  M a t e r i a l  i s  I r o n  

Average 
E, MeV 

0.0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 

-~ 

i .6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2,9209 
3.2000 

Source T o t a l  
photons/sec 

F1 uence t o  
Dose F a c t o r  

Energy F1 uence 
MeV/cmZ/s 

Dose Rate 
R /h r  

5.519Et07 1.263E-04 
1.103Et06 1.754E-05 
2.358Et06 5.931E-06 
9.431Et05 
3.898Et05 
8.923Et05 
2.460Et05 
5.570Et05 
4.569Et05 
6.358Et06 
7.047Et05 
2.452Et05 
5.574Et06 
6.839Et06 
2.034Et07 
3.834Et05 
1.514Et05 
2.726Et05 
5.942Et03 
3.301Et03 
1.673Et05 
8.734Et02 
4.005Et02 
1.651Et02 
7.672Et01 
5.883Et00 

3.621E-06 
2.23ZE-06 
1.811E-06 
1.667E-06 
1.621E-06 
1.594E-06 
1.734E-06 
1.901E-06 
2.016E-06 
2.040E-06 
2.030E-06 

0.000Et00 
0.000Et00 
9.045E-14 
4.337E-09 
6.550E-06 
4.899E-04 
7.203E-04 
4.101E-03 
9.633E-03 

4.817E-01 
3.055E-01 

1.972Et00 

1.143Et01 
1.880Et01 
6.927Et01 1.997E-06 

1.875E-06 8.121E-01 
1.907E-06 1.860Et00 

1.851Et00 1.790E-06 
1.714E-06 
1.663E-06 
1.604E-06 
1.593E-06 
i ,538E-06 
1.502E-06 
1.465E-06 
1.425E-06 

4.848E-02 
3.023E-02 

9.756E-03 
4.869E-03 
2.163E-03 
1.090E-03 
9.126E-05 

1.782Et00 

0.000Et00 
0.000Et00 
5.364E-19 
1.570E-14 
1.462E-11 
8.874E-10 
1.201E-09 
6.647E-09 
1.535E-08 
3.419E-06 
9.158E-07 
6.158E-07 
2.331E-05 
3.815E-05 
1.383E-04 
3.548E-06 
1.523E-06 
3.314E-06 
8.31 2E-08 
5.026E-08 
2.858E-06 
1.554E-08 
7.487E-09 
3.249E-09 
1.596E-09 
1.300E-10 

~~~~ 

1 -o ta l  s :  1 .032Et08 pho tons /sec  1.087Et02 2.161E-04 R /h r  

I' 
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Old  UNH Tank (HO-64-5920) L i n e  Source - End 

S h i e l d  Composi t ion,  g /cc  

S h i e l d  1 S h i e l d  2 S h i e l d  3 

A I R  0.000Et00 0.000Et00 1.290E-03 
ALUMINUM 1.665Et00 0.000Et00 0.000Et00 
I R O N  0.000Et00 7.800Et00 0.000Et00 

T o t a l s :  1 .665Et00 7.800Et00 1.290E-03 

E, MeV L i n e a r  A t t e n u a t i o n ,  p e r  cm ( l a s t  r e g i o n  i s  a i r )  
- 

0.0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2.9209 
3.2000 

2.004Et01 
3.229Et00 
1.236Et00 
8.096E-01 
5.145E-01 
4.008E-01 
3.516E-01 
3.254E-01 
2.947E-01 
2.284E-01 
1.920E-01 
1.636E-01 
1.399E-01 
1.259E-01 
1.160E-01 
1.001E-01 
9.565E-02 
8.565E-02 
7.831E-02 
7.401E-02 
6.883E-02 
6.728E-02 
6.458E-02 
6.221E-02 
5.971E-02 
5.717E-02 

6.779Et02 
1.146Et02 
4.037Et01 
2.318Et01 
1.182Et01 
7.416Et00 
5.442Et00 
4.420Et00 
3.335Et00 
1.508Et00 
1.031Et00 
7.918E-01 
6.509E-01 
5.802E-01 
5.316E-01 
4.565E-01 
4.360E-01 
3.906E-01 
3.585E-01 
3.402E-01 
3.188E-01 
3.124E-01 
3.017E-01 
2.926E-01 
2.836E-01 
2.751E-01 

2.838E-03 
6.409E-04 
3.627E-04 
2.979E-04 
2.497E-04 
2.302E-04 
2.186E-04 
2.117E-04 
2.030E-04 
1.749E-04 
1.518E-04 
1.304E-04 
1.114E-04 
1.006E-04 
9.281E-05 
8.021E-05 
7.665E-05 
6.855E-05 
6.267E-05 
5.906E-05 
5.431E-05 
5.280E-05 
5.019E-05 
4.795E-05 
4.577E-05 
4.383E-05 
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O ld  UNH Tank (HD-654-5920) L i n e  Source - End 

Source S h i e l d s  D i s t a n c e  t o  D e t e c t o r ,  X = 2.000Et00 cm 
Cy1 i n d r i  c a l  C y l i n d r i c a l  Source Volume = 2.202Et03 cc  

Source Mass = 3.667Et03 grams 
Source Leng th  = 7.010Et02 cm D is tance  Along C y l i n d e r ,  Y = 7.000Et02 cm 
I n t e g r a t i o n  Specs: NTHETA = 11 NPSI = 11 DELR computed i n t e r n a l l y  

T o t a l  I n t e r v a l s :  1.038Et05 (pho ton  source i s  t h e  1 s t  r e g i o n )  
S h i e l d  Th ickness :  1.000Et00, 6.350E-01, 3.650E-01 cm 
D i s t a n c e s  f rom Dose P o i n t  t o  t h e  Ou ts ide  o f  

( 1 )  Source Region: 1.000Et00 cm ( 2 )  Nex t  Layer :  3.650E-01 cm 
Dose B u i l d u p  Da ta  f o r  S h i e l d  2 w i t h  E f f e c t i v e  Atomic Number 26.00 

Source v a l u e s  a r e  i n t e r p r e t e d  as hCi 
Source Sca le  F a c t o r  was 1.000Et03 
Fluence-to-Dose Convers ion :  Photons i n  A i r  

E, MeV pho tons /sec  Dose F a c t o r  MeV/cmz/s R/hr  

B u i l d u p  M a t e r i a l  i s  I r o n  

Average Source T o t a l  F luence t o  Energy F luence Dose Rate 

0.0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2,9209 
3.2000 

5.519Et07 1.263E-04 
1.103Et06 1.754E-05 
2.358Et06 
9.431Et05 
3.898Et05 
8.923Et05 
2.460Et05 
5.570Et05 
4.569Et05 
6.358Et06 
7.047Et05 
2.452Et05 
5.574Et06 
6.839Et06 
2.034Et07 
3.834Et05 
1.514Et05 
2.726Et05 
5.942Et03 
3.301Et03 
1.673Et05 
8.734Et02 
4.005Et02 
1.651Et02 
7.672Et01 
5.883Et00 

5.931E-06 
3.621E-06 
2.232E-06 
1.81 1E-06 
1.667E-06 
1.621E-06 
1.594E-06 
1.734E-06 
1.901E-06 
2.016E-06 
2.040E-06 
2.030E-06 
1.997E-06 
1.907E-06 
i . 8 7 5 ~ - 0 6  
1.790E-06 
1.714E-06 
1.663E-06 
1.604E-06 
1.593E-06 
1.538E-06 
1.502E-06 
1.465E-06 
1.425E-06 

1 -o ta l s :  1.032Et08 photons/sec 

0.000Et00 
0.000Et00 
3.453E- 12 
2.008E-07 
3.329E-04 
2.412E-02 
3.350E-02 
1.813E-01 
3.925E-01 
5.847Et01 
1.256Et01 
7.362Et00 
2.618Et02 
4.193Et02 
1.516Et03 
3.955Et01 
1.714Et01 
3.843Et01 
9.962E-01 
6.178E-01 

1.976E-01 
9.835E-02 
4.364E-02 
2.196E-02 
1.838E-03 

3.616Et01 

2.409Et03 

0.000Et00 
0.000Et00 
2.048E-17 
7.272E-13 
7.431 E-10 
4.368E-08 
5.584E-08 
2.937E-07 
6.256E-07 
1.014E-04 
2.388E-05 
1.484E-05 
5.340E-04 
8.509E-04 
3.027E-03 
7.543E-05 
3.213E-05 
6.880E-05 
1.708E-06 
1.027E-06 
5.800E-05 
3.149E-07 
1.512E-07 
6.552E-08 
3.217E-08 
2.619E-09 

4.791E-03 R /h r  
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O ld  UNH Tank (HO-64-5920) Annu la r  Source - End 

S h i e l d  Composi t ion,  g /cc 

S h i e l d  1 S h i e l d  2 S h i e l d  3 S h i e l d  4 

AIR 1.290E-03 0.000Et00 0.000Et00 1.290E-03 
ALUMINUM 0.000Et00 1.665Et00 0.000Et00 0.000Et00 
IRON 0.000Et00 0.000Et00 7.800Et00 0.000Et00 

T o t a l s :  1.290E-03 1.665Et00 7.800Et00 1.290E-03 

E, MeV L i n e a r  A t t e n u a t i o n ,  p e r  cm ( l a s t  r e g i o n  i s  a i r )  
- 

0.0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2.9209 
3.2000 

2.838E-03 
6.409E-04 
3.627E-04 
2.979E-04 
2.497E-04 
2.302E-04 
2.186E-04 
2.117E-04 
2.030E-04 
1.749E-04 
1.518E-04 
1.304E-04 
1.114E-04 
1.006E-04 
9.281E-05 
8.021E-05 
7.665E-05 
6.855E-05 
6.267E-05 
5.906E-05 
5.431E-05 
5.280E-05 
5.019E-05 
4.795E-05 
4.577E-05 
4.383E-05 

2.004Et01 
3.229Et00 
1.236Et00 
8.096E-01 
5.145E-01 
4.008E-01 
3.516E-01 
3.254E-01 
2.947E-01 
2.284E-01 
1.920E-01 
1.636E-01 
1.399E-01 
1.259E-01 
1.160E-01 
1.001E-01 
9.565E-02 
8.565E-02 
7.831E-02 
7.401E-02 
6.883E-02 
6.728E-02 
6.458E-02 
6.221E-02 
5.971E-02 
5.717E-02 

6.779Et02 
1.146Et02 
4.037Et01 
2.318Et01 
1.182Et01 
7.416Et00 
5.442Et00 
4.420Et00 
3.335Et00 
1.508Et00 
1.031Et00 
7.918E-01 
6.509E-01 
5.802E-01 
5.316E-01 
4.565E-01 
4.360E-01 
3.906E-01 
3.585E-01 
3.402E-01 
3.188E-01 
3.124E-01 
3.017E-01 
2.926E-01 
2.836E-01 
2.751E-01 

2.838E-03 
6.409E-04 
3.627E-04 
2.979E-04 
2.497E-04 
2.302E-04 
2.186E-04 
2.117E-04 
2.030E-04 
1.749E-04 
1.518E-04 
1.304E-04 
1.114E-04 
1.006E-04 
9.281E-05 
8.021E-05 
7.665E-05 
6.855E-05 
6.267E-05 
5.906E-05 
5.431E-05 
5.280E-05 
5.019E-05 
4.795E-05 
4.577E-05 
4.383E-05 
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O ld  UNH Tank (HO-64-5920) Annu la r  Source - End 

Source S h i e l d s  D i s t a n c e  t o  D e t e c t o r ,  X = 7.350Et01 cm 
Annu la r  13 Cy1 . & S l a b  Source Volume = 3.191Et04 cc  

Source Mass = 5.313Et04 grams 
Source Leng th  = 7.010Et02 cm D i s t a n c e  Along C y l i n d e r ,  Y = 7.000Et02 cm 
I n t e g r a t i o n  Specs: NTHETA = 11 NPSI = 11 DELR computed i n t e r n a l l y  

T o t a l  I n t e r v a l s :  1.861Et02 (pho ton  source i s  t h e  2nd r e g i o n )  
S h i e l d  Th ickness :  7.240Et01, 1.000E-01, 6.350E-01, 3.650E-01 cm 
D i s t a n c e s  f rom Dose P o i n t  t o  t h e  Ou ts ide  o f  

(1) Source Region: 1.000Et00 cm ( 2 )  Next Layer :  3.650E-01 cm 
Dose B u i l d u p  Data f o r  S h i e l d  3 w i t h  E f f e c t i v e  Atomic Number 26.00 

Source va lues  a r e  i n t e r p r e t e d  as pCi 
Source Sca le  F a c t o r  was 1.000Et03 
F luence- to-Dose Convers ion :  Photons i n  A i r  

E, MeV pho tons /sec  Dose F a c t o r  MeV/cm*/s R/hr  

B u i l d u p  M a t e r i a l  i s  I r o n  

Average Source T o t a l  F luence t o  Energy F luence Dose Rate 

0.0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
I .  1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2.9209 
3.2000 

T o t a l s :  

4.569Et05 
6.358Et06 
7.047Et05 
2.452Et05 
5.574Et06 
6.839Et06 
2.034Et07 
3.834Et05 
1.514Et05 

5.519Et07 
1.103Et06 
2.358Et06 
9.431Et05 
3.898Et05 
8.923Et05 
2.460Et05 
5.570Et05 

1.263E-04 
1.754E-05 
5.931E-06 
3.621E-06 
2.232E-06 
1.81 1E-06 
1.667E-06 
1.621E-06 
1.594E-06 
1.734E-06 
1.901E-06 
2.016E-06 
2.040E-06 
2.030E-06 
1.997E-06 
1.907E-06 
1.875E-06 

7.776Ft05 1.790E-06 - -.- 
5.942Et03 1.714E-06 
3.301 Et03 1.663E-06 
1.673Et05 1.604E-06 
8.734Et02 1.593E-06 
4.005Et02 1.538E-06 
1.651Et02 1.502E-06 
7.672Et01 1.465E-06 
5.883Et00 1.425E-06 

1.032Et08 pho tons /sec  

0.000Et00 
0.000Et00 
7.521E-14 
3.537E-09 
5.219E-06 
3.819E-04 
5.514E-04 
3.097E-03 
7.129E-03 

3.242E-01 
2.028E-01 

1.359Et00 

0.000Et00 
0.000Et00 
4.460E-19 
1.281E-14 
1.165E-11 
6.917E-10 
9.191E-10 
5.019E-09 
1.136E-08 
2.356E-06 
6.164E-07 
4.088E-07 
1.534E-05 7.521Et00 

1.232Et01 2.501E-05 
4.527Et01 9.038E-05 
1.210Et00 2.308E-06 

9.897E-07 5.278E-01 
1.200Et00 

1.152Et00 

3.139E-02 
1.956E-02 

6.304E-03 
3.145E-03 
1.397E-03 
7.038E-04 
5.892E-05 

2.149E-06 
5.382E-08 
3.252E-08 
1.847E-06 
1.004E-08 
4.836E-09 
2.098E-09 
1.031E-09 
8.395E-11 

7.116Et01 1.415E-04 R /h r  
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New UNH Tank (HO-64-5473) L i n e  Source - M i d d l e  

Photon P r o d u c t i o n  Rate f o r  Each Rad ionuc l i de :  

>>> ZR- 95 ( Z  = 40) W e i g h t ( l l 7 )  = 7.180Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamrna&Xray Bremss. photon/s  

1 0.0145 
2 0.0242 
3 0.0347 
4 0.0446 
5 0.0547 
6 0.0647 
7 0.0748 
8 0.0847 
9 0.0948 

10 0.1288 
11 0.2290 
12 0.3347 
13 0.4551 
14 0.7242 

0 .01  0.02 
0.02 0.03 
0.03 0.04 
0.04 0.05 
0.05 0.06 
0.06 0.07 
0.07 0.08 
0 .08  0.09 
0.09 0 .10  
0.10 0 .20  
0.20 0.30 
0 .30  0.40 
0.40 0.55 
0 .55  0.75 

1 5  0.7567 0.75 0.90 
16 0.9332 0.90 1.10 
17 1.1000 1.10 1.35 

0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
1.161Et06 
1.469Et06 
0.000Et00 
0.000Et00 

9.895Et03 
4.617Et03 
2.128Et03 
1.340Et03 
8.960Et02 
6.168Et02 
4.481Et02 
3.298Et02 
2.485Et02 
7.761Et02 
6.18ZEtOi 
7.091Et00 
2.510Et00 
5.022E-01 
3.012E-02 
2.489E-03 
2.519E-07 

9.895Et03 
4.617Et03 
2.128Et03 
1.340Et03 
8.960Et02 
6.168Et02 
4.481Et02 
3.298Et02 
2.485Et02 
7.761Et02 
6.182Etoi 
7.091 Et00 
2.510Et00 
1.161Et06 
1.469Et06 
2.489E-03 
2.519E-07 

T o t a l  Photons/sec:  2.630Et06 2.137Et04 2.651Et06 

>>> NE- 95 (Z = 41) W e i g h t ( l l 9 )  = 4.670Et02 I C i  
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

hlo. Mean Low H i g h  Gamma&Xray Bremss. pho ton /s  

1 0.0136 0.01 0 .02  0.000Et00 1.548Et04 1.548Et04 
2 0.0244 0.02 0.03 0.000Et00 4.982Et03 4.982Et03 
3 0.0344 0.03 0.04 0.000Et00 2.280Et03 2.280Et03 
4 0.0444 0.04 0.05 0.000Et00 1.155Et03 1.155Et03 
5 0.0545 0.05 0.06 0.000Et00 6.127Et02 6.127Et02 
6 0.0645 0.06 0.07 0.000Et00 3.260Et02 3.260Et02 
7 0.0745 0.07 0 .08  0.000Et00 1.712Et02 1.712Et02 
8 0.0844 0.08 0.09 0.000Et00 8.793Et01 8.793Et01 
9 0.0944 0.09 0 .10  0.000Et00 4.334Et01 4.334Et01 

10 0.1003 0.10 0.20 0.000Et00 7.036Et01 7.036Et01 

1 5  0.7658 0.75 0.90 1.725Et07 0.000Et00 1.725Et07 

T o t a l  Photons/sec:  1.725Et07 2.521Et04 1.727Et07 

- 

11 0.2144 0 .20  0.30 0.000Et00 2.096E-02 2.096E-02 
12 0.3000 0.30 0.40 0.000Et00 1.220E-05 1.220E-05 

- 
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>>:> RU-103 ( Z  = 44) W e i g h t ( l 5 5 )  = 3.960Et01 pCi 
GI-oup Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H i g h  Garnma&Xray Brernss. pho ton /s  

1 0.0137 0 .01  0.02 0.000Et00 2.000Et03 2.000Et03 
2 0.0204 0.02 0.03 6.886Et03 7.766Et02 7.663Et03 
3 0.0345 0.03 0.04 0.000Et00 4.206Et02 4.706Ft07 _..- .- 
4 0.0445 0.04 0.05 0.000Et00 2.412Et02 2.412Et02 
5 0.0530 0.05 0.06 5.275Et03 1.370Et02 5.412Et03 
6 0.0647 0.06 0.07 0.000Et00 9.047Et01 9.047Et01 
7 0.0747 0.07 0.08 0.000Et00 6.118Et01 6.118Et01 
8 0.0847 0.08 0.09 0.000Et00 4.071Et01 4.071Et01 
9 0.0947 0.09 0.10 0.000Et00 2.861Et01 2.861Et01 

LO 0.1293 0.10 0.20 0.000Et00 8.818Et01 8.81BEt01 
11 0.2968 0.20 0.30 3.956Et03 1.428Et01 3.970Et03 
12 0.3381 0.30 0.40 0.000Et00 3.394Et00 3.394Et00 
13 0.4978 0.40 0.55 1.295Et06 8.038E-01 1.295Et06 
14 0.6044 0.55 0.75 1.061Et05 4.370E-02 1.061Et05 

T o t a l  Photons/sec:  1.417Et06 3.903Et03 1.421Et06 

>>:> RU-106 ( 2  = 44) W e i g h t ( l 7 0 )  = 5.330Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H i g h  Garnma&Xray Brernss. pho ton /s  

1 0.0129 0 .01  0.02 0.000Et00 6.770Et02 6.770Et02 
2 0.0225 0.02 0.03 0.000Et00 4.482Et01 4.482Et01 
3 0.0304 0.03 0.04 0.000Et00 1.234Et00 1.234Et00 

T o t a l  Photons/sec:  0.000Et00 7.230Et02 7.230Et02 
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>>> RH-106 ( Z  = 45) W e i g h t ( l 7 2 )  = 5.330Et02 pCi 
GiPoup Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  GammakXray Bremss. photon /s  

1 0.0146 
2 0.0245 
3 0.0347 
4 0.0447 
5 0.0548 
6 0.0648 
7 0.0748 
8 0.0849 
9 0.0950 

LO 0.1441 
i i  0.2410 
12 0.3460 
13 0.5106 
:l4 0.6220 
115 0.8590 
:I6 1.0460 
17 1.1428 
18 1.4048 
19 1.6911 
?O 1.8907 
21 2.0900 
2 2  2.2892 
23 2.4879 
24 2.6855 
25 2.9226 
26 3.2000 

0 .01  0.02 
0.02 0.03 
0.03 0.04 
0.04 0.05 
0.05 0.06 
0.06 0.07 
0.07 0.08 
0.08 0.09 
0.09 0.10 
0.10 0.20 
0.20 0.30 
0.30 0.40 
0.40 0.55 
0.55 0.75 
0.75 0.90 
0.90 1.10 
1.10 1.35 
1.35 1.60 
1.60 1.80 
1.80 2.00 
2.00 2.20 
2.20 2.40 
2.40 2.60 
2.60 2.80 
2.80 3.20 
3.20 4.00 

0.000Et00 1.020Et06 
0.000Et00 5.483Et05 
0.000Et00 3.616Et05 
0.000Et00 2.576Et05 
0.000Et00 1.952Et05 
0.000Et00 1.595Et05 
0.000Et00 1.276Et05 
0.000Et00 1.074Et05 
0.000Et00 9.709Et04 
0.000Et00 6.946Et05 
0.000Et00 2.698Et05 
0.000Et00 1.319Et05 
4.063Et06 1.064Et05 
2.071Et06 7.271Et04 
8.283Et04 3.052Et04 
3.412Et05 2.467Et04 
7.888Et04 1.708Et04 
1.459Et05 8.871Et03 
0.000Et00 3.925Et03 
0.000Et00 2.300Et03 
0.000Et00 1.302Et03 
0.000Et00 6.991Et02 
0.000Et00 3.482Et02 
0.000Et00 1.550Et02 
0.000Et00 7.568Et01 
0.000Et00 5.883Et00 

1.020Et06 
5.483Et05 
3.616Et05 
2.576Et05 
1.952Et05 
1.595Et05 
1.276Et05 
1.074Et05 
9.709Et04 
6.946Et05 
2.698Et05 
1.319Et05 
4.169Et06 
2.143Et06 
1.133Et05 
3.658Et05 
9.596Et04 
1.548Et05 
3.925Et03 
2.300Et03 
1.302Et03 
6.991Et02 
3.482Et02 
1.550Et02 
7.568Et01 
5.883Et00 

T o t a l  Photons/sec:  6.782Et06 4.240Et06 1.102Et07 
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>>> CS-134 ( 2  = 55) Weight (319)  = 4.270Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamma&Xray 8remss. photon /s  

1 
2 
3 
4 
5 
6 
7 
8 
9 

:L 0 
:L 1 
:L 2 
:L 3 
:L 4 
:I 5 
:I 6 
:I 7 
:I 8 

0.0142 
0.0286 
0.0346 
0.0444 
0.0548 ~. 
0.0648 
0.0747 
0.0848 
0.0948 
0.1343 
0.2372 
0.3369 
0.4754 
0.5973 
0.7964 
0.9000 
1.1220 
1.3650 

0.01 0.02 0.000Et00 
0.02 0.03 1.327Et04 
0.03 0.04 0.000Et00 
0.04 0.05 0.000Et00 
0.05 0.06 0.000Et00 
0.06 0.07 0.000Et00 
0.07 0.08 0.000Et00 
0.08 0.09 0.000Et00 
0.09 0.10 0.000Et00 
0.10 0.20 0.000Et00 
0.20 0.30 0.000Et00 
0.30 0.40 0.000Et00 
0.40 0.55 2.307Et04 
0.55 0.75 1.918Et06 
0.75 0.90 1.487Et06 
0.90 1.10 0.000Et00 
1.10 1.35 4.424Et04 
1.35 1.60 4.803Et04 

7.484Et03 
4.310Et03 
2.950Et03 
i .655Eto3 
9.660Et02 
7.692Et02 
5.752Et02 
4.225Et02 
3.507Et02 
1.399Et03 
2.725Et02 
5.973Et01 
1.175Et01 
3.976E-01 
1.101E-03 
1.634E-05 
0.000Et00 
0.000Et00 

7.484Et03 
1.758Et04 
2.950Et03 
1.655Et03 
9.660Et02 
7.692Et02 
5.752Et02 
4.225Et02 
3.507Et02 
1.399Et03 
2.725Et02 
5.973Et01 
2.308Et04 
1.918Et06 
1.487Et06 

4.424Et04 
4.803Et04 

1.634E-05 

T o t a l  Photons/sec:  3.534Et06 2.123Et04 3.555Et06 

>>> CS-137 ( 2  = 55) Weight (335)  = 3.600Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High  Gamma&Xray Bremss. photon /s  

1 0.0143 0 .01  0.02 0.000Et00 7.268Et03 7.268Et03 
2 0.0246 0.02 0.03 0.000Et00 4.218Et03 4.218Et03 
3 0.0344 0.03 0.04 0.000Et00 2.241Et03 2.241Et03 
4 0.0448 0.04 0.05 0.000Et00 1.329Et03 1.329Et03 
5 0.0547 0.05 0.06 0.000Et00 1.002Et03 1.002Et03 
6 0.0647 0.06 0.07 0.000Et00 7.001Et02 7.001Et02 
7 0.0748 0.07 0.08 0.000Et00 5.370Et02 5.370Et02 

- 

~ ~ ~ - . -  
8 0.0847 0.08 0.09 0.000Et00 3.881Et02 3.881Et02 
9 0.0949 0.09 0.10 0.000Et00 2.954Et02 2.954Et02 

IO 0.1340 0.10 0.20 0.000Et00 1.183Et03 1.183Et03 
:11 0.2379 0.20 0.30 0.000Et00 2.260Et02 2.260Et02 
12 0.3400 0.30 0.40 0.000Et00 5.935Et01 5.935Et01 
:13 0.4580 0.40 0.55 0.000Et00 2.666Et01 2.666Et01 
-14 0.6719 0.55 0.75 0.000Et00 8.576Et00 8.576Et00 ... .... 

:15 0.8048 0.75 0.90 0.000Et00 1.166Et00 1.166Et00 
116 0.9459 0.90 1.10 0.000Et00 1.696E-01 1.696E-01 
117 1.1000 1.10 1.35 0.000Et00 1.234E-03 1.234E-03 

T o t a l  Photons/sec:  0.000Et00 1.948Et04 1.948Et04 
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>>:> BA-137M ( Z  = 56) Weight (336)  = 3.410Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H i g h  Gamma&Xray Bremss. pho ton /s  

3 0.0329 0.03 0.04 9.185Et04 0.000Et00 9.185Et04 
14 0.6616 0 .55  0.75 1.135Et06 0.000Et00 1.135Et06 

T o t a l  Photons/sec:  1.227Et06 0.000Et00 1.227Et06 
- 

>>:> CE-144 ( Z  = 58) Weight(376) = 5.810Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H i g h  Gamma&Xray Bremss. pho ton /s  

1 0.0143 0 .01  0.02 0.000Et00 5.672Et04 5.672Et04 
2 0.0241 0.02 0.03 0.000Et00 1.944Et04 1.944Et04 
3 0.0358 0.03 0.04 1.550Et06 1.034Et04 1.560Et06 
4 0.0409 0.04 0.05 4.428Et05 6.003Et03 4.488Et05 
5 0.0546 0.05 0.06 0.000Et00 3.815Et03 3.815Et03 
6 0.0647 0.06 0.07 0.000Et00 2.609Et03 2.609Et03 
7 0.0747 0.07 0.08 0.000Et00 1.777Et03 1.777Et03 
8 0.0801 0.08 0.09 3.440Et05 1.251Et03 3.452Et05 
9 0.0947 0.09 0.10 0.000Et00 8.952Et02 8.952Et02 

110 0.1335 0.10 0.20 2.322Et06 2.278Et03 2.324Et06 
111 0.2139 0.20 0.30 0.000Et00 5.692Et01 5.69ZEt01 

- 

112 0.3000 0.30 0.40 0.000Et00 2.197E-02 2.197E-02 

T o t a l  Photons/sec:  4.658Et06 1.05ZEt05 4.764Et06 
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>>:> PR-144 ( Z  = 59) Weight (377)  = 5.810Et02 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H igh  Gamma&Xray Bremss. photon/s  

1 0.0145 
2 0.0246 
3 0.0346 
4 0.0448 
5 0.0548 
6 0.0648 
7 0.0749 
8 0.0850 
9 0.0949 

10 0.1424 
11 0.2478 
12  0.3447 
13 0.4668 
14 0.6876 
15 0.8186 
16 0.9894 
17 1.2095 
18 1.4867 
19 1.6891 
20 1.8874 
21 2.1857 
22 2.2828 
23 2.4759 
24 2.6672 
25 2.8000 

0 .01  0 . 0 2  
0.02  0.03 
0.03 0.04 
0.04 0.05 
0.05 0.06 
0.06 0.07 
0.07 0.08 
0.08 0.09 
0.09 0.10 
0.10 0.20 
0.20 0.30 
0.30 0.40 
0.40 0.55 
0.55 0.75 
0.75 0.90 
0.90 1.10 
1.10 1.35 
1.35 1.60 
1.60 1.80 
1.80 2.00 
2.00 2.20 
2.20 2.40 
2.40 2.60 
2.60 2.80 
2.80 3.20 

0.000Et00 9.927Et05 
0.000Et00 4.960Et05 
0.000Et00 3.341Et05 
0.000Et00 2.309Et05 
0.000Et00 1.818Et05 
0.000Et00 1.385Et05 
0.000Et00 1.109Et05 
0.000Et00 1.031Et05 
0.000Et00 9.720Et04 
0.000Et00 6.480Et05 
0.000Et00 2.106Et05 
0.000Et00 1.085Et05 
0.000Et00 8.697Et04 
3.182Et05 5.676Et04 
0.000Et00 2.262Et04 
0.000Et00 1.757Et04 
0.000Et00 1.124Et04 
6.449Et04 5.257Et03 
0.000Et00 2.017Et03 
0.000Et00 1.002Et03 
1.655Et05 4.551Et02 
0.000Et00 1.742Et02 
0.000Et00 5.234Et01 
0.000Et00 1.012Et01 
0.000Et00 1.035Et00 

9.927Et05 
4.960Et05 
3.341Et05 
2.309Et05 
1.818Et05 
1.385Et05 
1.109Et05 
1.031Et05 
9.720Et04 
6.480Et05 
2.106Et05 
1.085Et05 
8.697Et04 
3.749Et05 
2.262Et04 
1.757Et04 
1.124Et04 
6.975Et04 
2.017Et03 
1.002Et03 
1.660Et05 
1.742Et02 
5.234Et01 
1.012Et01 
1.035Et00 

T o t a l  Photons/sec:  5.482Et05 3.856Et06 4.405Et06 

> > >  U -234 ( 2  = 92) 
Group Photon Energy, 

No. Mean Low 

1 0.0130 0.01 
2 0.0231 0.02 
3 0.0334 0.03 
4 0.0439 0.04 
5 0.0532 0.05 
6 0.0639 0.06 
7 0.0736 0.07 
8 0.0830 0.08 
9 0.0916 0.09 

10 0.1210 0.10 
13 0.4900 0.40 
14 0.5800 0.55 

Weight (520)  = 2.690Et00 pCi 
, MeV Photon P r o d u c t i o n  Rate T o t a l  
H igh  Gamma&Xray Bremss. photon /s  

0 .02  1.045Et04 9.047E-01 1.045Et04 
0.03 0.000Et00 8.468E-02 8.468E-02 
0.04 0.000Et00 1.018E-02 1.018E-02 
0.05 0.000Et00 1.957E-03 1.957E-03 
0.06 1.184Et02 6.204E-04 1.184Et02 
0.07 0.000Et00 1.863E-04 1.863E-04 
0.08 0.000Et00 4.332E-05 4.332E-05 
0.09 0.000Et00 6.132E-06 6.132E-06 
0.10 0.000Et00 2.824E-07 2.824E-07 
0 . 2 0  3.981Et01 1.040E-11 3.981Et01 

0.75 1.194E-02 0.000Et00 1.194E-02 
0.55 3.981Et00 0.000Et00 3.981Et00 

T o t a l  Photons/sec:  1.061Et04 1.002Et00 1.061Et04 
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>>> U -235 ( Z  = 92) Weight (476)  = 9.800Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low High Gamrna&Xray Bremss. photon /s  

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

0.0130 0.01 0.02 
0.0241 0.02 0.03 
0.0342 0.03 0.04 
0.0443 0.04 0.05 
0.0544 0.05 0.06 
0.0645 0.06 0.07 
0.0727 0.07 0.08 
0.0845 0.08 0.09 
0.0921 0.09 0.10 
0.1729 0.10 0.20 
0.2071 0.20 0.30 
0.3685 0.30 0.40 
0.4457 0 .40  0.55 
0.7425 0.55 0.75 
0.7947 0.75 0.90 

T o t a l  Photons/sec:  

1.121 Et06 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
0.000Et00 
3.989Et03 
0.000Et00 

2.021Et02 1.121Et06 ~ ~~~~ 

5. i i i i t o i  5 . 1 1 5 ~ t o 1  
1.885Et01 1.885Et01 
8.147Et00 8.147Et00 
3.912Et00 3.912Et00 
1.994Et00 
1.050Et00 
5 .51  1E-01 

2.607Et05 2.865E-01 

2.197Et05 0.000Et00 
4.714Et03 0.000Et00 

2.688Et06 5.063E-01 

4.351Et02 
1.450Et01 
2.176Et01 

4.298Et06 

0.000Et00 
0.000Et00 
0.000Et00 

2.885Et02 

1.994Et00 
3.990Et03 

2.607Et05 
2.688Et06 
2.197Et05 
4.714Et03 
4.351Et02 
1.450Et01 
2.176Et01 

4.298Et06 

5.511E-01 

>>> U -236 ( Z  = 92) Weight (398)  = 2.170Et01 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

Nlo. Mean Low High Gamrna&Xray Bremss. photon/s  

1 0.0128 0.01 0 .02  O.OOOEtO0 4.695Et00 4.695Et00 
2 0.0230 0.02 0.03 0.000Et00 3.894E-01 3.894E-01 
3 0.0335 0.03 0.04 0.000Et00 4.566E-02 4.566E-02 
4 0.0440 0.04 0.05 0.000Et00 1.116E-02 1.116E-02 
5 0.0539 0.05 0.06 0.000Et00 3.330E-03 3.330E-03 

7 0.0731 0.07 0 .08  0.000Et00 1.222E-04 1.222E-04 
8 0.0817 0.08 0.09 0.000Et00 6.494E-06 6.494E-06 
9 0.0900 0.09 0.10 0.000Et00 3.386E-09 3.386E-09 

6 0.0682 0.06 0.07 8.832Et02 7.981E-04 8.832Et02 

T o t a l  Photons/sec:  8.832Et02 5.146Et00 8.883Et02 
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>>> U -238 ( Z  = 92) Weight (526)  = 1.590Et04 pCi 
Group Photon Energy, MeV Photon P r o d u c t i o n  Rate T o t a l  

No. Mean Low H i g h  Gamma&Xray Bremss. pho ton /s  

1 0.0130 0.01 0.02 5.195Et07 3.094Et03 5.195Et07 
2 0.0230 0.02 0.03 0.000Et00 2.563Et02 2.563Et02 
3 0.0335 0.03 0.04 0.000Et00 2.914Et01 2.914Et01 
4 0.0440 0 .04  0.05 0.000Et00 6.644Et00 6.644Et00 
5 0.0538 0.05 0 . 0 6  0.000Et00 1.823Et00 1.823Et00 
6 0.0664 0.06 0.07 5.883Et05 3.766E-01 5.883Et05 
7 0.0729 0.07 0.08 0.000Et00 4.775E-02 4.775E-02 
8 0.0808 0.08 0.09 0.000Et00 2.309E-03 2.309E-03 

- 
T o t a l  Photons/sec:  5.254Et07 3.388Et03 5.254Et07 
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New UNH Tank (HO-64-5473) L i n e  Source - M i d d l e  

S h i e l d  Composi t ion,  g / cc  

S h i e l d  1 S h i e l d  2 S h i e l d  3 

AIR 0.000Et00 0.000Et00 1.290E-03 
ALUMINUM 1.665Et00 0.000Et00 0.000Et00 
I RON 0.000Et00 7.800Et00 0.000Et00 

T o t a l s :  1 .665Et00 7.800Et00 1.290E-03 

E, MeV L i n e a r  A t t e n u a t i o n ,  p e r  cm ( l a s t  r e g i o n  i s  a i r )  

0.0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2.9209 
3.2000 

2.004Et01 
3.229Et00 
1.236Et00 
8.096E-01 
5.145E-01 
4.008E-01 
3.516E-01 
3.254E-01 
2.947E-01 
2.284E-01 
1.920E-01 
1.636E-01 
1.399E-01 
1.259E-01 
1.160E-01 
1.001E-01 
9.565E-02 
8.565E-02 
7.831E-02 
7.401E-02 
6.883E-02 
6.728E-02 
6.458E-02 
6.221E-02 
5.971E-02 
5.717E-02 

6.779Et02 
1.146Et02 
4.037Et01 
2.318Et01 
1.182Et01 
7.416Et00 
5.442Et00 
4.420Et00 
3.335Et00 
1.508Et00 
1.031Et00 
7.918E-01 
6.509E-01 
5.802E-01 
5.316E-01 
4.565E-01 
4.360E-01 
3.906E-01 
3.585E-01 
3.402E-01 
3.188E-01 
3.124E-01 
3.017E-01 
2.926E-01 
2.836E-01 
2.751E-01 

2.838E-03 
6.409E-04 
3.627E-04 
2.979E-04 
2.497E-04 
2.302E-04 
2.186E-04 
2.117E-04 
2.030E-04 
1.749E-04 
1.518E-04 
1.304E-04 
1.114E-04 
1.006E-04 
9.281E-05 
8.021E-05 
7.665E-05 
6.855E-05 
6.267E-05 
5.906E-05 
5.431E-05 
5.280E-05 
5.019E-05 
4.795E-05 
4.577E-05 
4.383E-05 
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New UNH Tank (HO-64-5473) L i n e  Source - M i d d l e  

Source S h i e l d s  D i s t a n c e  t o  D e t e c t o r ,  X = 2.000Et00 cm 
C y l i n d r i c a l  C y l i n d r i c a l  Source Volume = 2.356Et03 cc  

Source Mass = 3.923Et03 grams 
Source Leng th  = 7.500Et02 cm D i s t a n c e  Along C y l i n d e r ,  Y = 3.750Et02 cm 
I n t e g r a t i o n  Specs: NTHETA = 11 NPSI = 11 DELR computed i n t e r n a l l y  

S h i e l d  Th ickness :  1.000Et00, 6.350E-01, 3.650E-01 cm 
D is tances  f rom Dose P o i n t  t o  t h e  Ou ts ide  o f  

(1) Source Region: 1.000Et00 cm ( 2 )  Next  Laye r :  3.650E-01 cm 
Dose B u i l d u p  Data f o r  S h i e l d  2 w i t h  E f f e c t i v e  Atomic Number 26.00 

Source va lues  a r e  i n t e r p r e t e d  as pCi 
Source Sca le  F a c t o r  was 1.000Et03 
Fluence-to-Dose Convers ion:  Photons i n  A i r  

T o t a l  I n t e r v a l s :  1.038Et05 (photon source i s  t h e  1st r e g i o n )  

B u i l d u p  M a t e r i a l  i s  I r o n  

Average Source T o t a l  F luence t o  Energy F luence 
E, MeV pho tons /sec  Dose F a c t o r  MeV/cmz/s 

0.0131 5.519Et07 1.263E-04 0.000Et00 
0.0245 1.103Et06 1.754E-05 0.000Et00 
0.0354 2.358Et06 5.931E-06 3.240E-12 
0.0429 9.431Et05 3.621E-06 1.912E-07 
0.0548 3.898Et05 2.232E-06 3.275E-04 
0.0659 8.923Et05 1 .81  1E-06 2.467E-02 
0.0748 2.460Et05 1.667E-06 3.529E-02 
0.0819 5.570Et05 1.621E-06 1.950E-01 
0.0933 4.569Et05 1.594E-06 4.347E-01 
0.1522 6.358Et06 1.734E-06 7.103Et01 
0.2310 7.047Et05 1.901E-06 1.570Et01 
0.3458 2.452Et05 2.016E-06 9.371Et00 
0.5068 5.574Et06 2.040E-06 3.370Et02 
0.6423 6.839Et06 2.030E-06 5.431Et02 
0.7680 2.034Et07 1.997E-06 1.972Et03 
1.0434 3.834Et05 1.907E-06 5.174Et01 
1.1417 1.514Et05 1.875E-06 2.245Et01 
1.4187 2.726Et05 1.790E-06 5.050Et01 
1.6904 5.942Et03 1.714E-06 1.311Et00 

2.1850 1.673Et05 1.604E-06 4.770Et01 

2.4864 

1.8897 3.301 Et03 1.663E-06 8.139E-01 

2.2879 8.734Et02 1.593E-06 2.608E-01 
4.005Et02 1.538E-06 1.298E-01 

2.6844 1.651Et02 1.502E-06 5.760E-02 
2.9209 7.672Et01 1.465E-06 2.900E-02 
3.2000 5.883Et00 1.425E-06 2.426E-03 
- 

T o t a l s :  1 .032Et08 pho tons /sec  3.124Et03 

Dose Rate 
R /h r  

0.000Et00 
0.000Et00 
1.922E-17 
6.923E-13 
7.310E-10 
4.469E-08 
5.881E-08 
3.161E-07 
6.928E-07 
1.231E-04 
2.986E-05 
1.889E-05 
6.875E-04 
1.102E-03 
3.937E-03 
9.870E-05 
4.210E-05 
9.042E-05 
2.248E-06 
1.353E-06 
7.650E-05 
4.154E-07 
1.996E-07 
8.650E-08 
4.247E-08 
3.457E-09 

6.212E-03 R/hr  
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New UNH Tank (HO-64-5473) Annular Source - Middle 

Shie ld  Composition, g /cc  

Sh ie ld  1 Shie ld  2 Shie ld  3 Shie ld  4 

AIR 1.290E-03 0.000Et00 0.000Et00 1.290E-03 
ALUMINUM 0.000Et00 1.665Et00 0.000Et00 0.000Et00 
I RON 0.000Et00 0.000Et00 7.800Et00 0.000Et00 

T o t a l s :  1.290E-03 1.665Et00 7.800Et00 1.290E-03 

E, MeV Linear  A t t enua t ion ,  pe r  cm ( l a s t  region i s  a i r )  

0.0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2.9209 
3.2000 

2.838E-03 
6.409E-04 
3.627E-04 
2.979E-04 
2.497E-04 
2.302E-04 
2.186E-04 
2.117E-04 
2.030E-04 
1.749E-04 
1.518E-04 

2.004Et01 
3.229Et00 
1.236Et00 
8.096E-01 
5.145E-01 
4.008E-01 
3.516E-01 
3.254E-01 
2.947E-01 
2.284E-01 
1.920E-01 

9.281E-05 
8.021E-05 
7.665E-05 
6.855E-05 

6.779Et02 
1.146Et02 
4.037Et01 
2.318Et01 
1.182Et01 
7.416Et00 
5.442Et00 
4.420Et00 
3.335Et00 
1.508Et00 
1.031 Et00 
7.918E-01 

2.838E-03 
6.409E-04 
3.627E-04 
2.979E-04 
2.497E-04 
2.302E-04 
2.186E-04 
2.117E-04 
2.030E-04 
1.749E-04 

1.304E-04 1.636E-01 

1.006E-04 1.259E-01 5.802E-01 1.006E-04 
1.160E-01 5.316E-01 9.281E-05 

4.565E-01 8.021E-05 
7.665E-05 

1.114E-04 1.399E-01 6.509E-01 

1.001E-01 

1.518E-04 
1.304E-04 

6.267E-05 
5.906E-05 
5.431E-05 
5.280E-05 
5.019E-05 
4.795E-05 
4.577E-05 
4.383E-05 

9.565E-02 
8.565E-02 
7.831E-02 
7.401E-02 
6.883E-02 
6.728E-02 
6.458E-02 
6.221E-02 
5.971E-02 
5.717E-02 

4.360E-01 
3.906E-01 
3.585E-01 
3.402E-01 

1.114E-04 

6.855E-05 
6.267E-05 
5.906E-05 
5.431F-05 3.188E-01 

3.124E-01 5.280E-05 
3.017E-01 5.019E-05 
2.926E-01 4.795E-05 

4.577E-05 2.836E-01 
2.751E-01 4.383E-05 
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New UNH Tank (HO-64-5473) Annu la r  Source - Midd le  

Source S h i e l d s  D i s t a n c e  t o  D e t e c t o r ,  X = 7.350EtOl  cm 
Annu la r  13 Cy1 . & S l a b  Source Volume = 3.414Et04 cc  

Source Mass = 5.684Et04 grams 
Source Length = 7.500Et02 cm D i s t a n c e  Along C y l i n d e r ,  Y = 3.750Et02 
I n t e g r a t i o n  Specs: NTHETA = 11 NPSI = 11 DELR computed i n t e r n a  

S h i e l d  Th ickness :  7.240Et01, 1.000E-01, 6.350E-01, 3.650E-01 cm 
D is tances  f rom Dose P o i n t  t o  t h e  Ou ts ide  o f  

Dose B u i l d u p  Da ta  f o r  S h i e l d  3 w i t h  E f f e c t i v e  Atomic Number 26.00 

Source va lues  a r e  i n t e r p r e t e d  as pCi 
Source Sca le  F a c t o r  was 1.000Et03 
Fluence-to-Dose Convers ion:  Photons i n  A i r  

T o t a l  I n t e r v a l s :  1.861Et02 (photon source i s  t h e  2nd r e g i o n )  

( 1 )  Source Region: 1.000Et00 cm (2)  Next  Layer :  3.650E-01 cm 

B u i l d u p  M a t e r i a l  i s  I r o n  

Average Source T o t a l  F luence t o  Energy F luence Dose Rate 
E, MeV pho tons /sec  Dose F a c t o r  MeV/cmz/s R /h r  

cm 
1 l Y  

0.0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 - .~~ 
2.2879 
2.4864 
2.6844 
2.9209 
3.2000 

5.519Et07 
1.103Et06 
2.358Et06 
9.431Et05 
3.898Et05 
8.923Et05 
2.460Et05 
5.570Et05 
4.569Et05 
6.358Et06 
7.047Et05 
2.45ZEt05 
5.574Et06 
6.839Et06 
2.034Et07 
3.834Et05 
1.514Et05 
2.726Et05 
5.942Et03 
3.301Et03 
1.673Et05 
a .  734Et02 
4.005Et02 
1.651Et02 
7.672Et01 
5.883Et00 

1.263E-04 
1.754E-05 
5.931E-06 
3.621E-06 
2.232E-06 
1 .81  1E-06 
1.667E-06 
i .  621E-06 
1.594E-06 
1.734E-06 
1,901 E-06 
2.016E-06 
2.040E-06 
2.030E-06 
1.997E-06 
i ,907E-06 
1.875E-06 
1.790E-06 
1.714E-06 
1.663E-06 
1.604E-06 
1.593E-06 
1.538E-06 
1.502E-06 
1.465E-06 
1.425E-06 

0.000Et00 
0.000Et00 
8.454E-14 
4.054E-09 
6.122E-06 
4.579E-04 
6.732E-04 
3.834E-03 
9.006E-03 

4.5 14E-01 
2.864E-01 

1.847Et00 

1.071Et01 
1.763Et01 
6.495Et01 

1.736Et00 

1.744Ei-00 
7.61 5E--01 

4.546E-02 
2.835E-02 

9.148E-03 
4.565E-03 
2.029E--03 
1.022E-03 
8.556E--05 

1.671Et00 

0.000Et00 
0.000Et00 
5.014E-19 
1.468E-14 
1.366E-11 
8.294E-10 
1.122E-09 ~ ~~~~ 

6.213E-09 
1.435E-08 
3.202E-06 
8.583E-07 
5.773E-07 
2.185E-05 
3.577E-05 
1.297E-04 
3.327E-06 
1.428E-06 
3.107E-06 
7.794E-08 
4.713E-08 
2.679E-06 
1.457E-08 
7.020E-09 
3.046E-09 
1.497E-09 
1.219E-10 

.Tota ls :  1 .032Et08 photons/sec 1.019Et02 2.027E-04 R /h r  

I’ 



HNF-SD-WM-CN-091 
Rev. 0 

Page 55 o f  64 

New UNH Tank (HO-64-5473) L i n e  Source - End 

S h i e l d  Composi t ion,  g /cc  

S h i e l d  1 S h i e l d  2 S h i e l d  3 

A I R  0 .000Et00 0.000Et00 1.290E-03 
ALUMINUM 1.665Et00 0.000Et00 0.000Et00 
I RON 0.000Et00 7.800Et00 0.000Et00 

T o t a l s :  1.665Et00 7.800Et00 1.290E-03 

E, MeV L i n e a r  A t t e n u a t i o n ,  p e r  cm ( l a s t  r e g i o n  i s  a i r )  

0.0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2.9209 
3.2000 

2.004Et01 
3.229Et00 
1.236Et00 
8.096E-01 
5.145E-01 
4.008E-01 

3.254E-01 
2.947E-01 
2.284E-01 
1.920E-01 
1.636E-01 
1.399E-01 
1.259E-01 
1.160E-01 
1.001E-01 
9.565E-02 
8.565E-02 
7.831E-02 
7.401E-02 
6.883E-02 
6.728E-02 
6.458E-02 
6.22 1 E-02 
5.971E-02 
5.717E-02 

3.516E-01 

6.779Et02 
1.146Et02 
4.037Et01 
2.318Et01 
1.182Et01 
7.416Et00 
5.442Et00 
4.420Et00 
3.335Et00 
1.508Et00 
1.031Et00 
7.918E-01 
6.509E-01 
5.802E-01 
5.316E-01 
4.565E-01 
4.360E-01 
3.906E-01 
3.585E-01 
3.402E-01 
3.188E-01 
3.124E-01 
3.017E-01 
2.926E-01 
2.836E-01 
2.751E-01 

2.838E-03 
6.409E-04 
3.627E-04 
2.979E-04 
2.497E-04 
2.302E-04 
2.186E-04 
2.117E-04 
2.030E-04 
1.749E-04 
1.518E-04 
1.304E-04 
1.114E-04 
1.006E-04 
9.281E-05 
8.021E-05 
7.665E-05 
6.855E-05 
6.267E-05 
5.906E-05 
5.431E-05 
5.280E-05 
5.019E-05 
4.795E-05 
4.577E-05 
4.383E-05 



HNF-SD-WM-CN-091 
Rev. 0 

Page 56 of  64 

New UNH Tank (HO-64-5473) L i n e  Source - End 

Source S h i e l d s  D i s t a n c e  t o  D e t e c t o r ,  X = Z.OOOEt00 cm 
Cy1 i n d r i c a l  C y l i n d r i c a l  Source Volume = 2.356Et03 cc  

Source Mass = 3.923Et03 grams 
Source Leng th  = 7.500Et02 cm D i s t a n c e  Along C y l i n d e r ,  Y = 7.490Et02 cm 
I n t e g r a t i o n  Specs: NTHETA = 11 NPSI = 11 DELR computed i n t e r n a l l y  

S h i e l d  Th ickness :  1.000Et00, 6.350E-01, 3.650E-01 cm 
D is tances  f rom Dose P o i n t  t o  t h e  Ou ts ide  of 

Dose B u i l d u p  Da ta  f o r  S h i e l d  2 w i t h  E f f e c t i v e  Atomic Number 26.00 

Source va lues  a r e  i n t e r p r e t e d  as pCi 
Source Sca le  F a c t o r  was 1.000Et03 
Fluence-to-Dose Convers ion :  Photons i n  A i r  

T o t a l  I n t e r v a l s :  1.038Et05 (photon source i s  t h e  1 s t  r e g i o n )  

( 1 )  Source Region:  1.000Et00 cm (2) Next  Laye r :  3.650E-01 cm 

B u i l d u p  M a t e r i a l  i s  I r o n  

Average Source T o t a l  F luence t o  Energy F luence Dose Rate 
E, MeV pho tons /sec  Dose F a c t o r  MeV/cmz/s R /h r  

0 .0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2.9209 
3.2000 

5.519Et07 
1.103Et06 
2.358Et06 
9.431Et05 
3.898Et05 
8.923Et05 
2.460Et05 
5.570Et05 
4.569Et05 
6.358Et06 
7.047Et05 
2.452Et05 
5.574Et06 
6.839Et06 
2.034Et07 
3.834Et05 
1.514Et05 
2.726Et05 
5.942Et03 
3.301Et03 
1.673Et05 
8.734Et02 
4.005Et02 
1.651Et02 
7.672Et01 
5.883Et00 

1.263E-04 0.000Et00 
1.754E-05 0. oooEtoo 
5.931 E-06 3.227E-12 
3.621E-06 1.877E-07 

3.112E-04 2.232E-06 
1 .81  1E-06 
1.667E-06 
1.621E-06 
1.594E-06 
1.734E-06 
1.901E-06 
2.016E-06 
2.040E-06 
2.030E-06 
1.997E-06 
1.907E-06 
1.875E-06 
1.790E-06 
1.714E-06 
1.663E-06 
1.604E-06 
1.593E-06 
1.538E-06 
1.502E-06 
1.465E-06 
1.425E-06 

2.254E-02 
3.131E-02 
1.694E--01 
3.669E-01 
5.465Ei-01 

6.881Ei-00 
2.447Ei-02 

1.417Ei-03 

1.174Et01 

3.919Et02 

3.696Et01 
i . 6 0 2 E t o i  
3 .592Et01 

3.380Et01 

9.312E-01 
5.774E--01 

1.847E-01 
9.193E-02 
4.079E-02 
2.053E-.02 
1.718E--03 

0.000Et00 
0.000Et00 
1.914E-17 
6.797E-13 
6.945E-10 
4.083E-08 
5.219E-08 
2.746E-07 
5.847E-07 
9.474E-05 
2.232E-05 
1.387E-05 
4.991E-04 
7.953E-04 
2.829E-03 
7.051E-05 ~- 
3.003E-05 
6.431E-05 
1.596E-06 
9.600E-07 
5.421E-05 
2.943E-07 
1.414E-07 
6.124E-08 
3.007E-08 
2.448E-09 

T o t a l s :  1 .032Et08 photons/sec 2.252Et03 4.478E-03 R/hr  

I’ 



HNF-SD-WM-CN-091 
Rev. 0 

Page 57 o f  64 

New UNH Tank (HO-64-5473) Annu lar  Source - End 

S h i e l d  Composi t ion,  g /cc  

S h i e l d  1 S h i e l d  2 S h i e l d  3 S h i e l d  4 

A I R  1.290E-03 0.000Et00 0.000Et00 1.290E-03 
ALUMINUM 0.000Et00 1.665Et00 0.000Et00 0.000Et00 
I R O N  0.000Et00 0.000Et00 7.800Et00 0.000Et00 

T o t a l s :  1.290E-03 1.665Et00 7.800Et00 1.290E--03 

E, MeV L i n e a r  A t t e n u a t i o n ,  p e r  cm ( l a s t  r e g i o n  i s  a i r )  

0 .0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2.9209 
3.2000 

2.838E-03 
6.409E-04 
3.627E-04 
2.979E-04 
2.497E-04 
2.302E-04 
2.186E-04 
2.117E-04 
2.030E-04 
1.749E-04 
1.518E-04 
1.304E-04 
1.114E-04 
1.006E-04 
9.281E-05 
8.021E-05 
7.665E-05 
6.855E-05 
6.267E-05 
5.906E-05 
5.431E-05 
5.280E-05 
5.019E-05 
4.795E-05 
4.577E-05 
4.383E-05 

2.004Et01 
3.229Et00 
1.236Et00 
8.096E-01 
5.145E-01 
4.008E-01 
3.516E-01 
3.254E-01 
2.947E-01 
2.284E-01 
1.920E-01 
1.636E-01 
1.399E-01 
1.259E-01 
1.160E-01 
1.001E-01 
9.565E-02 
8.565E-02 
7.831E-02 
7.401E-02 
6.883E-02 
6.728E-02 
6.458E-02 
6.221E-02 
5.97 1 E-02 
5.717E-02 

6.779Et02 
1.146Et02 
4.037Et01 
2.318Et01 
1.182Et01 
7.416Et00 
5.442Et00 
4.420Et00 
3.335Et00 
1.508Et00 
1.031Et00 
7.918E-01 
6.509E-01 
5.802E-01 
5.316E-01 
4.565E-01 
4.360E-01 
3.906E-01 
3.585E-01 
3.402E-01 
3.188E-01 
3.124E-01 
3.017E-01 
2.926E-01 
2.836E-01 
2.751E-01 

2.838E-03 
6.409E-04 
3.627E-04 
2.979E--04 
2.497E-04 
2.302E--04 
2.186E--04 
2.117E-04 
2.030E-04 
1.749E-04 
1.518E-04 
1.304E--04 
1.114E-04 
1.006E--04 
9.28 1 E--05 
8.021E-05 
7.665E-05 
6.855E-05 
6.267E-05 

5.431E-05 
5.280E-05 
5.019E-05 
4.795E-05 
4.577E--05 
4.383E-05 

5.906E-05 
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New UNH Tank (HO-64-5473) Annu la r  Source - End 

Source S h i e l d s  D i s t a n c e  t o  D e t e c t o r ,  X = 7.350Et01 cm 
Annu la r  13 C y l .  & S l a b  Source Volume = 3.414Et04 cc  

Source Length = 7.500Et02 cm D i s t a n c e  Along C y l i n d e r ,  Y = 7.490Et02 cm 
I n t e g r a t i o n  Specs: NTHETA = 11 NPSI = 11 DELR computed i n t e r n a l l y  

S h i e l d  Th ickness :  7.240Et01, 1.000E-01, 6.350E-01, 3.650E-01 cm 
D is tances  f rom Dose P o i n t  t o  t h e  Ou ts ide  o f  

Dose B u i l d u p  Da ta  f o r  S h i e l d  3 w i t h  E f f e c t i v e  Atomic Number 26.00 

Source va lues  a r e  i n t e r p r e t e d  as PCi 
Source Sca le  F a c t o r  was 1.000Et03 
Fluence-to-Dose Convers ion:  Photons i n  A i r  

Source Mass = 5.684Et04 grams 

T o t a l  I n t e r v a l s :  1.861Et02 (photon source i s  t h e  2nd r e g i o n )  

(1) Source Region: 1.000Et00 cm ( 2 )  Next  Layer :  3.650E-01 cm 

B u i l d u p  M a t e r i a l  i s  I r o n  

Average Source T o t a l  F luence t o  Energy F luence Dose Rate 
E, MeV pho tons /sec  Dose F a c t o r  MeV/cmZ/s R/hr  

0.0131 
0.0245 
0.0354 
0.0429 
0.0548 
0.0659 
0.0748 
0.0819 
0.0933 
0.1522 
0.2310 
0.3458 
0.5068 
0.6423 
0.7680 
1.0434 
1.1417 
1.4187 
1.6904 
1.8897 
2.1850 
2.2879 
2.4864 
2.6844 
2.9209 
3.2000 

5.519Et07 
1.103Et06 
2.358Et06 
9.431Et05 
3.898Et05 
8.923Et05 
2.460Et05 
5.570Et05 
4.569Et05 
6.358Et06 
7.047Et05 
2.452Et05 
5.574Et06 
6.839Et06 
2.034Et07 
3.834Et05 
1.514Et05 
2.726Et05 
5.942Et03 
3.301Et03 
1.673Et05 
8.734Et02 
4.005Et02 
1.651Et02 
7.672Et01 
5.883Et00 

1.263E-04 0.000Et00 
1.754E-05 0.000Et00 
5.931E-06 7.029E-14 
3.621E-06 3.306E-09 
2.232E-06 4.878E-06 
1.811E-06 
1.667E-06 
1.621E-06 
1.594E-06 
1.734E-06 
1.901E-06 
2.016E-06 
2.040E-06 
2.030E-06 
1.997E-06 
1.907E-06 
1.875E-06 
1.790E-06 
1.714E-06 
1.663E-06 
1.604E-06 
1.593E-06 
1.538E-06 
1.502E-06 
1.465E-06 
1.425E-06 

3.569E-04 
5.154E-04 
2.894E-03 
6.663E-03 
1.272Et00 
3.038E-01 
1.903E-01 
7.062Et00 
1.157Et01 
4.254Et01 
1.138Et00 

1.129Et00 
4.963E-01 

2.953E-02 
1.840E-02 

5.931E-03 
2.959E-03 
1.314E-03 
6.621E-04 
5.543E-05 

1.083Et00 

T o t a l s :  1 .032Et08 photons/sec 

C l o s i n g :  DAT'S ALL P H O L Q U E S ! ! ! ! ! ! !  

6.685E-101 

0.000Et00 
0.000Et00 
4.169E-19 
1.197E-14 
1.089E-11 
6.466E-10 
8.591E-10 
4.691E-09 
1.062E-08 
2.205E-06 
5.775E-07 
3.835E-07 
1.441E-05 
2.349E-05 
8.494E-05 
2.170E-06 

2.02lE-06 

3.059E-08 
1.738E-06 
9.449E-09 
4.550E-09 
1.974E-09 
9.697E-10 
7.898E-11 

9.306E-07 

5.063E-08 

1.330E-04 R/hr 
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Finish run at 11:55:31 12/20/96 
Input File (D:\ISOSHLD\INPUT\TANKER.) is shown below: 

0 2 PUREX Tank Trailers 
Organic Tank (HO-64-4278) Line Source - Middle 
&INPUT NEXT=l, IGEOM=7, NTHETA=ll, NPSI=11, 
NSHLD=2, JBUF=Z, ICONC=O, OPTION=I, 
SLTH=1036., Y=518., X=2.5, T(l)=l., T(2)=1.27, 
SRCUNIT=O, DOSEUNIT=O, SRCPRFX=-6, SFACT=l.OEt3, 
WEIGHT(376)=7.12E-Ol, WEIGHT(377)=7.12E-Ol, 
WEIGHT(472)=1.45E-01, WEIGHT(319)=1.93E-O2, 
WEIGHT(335)=8.45E-01, WEIGHT(336)=7.99E-01, 
WEIGHT(ll9)=1.84E-O2, WEIGHT(155)=1.46E-O2, 
WEIGHT(170)=6.82EtOO, WEIGHT(172)=6.82Et00, 
WEIGHT(l17)=2.08E-O2, WEIGHT(496)=2.15E-O2, 
WElGHT(418)=8.44E-O2, WEIGHT(269)=1.2OE-Ol, 
WEIGHT(520)=1.72E-09, WEIGHT(398)=4.97E-O8, 
WEIGHT(476)=1.39E-O8, WEIGHT(526)=8.31E-06, & 
SOURCE 7 0.8122 

1 STEEL 9 7.8 
Organic Tank (HO-64-4278) Annular Source - Middle 
&INPUT NEXT=l, IGEOM=13, NTHETA=Il, NPSI=ll, 
NSHLD=3, JBUF-3, ICONC=O, OPTION=O, T(3)=1.27, 
SLTH=1036., Y=518., X=78., T(1)=76.2, T(2)=0.1, 
SRCUNIT=O, DOSEUNIT=O, SRCPRFX=-6, SFACT=l.OEt3, 
WEIGHT(376)=7.12E-01, WEIGHT(377)=7.12E-Ol, 
WEIGHT(472)=1.45E-Ol, WEIGHT(319)=1.93E-O2, 
WEIGHT(335)=8.45E-Ol, WEIGHT(336)=7.99E-Ol, 
WEIGHT(ll9)=1.84E-O2, WEIGHT(155)=1.46E-O2, 
WEIGHT(170)=6.82EtOO, WEIGHT(172)=6.82EtOO, 
WEIGHT(117)=2.08E-02, WEIGHT(496)=2.15E-O2, 
WEIGHT(418)=8.44E-O2, WEIGHT(269)=1.20E-Ol, 
WEIGHT(520)=1.72E-09, WEIGHT(398)=4.97E-O8, 
WEIGHT(476)=1.39E-O8, WEIGHT(526)=8.31E-O6, & 
AIR 3 ,00129 
SOURCE 7 0.8122 

1 STEEL 9 7.8 
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Organic Tank (HO-64-4278) Line Source - End 
&INPUT NEXT=l, IGEOM=7, NTHETA=11, NPSI=ll, 
NSHLD=2, JBUF=2, ICONC=O, OPTION=O, 
SLTH=1036., Y=1035., X=2.5, T(l)=l., T(Z)=1.27, 
SRCUNIT=O, DOSEUNIT=O, SRCPRFX=-6, SFACTrl.OEt3. 
WEIGHT(376)=7.12E-Ol, WEIGHT(377)=7.12E-Ol, 
WEIGHT(472)=1.45E-01, WEIGHT(319)=1.93E-02, 
WEIGHT(335)=8.45E-Ol, WEIGHT(336)=7.99E-Ol, 
WEIGHT(ll9)=1.84E-O2, WEIGHT(155)=1.46E-O2, 

WEIGHT(117)=2.08E-02, WEIGHT(496)=2.15E-O2, 
WEIGHT(418)=8.44E-02, WEIGHT(269)=l.ZOE-01, 
WEIGHT(5201=1.72E-09. WEIGHT/398)=4.97E-08. 

WEIGHT(170)=6.82EtOO, WEIGHT(172)=6.8ZEtOO, 

WEIGHT(476j=1.39E-O8; WEIGHT(526j=8.3lE-O6: & 
SOURCE 7 0.8122 

1 STEEL 9 7.8 
Organic Tank (HO-64-4278) Annular Source - End 
&INPUT NEXT=l, IGEOM=13. NTHETA=ll. NPSI=ll. 
NSHLD=3, JBUF=3, ICONC=O, OPTION=O, T(3)=1:27, 
SLTH=1036., Y=1035., X=78., T(1)=76.2, T(2)=0.1, 

SRCUNITzO, DOSEUNIT=O, SRCPRFXz-6, SFACTzl.OEt3, 
WEIGHT(376)=7.lZE-Ol, WEIGHT(377)=7.12E-Ol, 
WEIGHT(472)=1.45E-Ol, WEIGHT(319)=1.93E-O2, 
WEIGHT(335)=8.45E-01. WEIGHT(336)=7.99E-01. 

AIR ' 3  ,00129 
SOURCE 7 0 

1 STEEL 9 

WEIGHT( 155)=1.46E-02; 
WEIGHT(172)=6.82EtOO, 
WEIGHT(496)=2.15E-O2, 
WEIGHT(269)=1.20E-O1, 
WEIGHT(398)=4.97E-O8, 
WEIGHT(526)=8.3lE-O6, & 

8122 
7.8 
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Old UNH Tank (HO-64-5920) Line Source - Middle 
&INPUT NEXT=l, IGEOM=7, NTHETA=ll, NPSI=11, 
NSHLD=2, JBUF=2, ICONGO, OPTION=l, 
SLTH=701., Y=350.5, X=2., T(l)=l., T(2)=0.635, 
SRCUNIT=O, DOSEUNIT=O, SRCPRFXc-6, SFACT=l.OEt3. 
WEIGHT(376)=5.8lE-Ol, WEIGHT(377)=5.81E-Ol, 
WEIGHT(319)=4.27E-O2, WEIGHT(335)=3.6OE-O2, 
WEIGHT(336)=3.41E-O2, WEIGHT(ll9)=4.67E-Ol, 
WEIGHT(155)=3.96E-O2, WEIGHT(170)=5.33E-01, 
WEIGHT(172)=5.33E-01, WEIGHT(117)=7.18E-O2, 
WEIGHT(526)=1.59EtOl, WEIGHT(398)=2.17E-O2, 
WEIGHT(476)=9.8OE-O2, WEIGHT(520)=2.69E-03, 
WEIGHT(472)=0.00EtOO, WEIGHT(496)=0.00E+OO, 
WEIGHT(418)=0.00EtOO, WEIGHT(269)=0.00EtOO, & 
SOURCE 7 1.665 

1 STEEL 9 7.8 ~~~ ~ 

Old UNH Tank (H0-64-5920i Annular Source - Middle 
&INPUT NEXT=l, IGEOM=13, NTHETA=11, NPSI=11, 
NSHLD=3, JBUF=3, ICONC=O, OPTION=O. T(3)=0.635. 
SLTH=701., Y=350.5, X=73;5, T(1)=72.4,' T(2)=0.1, 
SRCUNITzO, DOSEUNIT=O, SRCPRFX=-6, SFACT=l.OEt3, 
WEIGHT(376)=5.8lE-Ol, WEIGHT(377)=5.81E-Ol, 
WEIGHT(319)=4.27E-O2, WEIGHT(335)=3.6OE-O2, 
WEIGHT(336)=3.41E-O2, WEIGHT(ll9)=4.67E-Ol, 
WEIGHT(155)=3.96E-O2, WEIGHT(170)=5.33E-01, 
WEIGHT(172)=5.33E-Ol, WEIGHT(117)=7.18E-O2, 
WEIGHT(526)=1.59E+Ol, WEIGHT(398)=2.17E-O2, 
WEIGHT(476)=9.8OE-O2, WEIGHT(520)=2.69E-03, 
WEIGHT(472)=0.00EtOO, WEIGHT(496)=0.00EtOO, 
WEIGHT(418)=0.00EtOO, WEIGHT(269)=0.00EtOO, & 
AIR 3 .00129 
SOURCE 7 1.665 

1 STEEL 9 7.8 
Old UNH Tank (HO-64-5920) Line Source - End 
&INPUT NEXT=l, IGEOM=7, NTHETA=ll, NPSI=11, 
NSHLD=2. JBUF=2. ICONC=O. OPTION=O. > -  

SLTH=70i., Y=700., X=2., T(l)=l., i(2)=0.635, 
SRCUNIT=O, DOSEUNIT=O, SRCPRFX=-6, SFACT=l.OEt3, 
WEIGHT(376)=5.81E-Ol, WEIGHT(377)=5.81E-Ol, 
WEIGHT(319)=4.27E-02. WEIGHT(335)=3.60E-02. 
WEIGHT(336)=3.41E-02, WEIGHT( 119)=4.67E-01, 
WEIGHT(155)=3.96E-O2, WEIGHT(170)=5.33E-01, 
WEIGHT(172)=5.33E-Ol, WEIGHT(117)=7.18E-O2, 
WEIGHT(526)=1.59E+Ol, WEIGHT(398)=2.17E-O2, 
WEIGHT(476)=9.8OE-O2, WEIGHT(520)=2.69E-03, 
WEIGHT(472)=0.00E+OO, WEIGHT(496)=0.00EtOO, 
WEIGHT(418)=0.00EtOO, WEIGHT(269)=0.00EtOO, & 
SOURCE 7 1.665 

1 STEEL 9 7.8 
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Old UNH Tank (HO-64-5920) Annular Source - End 
&INPUT NEXT=l, IGEOM=13, NTHETA=11, NPSI=11, 
NSHLD=3, JBUF=3, ICONC=O, OPTION=O, T(3)=0.635, 
SLTH=701., Y=700., X=73.5, T(1)=72.4, T(2)=O.l, 
SRCUNITcO, OOSEUNIT=O, SRCPRFX=-6, SFACT=l.OEt3, 
WEIGHT(376)=5.8lE-01, WEIGHT(377)=5.81E-Ol, 
WEIGHT(319)=4.27E-O2, WEIGHT(335)=3.6OE-O2, 
WEIGHT(336)=3.41E-02, WEIGHT(ll9)=4.67E-Ol, 
WEIGHT(155)=3.96E-O2, WEIGHT(170)=5.33E-01, 
WEIGHT(172)=5.33E-Ol, WEIGHT(117)=7.18E-O2, 
WEIGHT(526)=1.59E+01, WEIGHT(398)=2.17E-O2, 
WEIGHT(476)=9.8OE-O2, WEIGHT(520)=2.69E-03, 
WEIGHT(472)=0.00EtOO, WEIGHT(496)=0,00EtOO, 
WEIGHT(418)=0.00EtOO, WEIGHT(269)=0.00EtOO, & 
AIR 3 .00129 
SOURCE 7 1.665 

1 STEEL 9 7.8 
New UNH Tank (HO-64-5473) Line Source - Middle 
&INPUT NEXT=l, IGEOM=7, NTHETA=ll, NPSI=11, 
NSHLD-2, JBUF=2, ICONC=O, OPTION=l, 
SLTH=750., Y=375., X=2., T(l)=l., T(2)=0.635, 
SRCUNIT=O, DOSEUNIT=O, SRCPRFXz-6, SFACTzl.OEt3, 
WEIGHT(376)=5.81E-Ol, WEIGHT(377)=5.81E-01, 
WEIGHT(319)=4.27E-O2, WEIGHT(335)=3.6OE-O2, 
WEIGHT(336)=3.41E-O2, WEIGHT(ll9)=4.67E-01, 
WEIGHT(155)=3.96E-O2, WEIGHT(170)=5.33E-01, 
WEIGHT(172)=5.33E-Ol, WEIGHT(117)=7.18E-O2, 
WEIGHT(526)=1.59Et01, WEIGHT(398)=2.17E-O2, 
WEIGHT(476)=9.8OE-O2, WEIGHT(520)=2.69E-03, 
WEIGHT(472)=0.00E+OO, WEIGHT(496)=0.00E+OO, 
WEIGHT(418)=0.00EtOO, WEIGHT(269)=0.00E+OO, & 
SOURCE 7 1.665 

1 STEEL 9 7.8 
New UNH Tank (HO-64-5473) Annular Source - Middle 
&INPUT NEXT=l, IGEOM=13, NTHETA=ll, NPSI-11, 
NSHLD=3, JBUF=3, ICONC=O, OPTION=O, T(3)=0.635, 
SLTH=750., Y=375., X=73.5, T(1)=72.4, T(2)=0.1, 
SRCUNIT=O, DOSEUNIT=O, SRCPRFXz-6, SFACT=l.OEt3, 
WEIGHT(376)=5.81E-Ol, WEIGHT(377)=5.8lE-Olj 
WEIGHT(319)=4.27E-02, WEIGHT(335)=3.6OE-O2, 
WEIGHl(336)=3.41E-O2, WEIGHl(ll9)=4.67E-01, 
WFTGHT(1551=3.96E-02. WEIGHT1170)=5.33E-01. 
WEiGHTi 172: =5.33E-01: WEIGHT( 117j=7.18E-02, 
WEIGHT(526)=1.59EtOl, WEIGHT(398)=2.17E-O2, 
WEIGHT(476) =9.80E-02, WEIGHT( 520)=2.69E-03, 
WEIGHT(472)=0.00EtOO, WEIGHT(496)=0.00EtOO, 
WEIGHT(418)=0.00E+00, WEIGHT(269)=0.00Et00, & 
AIR ‘3 .00129 
SOURCE 7 1.665 

1 STEEL 9 7.8 
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New UNH Tank (HO-64-5473) Line Source - End 
&INPUT NEXT=l , IGEOM=7, NTHETA=11, NPSI=11, 
NSHLD=2, JBUF=L, ICONC=O, OPTION=O, 
SLTH=750., Y=749., X=2., T(l)=l., T(2)=0.635, 
SRCUNIT=O, DOSEUNIT=O, SRCPRFX=-6, SFACT=l.OEt3, 
WEIGHT(376)=5.81E-011 WEIGHT(377)=5.81E-01, 
WEIGHT(319)=4.27E-O2, WEIGHT(335)=3.6OE-O2, 
WEIGHT(336)=3.41E-O2, WEIGHT(ll9)=4.67E-Ol, 
WEIGHT(I55)=3.96€-02, WEIGHT(170)=5.33E-011 
WEIGHT(l72)=5.33E-Ol, WEIGHT(117)=7.18E-OZ, 
WEIGHT(526)=1,59EtOl, WEIGHT(398)=2.17E-O2, 
WEIGHT(476)=9.80E-O2, WEIGHT(520)=2.69E-03, 
WEIGHT(472)=0.00EtOO, WEIGHT(496)=0.00EtOO, 
WEIGHT( 418) =O .00E+00, WEIGHT( 269) =O .00Et00, & 
SOURCE 7 1.665 

1 STEEL 9 7.8 
New UNH Tank (HO-64-5473) Annular Source - End 
&INPUT NEXT=l, IGEOM=13, NTHETA=ll, NPSI=ll, 
NSHLD=3, JBUF=3, ICONC=O, OPTION=O, T(3)=0.635, 
SLTH=750., Y=749., X=73.5, T(1)=72.4, T(2)=0.1, 
SRCUNJT=O, DOSEUNIT=O, SRCPRFX=-6, SFACT=l.OEt3, 
WEIGHT(376)=5.81E-01, WEIGHT(377)=5.81E-Ol, 
WEIGHTf319)=4.27E-02. WEIGHT(335)=3.60E-02. 
WEIGHT ( 336j =3.4 1 E-02 ; WEIGHT i 119 j =4.67E-011 
WEIGHT(155)=3.96E-O2, WEIGHT(170)=5.33E-01, 
WEIGHT(172)=5.33E-Ol, WEIGHT(117)=7.18E-O2, 
WEIGHT(526)=1,59EtOl, WEIGHT(398)=2.17E-02, 
WEIGHT(476)=9.80E-02, WEIGHT(520)=2.69E-03, 
WEIGHT(472)=0.00EtOO, WEIGHT(496)=0.00EtOO, 
WEIGHT(418)=0.00EtOO, WEIGHT(269)=0.00EtOO, & 
AIR 3 .00129 
SOURCE 7 1.665 

1 STEEL 9 7.8 
DAT'S ALL PHOLQUES!!!!!!! 
&INPUT NEXT=6, & 
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NUMBER: WHC-SD-WM-CN-087 Rev 0. 
TITLE: S h i e l d i n q  A n a l y s i s  f o r  t h e  WESF I o n  Exchanqe Module 
Rev iewer (s ) :  S teve  Gedeon 

I. Method(s) o f  Review 

I n p u t  d a t a  checked f o r  accuracy  
( ) Independent c a l c u l a t i o n  per fo rmed 

and c a l c u l a t i o n  
( 4 ! l t e r n a t e  computer code: y ) comparison t o  exper iment  k * p r k ; t s  r e s u l t s  
( ) A l t e r n a t e  method ( d e f i n e )  

cOa 

11. C h e c k l i s t  ( e i t h e r  check o r  e n t e r  NA i f  n o t  a p p l i e d )  

kg Task comp le te l y  d e f i n e d  
v ) A c t i v i t y  c o n s i s t e n t  w i t h  t a s k  s p e c i f i c a t i o n  

Necessary assumptions e x p l i c i t l y  s t a t e d  and suppor ted  
Resources p r o p e r l y  i d e n t i f i e d  and re fe renced  
Resource documenta t ion  a p p r o p r i a t e  f o r  t h i s  a p p l i c a t i o n  

npu t  d a t a  e x p l i c i t l y  s t a t e d  

f o r  t a s k  and used w i t h i n  range o f  v a l i d i t y  

( ) O the r  ( d e f i n e )  

111. Comments: 
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