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1.0 INTRODUCTION AND SUMMARY 

1.1 INTRODUCTION 

Acc ident  consequence analyses have been performed f o r  P r o j e c t  W-058, t h e  
Replacement Cross S i t e  T r a n s f e r  System (RCSTS), u s i n g  t h e  assumption and 
a n a l y s i s  techniques developed f o r  t h e  Tank Remediation Waste System (TWRS) 
Bas is  f o r  I n t e r i m  Opera t ion  (BIO) (WHC, 1996). Most p o t e n t i a l  a c c i d e n t  
i n v o l v i n g  t h e  RCSTS are  bounded by t h e  TWRS B I O  a n a l y s i s .  However, t h e  spray 
l e a k  and pool  l e a k  scenar ios  r e q u i r e  r e v i s e d  analyses s i n c e  t h e  RCSTS des ign  
u t i 1  i z e s  l a r g e r  d iameter  p i p e  and h i g h e r  pressures than those analyzed i n  t h e  
TWRS B I O .  A lso  t h e  volume o f  d i v e r s i o n  box and vent  s t a t i o n  are  l a r g e r  than 
t h a t  assumed f o r  t h e  v a l v e  p i t s  i n  t h e  TWRS B I O ,  which e f f e c t s  r e s u l t s  o f  
sprays o r  s p i l l s  i n t o  t h e  p i t s .  The r e v i s e d  a n a l y s i s  f o r  t h e  spray l e a k  i s  
presented i n  Sec t ion  2, f o r  t h e  above ground s p i l l  i n  Sec t ion  3, f o r  t h e  
subsurface s p i l l  fo rming  a pool  i n  Sec t ion  4 ,  and f o r  t h e  subsurface pool  
remain ing  subsurface i n  S e c t i o n  5. The conc lus ions  from these s e c t i o n s  a r e  
summarized below. 

1 .2  SUMMARY OF RESULTS 

The events w i t h o u t  c o n t r o l s  a l l  show r i s k  g u i d e l i n e s  are  exceeded, which 

The r a d i o l o g i c a l  dose and t o x i c  
i n d i c a t e s  c o n t r o l s  are r e q u i r e d .  T h i s  i s  t o  be expected as t h e  B I O  reaches 
t h e  same conc lus ion  f o r  these events.  
consequences w i t h  c o n t r o l s  f o r  acc idents  i n v o l v i n g  t h e  RCSTS are  summarized i n  
Table 1-1 a long w i t h  t h e  r e s u l t s  f o r  t h e  same a c c i d e n t  scenar ios  g i v e n  i n  t h e  
B I O .  

The RCSTS acc idents  a l l  show t h a t  r i s k  g u i d e l i n e s  are  met w i t h  c o n t r o l s  
f o r  events s p e c i f i c a l l y  analyzed f o r  t h e  RCSTS. Doses w i t h  c o n t r o l s  a re  lower  
f o r  sprays i n  t h e  d i v e r s i o n  box and vent  s t a t i o n  than t h e  doses i n  s i m i l a r  B I O  
analyses due t o  c l o s u r e  o f  t h e  doors and t h e  presence o f  a HEPA f i l t e r .  

There are  e f f o r t s  underway t o  r e f i n e  t h e  TWRS B I O  and TWRS FSAR spray 
l e a k  a n a l y s i s  which are  expected t o  produce lower  doses. 
w i l l  be i n c o r p o r a t e d  i n t o  t h e  RCSTS a n a l y s i s  as they  are  i n c l u d e d  i n  t h e  B I O .  

The a n a l y s i s  i n  t h e  B I O  f o r  an underground l e a k  produc ing  an above ground 

These re f inements  

spray conclude t h a t  t h e  c o n t r o l s  a re  e f f e c t i v e  i n  p r e v e n t i n g  t h i s  acc ident .  
The same conc lus ion  a p p l i e s  t o  t h e  RCSTS. 

The above ground l e a k  r e s u l t i n g  i n  a pool  f o r  t h e  RCSTS i s  model led as a 
These analyses produce doses 

The s p i l l  i s  assumed t o  form an 
The r e s u l t s  a re  s i m i l a r  t o  t h e  

l e a k  t o  t h e  d i v e r s i o n  box and vent s t a t i o n .  
under t h e  r i s k  g u i d e l i n e s  f o r  t h e  RCSTS. 
aerosol  w i t h i n  t h e  box due t o  sp lash ing .  
spray.  The f a c t  t h e  d i v e r s i o n  box i s  sealed and most o f  t h e  r e l e a s e  w i l l  be 
through a HEPA f i l t e r  reduces t h e  RCSTS doses. 
p i t s  o r  f l u s h  system are  bounded by t h e  TWRS B I O  a n a l y s i s .  

Doses from p o o l s  i n  t h e  v a l v e  

2 o f  71  



HNF-SD-WM-CN-111 REV 0 

The below ground s p i l l  fo rming  an above ground pool  i s  model led i n  t h e  
B I O  as a s p i l l  o f  SST l i q u i d s  and s o l i d s  a t  50 gpm. The s p i l l  w i t h  t h e  SST 
l i q u i d s  i s  judged t o  be an " a n t i c i p a t e d  event "  due t o  t h e  age o f  t h e  l i n e s  and 
t h e  f a c t  t h a t  t h e  l i n e s  are  i n  d i r e c t  c o n t a c t  w i t h  t h e  ground. 
s p i l l  i s  model led u s i n g  RCSTS f l o w s  (140 gpm) and t h e  l i m i t i n g  ageing waste 
mix.  The event was determined t o  be "ex t remely  u n l i k e l y "  i n  t h e  RCSTS PSAR 
(WHC 1995). The doses w i t h  c o n t r o l s  meet t h e  r i s k  g u i d e l i n e s  f o r  ex t remely  
u n l i k e l y  events.  

The RCSTS 

The subsurface l e a k  remaining subsurface produces h i g h e r  doses than t h e  
TWRS B I O  s i n c e  t h e  RCSTS f l o w  i s  h i g h e r  than t h e  f l o w  model led f o r  t h e  TWRS 
B I O ,  and t h e  AWF mix, which conta ins  h i g h e r  r a d i o a c t i v e  i n v e n t o r i e s ,  i s  used 
f o r  t h e  RCSTS. The event i s  c l a s s i f i e d  as "ex t remely  u n l i k e l y "  f o r  t h e  RCSTS. 
However, even t h e  more r e s t r i c t i v e  " a n t i c i p a t e d "  event r i s k  g u i d e l i n e s  are  
met. 
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TWRS B I O  

2.0 SPRAY LEAK FOR THE RCSTS SYSTEM 

RCSTS 

2 . 1  INTRODUCTION TO SPRAY LEAK ANALYSIS 

Maximum pressure  

Maximum P i t / D i v e r s i o n  
Box Volume 

Pressur ized  t r a n s f e r s  o f  t a n k  m a t e r i a l  have t h e  p o t e n t i a l  t h a t  a l e a k  
c o u l d  r e s u l t  i n  a spray.  Spray l e a k s  can produce l a r g e  r a d i o l o g i c a l  doses 
s i n c e  a spray i s  an e f f e c t i v e  means o f  p roduc ing  aeroso ls  t h a t  can t r a n s p o r t  
r a d i o a c t i v e  m a t e r i a l  t o  a r e c e p t o r .  
Sec t ion  5.3.2.20 o f  t h e  TWRS E10 (WHC,1996) and t h e  s u p p o r t i n g  c a l c u l a t i o n  
note,  WHC-SD-WM-CN-048, ( H a l l  1996a). Several o f  t h e  c o n d i t i o n s  assumed i n  
t h e  TWRS B I O  d i f f e r  f rom those i n  t h e  RCSTS. The s i g n i f i c a n t  d i f f e r e n c e s  
r e l a t i v e  t o  spray l e a k s  are  summarized i n  Table 2-1. 

Spray l e a k s  i n  s t r u c t u r e s  a r e  analyzed i n  

2,068 kPa 300 p s i  8,970 kPa (1,300 p s i )  

333 m3 622 m3 

I Pipe Diameter I 5.08 cm (2 i n . )  I 7.62 cm (3 i n . )  I 

The maximum pump pressure  i s  taken from pump curves  which are  g i v e n  
The peak head o f  2,900 ft (1,257 p s i g )  was rounded up t o  i n  Appendix A .  

1,300 p s i g  f o r  t h i s  a n a l y s i s .  
f rom t h e  RCSTS PSAR (WHC, 1995). 

repeated  w i t h  t h e  RCSTS c o n d i t i o n s  g i v e n  above. 
and assumption on source term, acc ident  d u r a t i o n ,  e t c ,  a re  t h e  same as i n  t h e  
TWRS B I O .  
i n  Table 2-1. 

e x i s t i n g  pump p i t  and spray l e a k  o u t s i d e  a p i t .  
d i v e r s i o n  box i s  discussed i n  Sec t ion  2.2 and t h e  spray l e a k  i n  an e x i s t i n g  
box i n  Sec t ion  2.3 and t h e  spray l e a k  o u t s i d e  t h e  v a l v e  p i t s  and d i v e r s i o n  
boxes i n  Sec t ion  2.4. 

2.2 SPRAY LEAK I N  THE DIVERSION BOX 

2.2.1 Acc ident  A n a l y s i s  - No C o n t r o l s  

Other da ta  on t h e  RCSTS i n  Table 2-1 was taken 

The l i m i t i n g  TWRS B I O  spray l e a k  acc ident  consequence a n a l y s i s  has been 

The o n l y  d i f f e r e n c e s  i n  t h e  a n a l y s i s  assumptions are  those l i s t e d  

Two o t h e r  spray l e a k  c o n d i t i o n s  are  a l s o  considered: a spray l e a k  i n  an 

The e v a l u a t i o n  methodology 

The spray l e a k  i n  t h e  

2.2.1.1.  Release Q u a n t i t i e s  Assuming No C o n t r o l s  The SPRAY (Hey 1994) 
computer code was used t o  determine t h e  f l o w  r a t e  and p a r t i c l e  s i z e  
d i s t r i b u t i o n  f o r  t h e  unmi t iga ted  event.  
r e s p i r a b l e  r e l e a s e  r a t e  based on t h e  dimensions o f  t h e  o r i f i c e  o r  c r a c k  t h a t  
i s  p o s t u l a t e d  t o  occur.  
( H a l l  1996a) f o r  t h e  TWRS B I O  was repeated  w i t h  i d e n t i c a l  parameters except 
t h e  pressure  and p i p e  dimensions were used f o r  t h e  RCSTS. 
depth o f  0.549 cm (0.216 i n ) ,  which i s  t h e  t h i c k n e s s  o f  3 i n c h  schedule 

SPRAY determines t h e  t o t a l  and 

The c a l c u l a t i o n  performed i n  WHC-SD-WM-CN-048 

An e q u i v a l e n t  c rack  
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40 p ipe ,  was assumed. 
p ressure  o f  t h e  RCSTS pump o f  8,970 kpa (1300 p s i ) .  
(2 inches)  was assumed. 
t h e  c r a c k  w i d t h  t h a t  w i l l  produce t h e  maximum r e s p i r a b l e  re leases .  
o u t p u t  i s  shown i n  Appendix B. 

The l e a k  was assumed t o  occur a t  t h e  maximum deadhead 
A c r a c k  l e n g t h  o f  5.08 cm 

SPRAY performs i t e r a t i v e  c a l c u l a t i o n s  t o  determine 
The SPRAY 

The r e s u l t s  i n d i c a t e  t h a t  t h e  maximum r e s p i r a b l e  r e l e a s e  (< 15 pm) i s  
2.83 x 
f o r  t h e  o n s i t e  i n d i v i d u a l ) ,  t h e  r e l e a s e  i s  1223 L. The r e l e a s e  over a 24 hour 
t i m e  p e r i o d  ( t h e  exposure t i m e  f o r  t h e  o f f s i t e  i n d i v i d u a l )  i s  2,446 L .  

2 .2.1.2 Dose and T o x i c  C a l c u l a t i o n  Methods 

m3/s (0.449 gpm). Over a 12 hour t i m e  p e r i o d  ( t h e  exposure t i m e  

The i n h a l a t i o n  doses a r e  g i v e n  by: 

D = Q x X / Q '  x BR x ULDinh (1) 

where Q = M a t e r i a l  re leased (L) 
X /Q '  
BR = Breath ing  r a t e  (m3/s)  
ULDinh = I n h a l a t i o n  u n i t  l i t e r  dose (Sv/L) 

= Atmospheric d i s p e r s i o n  c o e f f i c i e n t  ( s/m3) 

The i n g e s t i o n  doses f o r  t h e  o f f s i t e  r e c e p t o r  are g i v e n  by 

D = Q x X / Q '  x ULDins 

where Q = M a t e r i a l  re leased (L) 
X / Q '  
ULDins = 24 hour i n g e s t i o n  u n i t  l i t e r  dose (m -Sv/L-s) 

(WHC 1996a) and are shown i n  Table 2-2. 

= Atmospheric d i s p e r s i o n  c o e f f i c i e n t  4s /m3)  

The parameters used f o r  t h e  unmi t iga ted  a n a l y s i s  are taken from 

Table 2-2. Parameters Used i n  Dose C a l c u l a t i o n .  

X/Qs (s/m3) 
o n s i t e  
o f f s i  t e  
Breath ing  r a t e  

5.54 x (12 hour)  
4.62 x (24 hour)  
(m3/s) 
3.3 x l i g h t  a c t i v i t y  ( o n s i t e )  
2.7 x 24 hour average ( o f f s i t e )  

ULD ( i n h a l a t i o n )  - 5.6 x l o 5  Sv/L ( f o r  33% s o l i d / 6 7  % l i q u i d  AWF Mix) 
ULD ( i n g e s t i o n )  - 2.7 Sv-m3/L-s( f o r  33%/67% l i q u i d  AWF mix)  

ULDs are  d e r i v e d  based on methods descr ibed i n  Van Keuren 1996a 
t h i s  mix a re  taken from H a l l  1996a. 

Tox ic  r e l e a s e  consequences are computed by m u l t i p l y i n g  t h e  sum o f  f r a c t i o n s  
f o r  t h e  t o x i c  mix t imes t h e  r e l e a s e  r a t e s .  Products l e s s  than o r  equal t o  1 
i n d i c a t e  r i s k  g u i d e l i n e s  are  met. The sum o f  f r a c t i o n  (SOF) approach i s  
d e r i v e d  i n  Van Keuren 1996b and SOFs are  d e r i v e d  f o r  t h i s  mix  i n  H a l l  1996a. 
SOFs depend on frequency ca tegory  and are shown i n  Table 2-3 f o r  t h e  33% 
so l ids /67% DST mix.  
e v a l u a t i o n s .  

ULDS f o r  

AWF tanks  are grouped w i t h  o t h e r  DST tanks  f o r  t o x i c  
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Maximum 
Individual  
Location 
Onsi te  
Offs i  t e  

Accident Frequency 

10-b t o  10-2 10-6 t o  lo-& 10-2 t o  1 

1.3 E+04 1.6 E+03 3 .5  E+02 
6 .8  E+01 1.1 E+01 1 .3  E+OO 

2.2.1.3 Spray Leak Dose Calculat ion - No Controls  The o n s i t e  dose from 
Equation 1 is:  

D = (1.22 x lo3 L )  (5.54 x s/m3) (3.3 x m3/s) (5.6 x lo5 Sv/L) 

D = 1.25 x io3 sv 
The o f f s i t e  dose i s  t h e  sum of t h e  inha la t ion  and inges t ion  doses .  The 
inha la t ion  dose i s  

Di, = (2 .44 x lo3 L) (4.62 x m3/s)  (5.6 x IO5 Sv/L) s/m3) (2.7 x 

Dinh = 1.70 SV 

The inges t ion  dose from Equation 2 is:  

Ding = (2.44 x lo3 L )  (4.62 x s/m3) ( 2 . 7  Sv-m3/L-s) 

= 0.030 SV 

The t o t a l  o f f s i t e  dose i s  t h e  sum o f  t h e  inha la t ion  and inges t ion  doses o r  

Dtota, = 1.70 + 0.030 = 1.73 Sv = 173 rem. 

The event  i s  c l a s s i f i e d  as a n t i c i p a t e d .  
a n t i c i p a t e d  events  a r e  5 mSv (0.5 rem) o n s i t e  and 1 mSv (0 .1  rem) o f f s i t e .  
Both doses exceed t h e  risk acceptance guide l ines ,  ind ica t ing  t h a t  mi t iga t ion  
i s  requi red .  

2.2.1.4 Toxic Release Evaluation - No Controls  Toxic r e l e a s e s  a r e  evaluated 
in  t h e  same manner as was done in t h e  TWRS BIO. The method i s  descr ibed i n  
Van Keuren 1996b. The comparison t o  risk guide l ines  f o r  t o x i c  r e l e a s e s  i s  
c a l c u l a t e d  based on t h e  r e l e a s e  r a t e .  
0.028 L/s from Sect ion 2.2.1.1. 
eye i r r i t a t i o n  but t h e  r e s p i r a b l e  p a r t i c l e s  produce t h e  dominant t o x i c  e f f e c t .  
The t o x i c  consequences a r e  t h e r e f o r e  evaluated based on t h e  r e s p i r a b l e  r e l e a s e  
r a t e .  
t h i s  mix i s  1 . 3  x lo4 s/L o n s i t e  and 68 s /L  o f f s i t e .  

The tox ico logica l  comparison t o  r i s k  guide l ines  i s :  

The risk guide l ines  f o r  

The maximum r e s p i r a b l e  r e l e a s e  r a t e  i s  
Non-respirable p a r t i c l e s  can cause sk in  and 

The sum of f r a c t i o n  of the  tox ico logica l  r i s k  acceptance c r i t e r i a  f o r  

Onsi te  0.028 L/s x 1 .3  x lo4 s/L = 360 
O f f s i t e  0.028 L/s x 68 s/L = 1.9  
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Products higher than 1 indicate that risk guidelines are not met. The 
risk guidelines are therefore not met for the unmitigated releases of toxic 
materials from a spray leak. 

2.2.2 Spray Leak In Diversion Box - With Controls 
2.2.2.1 Release Quantities With Controls The mitigation feature is that the 
diversion box doors are closed and sealed. Leak testing will be performed to 
confirm the door seal. The flow path will be through a HEPA filter, which 
will reduce the release to the atmosphere. It is assumed that the maximum 
release of material from the diversion box occurs at a concentration of 
100 mg/m3. This is the maximum concentration of aerosol that the air will 
sustain for long periods under steady state conditions (ANSI, 1980). The 
release from the pit will occur in two stages: 

1. Initially air containing aerosols is expelled from the pit due to 
the pit temperature and humidity increase from the spray. 

due to liquid filling the box after equilibrium 
temperature and humidity conditions are reached. 

2. The air containing aerosol will continue to be displaced 

Conditions are different for this scenario than those analyzed in the 
TWRS BIO in terms of temperature rise and the filtered release. 

Initial conditions in the TWRS BIO for the valve pits was assumed to be 

The 
The 

30 "F  and 15% relative humidity. The spray was assumed to result in a peak 
temperature in the diversion box of 120 "F, and 100% relative humidity. 
diversion box has a large volume, with significant volume below ground. 
box also contains the booster pumps which will produce significant heat in the 
cell during pumping. 
Because of the large size of the box, a lower average post spray equilibrium 
temperature would be expected than in the valve pit. An equilibrium condition 
of 100 " F  and 100% humidity is assumed. From psychometric tables (see WHC-SD- 
WM-CN-048), the specific volume of air at the initial conditions is 0.82 m3/kg 
and is 0.95 m3/kg at the equilibrium spray conditions. The fraction of the 
pit volume expelled due to increased temperature humidity is 

An initial temperature of 60 " F  is therefore assumed. 

Volume expansion = (0.95/0.82) - 1 = 0.16 

Given a volume o f  the diversion box of 622 m3, the volume of the release is 

Volume released = (622 m') (0.16) = 99 m3 

The release due to the air density change is assumed to occur during the 
first hour of the accident. 

The release due to displacement of air in the pit from the continued 
release of aerosols is assumed t o  occur at a rate of 20 gpm (4.6 m3/h). 
release rate will depend on the crack size, and liquid flow, and pressure, but 
20 gpm is assumed in the TWRS BIO to be the maximum rate that will produce 
significant aerosol generation. 
spill that will not contribute significantly to the generation o f  aerosols. 

The 

A larger release rate would produce a liquid 
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The s o l u t i o n  sprayed i s  assumed t o  ‘cons is t  of a mixture 1 / 3  AWF s o l i d s  
and 2 / 3  AWF l i q u i d s ,  which produces t h e  l a r g e s t  doses .  
s o l u t i o n  i s  assumed t o  be 1.4 x lo6 mg/L. 

The o n s i t e  r e l e a s e  i s  based on 12 hours maximum individual  exposure, and 
the o f f s i t e  r e l e a s e  i s  based on a 24 hour maximum individual  exposure. 
t o t a l  r e l e a s e  i s  t h e  r e l e a s e  from t h e  increase  in  temperature  and humidity 
during t h e  f i r s t  hour p lus  t h e  r e l e a s e  due t o  displacement of t h e  aerosol  f o r  
t h e  next 11 hours o n s i t e  or t h e  next 23 hours o f f s i t e .  

The major i ty  of t h e  r e l e a s e  wi l l  be through t h e  HEPA f i l t e r .  
e f f i c i e n c y  of  a HEPA i s  0.999. The presence of moisture  can degrade f i l t e r  
performance and a s tudy by Ricke t t s  e t  a l .  1986 ind ica ted  t h a t  a f i l t e r  i n  
high moisture  can increase  t h e  pene t ra t ion  of  aerosols  by one order  of  
magnitude. A f i l t e r  e f f i c i e n c y  of 0.99 i s  used in  t h i s  ana lyses ,  i . e . ,  1% of  
t h e  aerosol  i s  passed through t h e  f i l t e r .  

t h e  aerosol  d e n s i t y  of 100 mg/m3, o r  

Q ( 1 s t  hr)=[99 m3t(4.6 m 3 / h ) ( l  h)][100 mg/m3][1/(1.4 x lo6 mg/L)][O.Ol) 

The d e n s i t y  of  t h e  

The 

The f i l t e r  

The mater ia l  re leased  during t h e  f i r s t  hour i s  t h e  a i r  d i sp laced  t imes 

= 7.40 10.~ L 

The mater ia l  re leased  in  t h e  next 11 hours i s  t h e  r e l e a s e  r a t e  a f t e r  
equi l ibr ium condi t ions  a r e  reached times 11 hours, o r  

Q (11 hrs) = (4 .6  m3/h) (11 hr )  (100 mg/m3) (1/(1.4 x lo6 mg/L)(O.Ol)) 

= 3 . 6 1  L 

For t h e  o f f s i t e  c a l c u l a t i o n ,  t h e  t o t a l  r e l e a s e  i s  t h e  r e l e a s e  i n  t h e  
f i r s t  hour p lus  t h e  r e l e a s e  in  t h e  next 23 hours. 
hour i s  t h e  same a s  above. The r e l e a s e  f o r  t h e  next 23 hours i s :  

Q(23 hrs)  = (4.6 m3/h) ( 2 3  hr)  (100 mg/m3) (1/(1.4 x lo6 mg/L))(O.Ol) 

Q(23 hrs)  = 7.56 x L 

f a i l u r e s  occur .  The t o t a l  moisture  absorbed i n  t h e  f i l t e r  can be computed by 
looking a t  t h e  t o t a l  displacement of aerosol  i n  t h e  p i t .  
reaching t h e  f i l t e r  i s  t h e  r e l e a s e  due t o  temperature  and humidity change plus  
t h e  r e l e a s e  from displacement due t o  flow i n t o  t h e  d ivers ion  box. 

The r e l e a s e  in  t h e  f i r s t  

Moisture can degrade f i l t e r  performance t o  t h e  poin t  where f i l t e r  

The t o t a l  moisture  

Moisture = [ (99  m3 t (4.6 m3/h)) ( 2 3  h) 100 mg/m3/1.4 x lo6 mg/L](0.99) 
= 0.014 L. 

The t o t a l  q u a n t i t y  of water absorbed on t h e  f i l t e r  i s  q u i t e  small .  
F i l t e r  t e s t i n g  f o r  r e a c t o r  l o s s  of coolant  accident  condi t ions  have ind ica ted  
f i l t e r s  wi l l  opera te  with continuous high flows with s i g n i f i c a n t l y  higher  
water absorpt ion (Ricke t t s  e t  a l .  1986). 
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2.2.2.2 Dose C a l c u l a t i o n  Methods The doses are  c a l c u l a t e d  u s i n g  t h e  same b a s i c  
methodology as descr ibed f o r  t h e  unmi t iga ted  events, i .e. ,  Equat ions 1, and 2. 

The parameters used i n  t h e  dose c a l c u l a t i o n ,  which are  taken from WHC-SD- 
WM-CN-048 ( H a l l ,  1996a), a re  shown i n  Table 2-4. 

Table 2-4. Parameters f o r  t h e  Spray Leak Dose C a l c u l a t i o n  w i t h  C o n t r o l s .  

X / Q s  (s/m3) 
o n s i t e  0.0341 (1 hour)  

o f f s i t e  

Breath ing  r a t e  (m / s )  

5.74 x (11 hours) 
2.83 x IO-’ (1 hour) 
4.34 x (23 hours) 

3.3 x l i g h t  a c t i v i t y  
2.7 x 24 hour average 

ULD ( i n h a l a t i o n )  
ULD ( i n g e s t i o n )  - 2.7 Sv-m3/L-s 

2.2.2.3 Dose C a l c u l a t i o n  Wi th  C o n t r o l s  The o n s i t e  i n h a l a t i o n  dose i s :  

D ( l  hour)  = (7.40 x 10.’ L)  (0.0341 s/m3) (3.3 x 

= 4.66 x Sv 

- 5.6 x l o 5  Sv/L ( f o r  33% s o l i d s / 6 7  % l i q u i d  AWF Mix) 

m3/s) (5.6 x l o ’  Sv/L) 

D ( l l  h )=  (3.61 x l o +  L)(5.74 x s/m3)(3.3 x m3/s)(5.6 x l o ’  Sv/L) 

= 3.83 i o +  sv 
T o t a l  o n s i t e  i n h a l a t i o n  dose = 4.66 x t 3.83 x l o - ’  = 5.0 x Sv 

= 0.051 rem 

The o f f s i t e  i n h a l a t i o n  dose i s :  

D ( l  hour)  = (7.40 x IO-’ L)(2.83 x s/m3)(3.3 x m3/s)(5.6 x l o 5  Sv/L) 

= 3.87 io - ’  sv 
D(23 h) =(7.56 x L ) (4 .74  x s/m3)(2.7 x m3/s)(5.6 x l o 5  Sv/L) 

= 5.41 x SV 

The o f f s i t e  i n g e s t i o n  doses are  g i v e n  by 

D ( l  hour)  = (7.40 x L ) (2 .83  x l o +  s/m3)(2.7 m3-Sv/L-s) 

= 5.65 x sv 

D(23 h r )  = (7.56 x IO-’ L)(4.74 x s/m3)(2.7 m3-Sv/L-s) 

= 9.66 x lo- ’ ’  SV 

The t o t a l  o f f s i t e  dose i s  t h e  sum o f  t h e  o f f s i t e  i n h a l a t i o n  and i n g e s t i o n  
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doses. 

T o t a l  O f f s i t e  Dose = 4.5 x Sv = 4.5 x rem 

The event i s  c l a s s i f i e d  as a n t i c i p a t e d .  The r i s k  g u i d e l i n e s  f o r  
a n t i c i p a t e d  events a re  5 mSv ( 0 . 5  rem) o n s i t e  and 1 mSv (0.1 rem) o f f s i t e .  
R i s k  g u i d e l i n e s  are  met bo th  o f f s i t e  and o n s i t e  (see Chapter 3, Tab le  3-25). 

2.2.2.4 Toxic Release E v a l u a t i o n  Wi th  C o n t r o l s  The maximum r e l e a s e  r a t e  occurs 
d u r i n g  t h e  i n i t i a l  temperature and h u m i d i t y  inc rease i n  t h e  d i v e r s i o n  box. 
The t o x i c  consequences are  c a l c u l a t e d  based on a 15 minu te  peak average, which 
i s  t h e  recommended method t o  compare t o  r i s k  g u i d e l i n e s  f o r  prolonged r e l e a s e s  
w i t h  changing r a t e s  (Van Keuren 1996b). 
h u m i d i t y  inc rease i s  averaged over t h e  f i r s t  15 minutes and t h e  aeroso l  
r e l e a s e  due t o  displacement added. 
expansion p l u s  t h e  4.6 m3/hour t imes 15 minutes d i v i d e d  by 60 minutes.  The 
r e l e a s e  r a t e  i s  m u l t i p l i e d  by t h e  e f f e c t i v e  f i l t e r  t r a n s m i s s i o n  f a c t o r  o f  
0.01. The r e l e a s e  r a t e  o f  t h e  aerosol  i s  t h e r e f o r e :  

The r e l e a s e  due t o  temperature and 

The t o t a l  r e l e a s e  i s  99 m3 due t o  thermal 

RR = 199 m3+4.6 rn3/h(15min/60 min /h l [100 r n ~ / m ~ l r 1 / ( 1 . 4  x l o 6  rnq/L)110.011 
15 min x 60 s/min 

RR = 7.9 x 10.' L / s  

Sum o f  f r a c t i o n s  are  g i v e n  i n  Table 2-3 
Ons i te  sum o f  f r a c t i o n  = 1.3 x l o 4  s / L  
O f f s i t e  sum o f  f r a c t i o n s  = 68 s /L  

(7.9 x IO-' L/s)  (1.3 x I O 4  s/L) = 0.00103 
(7.9 x lo-* L / s )  (68 s /L )  = 5.4 x 

Products l e s s  than one i n d i c a t e  t h a t  r i s k  g u i d e l i n e s  are  met. 
g u i d e l i n e s  f o r  t h e  t o x i c o l o g i c a l  consequences f o r  t h e  m i t i g a t e d  event  a re  
t h e r e f o r e  met. 

The r i s k  

2.3 SPRAY LEAK I N  VALVE P I T  

The spray l e a k  due t o  a spray i n  t h e  v a l v e  p i t  assumes t h a t  a spray f rom 
t h e  l i n e  occurs i n  a s m a l l e r  volume v a l v e  p i t .  
(which i s  used i n  t h e  TWRS BIO) w i l l  be used. RCSTS pressures  and f l o w s  w i l l  
be assumed. 

A v a l v e  p i t  s i z e  o f  15 m3 

2.3.1 Spray i n  Valve P i t  - No C o n t r o l s  

c r e d i t  f o r  t h e  d i v e r s i o n  box o r  any o t h e r  m i t i g a t i n g  f e a t u r e .  
t o x i c  r e s u l t s  a re  t h e r e f o r e  t h e  same f o r  t h i s  case as presented  i n  
Sec t ion  2.2.1. 
c o n t r o l s  a re  t h e r e f o r e  r e q u i r e d .  

The spray a n a l y s i s  w i t h  no c o n t r o l s  presented i n  S e c t i o n  2.2.1 t o o k  no 
The doses and 

The r a d i o l o g i c a l  doses are  over t h e  r i s k  g u i d e l i n e s  and 
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Equilibrium Spray Conditions 

Maximum Spray producing 
aerosol 

Limiting source term 

Density of solution 

2.3.2 Spray in Valve Pit - With Controls 
The analysis of spray leak will be the same as presented in Section 2.2.2 

except the valve pit dimensions are different, and the releases do not pass 
through a HEPA filter. 
mg/m3. 
humidity in the pit. Once equilibrium conditions are reached, aerosol is 
displaced by the liquid flow. The analysis assumptions are summarized in 
Table 2-5 below. 
table. 

Table 2-5. 

The analysis assumes an aerosol concentration of 100 
The release is initially due to the increase in temperature and 

The TWRS BIO assumptions are also summarized in the same 

Assumptions for Spray for RCSTS in Standard Valve Pit. 

120 "F  and 100% 120 " F  and 100% 
humidity Humidity 

20 gPm 20 gPm 

33%/67% 33%/67% 
solids/liquids aging solids/liquids aging 
waste mix waste mix 

1.4 kg/m3 1 .4 kg/m3 

Assumption I RCSTS Analysis I TWRS BIO 

Valve Pit Volume 115 m3 115 m3 
30 " F  and 15% I humidity 30 " F  and 15% 

humidity I I Initial Conditions 

The assumptions for the RCSTS in Table 2-5 are identical to the TWRS BIO 
assumptions. 
results since the pit is assumed to reach equilibrium conditions of 100 m9/m3 
and the maximum flow that will produce a spray is assumed to be 0.00126 m / s  
(20 gpm). 
to that of the limiting case for the TWRS BIO. 

The pipe dimensions, pressures and flows do not affect the 

The dose calculation for this accident would therefore be identical 

2.4 SPRAY LEAK IN VENT STATION 

The vent station design is similar to that of the diversion box including 
the sealed doors and HEPA filter except the volume is smaller and the vent 
station does not contain the booster pumps. The volume is 207 in3. 

2 . 4 . 1  Spray in Vent Station No Controls 

The accident scenario described in Section 2.2.1 indicated no credit for 
pit dimensions. 
controls are the same as the spray in the diversion box. 
risk guidelines. 

The consequences for a spray in a vent station with no 
The doses exceed 

Controls are therefore required. 
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2.4.2 Spray i n  Vent S t a t i o n  Wi th  C o n t r o l s  

The c o n t r o l s  a re  t h e  same as f o r  t h e  d i v e r s i o n  box, sealed doors and 
presence o f  a HEPA f i l t e r  on t h e  vent  l i n e .  The q u a n t i t y  r e l e a s e d  i s  
developed i n  t h e  same manner as f o r  t h e  d i v e r s i o n  box i n  Sec t ion  2.2.2.1. 

due t o  temperature and h u m i d i t y  inc rease i s  
Given a volume o f  t h e  vent  s t a t i o n  o f  207 m3, t h e  volume o f  t h e  r e l e a s e  

Volume re leased = (207 m3) (0.16) = 33 m3 

The r e l e a s e  due t o  t h e  a i r  d e n s i t y  change i s  assumed t o  occur  d u r i n g  t h e  

The r e l e a s e  due t o  displacement o f  a i r  i n  t h e  p i t  f rom t h e  cont inued 

f i r s t  hour o f  t h e  acc ident .  

r e l e a s e  o f  aeroso ls  i s  assumed t o  occur a t  a r a t e  o f  20 gpm (4.6 m3/h). 
r e l e a s e  r a t e  w i l l  depend on t h e  c rack  s i z e ,  and l i q u i d  f l o w ,  and pressure,  b u t  
20 gpm i s  assumed i n  t h e  TWRS B I O  t o  be t h e  maximum r a t e  t h a t  w i l l  produce 
s i g n i f i c a n t  aeroso l  genera t ion .  
s p i l l  t h a t  w i l l  n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  g e n e r a t i o n  o f  aeroso ls .  

The m a t e r i a l  re leased d u r i n g  t h e  f i r s t  h o u j  i s  one percent  o f  t h e  a i r  
d i s p l a c e d  t imes t h e  aerosol  d e n s i t y  o f  100 mg/m, o r  

Q ( 1 s t  h r )= [33  m3+(4.6 m3/h) ( l  h ) ] [100 mg/m3][1/(1.4 x l o 6  mg/L)](O.Ol) 

The 

A l a r g e r  r e l e a s e  r a t e  would produce a l i q u i d  

= 2.69 x 10'~ L 

The m a t e r i a l  re leased i n  t h e  nex t  11 hours i s  t h e  r e l e a s e  r a t e  a f t e r  
e q u i l i b r i u m  c o n d i t i o n s  are reached t imes 11 hours t imes one percent ,  o r  

Q (11  h r s )  = (4.6 m3/h) (11 h r )  (100 mg/m3) (1/(1.4 x l o 6  mg/L)(O.OI)) 

= 3.61 i o +  L 

For t h e  o f f s i t e  c a l c u l a t i o n ,  t h e  t o t a l  r e l e a s e  i s  t h e  r e l e a s e  i n  t h e  
f i r s t  hour p l u s  t h e  r e l e a s e  i n  t h e  n e x t  23 hours.  The r e l e a s e  i n  t h e  f i r s t  
hour i s  t h e  same as c a l c u l a t e d  above. The r e l e a s e  f o r  t h e  n e x t  23 hours i s :  

Q(23 h r s )  = (4.6 m3/h) (23 h r )  (100 mg/m3) (1/(1.4 x lo6 mg/L))(O.Ol) 

Q(23 h r s )  = 7.56 x l o +  L 

2.4.2.1 Dose C a l c u l a t i o n  With C o n t r o l s  The o n s i t e  i n h a l a t i o n  dose i s :  

D ( l  hour)  = (2.69 x loe5  L) (0.0341 s/m3) (3.3 x m3/s) (5.6 x lo5 Sv/L) 

= 1.7 sv 

D(11 h)=  (3.61 x L)(5.74 x s/m3)(3.3 x m3/s)(5.6 x l o 5  Sv/L) 

= 3.83 sv 

T o t a l  o n s i t e  i n h a l a t i o n  dose = 1.70 x t 3.83 x = 2.1 x Sv 
= 0.021 rem 
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The o f f s i t e  i n h a l a t i o n  dose i s :  

D ( l  hour)  = (2.69 x l o +  L)(2.83 x s/m3)(3.3 x m3/s)(5.6 x l o 5  Sv/L) 

= 1.41 io-’ sv 

D(23 h) =(7.55 x L)(4.74 x s/m3)(2.7 x m3/s ) (5 .6  x l o 5  Sv/L)  

= 5.41 x 10.’ SV 

The o f f s i t e  i n g e s t i o n  doses are g i v e n  by 

D ( l  hour)  = (2.69 x l o +  L)(2.83 x s / m 3 ) ( 2 . 7  m3-Sv/L-s) 

= 2.06 x SV 

D(23 h r )  = (7.55 x L ) (4 .74  x s / m 3 ) ( 2 . 7  m3-Sv/L-s) 

= 9.66 x lo-’’ SV 

The t o t a l  o f f s i t e  dose i s  t h e  sum o f  t h e  o f f s i t e  i n h a l a t i o n  and i n g e s t i o n  
doses. 

T o t a l  O f f s i t e  Dose = 2.0 x Sv = 2 .0  x rem 

The event i s  c l a s s i f i e d  as a n t i c i p a t e d .  The r i s k  g u i d e l i n e s  f o r  
a n t i c i p a t e d  events a re  5 mSv (0.5 rem) o n s i t e  and 1 mSv (0.1 rem) o f f s i t e .  
R i s k  g u i d e l i n e s  are  met bo th  o f f s i t e  and o n s i t e .  

2 .4 .2 .2  T o x i c  Release E v a l u a t i o n  Wi th  C o n t r o l s  
occurs d u r i n g  t h e  i n i t i a l  temperature and h u m i d i t y  inc rease i n  t h e  vent  
s t a t i o n .  
average, which i s  t h e  recommended method t o  compare t o  r i s k  g u i d e l i n e s  f o r  
prolonged re leases  w i t h  changing r a t e s  (Van Keuren 1996b). 
temperature and h u m i d i t y  inc rease i s  averaged over t h e  f i r s t  15 minutes and 
t h e  aeroso l  r e l e a s e  due t o  displacement added. 
t o  thermal expansion p l u s  t h e  4.6 m3/hour t imes 15 minutes d i v i d e d  by 
60 minutes.  
o f  0.01. The r e l e a s e  r a t e  o f  t h e  aerosol  i s  t h e r e f o r e :  

The maximum r e l e a s e  r a t e  

The t o x i c  consequences are  c a l c u l a t e d  based on a 15 minu te  peak 

The r e l e a s e  due t o  

The t o t a l  r e l e a s e  i s  33 m3 due 

The r e l e a s e  r a t e  i s  m u l t i p l i e d  by t h e  e f f e c t i v e  f i l t e r  e f f i c i e n c y  

RR = 133 m3t4.6 m3/h(15min/60 min/h11100 mq/m3111/[1.4 x l o 6  mq/L) l r0 .01 ]  
15 min x 60 s/min 

RR = 2.7 x l o - *  L / s  

Tox ic  sum o f  f r a c t i o n s  are  g iven i n  Table 2-3 
Ons i te  sum o f  f r a c t i o n  = 1.3 x l o 4  s /L  
O f f s i t e  sum o f  f r a c t i o n s  = 68 s /L  
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(2.7 io-8 L / ~ )  (1.3 io4 S / L )  = 3.22 x 10.~ 
(2.7 x L/s) (68 s/L) = 1.8 x 10- 

Products less than one indicate that risk guidelines are met. The risk 
guide1 ines for the toxicological consequences for the mitigated event are 
therefore met. 

2.5 SPRAY LEAK IN THE LIFT STATION (244 A VALVE PIT) 

2.5.1 No Controls 

The results are the same as for the unmitigated diversion box accident. 
Controls are therefore required. 

2.5.2 Controls 

The spray accidents for the RCSTS are analyzed differently because of the 
high pressures and large volumes in the box. The lift station is not a large 
volume pit and the pit is at the end of the RCSTS line and will not experience 
high pressures during normal flow. In the event of the pump dead-heading into 
the line, there are rupture disks and pressure relief valves to relieve the 
pressure. 
scenario is enveloped by the analysis presented in the TWRS B I O .  

Only a low pressure spray can occur in the Lift Station, and this 

2.6 SPRAY LEAK FROM UNDERGROUND PIPING 

The TWRS B I O  also considers a spray leak from underground piping outside 

An excavation accident is the most credible method of obtaining 

valve pits and the diversion boxes in Section 5.3.2.21. 
underground line requires both an uncovering of the line and a crack or hole 
in the line. 
these conditions. 

2.6.1 Spray Leak From Underground Piping - No Controls 

credit for the diversion box or any other mitigating feature. 
toxic results are therefore the same for this case as presented in Section 
2.2.1. 
therefore required. 

A spray from a 

The spray analysis with no controls presented in Section 2.2.1 took no 
The doses and 

The radiological doses are over the risk guidelines and controls are 

2.6.2 Spray Leak From Underground Piping - With Controls 
Section 5.3.2.21 of the TWRS B I O  indicates that controls will be 

effective in preventing a spray leak from an underground pipe due to an 
excavation accident. 
Controls to prevent a spray leak from underground piping are listed in the 
TWRS B I O  and are summarized below. 

No consequences are therefore presented in the TWRS B I O .  
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1. 

2. 

3. 

4 .  

5. 

6. 

7. 

An approved excavation permit is required when excavating where 
waste transfer lines exist. 

Physical marking of surface is required where waste transfer line 
exist 

Hand digging only is allowed within 5 ft of piping. 

Waste transfer shall not be conducted in lines located within 
approximately 15 ft of ongoing excavation activities. 

The excavation supervisor shall ensure that communication system are 
available at the job site and that the excavation crew knows how to 
contact tank farm operation immediately in the event of a leak or 
other abnormal situation. 

Waste transfer through uncovered lines shall be prohibited unless 
approved radiation protection controls are established. 

Mass balances shall be performed periodically. 

The TWRS BIO should be consulted for more details. 

3.0 SURFACE LEAK RESULTING I N  A POOL 

The bounding accident selected for an above ground spill to form a pool 
is an overflow of a process pit due to a misroute of waste through an open 
nozzle. This scenario results in the highest potential leak rate, and largest 
surface pool of all the potential surface leak accidents. Process pits 
considered are the valve pit, the diversion box, and the vent station. 

the TWRS BIO and Hall, 1996b. 
for 12 hours, producing a total spill of 216,000 gallons. The spill is 
assumed to overflow the pit. Doses are calculated from the splashing in the 
pit, resuspension from the surface of the pool, resuspension from the liquid 
surface in the pit, and resuspension of the contaminated soil after the liquid 
soaks in. Doses are calculated for direct shine from the pool, gamma scatter 
from the air and inhalation doses from material suspended in the air. 

3.1 LEAK RESULTING I N  A SPILL TO AN EXISTING VALVE P I T  

The unmitigated surface spill accident is analyzed in Section 5.3.2.18 of 
The accident scenario assumes a leak of 300 gpm 

The potential exists for an above ground spill to occur in the RCSTS 
system. 
The maximum pool size is 100,800 gallons, which is smaller than the 216,000 
gallons assumed in the TWRS BIO. 
term. 
spills. 
therefore be performed. 

However the maximum flow rate in the RCSTS is 0.0088 m3/s (140 gpm). 

The TWRS BIO assumed the limiting AWF source 
For the same pit volumes, the TWRS BIO analysis would bound the RCSTS 
No further analysis of a spill to an existing valve pit will 
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3 . 2  LEAK RESULTING I N  A SPILL TO THE DIVERSION BOX 

3 . 2 . 1  S p i l l  With No Controls  

The l a r g e  volume of t h e  d ivers ion  box e f f e c t s  t h e  a n a l y s i s  r e s u l t s .  The 
TWRS BIO a n a l y s i s  assumes an i n i t i a l  r e l e a s e  due t o  sp lash ing  i n  t h e  p i t ,  a 
vent ing from t h e  l i q u i d  pool in  the p i t  a f t e r  sp lash ing  s t o p s ,  and a r e l e a s e  
from t h e  l i q u i d  pool a f t e r  t h e  l i q u i d  overflows t h e  p i t  and, f i n a l l y ,  a 
resuspension from the ground a f t e r  the pool l i q u i d  has soaked i n t o  t h e  ground. 
The volume of  t h e  d ivers ion  box i s  622 m3, and a 12 hour leak  a t  0.0088 m3/s 
wil l  produce only a 380 m3 s p i l l  volume. 
overflow the d ivers ion  box. The sp lash ing  may however cont inue f o r  a longer  
per iod as  t h e  TWRS BIO scenar io  assumes t h e  sp lash ing  s t o p s  a f t e r  t h e  p i t  i s  
ha l f  f u l l .  
s p i l l  f o r  t h i s  scenar io .  

The s p i l l  wi l l  t h e r e f o r e  not  

The sp lash ing  i s  assumed t o  cont inue f o r  the f u l l  per iod of t h e  
Analysis assumptions a r e  shown in Table 3-1. 

Table 3-1. S p i l l  Analysis Assumptions. 

Flow r a t e  0.0088 m3/s (140 gpm) 
Duration of  s p i l l  12 hours 
Release contained within d ivers ion  box. 
Splashing cont inues f o r  t h e  f u l l  12 hours 

The r e l e a s e  f r a c t i o n  during t h e  sp lash ing  phase of  the acc ident  i s  given 
in  Hall 1996b a s  der ived from Sfct ion 3.2.3.2 of  t h e  DOE handbook on r e l e a s e  
f r a c t i o n s  (DOE 1994) as  4 x 10- . 
mult iplying t h e  t o t a l  amount s p i l l e d  times this  r e l e a s e  f r a c t i o n .  
from sp lash ing  in  t h e  p i t  is :  

Q = (0.0088 m3/s)(12 h)(3600 s /h)  (4  x 

Q = 0.0152 m3 = 15.2 L 

r e l e a s e  r a t e  i s  a func t ion  of t h e  pool sur face  a rea  and i s  der ived in  Hall 
1996b as  1 .4  x IO-'' L/m'-s. The sur face  area o f  t h e  d ivers ion  box i s  165 m'. 
The r e l e a s e  in  12 hours i s  0.001 L, which i s  n e g l i g i b l e  compared t o  the 
r e l e a s e  from sp lash ing .  The dose ca lcu la ted  in  t h e  TWRS BIO from t h e  s o l u t i o n  
overflowing t h e  p i t  i s  not appl icable  in  t h i s  scenar io ,  s i n c e  t h e  overflow 
does not occur .  

3 . 2 . 1 . 1  Dose Calcula t ion  No Controls  The o n s i t e  doses a r e  c a l c u l a t e d  using 
t h e  same methods as  used f o r  t h e  spray l e a k ,  Equations 1 and 2 which a r e  
repeated below. 

The quant i ty  re leased  i s  determined by 
The r e l e a s e  

A second c o n t r i b u t o r  i s  t h e  r e l e a s e  from t h e  sur face  of  the pool .  The 
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The inhalation doses are given by 

D = Q x X/Q' x BR x ULDinh 

where Q = Material released (L) 
X/Q' 
BR = Breathing rate (m3/s) 
ULDinh = Inhalation unit liter dose (Sv/L) 

= Atmospheric dispersion coefficient (s /m3)  

The ingestion doses for the offsite receptor are given by 

D = Q x X/Q' x ULDing 

where Q = Material released (L) 
X/Q' 
ULDing = Ingestion unit liter dose (m3-Sv/L-s) 

= Atmospheric dispersion coefficient (s/m3) 

The parameters used for the unmitigated analysis are taken from 
(WHC 1996) and are shown in Table 3-2. 

Table 3-2 Parameters Used in Pool Dose Calculation. 

5.54 x (12 hour) onsite 
offsite 4.62 x (24 hour) 

7.07 x (12 hour) 
Breathing rate (m3/s) 

3.3 x light activity 
2.7 x 24 hour average 

X/Qs (s/3) 

ULD (inhalation) - 5.6 x lo5 Sv/L (for 33% sold/67 %liquid AWF Mix) 
ULD (ingestion) - 2.7 Sv-m3/L-s 

The doses for 15.2 L release over 12 hours are 

D = (15.2 L) (5.54 x 

D = 15.6 Sv (1560 rem) 

The offsite dose i s  the sum of the inhalation and ingestion doses. 
inhalation dose is 

s/m3) ( 3 . 3  x m3/s)  (5.6 x IO5 Sv/L) 

The 

Dinh = (15.2 L) (7.07 x 

Dinh = 0.020 Sv 

s/m3) (3.3 x m3/s) (5.6 x lo5 Sv/L) 

(2.0 rem) 

The ingestion dose from Equation 2 is 

Dins = (15.2 L) (4.62 x s/m3) (2.7 Sv-m3/L-s) 

= 1.9 10.~ sv 
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The total offsite dose is the sum of the inhalation dose plus the ingestion 
dose or, 

Dtotal = 0.020 Sv 

anticipated events are 5 mSv (0.5 rem) onsite and 1 mSv (0.1 rem) offsite. 
Risk guidelines are not met onsite or offsite. 

The spill into the pit will produce a direct radiation dose due to gamma 
radiation from the liquid in the pit, and from air-scatter (skyshine) to the 
onsite receptor. The distance to the offsite receptor is over 8 km which is 
far enough that the direct dose to the offsite receptor will be negligible. 
The direct dose to the onsite receptor will be lower than that given in Hall 
1996b since the spill area is smaller, and the spill is confined in the pit. 
The pit walls will provide some shielding. However, the dose from air-scatter 
will not be zero. The conclusions of the aerosol dose analysis is that 
mitigation is required. Including the doses from skyshine will increase the 
dose slightly and will not change the conclusion that mitigation is required. 

3.2.1.2 Toxic Releases The release is 15.2 L in 12 hours which corresponds to 
a release rate of 3.5 x L / s .  
mixture of AWF solids and liquids is 1.3 x lo4 s / L  onsite and 68 s/l offsite 
for anticipated events (See Table 2-3). The comparison to risk guidelines are 

(2 rem) 

The event is classified as anticipated. The risk guidelines for 

The sum of fractions derived for the 

Onsite 
(3.5 L / ~ )  (1.3 x104 S / L )  = 4.6 

Offsi te 
(3.5 x L / s )  (68 s /L )  = 2.4 x 

Products less than 1 indicate that risk guidelines are met. Risk 
guidelines are therefore met offsite but not onsite. 

3.2.2 Spill To Diversion Box - Accident Consequence 
Calculation With Controls 

Mitigation features for the surface pool dose are controls designed to 

Controls 
prevent the accident including blocking off unused open nozzles, locking out 
pumps when they are not in use, and performing jumper leak tests. 
which reduce the consequences are the presence of pit covers and pit leak 
detectors. The key assumptions in the TWRS B I O  are: 

1. Preventative controls are assumed to eliminate the flow through an 
open nozzle but a loose connection is credible. 
credible leak rate, given the preventative controls, is 0.00126 m3/s 

The maximum 

(20 gpm). 

2. The waste is 33% AWF solids, 67% AWF liquids. 

3. The pit drain is assumed to be plugged. 

4 .  The pit leak detector i s  assumed to respond after 0.051 m (2 in) of 
waste accumulates in the pit 
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5 .  Twenty percent  o f  t h e  l i n e  h o l d  up i n  a 10,000 f t  long,  3 i n c h  l i n e  
i s  assumed t o  g r a v i t y  d r a i n  back i n t o  t h e  p i t .  

6. The o p e r a t o r s  a re  assumed t o  respond by s t o p p i n g  t h e  f l o w  i n  30 
minutes f o l l o w i n g  t h e  l e a k  d e t e c t o r .  

Assumption 5 i s  d i f f e r e n t  f o r  t h e  RCSTS s i n c e  t h e  RCSTS l e n g t h  i s  longer .  
The maximum d r a i n  volume i s  27.4 m3 based on a 18,800 ft d r a i n  o f  3 i n c h  
schedule 40 p i p i n g .  
The l e a k  d e t e c t o r s  i n  t h e  d i v e r s i o n  box are  n o t  s a f e t y  c l a s s  and a r e  t h e r e f o r e  
n o t  c r e d i t e d  as a m i t i g a t i n g  f e a t u r e  i n  t h i s  a n a l y s i s .  The l e a k  w i l l  be 
assumed t o  be de tec ted  2 hours due t o  mass balance and f l o w  i s  assumed t o  be 
h a l t e d  w i t h i n  a a d d i t i o n a l  30 minutes.  The a d d i t i o n a l  assumption f o r  t h e  
RCSTS i s  t h a t  c r e d i t  w i l l  be taken f o r  t h e  f a c t  t h a t  t h e  major  f l o w  p a t h  i s  
th rough t h e  HEPA. The amount o f  m a t e r i a l  re leased i s  a f a c t o r  o f  100 l o w e r  
due t o  t h e  HEPA. (See s e c t i o n  2.2.2.1). 

3.2.2.1 Release Q u a n t i t i e s  Wi th  C o n t r o l s  
d i v e r s i o n  box f o r  2 hours a t  t h e  f u l l  f l o w  o f  0.0088 m3/s (140 gpm). 
o p e r a t o r s  a re  assumed t o  respond by s topp ing  t h e  f l o w  i n  30 minutes f o l l o w i n g  
d e t e c t i o n  o f  t h e  l e a k  by mass balance. 
minutes t o t a l .  Dur ing  t h i s  150 minutes,  t h e  f l o w  volume ( v )  i n t o  t h e  p i t  i s :  

v = (150 minutes) (8 .8  x 

The d r a i n  volume o f  27.4 m3 i s  used i n  t h i s  a n a l y s i s .  

L i q u i d  i s  assumed t o  l e a k  i n t o  t h e  
The 

The pumped f l o w  d u r a t i o n  i s  150 

m3/s)(60 s/m) 

= 79.4 m3. 

The back f l o w  f o l l o w i n g  pumy s h u t o f f  i s  27.4 m3. The t o t a l  f l o w  i n t o  
t h e  p i t  i s  79.4 t 27.4 = 106.8 m . The f r a c t i o n  o f  t h e  p i t  volume f i l l e d  i s  
about 17%. The d i v e r s i o n  box doors are sealed, b u t  aeroso l  w i l l  be e x p e l l e d  
th rough t h e  HEPA f i l t e r .  

Aerosol  would be re leased from t h e  p i t  due t o  displacement,  expansion o f  
t h e  a i r  p l u s  normal b r e a t h i n g  o f  t h e  p i t .  H a l l  1996b c a l c u l a t e s  doses 
c o n s e r v a t i v e l y  based on an exchange o f  100% o f  t h e  volume o f  t h e  p i t .  
m a t e r i a l  i s  assumed t o  be re leased w i t h  a maximum c o n c e n t r a t i o n  o f  100 mg/m3. 
The HEPA f i l t e r  w i l l  reduce t h e  q u a n t i t y  o f  aeroso l  re leased by a f a c t o r  o f  
100. The amount o f  m a t e r i a l  re leased i s  

The 

Q = (622 m3) (100 mg/m3) (1 / (1 .4  x lo6 mg/L) (0.01) 

q = 4.44 x 1 0 ' ~  L 

3.2.2.2 Dose C a l c u l a t i o n  Wi th  C o n t r o l s  
X / Q s  w i t h  plume meander f o r  a two hour p e r i o d  (1.13 x 10 * s/m3 o n s i t e  and 
2.12 x 10- s/m3 o f f s i t e  f rom Van Keuren 1996a). 

The dose i s  c a l c u l a t e d  based on t h e  

Ons i te  

Dinh = (4.44 x 

Dinh = 9.28 x 

L) (1.13 x l o - *  s/m3) (3.3 x m3/s) (5.6 x l o 5  Sv/L) 

Sv (0.093 rem) 
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The o f f s i t e  dose i s  t h e  sum o f  t h e  i n h a l a t i o n  and i n g e s t i o n  doses. The 
i n h a l a t i o n  dose i s  

Din,, = (4.44 x L) (2.12 x s/m3) (3.3 x m3/s)  (5.6 x l o 5  Sv/L) 

Din,, = 1.7 x Sv (1.7 x rem) 

The o f f s i t e  i n g e s t i o n  dose from equat ion  2 i s  

Ding = (4.44 x L )  (2.12 x s/m3) (2.7 Sv-m3/L-s) 

= 2.5 x 10-8 sv 

The t o t a l  o f f s i t e  dose i s  

D,,,,, = 1.8 x Sv (1.8 x rem) 

a n t i c i p a t e d  events a re  5 mSv (0.5 rem) o n s i t e  and 1 mSv (0 .1  rem) o f f s i t e .  
R i s k  g u i d e l i n e s  are met bo th  o f f s i t e  and o n s i t e .  

The p i t  cover and doors w i l l  be an e f f e c t i v e  m i t i g a t o r  a g a i n s t  
a i r - s c a t t e r  and d i r e c t  sh ine  dose. These doses w i l l  be n e g l i g i b l e .  

The event i s  c l a s s i f i e d  as a n t i c i p a t e d .  The r i s k  g u i d e l i n e s  f o r  

3 . 2 . 2 . 3  T o x i c  Releases With C o n t r o l s  
L i n  141 minutes.  
r e l e a s e  r a t e  o f  5.2 x 10.' L/s.  
o f  f r a c t i o n s  are taken from Table 2-3):  

(5.2 x L /s )  (1.3 x l o 4  s / L )  = 6.8 x 

The r e l e a s e  from t h e  p i t  i s  4.44 x 
The r e l e a s e  r a t e  i s  assumed t o  be cons tan t  which produces a 

The comparison t o  t h e  r i s k  g u i d e l i n e s  i s  (Sum 

(5.2 x l o - @  L / s )  (68 s /L )  = 3.6 x 

Tox ic  r i s k  g u i d e l i n e s  are  met f o r  t h e  m i t i g a t e d  acc ident  s i n c e  bo th  
p roduc ts  are l e s s  than 1.0. 

3 .3  POOL SPILL I N  VENT STATION 

3 . 3 . 1  Pool S p i l l  I n  Vent S t a t i o n  - No C o n t r o l s  

The pool  s p i l l  w i l l  o v e r f l o w  t h e  vent s t a t i o n  i n  about 6 hours a t  a f l o w  
o f  0.0088 m3/s (140 gpm). The dose due t o  sp lash ing  i n  6 hours w i l l  be about 
one-ha l f  o f  t h e  12 hour dose c a l c u l a t e d  f o r  t h e  d i v e r s i o n  box pool  s p i l l  
w i t h o u t  c o n t r o l s .  
g u i d e l i n e s .  
vent s t a t i o n  w i l l  t h e r e f o r e  be t h e  same as f o r  t h e  d i v e r s i o n  box s p i l l ,  i .e. ,  
c o n t r o l s  a re  r e q u i r e d .  

T h i s  dose w i l l  exceed bo th  t h e  o n s i t e  and o f f s i t e  r i s k  
The conc lus ion  o f  t h e  pool  l e a k  a n a l y s i s  w i t h o u t  c o n t r o l s  f o r  t h e  
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3.3.2 Pool Spill In Vent Station - With Controls 

diversion box pool. 
for the diversion box. The diversion box spill assumed a 27.4 m volume 
drained back from the lines. The vent station is at the high point of the 
line, so there will be no draip back from the line. 
a total spill volume of 79.4 in versus 106.6 m3 for the diversion box pool. 
The volume of the vent station is 207 m3, so the spill will not overflow the 
vent station. Since the vent station has the same HEPA filter design, and the 
same requirement that the doors be sealed, the doses from the pool spill in 
the vent station are enveloped by the diversion box spill. 

The mitigated results may be determined using the same methods as for the 
The flow and time to detect the leak will bp the same as 

The pool spill will have 

3.4 POOL FORMED DUE TO FLUSH SYSTEM ACCIDENT 

A flush system allows cleanout of the line. The potential for a backflow 
through the system results in radioactive waste being introduced into the 
flush tank and possibly overflowing and forming a pool. 

3.4.1 No Controls 

without controls produce doses in excess of the risk guidelines. 
therefore necessary. 

The analyses in the preceding sections have indicated that pool leaks 
Controls are 

3.4.2 With Controls 

flush system. 
closed when radioactive material is being transferred through the line. 
flow preventers are placed in the line to prevent reverse flow. 
an interlock and pressure sensor will prevent pump operation if the flush 
system lines are open. 

The controls are adequate to prevent a backflow into the flush system 
when the pumps are operating. 
administrative errors that a backflow could occur after the pumps are shutoff. 
However, the maximum backflow as discussed in the previous section is about 
27.4 m3 (7240 gallons). The flush tank volume is 151 m3 (40,000 gallons). If 
it is postulated that the tank is empty, the backflow would be contained in 
the tank, and would be only a facility worker problem. If the tank is full, 
overflow would occur, but the waste would be diluted and the maximum release 
would be 27.4 m3 (7240 gallons). Pool spills of larger quantities than would 
occur due to the drain of the line are analyzed in the TWRS 610 and in Section 
4 of this report, and are shown to meet risk guidelines, even neglecting 
dilution effects. The spill through the flush system is therefore bounded by 
other accidents. 

There are several lines of defense to prevent a backflow through the 
Administrative controls require that at least 2 valves be 

Back 
In addition 

It is possible due to a combination of 
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4.0 SUBSURFACE LEAK LEADING TO A SURFACE POOL 

T h i s  s e c t i o n  covers l e a k s  f rom b u r i e d  t r a n s f e r  l i n e s  as p o t e n t i a l  
i n i t i a t o r  o f  s u r f a c e  p o o l s  o f  waste. 
can r e s u l t  i n  s u r f a c e  poo ls  because t h e  s o i l  beneath t h e  l e a k  can become 
supersa tura ted  w i t h  l i q u i d .  

H a l l  1 9 9 6 ~ .  The TWRS BIO cons iders  a subsurface l e a k  f o r  SST l i n e s  as t h e  
l i m i t i n g  case s i n c e  these un-encased l i n e s  are  o l d e r ,  i n  d i r e c t  c o n t a c t  w i t h  
t h e  s o i l ,  and more prone t o  f a i l u r e  than t h e  newer double w a l l e d  l i n e s .  The 
event i s  cons idered an a n t i c i p a t e d  event because o f  t h e  age o f  t h e  l i n e s  and 
t h e  f a c t  t h e  l i n e s  have o n l y  a s i n g l e  w a l l .  
double w a l l e d  system and i t  i s  c l e a r  t h a t  t h e  p r o b a b i l i t y  o f  a l i n e  f a i l u r e  
l e a d i n g  t o  a pool  i s  l o w e r  f o r  t h i s  event.  
f a i l u r e s  w i l l  be performed u s i n g  t h e  RCSTS f lows.  The assumptions t h a t  a r e  
d i f f e r e n t  a re  as f o l l o w s :  

T r a n s f e r  l i n e  l e a k s  a t  h i g h  f l o w  r a t e s  

A subsurface l e a k  i s  eva lua ted  i n  Sec t ion  5.3.2.19 o f  t h e  TWRS BIO and 

The RCSTS system i s  a modern, 

An e v a l u a t i o n  o f  t h e  RCSTS 

1. The RCSTS f l o w  i s  140 gpm w h i l e  t h e  TWRS BIO a n a l y s i s  i s  based on a 
50 gpm t r a n s f e r  r a t e .  

The TWRS BIO assumes a d r a i n  f rom t h e  p i p i n g  o f  400 g a l .  The RCSTS 
l i n e  i s  s i g n i f i c a n t l y  longer .  A d r a i n  f rom 5730 m o f  3 i n c h  
schedule 40 p i p e  i s  assumed i n  t h i s  a n a l y s i s  (27.4 m3 o r  7190 
g a l  1 ons) . 
The TWRS BIO a n a l y s i s  i s  based on a l i n e  break d u r i n g  SST t r a n s f e r s  
and t h e r e f o r e  assumes SST s o l i d s ,  and l i q u i d s  t o  de termine a u n i t  
l i t e r  does. 
i s  t h e  l i m i t i n g  m i x t u r e  i s  assumed i n  t h i s  e v a l u a t i o n .  

The TWRS BIO cons iders  t h e  p i p e  break event as " a n t i c i p a t e d " .  
"Extremely U n l i k e l y "  c r i t e r i a  w i l l  be used f o r  t h i s  RCSTS p i p e  break 
w i t h  c o n t r o l s  event s i n c e  t h e  RCSTS i s  a modern, double w a l l e d  l i n e .  
Extremely u n l i k e l y  was t h e  frequency ca tegory  determined f o r  t h e  
subsurface l e a k  f rom t h e  RCSTS i n  t h e  RCSTS PSAR (WHC 1995). The 
p i p e  break w i t h o u t  c o n t r o l s  i s  eva lua ted  as an a n t i c i p a t e d  event.  

2. 

3. 

The u n i t  l i t e r  dose f o r  AWF s o l i d s  and l i q u i d s ,  which 

4. 

4.1 ACCIDENT CONSEQUENCE - NO CONTROLS 

4.1.1 Release Q u a n t i t y  Wi th  No C o n t r o l s  

hour p e r i o d  which produces a pool  volume o f  37,500 g a l l o n s .  
bounding f o r  SST t r a n s f e r s .  
t i m e  p e r i o d  w i l l  be eva lua ted  f o r  t h e  RCSTS. 
o f  140 gpm, t h e  r e l e a s e  would be 105,000 g a l l o n s ,  o r  397 m3. 
back f l o w  from t h e  p i p i n g  o f  27.4 m3 i s  assumed, as was done f o r  t h e  sur face  
l e a k .  
assumed i n  t h e  TWRS BIO and t h e  same depth i s  assumed i n  t h i s  a n a l y s i s .  The 
pool  d iameter  i s  146 m and t h e  sur face  area i s  1.67 x l o 4  m2. Releases from 
t h e  pool  w i l l  occur i n  two segments. 

The TWRS BIO assumes as an unmi t iga ted  event a l e a k  o f  50 gpm over  a 12.5 

I n  12.5 hours a t  a t r a n s f e r  r a t e  

A 50 gpm f l o w  i s  
A l e a k  a t  t h e  maximum RCSTS f l o w  f o r  t h e  same 

An a d d i t i o n a l  

The t o t a l  f l o w  i n t o  t h e  pool  i s  424 m3. A pool depth  o f  1 i n c h  was 

The f i r s t  i s  t h e  suspension from t h e  
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evapora t ion  f rom t h e  pool  l i q u i d  surface, and t h e  second w i l l  occur f rom t h e  
resuspension o f  r a d i o a c t i v e  m a t e r i a l  on t h e  ground a f t e r  t h e  l i q u i d  has soaked 
i n t o  t h e  ground. 

The suspension from t h e  pool  i s  es t imated  based on t h e  pool  s u r f a c e  area 
u s i n g  DOE Handbook on r e l e a s e  f r a c t i o n s  (DOE, 1994) da ta .  A r e l e a s e  f r a c t i o n  
o f  1.4 x IO-'' L/m2-s i s  used i n  t h e  TWRS BIO ( H a l l  1 9 9 6 ~ ) .  
t h e  pool  i s  t h e r e f o r e :  

Q(poo1) = (1.4 x 10"' L/m2-s) (1.67 x l o 4  m 2 / 2 )  (750 min) (60  s/min) 

The r e l e a s e  from 

Q(poo1) = 0.053 L 

The poo l  area i s  d i v i d e d  by two s ince  the  average s u r f a c e  area i s  used 
f o r  t h i s  c a l c u l a t i o n .  
12.5 hours (750 minutes) p r i o r  t o  soaking i n t o  t h e  ground. 

The resuspension from t h e  pool  m a t e r i a l  soaking i n t o  t h e  ground i s  
d e r i v e d  from DOE 1994. A r e l e a s e  f r a c t i o n  o f  t h e  t o t a l  s p i l l  volume o f  8.4 x 

i s  used i n  t h e  TWRS B I O  based on da ta  f rom Sect ion  3.2.4.4 o f  DOE (1994). 
The r e l e a s e  due t o  resuspension i s :  

Q(resus) = (424 m3) (8.4 x (1000 L/m3) 

Q( resus)  = 35.6 L 

The pool  i s  assumed t o  remain on t h e  s u r f a c e  f o r  

4.1.2 Dose Consequences 

4.1.2.1 A i r b o r n e  Releases The acc ident  scenar io  descr ibed i n  H a l l  1996c 
assumes t h a t  t h e  pool  forms f o r  12.5 hours.  A t  t h e  end o f  t h e  12.5 hours, t h e  
pool  soaks i n t o  t h e  ground e s s e n t i a l l y  ins tan taneous ly  and resuspension from 
t h e  ground occurs over t h e  nex t  24 hours. 
exposed f o r  o n l y  12 hours s i n c e  t h a t  i s  t h e  maximum work s h i f t  d u r a t i o n .  
r e l e a s e  d u r i n g  t h e  f i r s t  12 hours a f t e r  t h e  l i q u i d  soaks i n t o  t h e  ground i s  
assumed t o  be 80% o f  t h e  t o t a l .  

The i n h a l a t i o n  doses are g i v e n  by 

The o n s i t e  r e l e a s e  r e c e p t o r  i s  
The 

D = Q x X / Q '  x BR x ULDinh (1) 

where Q = M a t e r i a l  re leased (L) 
X / Q '  
BR = B r e a t h i n g  r a t e  (m3/s)  
ULDinh = I n h a l a t i o n  u n i t  l i t e r  dose (Sv/L) 

= Atmospheric d i s p e r s i o n  c o e f f i c i e n t  (s/m3) 

The i n g e s t i o n  doses f o r  t h e  o f f s i t e  r e c e p t o r  are g i v e n  by 

D = Q x X /Q '  x ULDing 

where Q = M a t e r i a l  re leased (L) 
X / Q '  
ULDing = I n g e s t i o n  u n i t  l i t e r  dose (m3-Sv/L-s) 

= Atmospheric d i s p e r s i o n  c o e f f i c i e n t  (s/m3) 

The parameters used f o r  t h e  u n m i t i g a t e d  a n a l y s i s  a re  taken from 
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(WHC 1996c) and are  shown i n  Table 4-2. 

Tab le  4-2. Parameters Used i n  t h e  Pool Dose C a l c u l a t i o n .  

X/Qs (s/m3) 
o n s i t e  1.13 x ( 2 hour X / Q )  
o f f s i t e  2.12 x (plume meander) 
B r e a t h i n g  r a t e  (m3/s) 

3.3 x l i g h t  a c t i v i t y  
2.7 x 24 hour average 

ULD ( i n h a l a t i o n )  - 5.6 x l o 5  Sv/L ( f o r  33% so ld /67  % l i q u i d  AWF Mix) 
ULD ( i n g e s t i o n )  - 2.7 Sv-m3/L-s 

re lease.  
t h e r e  are  n o n - l i n e a r i t i e s  i n  t h e  r e l e a s e  r a t e .  
c o n s e r v a t i v e l y  used f o r  t h i s  e v a l u a t i o n .  

A X / Q  w i t h  plume meander i s  used s i n c e  t h i s  i s  a r e l a t i v e l y  l o n g  d u r a t i o n  
The X/Qs however a re  n o t  averaged over t h e  12 hour d u r a t i o n  s i n c e  

The 2 hour X / Q  i s  

The dose d u r i n g  t h e  second 12 hours o f  t h e  a c c i d e n t  i s  h i g h e r  t h a n  t h e  
dose d u r i n g  t h e  f i r s t  12 hours s ince  t h e  dose r a t e  i s  h i g h e r  a f t e r  t h e  pool  
d r i e s .  The o f f s i t e  r e c e p t o r  i s  t h e r e f o r e  assumed t o  r e c e i v e  a dose from t h e  
m a t e r i a l  re leased f o r  12 hours a f t e r  t h e  l i q u i d  soaks i n t o  t h e  ground. H a l l  
1996c i n d i c a t e s  t h a t  80% o f  t h e  m a t e r i a l  t h a t  i s  re leased w i l l  be re leased i n  
t h e  f i r s t  12 hours.  The dose f o r  a 80% r e l e a s e  o f  35.6 L over 12 hours i s  

D = (35.6)(0.8) (1.13 x 

D = 59.5 Sv (5950 rem) 

s/m3) (3.3 x m3/s) (5.6 x lo5 Sv/L) 

The o f f s i t e  dose i s  t h e  sum o f  t h e  i n h a l a t i o n  and i n g e s t i o n  doses. 
r e c e p t o r  i s  assumed t o  remain i n - p l a c e  d u r i n g  t h e  12 hour s p i l l  and t h e  
12 hours o f  resuspension. 

Dinh = [(0.8)(35.6)L+0.05 L l (2 .12  x 

The 

The i n h a l a t i o n  dose i s  

s/m3)(3.3 x m3/s)(5.6 x IO5 Sv/L) 

Dinh = 0.11 Sv (11 rem) 

The i n g e s t i o n  dose from Equat ion 2 i s  

Dins = [ (0.8)(35.6) L t 0.05 L]  (2.12 x s/m3) (2.7 Sv-m3/L-s) 

= 1.6 x Sv (0.16 rem) 

The t o t a l  o f f s i t e  dose i s  t h e  sum o f  t h e  i n h a l a t i o n  dose p l u s  t h e  
i n g e s t i o n  doses o r  

D,,,,, = 0.11 Sv 

4.1.2.2 D i r e c t  Shine and Skyshine Dose A c a l c u l a t i o n  i s  g i v e n  i n  H a l l  1996b 
f o r  a pool  w i t h  a d iameter  o f  172 m. 
pool formed i n  t h i s  case. 
12 hours was 1 Sv t o  t h e  o n s i t e  r e c e p t o r .  
was n e g l i g i b l e .  

(11 rem) 

The pool  i n  H a l l  1996b envelopes t h e  
The d i r e c t  p l u s  t h e  skyshine dose f o r  t h e  pool  over 

The dose t o  t h e  o f f s i t e  r e c e p t o r  
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4.1.2.3 Total Doses The t o t a l  o n s i t e  dose i s  t h e r e f o r e  59.5 + 1 = 60.5 
Sv = (6050 rem) 

The t o t a l  o f f s i t e  i s  0.11 Sv (11 rem). 

0.04 Sv o f f s i t e .  These guide l ines  a r e  exceeded, c o n t r o l s  a r e  t h e r e f o r e  
requi red .  

The r i s k  guide l ines  f o r  extremely unl ike ly  events  a r e  0.10 Sv o n s i t e  and 

4.1.3 Toxic Releases 

soaked i n t o  t h e  ground wi l l  occur during a 2 hour per iod (based on DOE 1994 
d a t a ) .  The maximum r e l e a s e  r a t e  wi l l  occur during this  per iod.  The maximum 
r e l e a s e  r a t e  i s :  

Hall 1996c i n d i c a t e s  t h a t  ha l f  of t h e  resuspension from l i q u i d s  t h a t  have 

(35.6 L x 0.5 )/(2 hr x 3600 s /hr )  = 2.47 x L/s 

The sum of f r a c t i o n  f o r  a 33% DST s o l i d s  and 67% l i q u i d s  aging waste mix 
f o r  extremely unl ike ly  events  i s  3.5 x l o 2  s /L  f o r  o n s i t e  and 1.3 s /L o f f s i t e  
(See Table 2-3). The comparison t o  r i s k  guide l ines  a re :  

Onsi te  (2.47 x 

O f f s i t e  (2.47 x L/s ) (1 .3  s /L )  = 0.0032 

L/s)(3.5 x l o 2  s/L) = 0.87 

Toxicological r e l e a s e  r i s k  guide l ines  a r e  met both o f f s i t e  and o n s i t e .  

4.2 SUBSURFACE LEAK LEADING TO A POOL CONSEQUENCES WITH CONTROLS 

t h e  dura t ion  and t h e  volume of t h e  mater ia l  s p i l l e d .  The leak  wi l l  be 
de tec ted  within 2 hours, e i t h e r  due t o  mass balance c a l c u l a t i o n s  o r  t h e  pipe 
annulus leak  d e t e c t o r s .  I t  assumed t h a t  i t  takes  30 minutes t o  shutdown t h e  
pump a f t e r  t h e  leak  i s  de tec ted .  The pumped flow t h e r e f o r e  cont inues f o r  a 
t o t a l  time of 2.5 hours a f t e r  t h e  leak .  I t  i s  a l s o  assumed t h a t  emergency 
response procedures wi l l  be implemented within 2.5 hours t o  evacuate  o n s i t e  
workers in  t h e  v i c i n i t y  o f  t h e  leak .  The o f f s i t e  individual  i s  assumed t o  
remain in  place f o r  a f u l l  24 hours. The frequency category with c o n t r o l s  i s  
extremely unl ike ly .  

In t h e  scenar io  w i t h  c o n t r o l s ,  opera tor  ac t ion  i s  c r e d i t e d  with l i m i t i n g  

4.2.1 Release Quant i ty  With  Controls  

21,000 gal = 79.5 m3. 
addi t iona l  27.4 m3. The pool diameter  and 
sur face  a rea  a r e  73.2 m and 4209 m2, r e s p e c t i v e l y ,  assuming a pool depth of 
0.025 m ( 1  inch) .  

The pumped r e l e a s e  quant i ty  during t h e  pumped flow i s  140 gpm x 150 min = 
The l i q u i d  in  t h e  pipes  wi l l  d ra in  r e l e a s i n g  an 

The t o t a l  r e l e a s e s  i s  106.9 m3. 

The o n s i t e  receptor  i s  assumed t o  be evacuated within 2.5 hours a f t e r  t h e  
s t a r t  of t h e  leak .  The r e l e a s e  used f o r  t h e  o n s i t e  dose c a l c u l a t i o n  t h e r e f o r e  
cons iders  only t h e  pumped r e l e a s e  during t h e  2.5 hours. As discussed  f o r  the 
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u n m i t i g a t e d  event,  t h e  r e l e a s e  f r a c t i o n  f rom t h e  l i q u i d  pool  s u r f a c e  i s  1.4 x 
IO-'' L/m2-s. The r e l e a s e  from t h e  pool  i s  t h e r e f o r e :  

Q(poo1) = (1.4 x 10.'' L/m2-s) (4209 m2/2) (150 m i n ) ( 6 0  s/min) 

q(pooi)  = 5.30 10.~ L 

The peak pool  s u r f a c e  area i s  d i v i d e d  by two s i n c e  t h e  pool  s u r f a c e  area 
i s  i n c r e a s i n g  l i n e a r l y  d u r i n g  pumping. 
t h e  o n s i t e  c a l c u l a t i o n .  

The o f f s i t e  r e l e a s e  q u a n t i t y  i s  computed based on a 2.5 hour pumping t i m e  p l u s  
t h e  d r a i n  f rom t h e  l i n e s .  The resuspension from t h e  m a t e r i a l  soaking i n t o  t h e  
ground i s  d e r i v e d  from Sectio: 3.2.4.4 o f  DOE (1994) i n  H a l l  1996c. The 
r e l e a s e  f r a c t i o n  i s  8.4 x 10 . The r e l e a s e  due t o  resuspension f rom t h e  
ground i s :  

Q( resus)  = (106.9 m3) (8.4 x 

Q( resus)  = 9.0 L 

The average s u r f a c e  area i s  used f o r  

(1000 L/m3) 

The r e l e a s e  due t o  resuspension w i l l  dominate t h e  o f f s i t e  r e l e a s e .  

4.2.2 Dose Consequences 

4.2.2.1 A i r b o r n e  Releases 
s i n c e  emergency response i s  assumed t o  evacuate t h e  o n s i t e  r e c e p t o r  a f t e r  2.5 
hours.  

The o n s i t e  r e c e p t o r  i s  exposed f o r  o n l y  2.5 hours 

The o n s i t e  dose f o r  5.30 x 

D = (5.30 x 

D = 0.011 Sv (1.1 rem) 

r e c e p t o r  i s  assumed t o  remain i n - p l a c e  f o r  24 hours.  
averaged over t h e  24 hour d u r a t i o n  s i n c e  t h e r e  are  n o n - l i n e a r i t i e s  i n  t h e  
r e l e a s e  r a t e .  The i n h a l a t i o n  dose i s  

Dinh = ( 9  L) (2.12 x s/m') (3.3 x 

L r e l e a s e  over 2.5 hours i s  

L )  (1.13 x 10" s/m3) (3.3 x m3/s) (5.6 x l o 5  Sv/L) 

The o f f s i t e  dose i s  t h e  sum o f  t h e  i n h a l a t i o n  and i n g e s t i o n  doses. The 
The X/Qs however a re  n o t  

m3/s) (5.6 x l o 5  Sv/L) 

Dinh = 0.035 Sv (3.5 rem) 

The i n g e s t i o n  dose from Equat ion 2 i s  

Dins = (9  L) (2.12 x IO+ s/m3) (2.7 Sv-m3/L-s) 

= 5.2 x sv 

The t o t a l  o f f s i t e  dose i s  t h e  sum o f  t h e  i n h a l a t i o n  dose p l u s  t h e  
i n g e s t i o n  doses o r  

i n h a l a t i o n  and i n g e s t i o n  Dtota, = 0.036 Sv (3.6 rem) 
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Isotope 

4 .2 .2.2 D i r e c t  Shine and Skyshine Dose 
t h e  o n s i t e  r e c e p t o r  w i l l  be sub jec ted  t o  gamma r a d i a t i o n  f rom t h e  y o 1  
re lease.  
MICROSKYSHINE2code i n  a s i m i l a r  manner t o  t h a t  o f  t h e  TWRS B I O .  
i s  assumed t o  remain 100 m f rom t h e  edge o f  t h e  pool  f o r  1 hour.  
does c a l c u l a t i o n  i s  based on 106.9 m3 p o o l .  The source terms are  d e r i v e d  
based on a 33% s o l i d ,  67% l i q u i d  m i x t u r e .  
Keuren, 1996a. The source te rm i s  t h e  c o n c e n t r a t i o n  t imes t h e  volume. The 
source t e r m  i s  shown i n  Table 4-3. 

I n  a d d i t i o n  t o  t h e  i n h a l a t i o n  dose, 

The dose from t h e  pool  was computed u s i n g  t h e  MICROSHIELD code and 
The r e c e p t o r  

The o n s i t e  

Concent ra t ions  a r e  taken f rom Van 

AUF so l ids  AVF Liquids 33% Solids 67% A c t i v i t  f o r  A c t i v i t y  f o r  
Liquids Mix 106.9 3 o f  59.2 m3 of mix 

Bq/L mix ( C i )  (Ci) 
(Bq/L) (Bq/L) 

Table 4-3. Gamma Ray Source Term f o r  106.9 m3 Pool .  
I 

'37cs 
137mB, 

154Eu 

6Oco 

90S,/9OY 

9.80 E+10 8.84 E+10 9.16 E+10 2.65 E+05 1.47 E+05 

9.27 E+10 8.36 E+10 0.67 E+10 2.50 E+05 1.39 E+05 

1.11 E+10 0.00 3.66 E+09 1.05 E+04 5.86 E+03 

4.85 E*08 7.71 E+05 1.61 E+08 4.63 E+O2 2.57 E+O2 

2.88 E+l2 5.60 E+09 9.54 E+ l l  2.76 E+06 1.53 E+06 

"Sr and 9oY c o n t r i b u t e  t o  t h e  dose due t o  bremstrahlung f rom t h e  b e t a  
r a d i a t i o n .  
bremstrahlung p r o d u c t i o n  f o r  1 C i  o f  90Sr and 90Y i n  v a r i o u s  m a t e r i a l s .  
c a l c u l a t i o n  f o r  concrete,  which i s  used t o  s i m u l a t e  d i r t ,  i s  m u l t i p l i e d  by t h e  
number o f  C i  f o r  t h i s  i s o t o p e .  
i n  t h e  pool  as f u n c t i o n  o f  energy. 
t h e  MICROSHIELD and MICROSKYSHINE codes. 
t h e  59.2 m3 and t h e  106.9 m3 poo ls  are shown i n  Table 4-4. 

A c a l c u l a t i o n  was performed i n  Van Keuren 1996a which shows t h e  
The 

The c a l c u l a t i o n  shows t h e  photons/s generated 
The photons/s a re  en tered  d i r e c t l y  i n t o  

The energ ies  and photon/s f o r  bo th  

' ' 'Microsh ie ld  and Mic roskysh ine  a r e  trademarks o f  Grove Engineer ing,  I n c .  
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1 .oo 1.28 E107 1.95 E+13 3.53 E+13 

1.225 6.95 E+06 1.06 E113 1.92 E+13 

1.475 2.46 E+06 3.75 Et12 6.79 E+12 

1.70 6.12 E105 9.33 E+11 1.69 E+12 

1.90 1.51 E+05 2.30 E + l l  4.17 E+11 

2.10 1.59 E+04 2.42 E+10 4.92 E+lO 

2.70 8.51 E+01 1.30 E+08 2.35 E+08 

The MICROSHIELD and MICROSKYSHINE cases are shown i n  Appencix C.  

pool volume m3 

Direct  dose - gama 

Direct  dose-bremstrahlung 

Skyshine - gama 

Skyshine-bremstrahlunq 

Totals 

Dose r a t e  (Sv/h) 

12.9 59.2 106.9 

8.8 E-04 2.9 E-03 1.0 E-02 

1.3 E-04 4.5 E-04 1.8 E-03 

2.2 E-03 1.0 E-02 2.2 E-02 

6.5 E-04 2.9 E-03 6.7 E-03 

3.8 E-03 1.6 E-02 4.1 E-02 
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The t o t a l  dose t o  an o n s i t e  r e c e p t o r  100 m f rom t h e  p i p e  d u r i n g  t h e  pool  
growth i s  computed by i n t e g r a t i n g  t h e  dose over t h e  2.5 hour i n  30 minu te  
i n t e r v a l s .  
l i n e  assumed t o  be spread u n i f o r m l y  over t h e  t i m e  o f  t h e  r e l e a s e .  
a re  summed i n  Table 4-6. 

The pool  s i z e  i s  assumed t o  grow l i n e a r l y ,  w i t h  d r a i n  f rom t h e  
The doses 

The t o t a l  d i r e c t  dose i s  added t o  t h e  i n h a l a t i o n  doses t o  de termine a 
t o t a l  o n s i t e  dose. 

4.2.2.3 T o t a l  Doses (With C o n t r o l s )  
i s  0.041 Sv + 0.011 Sv = 0.052 Sv = (5.2 rem) 

The dose from t h e  d i r e c t  r a d i a t i o n  f rom t h e  pool  w i l l  be n e g l i g i b l e  
o f f s i t e .  The t o t a l  o f f s i t e  dose i s  0.036 Sv (3.6 rem). 

The r i s k  g u i d e l i n e  f o r  ex t remely  u n l i k e l y  events i s  0.10 Sv o n s i t e  and 
0.04 Sv o f f s i t e .  

The o n s i t e  dose i s  normal ly  much h i g h e r  than t h e  o f f s i t e  dose. 
o n s i t e  and o f f s i t e  dose are n e a r l y  equal i n  t h i s  case due t o  t h e  assumption 
t h a t  t h e  o n s i t e  r e c e p t o r  i s  evacuated a f t e r  2.5 hours w h i l e  t h e  o f f s i t e  
r e c e p t o r  remains i n  p l a c e  f o r  24 hours.  

The t o t a l  o n s i t e  ( d i r e c t  i n h a l a t i o n )  dose 

These g u i d e l i n e s  are  met. 

The 

4.2.3 Comparison To T o x i c  R i s k  Gu ide l ines  

The t o x i c  consequences o n s i t e  are eva lua ted  assuming a r e l e a s e  o f  5.3 x 
L over 2.5 hour.  The r e l e a s e  r a t e  v a r i e s  as pool  s u r f a c e  area, which 

The peak inc reases  l i n e a r l y .  
r e l e a s e  r a t e  i s  (5.3 x L ) (2 ) / (2 .5 ) (3600 s) = 1.18 x L / s .  The o f f s i t e  
consequences are  eva lua ted  based on a 50% r e l e a s e  o f  9.0 L i n  2 hours. 
r e l e a s e  r a t e  o f f s i t e  i s  6.25 x 
s o l i d s  and 67% l i q u i d s  ag ing  waste mix f o r  ex t remely  u n l i k e l y  events i s  3.5 x 
10' s /L  f o r  o n s i t e  and 1.3 s / L  o f f s i t e  (See Table 2-3). 
compared t o  r i s k  g u i d e l i n e s  as f o l l o w s :  

(1.18 x 10-6)(3.5 x l o2 )  = 4.1 x 

(6.25 x 10-4) (1 .3 )  

o n s i t e  and o f f s i t e .  

The peak r e l e a s e  r a t e  i s  t w i c e  t h e  average. 

The 
The sum o f  f r a c t i o n  f o r  a 33% DST L / s .  

The r e l e a s e s  a r e  

= 8.1 x 

The t o x i c  r i s k  g u i d e l i n e s  f o r  an ex t remely  u n l i k e l y  event  a r e  met bo th  
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5.0 SUBSURFACE LEAK REMAINING SUBSURFACE 

5.1 SCENARIO DESCRIPTION 

An a n a l y s i s  o f  subsurface l e a k  i s  presented i n  S e c t i o n  5.3.2.7 o f  t h e  

The 

Larger  l e a k  volumes are  assumed t o  form a s u r f a c e  plume, which 

TWRS B I O ,  and i n  Ryan (1996). 
b u r i e d  p i p e  a t  a maximum f l o w  r a t e  o f  379 L/min (100 gpm). 
t h e  f l o w  f o r  24 hours i s  assumed t o  occur  fo rming  a subsur face  plume. 
l e a k  volume o f  5% and t h e  maximum f l o w  r a t e  was based on eng ineer ing  
judgement. 
would be de tec ted .  The subsurface plume was assumed t o  be 15.24 cm (6  inches)  
below t h e  sur face .  A s o i l  cover o f  6 inches was assumed because a s p i l l  w i t h  
l e s s  c o v e r i n g  would be l i k e l y  t o  be detected, and more c o v e r i n g  would decrease 
t h e  dose. 
bremstrahlung r a d i a t i o n  f rom both  d i r e c t  exposure and s c a t t e r  f rom t h e  a i r  
(skysh ine) .  

The TWRS BIO assumes a l e a k  i n  a s i n g l e  w a l l e d  
A r e l e a s e  o f  5% o f  

R a d i o l o g i c a l  exposure i s  assumed t o  occur f rom gamma and 

There are  t h r e e  d i f f e r e n c e s  i n  t h i s  acc ident  scenar io  f o r  t h e  RCSTS: 

1. The f l o w  r a t e  f o r  t h e  RCSTS i s  140 gpm. Assuming a 5% l e a k  f l o w ,  
t h e  maximum f l o w  volume i s  38,200 L. 
L assumed i n  t h e  TWRS BIO. 

T h i s  i s  l a r g e r  t h a n  t h e  27,250 

2. The TWRS B I O  c a l c u l a t i o n  assumes a SST 33% s o l i d  and 67% l i q u i d  
m i x t u r e .  
and 67% l i q u i d s  m i x t u r e .  

Because o f  t h e  modern design o f  t h e  RCSTS, t h e  a c c i d e n t  f requency 
ca tegory  o f  t h i s  event w i t h  c o n t r o l s  i s  judged t o  be "ex t remely  
u n l  i k e l  y . " 

T h i s  c a l c u l a t i o n  assumes t h e  more l i m i t i n g  AWF 33% s o l i d s  

3. 

The doses i n  Ryan (1996) were c a l c u l a t e d  f o r  t h r e e  subsurface geometr ies:  

The p i p e  i s  assumed t o  be 1 m below t h e  ground and 

a h o r i z o n t a l  c y l i n d e r ,  a v e r t i c a l  c y l i n d e r ,  and a sphere. The h o r i z o n t a l  
c y l i n d e r  produced t h e  l a r g e s t  dose a t  100 m f rom t h e  p i p e .  Only t h i s  case 
w i l l  be cons idered here.  
t h e  s p i l l  i s  assumed t o  remain 15.2 cm (6 inches) below t h e  ground. The s p i l l  
i s  assumed t o  extend equal d i s t a n c e s  above and below t h e  p ipe ,  g i v i n g  a 
c y l i n d e r  d iameter  o f  2(100-15.24) = 169.5 cm. 
The v o i d  f r a c t i o n  o f  t h e  ground i s  assumed t o  be 0.4, g i v i n g  an e f f e c t i v e  
volume o f  t h e  plume o f  38.2/0.4 = 95.5 m3. The l e n g t h  o f  t h e  c y l i n d e r  i s  
g i v e n  by 

The s p i l l  volume i s  38.2 m3. 

L = (4V)/(nd2) 

L = (4)(95.5 m3)/[n(1.695 m)'] = 

L = 42.3 m 

5.2 DOSE CALCULATION 

The doses were c a l c u l a t e d  t o  a r e c e p t o r  100 m from t h e  c e n t e r  o f  t h e  
p o o l .  
c a l c u l a t e d  as t h e  sum o f  f o u r  components: 

The p i p e  i s  assumed t o  be a t  t h e  c e n t e r  o f  t h e  p o o l .  The doses are  
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1. The dose from gamma decay o f  i so topes  due t o  t h e  d i r e c t  t r a n s m i s s i o n  
o f  gamma r a d i a t i o n .  

The dose from bremstrahlung r a d i a t i o n  f rom b e t a  decay due t o  
t ransmiss ion .  

The dose from s c a t t e r  f rom t h e  gamma r a d i a t i o n  a i r  (skysh ine)  due t o  
d i r e c t  gamma decay. 

The dose from skyshine o f  bremstrahlung r a d i a t i o n  f rom b e t a  decay. 

(Grove 1992) and t h e  second two were c a l c u l a t e d  u s i n g  t h e  MICROSKYSHINE code 
(Grove 1987). 
doses were c a l c u l a t e d  based on 137Cs/ 
p r i n c i p a l  gamma e m i t t e r s  (Van Keuren 1996a). 
c a l c u l a t e d  based on a AWF mix  o f  33% s o l i d s  and 67% l i q u i d s .  
a re  d e r i v e d  based on a 33% s o l i d s ,  67% l i q u i d s  AWF m i x t u r e .  
a re  taken from Van Keuren, 1996a. The t o t a l  source te rm i s  t h e  c o n c e n t r a t i o n  
t imes t h e  volume. The source te rm i s  shown i n  Table 5-1. 

2. 

3. 

4 .  

The f i r s t  two cases were c a l c u l a t e d  u s i n g  t h e  MICRDSHIELD code 

The computer code o u t q y t s  a re  g i v e n  i n  Appendix C. Gamma decay 
mBa, 6oCo and 1 5 4 E ~ ,  which are  t h e  

A c t i v i t y  c o n c e n t r a t i o n s  were 
The source terms 

Concent ra t ions  

Table 5-1. Gamma Ray Source Term f o r  38.2 m3 S p i l l .  

90Sr and 90Y c o n t r i b u t e  t o  t h e  dose due t o  bremstrahlung from t h e  b e t a  
r a d i a t i o n .  
Bremstrahlung p r o d u c t i o n  f o r  1 C i  o f  9 0 S r  and 90Y i n  v a r i o u s  m a t e r i a l s .  
c a l c u l a t i o n  f o r  concre te ,  which i s  used t o  s i m u l a t e  d i r t ,  i s  m u l t i p l i e d  by t h e  
9.68 x 
f u n c t i o n  o f  energy. 
MICROSHIELD and MICROSKYSHINE codes. 

A c a l c u l a t i o n  was documented i n  Van Keuren 1996a which shows t h e  
The 

The c a l c u l a t i o n  shows t h e  photons/s as 

The energ ies  are shown i n  Table 5-2. 

o f  C i  f o r  t h i s  i so tope.  
The c a l c u l a t i o n s  are  en tered  d i r e c t l y  i n t o  t h e  
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Midpoint Energy (MeV) 

0.015 

0.025 

0.035 

Photonls f o r  1 C i  of 9oSr/PoY Photon/s f o r  38.2 m3 Pool 

1.24 E+09 1.22 E+15 

6.26 E+08 6.16 E*14 

3.99 E+08 3.93 E+14 

0.045 

0.055 

0.065 

0.075 

I 0.085 I 1.14 E+08 I 1.12 E+14 I 

2.83 E+08 2.78 E+14 

2.14 E+O8 2.11 E+14 

1.69 E+08 1.66 E+14 

1.37 E+O8 1.35 Et14 

0.095 

0.15 

0.25 

9.61 E107 9.46 E*14 

5.03 E+O8 4.95 E+14 

1.95 E+08 1.92 E+14 

0.35 

0.475 

0.65 

I 1.475 I 2.46 E106 I 2.42 E+12 I 

9.98 E+07 9.82 E+13 

7.84 E+07 7.71 E+13 

4.89 E+07 4.81 E+13 

0.825 

1 .oo 
1.225 

1.82 E+07 1.79 E+13 

1.28 E+07 1.26 E+13 

6.95 E+06 6.84 E+12 

1.70 

1.90 

2.10 

6.12 E+05 6.02 E + l l  

1.51 E+05 1.49 E+11 

1.59 E+04 1.56 E+10 

2.30 8.51 E i O l  8.37 E+07 

Case 

G a m  decay d i r e c t  dose 

Bremstrahluns, d i r e c t  dose 

G a m  decay, skyshine 

Bremstrahlung, skyshine 

Total 

Dose Rate (rnrlhr) Dose f o r  12 h r s  (Sv) 

1.85 E-20 2.22 E-24 

4.71 E-21 5.65 E-25 

1.23 E+O1 1.47 E-03 

1.47 E+OO 1.77 E-04 

1.38 E+01 1.65 E-03 
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APPENDIX A PUMP PERFORMANCE CURVES FOR RCSTS 
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APPENDIX B SPRAY COMPUTER CODE OUTPUT F ILE 
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SPRAY Version 3.0 
May 3, 1994 

Spray Leak Code 
Produced by Radiological & Toxicological Analysis 
Westinghouse Hanford Company 

Run Date = 12/18/96/ 
Run Time = 14:00:39.78 

INPUT ECHO: 
c SPRAY RCSTS spray 1300 psi 2 inch slit 3inch schedule 40 pipe Input Deck 
c mode iflow iopt 

2 0  T 

c MODEL OPTIONS: 
c mode = 1 then orifice leak with friction assumed 
C 2 then slit leak with friction assumed 
c iflow= 0 Reynold's number determines friction relation (i.e. laminar or 
turb. 
C = 1 friction based on laminar relation 
C = 2 friction based on turbulent relation 
c iopt = T then optimal diameter search performed 
C = F then no optimal search 

c PARAMETER INPUT: 

c Initial Slit Slit or 
c Width or Slit Orifice 
c Orifice Dia. Length Depth 
c (in) (in) (in) 

C 

C 

C 

C 
1.97000E-02 2.00000Et00 2.16000E-01 

C 
C Absolute 
C Surface 
C Roughness Contraction Velocity 
C (in) Coefficient Coefficient 
c Pressure 0.00006 tube 0.61 and 0.98 for sharp edge orifice 
c Differential 0.0018 steel 1.00 and 0.98 for rounded orifice 
c (Psi) 0.0102 iron 1.00 and 0.82 for square edge orifice 
C 

C 
1.30000E+03 1.80000E-03 1.00000Et00 8.20000E-01 

c Fluid Dynamic Respirable RR Fitting 
c Specific Viscosity Diameter Constant 
c Gravity (centi-poise) (pm) (4) 
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C 
1.40000E+00 1.00000Et00 1.50000E+01 2.40000Et00 

MESSAGES: 
S1 i t  Model 
Code search f o r  opt imal  equ iva len t  d iameter .  

OUTPUT: 
L i q u i d  V e l o c i t y  = 1.80Et02 f t / s  5.50Et01 m/s 
Reynolds Number = 2.12Et04 Turbulent  Flow 

Sauter Mean Diameter = 2.87Et01 pm 
Optimum S l i t  Width = 5.44E-03 i n  1.38E-04 m 

Respi rab le F r a c t i o n  = 7.34E-02 
To ta l  Leak Rate = 6.12Et00 gpm 3.86E-04 m3/s 5.40E+02 g/s 

Respi rab le Leak Rate = 4.49E-01 gpm 2.83E-05 m3/s 3.97E+01 g/s 
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APPENDIX C MICROSHIELD AND MICROSKYSHINE OUTPUT FILES 
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Page : 
DOS F i l e :  
Run Date: 
Run Time: 
Dura t ion :  

M i c r o S h i e l d  4.00 - S e r i a l  #4.00-00128 
Jest inghouse Hanford  Company 

1 F i l e  Re f :  
POOL1 . MS4 Date: 
February 11, 1997 

3:20 p.m. Tuesday 
0:00:38 

By : 
Checked: 

Case T i t l e :  106.9 m3 poo l  AWF l i q u i d s / s o l i d s  case r c s t s O l  

GEOMETRY 7 - C y l i n d e r  Volume - Side  S h i e l d s  
c e n t i m e t e r s  f e e t  and inches  

Dose p o i n t  c o o r d i n a t e  X :  6340.0 208.0 .1 

Dose p o i n t  c o o r d i n a t e  Z:  0.0 0 .0  .o  
C y l i n d e r  h e i g h t :  14.0 0.0 5.5 
C y l i n d e r  r a d i u s :  3660.0 120.0 .9 

Dose p o i n t  c o o r d i n a t e  Y :  164.0 5.0 4.6 

S ide  Clad:  2680.0 87.0 11.1 

Source Volume: 5 . 8 9 1 6 9 ~ 8  cm"3 20806.3 cu f t .  3 . 5 9 5 3 3 ~ 7  cu i n .  

MATERIAL DENSITIES (g/cm"3) 
M a t e r i  a1 Source T r a n s i t i o n  S ide  Clad Immersion 

A i r  0.00122 0.00122 
Concrete 1.6 
Water 1.4 

S h i e l d  S h i e l d  S h i e l d  S h i e l d  

BUILDUP 
Method: B u i l d u p  F a c t o r  Tables 

The m a t e r i a l  r e f e r e n c e  i s  Source 

Radi a1 
C i r c u m f e r e n t i a l  
A x i a l  ( a l o n g  Z )  

INTEGRATION PARAMETERS 
Quadra ture  Order 

10 
10 
10 

SOURCE NUCLIDES 
N u c l i d e  c u r i e s  pCi/cm^3 N u c l i d e  c u r i e s  pCi/cm'3 
Ba-137m 2.5000et005 4.2433et002 Co-60 4.6362et002 7.8690e-001 
Cs-137 2 . 6 5 1 8 ~ 0 0 5  4.5010et002 Eu-154 1.0571et004 1.7943et001 



Page : 2 
DOS F i l e :  POOLl.MS4 
Run Date: February 11, 1997 
Run Time: 3:20 p.m. Tuesday 
T i t l e  : 106.9 rn3 pool  AWF l i q u i d s / s o l i d s  case r c s t s O l  

- - - - - - - - - - - - -. 
Energy 
(MeV) 

0 . 1  
0 .2  
0.4 
0.5 
0 . 6  
0 .8 
1 .o  
1 .5 

A c t i v i t y  
(photons/sec 

1.583et014 
2.671et013 
2.791et012 
8.469et011 
8 . 3 5 5 ~ 0 1 5  
1.525et014 
1.375et014 
1.698et014 

_ _ _ _ _ - - - - _  _ _ - _ _ _ _ _ _ _  RESULTS ====== 
Energy Fluence Rate 

No Bu i ldup Wi th  B u i l d u p  
1.349et002 2.026et003 
6.880et001 6.014et002 
2.229et001 1.078et002 
9.771et000 4.042et001 
1.304et005 4.809et005 
3 . 8 4 3 ~ 0 0 3  1.201et004 
5.032et003 1.409et004 
1.230et004 2.889et004 

) (MeV/sq cm/sec) 

_ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _  _ _ - - - - - _ _ _ _ _ _ - - - - - - _ - _ _ _ _  
Exposure Rate I n  A i r  

No B u i l d u p  Wi th  B u i l d u p  
2.064e-001 3.100et000 
1.214e-001 1.062et000 
4.342e-002 2.101e-001 
1.918e-002 7.935e-002 
2.544et002 9 . 3 8 7 ~ 0 0 2  
7.309et000 2.284et001 
9.275et000 2.596et001 
2.069et001 4.861et001 

(rnR/hr) 

TOTAL: 9.003et015 1.518et005 5.387et005 2.921et002 1.041et003 



Page : 
DOS F i l e :  
Run Date: 
Run Time: 
Dura t ion :  

M i c r o s h i e l d  4.00 - S e r i a l  #4.00-00128 

1 
RCSTSO2.MS4 
February 11, 

3:24 p.m. 1 
0:Ol :  35 

Westinghouse 

1997 
.uesday 

Hanford Company 
F i l e  Ref: 

Date:  
By : 

Checked: 

Case T i t l e :  106.9 m3 poo l  AWF l i q u i d s / s o l i d s  b remst rh lung r c s t s 0 2  

GEOMETRY 7 - C y l i n d e r  Volume - S ide  Sh ie lds  
c e n t i m e t e r s  f e e t  and inches  

Dose p o i n t  c o o r d i n a t e  X :  6340.0 208.0 .1 

Dose p o i n t  c o o r d i n a t e  Z:  0.0 0.0 .o 
C y l i n d e r  h e i g h t :  14.0 0.0 5.5 
C y l i n d e r  r a d i u s :  3660.0 120.0 .9  

A i r  Gap: 20.0 0.0 7.9 

Dose p o i n t  c o o r d i n a t e  Y :  164.0 5.0 4.6 

S ide  Clad:  2660.0 87.0 3.2 

Source Volume: 5.89169et8 cm-3 20806.3 cu ft. 3.59533et7 cu i n .  

MATERIAL DENSITIES (gIcm"3) 
M a t e r i  a1 Source T r a n s i t i o n  A i r  Gap S ide  Clad Immersion 

A i r  0.00122 0.00122 0.001 22 
Concrete 1.6 
Water 1.4 

S h i e l d  S h i e l d  S h i e l d  S h i e l d  

BUILDUP 
Method: B u i l d u p  Fac tor  Tables 

The m a t e r i a l  r e f e r e n c e  i s  Source 

INTEGRATION PARAMETERS 
Quadra ture  Order 

Radi a1 10 
C i r c u m f e r e n t i a l  10 
A x i a l  (a long Z )  10 

SOURCE WAS ENTERED AS ENERGIES ONLY 



Page : 2 
DOS File: RCSTSOE.MS4 
Run Date: February 11 ,  1997 
Run Time: 3:24 p.m. Tuesday 
Title : 106.9 m3 pool AWF liquids/solids bremstrhlung rcsts02 

0.015 
0.025 
0.035 
0.045 
0.055 
0.065 
0.075 
0.085 
0.095 
0.15 
0.25 
0.35 
0.475 
0.65 
0.825 
1 .o  
1.225 
1.475 
1.7 
1.9 
2.1 
2.3 

TOTAL : 

3.409et015 
1.723et015 
1.099et015 
7.793et014 
5.881et014 
4.654et014 
3.770~014 
3.139et014 
2.652et014 
1.384~015 
5.358et014 
2.742et014 
2.165et014 
1.346et014 
5.015et013 
3.518et013 
1.912et013 
6.765et012 
1.683~012 
4.149et011 
4.366~010 
2.345et008 

1.168et016 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Energy Activity Energy Fluence Rate Exposure Rate I n  Air 
(MeV) (photons/sec ) (MeV/sq cm/sec) (mR/hr) 

No Buildup With Buildup No Buildup With Buildup 
6.026e-004 9.955e-004 5.168e-005 8.539e-005 
1.277et001 4.329et001 2.203e-001 7.466e-001 
8.037et001 
1.398et002 
1.727et002 
1.910et002 
1.999et002 
2.055et002 
2.081et002 
2.251et003 
1.980et003 
1.758et003 
2.295et003 
2.398~003 
1.330et003 
1.287et003 
9.847et002 
4.764et002 
1.505et002 
4.475~001 
5.570et000 
3.485e-002 

1.617et004 

5.332et002 
1.517et003 
2.473~003 
3.091et003 
3.330et003 
3.345et003 
3.222et003 
2.483~004 
1.405et004 
9.364et003 
9.829et003 
8.432et003 
4.091et003 
3.604et003 
2.514et003 
1.126et003 
3.378et002 
9.670et001 
1.165et001 
7.085e-002 

9.584~004 

5.091e-001 
4.648e-001 
3.887e-001 
3.467e-001 
3.258e-001 
3.192e-001 
3.185e-001 
3.706et000 
3.653et000 
3.390et000 
4.503et000 
4.656et000 
2.520et000 
2.373et000 
1.743et000 
8.052e-001 
2.445e-001 
7.030e-002 
8.482e-003 
5.154e-005 

3.057et001 

3.378et000 
5.044et000 
5.566et000 
5.612et000 
5.428et000 
5.197et000 
4.931et000 
4.089et001 
2.59Zet001 
1.806et001 
1.929et001 
1.637et001 
7.752et000 
6.644et000 
4.449ei-000 
1.903et000 
5.487e-001 
1.519e-001 
1.774e-002 
1.048e-004 

1.779et002 

ci7 4 7 1  



(Nuc lear  & R a d i o l o g i c a l  Safe ty  A n a l y s i s  - 1.16-007) 
Page: 1 F i l e  Ref: 
F i l e :  POOLG.SKY Date: I 1 

Run: 3:23 p.m. By : 
: March 19, 1997 Checked: 

CASE: 106.9 m3 poo l  1/3 awf s o l i d s  213 l i q u i d s  gammas r c s t s 0 3  

GEOMETRY: V e r t i c a l  c y l i n d e r  area source behind a w a l l  

DIMENSIONS (meters):  

D i s t a n c e  between w a l l  and d e t e c t o r  ...... 
Depth o f  source beh ind  w a l l  . . ........... 
O f f s e t  o f  d e t e c t o r  ...................... 
Depth o f  dose p o i n t  ..................... 
D i s t a n c e  between c e n t e r  o f  source and wa 
Thickness o f  cover  s l a b  . . . . . . . . . . . . . . . . .  
Thickness o f  second s h i e l d  . . . . . . . . . . . . . .  
Radius o f  source.. . . . .  . . . . . . . . . . . . . . . . . .  
H e i g h t  o f  s o u r c e . . . .  .................... 

.... x 

. . . .  Y . . . .  z 

. ... H 
I . . .  R1 .... T1 
.... T2 . . . .  w 
. . . .  L 

INTEGRATION PARAMETERS: 

Number o f  Rad ia l  Segments ..................... M 
Number o f  C i r c u m f e r e n t i a l  Segments . . . . . . . . . . . .  N 
Number o f  V e r t i c a l  Segments . .................. C 
Q u a d r a t u r e  Order ............................ 

25.8 
1.1 
0. 

-0.38 
37.6 

0. 
0. 

36.6 
0.14 

5 
5 
5 

16 

MATERIAL DENSITIES (g /cc)  : 

Ambient a i r :  .0012 

M a t e r i a l  Cover S lab  Lower S h i e l d  Volume Source 

A i r  
Water 0.56 
Concrete 1.6 
I r o n  
Lead 
Z i rcon ium 
Uran ia  

_____-- - -___ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  - _ _ _ _ _ - - - -  

B u i l d u p  f a c t o r  based on: A I R .  

CIP 4 7 \  
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CASE: 106.9 m3 poo l  1/3 a w f  s o l i d s  2/3 l i q u i d s  gammas r c s t s 0 3  

SOURCE NUCLIDES: 

N u c l i d e  Cur ies  

8a-137111 2.5000et05 
Cs-137 2.6500et05 

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  
N u c l i d e  Cur ies  

Co-60 4.6400et02 
Eu-154 1.0570et04 

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

Group 
# 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1.30 
1.03 

.84 

.66 

.48 

.40 

.24 

.20 

. I 2  

TOTALS: 

RESULTS: 

A c t i v i t y  Dose p o i n t  
(photons/sec) rads/photon 

1 . 7 3 8 ~ 1 4  5.607e-20 
1.302et14 5.894e-20 
7 . 1 8 1 ~ 1 3  5.686e-20 
8 . 4 3 8 ~ 1 5  6.086e-20 
3 . 8 1 7 ~ 1 2  6.489e-20 
8 . 1 9 0 e t l l  6.275e-20 
2 . 5 8 2 ~ 1 3  6.665e-20 
8 . 8 8 4 ~ 1 1  6.566e-20 
1 . 5 8 3 ~ 1 4  5.237e-20 

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ - - -  
4.018et01 
3.165et01 
1.684et01 
2.117et03 
1.021et00 
2.119e-01 
7.096et00 
2.405e-01 
3 . 4 1 7 ~ 0 1  

2.249et03 



(Nuclear & R a d i o l o g i c a l  Safe ty  A n a l y s i s  - 1.16-007) 
Page: 1 F i l e  Ref :  

Run: 3:34 p.m. By : 
: March 19, 1997 Checked : 

F i l e :  POOLB.SKY Date: / / 

CASE: 106.9 m3 poo l  awf s o l i d s  2/3 l i q u i d s  bremstrahlung r c s t s 0 4  

GEOMETRY: V e r t i c a l  c y l i n d e r  area source behind a w a l l  

DIMENSIONS (meters):  

D i s t a n c e  between w a l l  and d e t e c t o r  . .......... X 25.8 
1.1 Depth o f  source behind w a l l  . . ................ Y 
0. O f f s e t  o f  d e t e c t o r  ........................... Z 

Depth o f  dose p o i n t  .......................... H 0.38 
D i s t a n c e  between c e n t e r  o f  source and w a l l  . . .  R 1  37.6 
Th ickness  o f  cover  s l a b  ...................... T1 0. 
Thickness o f  second s h i e l d  ................... T2 0. 
Radius o f  source.. . . .  ........................ W 36.6 
He igh t  o f  source ............................. L 0.14 

INTEGRATION PARAMETERS: 

5 Number o f  Rad ia l  Segments ..................... M 

5 Number o f  V e r t i c a l  Segments . . . . . . . . . . . . . . . . . . .  C 
Quadra ture  Order ............................ 16 

Number o f  C i r c u m f e r e n t i a l  Segments . ........... N 5 

MATERIAL DENSITIES (g /cc ) :  

Ambient a i r :  .0012 

A i r  
Water 
Concrete 
I r o n  
Lead 
Z i rcon ium 
Uran i  a 

0.56 
1.6 

B u i l d u p  f a c t o r  based on: AIR. 

si, .e 7 1 

,. . 
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CASE: 106.9 rn3 pool awf s o l i d s  2/3 l i q u i d s  brernstrahlung rcstsO4 

SOURCE NUCLIDES: 

Nuclide Curies Nuclide Curies  

Ea-137111 1.3800et05 CO-60 2.5900et02 
Cs-137 1.4600et05 Eu-154 5.9200et03 

_ _ - - - _ _  _ _ - - - - _ _ _ _  _ _ _ _ - - _  _ _ _ _ - - - - _ _  

RESULTS: 

Group Energy Act iv i ty  Dose poin t  Dose r a t e  
(rnev) (photons/sec)  rads/photon (mr/hr) _ _  

# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

_ _ _  - - - - - - -. 

1.90 
1.70 
1.48 
1.23 
1 .oo 

.82 

.65 

.47 

.35 

.25 

.15 

. - - - - - - - _ - - . 
4.150et l l  
1.680et12 
6.770et12 
1.912et13 
3.520et13 
5.020et13 
1.350et14 
2.165et14 
2.740et14 
5 . 3 6 0 ~ 1 4  
1.380et15 

_ _ _ _ _ - _ _ _ - -  
4.920e-20 
4.875e-20 
4.815e-20 
5.561e-20 
5.678e-20 
5.466e-20 
5. g84e-20 
6.322e-20 
5.920e-20 
6.512e-20 
5.984e-20 

TOTALS: 2.655et15 

8.419e-02 
3.377e-01 
1.344et00 
4.384et00 
8.241et00 
1.132et01 
3 . 3 3 1 ~ 0 1  
5.644et01 
6 . 6 8 9 ~ 0 1  
1.439et02 
3.405et02 



Microshield 4.00 - Serial #4.00-00128 
Westinghouse Hanford Company 

? : 1  File Ref: 
File: RCSTS05.MS4 Date: I I 
Date: February 11, 1997 By : 
Time: 4:Ol p.m. Tuesday Checked: 
ation: 0:01:38 

9 Case Title: 58.2 m3 pool AWF liquids/solids bremstrhlung rcsts05 

GEOMETRY 7 - Cylinder Volume - Side Shields 
centimeters feet and inches 

Dose point coordinate X :  7275.0 238.0 8.2 
Dose point coordinate Y :  164.0 5.0 4.6 
Dose point coordinate Z: 0.0 0.0 .o 

Cylinder height: 14.0 0.0 5.5 
Cylinder radius: 2725.0 89.0 4.8 

Side Clad: 4550.0 149.0 3.3 

Source Volume: 3.26596et8 cm'3 11533.6 cu ft. 1.99301et7 cu in. 

MATERIAL DENSITIES (g/cm^3) 
.terial Source Transition Side Clad Immersion 

r 0.00122 0.00122 
lncrete 1.6 
,ter 1.4 

Shield Shield Shield Shield 

BUILDUP 
Method: Buildup Factor Tables 
The material reference is Source 

INTEGRATION PARAMETERS 
Quadrature Order 

Radi a1 10 
Ci rcumferenti a1 10 
Axial (along Z) 10 

SOURCE WAS ENTERED AS ENERGIES ONLY 



M i c r o s h i e l d  4.00 - S e r i a l  #4.00-00128 
Westinghouse Hanford  Company 

Page : 1 F i l e  Ref: 

Run Date: February  11, 1997 By : 
Run Time: 4: lO p.m. Tuesday Checked: 
Dura t ion :  0:00:46 

DOS F i l e :  RCSTS06.MS4 Date:  I I 

Case T i t l e :  59.2 m3 poo l  AWF l i q u i d s / s o l i d s  case r c s t s 0 6  

GEOMETRY 7 - C y l i n d e r  Volume - S ide  S h i e l d s  
c e n t i m e t e r s  f e e t  and inches 

Dose p o i n t  c o o r d i n a t e  X :  7275.0 238.0 8.2 
Dose p o i n t  c o o r d i n a t e  Y :  164.0 5.0 4.6 
Dose  p o i n t  c o o r d i n a t e  Z:  0.0 0.0 .o 

C y l i n d e r  h e i g h t :  14.0 0.0 5.5 
C y l i n d e r  r a d i u s :  2725.0 89.0 4.8 

S ide  Clad:  4550.0 149.0 3.3 

Source Volume: 3 . 2 6 5 9 6 ~ 8  cm"3 11533.6 cu ft. 1.99301et7 cu i n .  

M a t e r i a l  

A i r  
Concrete 
Water 

MATERIAL DENSITIES (g/cm"3) 
Source T r a n s i t i o n  S ide  Clad Immersion 
S h i e l d  S h i e l d  S h i e l d  S h i e l d  

0.00122 0.001 2 2  
1.6 

1.4 

BUILDUP 
Method: B u i l d u p  Fac tor  Tables 

The m a t e r i a l  r e f e r e n c e  i s  Source 

Rad ia l  
C i r c u m f e r e n t i a l  
A x i a l  ( a l o n g  Z )  

INTEGRATION PARAMETERS 
Quadra ture  Order 

10 
10 
10 

SOURCE NUCLIDES 
N u c l i d e  c u r i e s  hCi/cm^3 N u c l i d e  c u r i e s  pCi/cm^3 
Ba-137m 1.3900et005 4.2560et002 Co-60 2.5700et002 7.8690e-001 
Cs-137 1.4700et005 4.5010et002 Eu-154 5.8600et003 1.7943et001 



Page : 2 
DDS File: RCSTS06.MS4 
Run Date: February 11, 1997 
Run Time: 4:lO p.m. Tuesday 
Title : 59.2 m3 pool AWF liquids/solids case ruts06 

_ _ _ _ _ _ _ _ _ _ _ - _ _ - - _ _ - _  . . . . . . . . . . . . . . . . . . . .  
Energy Activity 
(MeV) (photons/sec 

0.0494 5.175~014 
0.246 1.481~013 
0.4426 2.016et012 
0.5907 1.351et013 
0.6625 4.688et015 
0.8723 3.04Zet013 
1.0024 6.164~013 
1.2614 8.975~013 
1.3325 9.509et012 
1.5767 7.642et012 

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ - - _ _  RESULTS ==_=== 

Energy Fluence Rate 

No Buildup With Buildup 
2.809et001 5.490et002 
1.921et001 1.827et002 
7.526et000 4.019et001 
8.432et001 3.584~002 
3.585et004 1.404et005 
3.785et002 1.241et003 
9.799et002 2.971et003 
2.139et003 5.754~003 
2.496et002 6.537et002 
2.693et002 6.542et002 

) (MeV/sq cm/sec) 
Exposure Rate In Air 

No Buildup With Buildup 
7.674e-002 1.500et000 
3.535e-002 3.362e-001 
1.474e-002 7.870e-002 
1.647e-001 7.002e-001 
6.948et001 2.721e+002 
7.122e-001 2.334et000 
1.806et000 5.474et000 
3.760et000 1.012e+001 
4.330e-001 1.134et000 
4.469e-001 1.086et000 

(mR/hr) 

TOTAL:  5.434~015 4.000et004 1.528et005 7.693et001 2.949et002 



(Nuclear  & R a d i o l o g i c a l  Sa fe ty  Ana lys i s  - 1.16-007) 
Page: 1 F i l e  Ref:  

: March 19, 1997 Checked: 

F i l e :  RCSTS07.SKY Date: I I 
Run: 3:54 p.m. By : 

CASE: 59.2 m3 pool  1/3 awf s o l i d s  2/3 l i q u i d s  gammas r c s t s 0 7  

GEOMETRY: V e r t i c a l  c y l i n d e r  area source behind a w a l l  

DIMENSIONS (meters) :  

D is tance  between w a l l  and de tec to r . .  ......... X 44.5 
Depth o f  source beh ind  w a l l  .................. Y 0.832 
O f f s e t  o f  d e t e c t o r  ........................... 2 0. 
Depth o f  dose p o i n t  .......................... H -0.667 
D is tance  between c e n t e r  o f  source and w a l l  ... R1 28.25 
Thickness o f  cove r  s l a b  ...................... T1 0. 
Thickness o f  second s h i e l d  . .................. T2 0. 
Radius o f  source ............................. W 27.25 
He igh t  o f  source ............................. L 0.14 

INTEGRATION PARAMETERS: 

Number o f  Radia l  Segments ..................... M 
Number o f  C i r c u m f e r e n t i a l  Segments . ........... N 
Number o f  V e r t i c a l  Segments . .................. C 
Quadra tu re  Order ............................ 

MATERIAL DENSITIES (g /cc ) :  

Ambient a i r :  .0012 

Ma te r i  a1 Cover S lab  

A i r  
Water 
Concrete 
I r o n  
Lead 
Z i r con ium 
Urani  a 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  
Lower S h i e l d  
_ _ _ _ _ _ _ - _ _ _ _  

B u i l d u p  f a c t o r  based on: A I R .  

5 
5 
5 

16 

0.56 
1.6 
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CASE: 59.2 rn3 pool 1/3 awf s o l i d s  2/3 l i q u i d s  gammas r c s t s 0 7  

SOUR(.€ NUCLIDES: 

N u c l i d e  Cur ies  N u c l i d e  
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  - - - - - - - 
Ba-137111 1.3900et05 c0-60 
Cs-137 1.4700et05 Eu-154 

RESULTS: 

Group Energy A c t i v i t y  
# (mev) (photons/sec) 

_ ^ _ _ _  ____-_ _ _ _ _ _ _ _ - _ _ _ _ _  
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1.30 9.634et13 
1.03 7.219et13 

.84 3.981e+13 

.66 4.691et15 

.48 2.116et12 

.40 4.541et11 

.24 1.431et13 

.20 4 . 9 2 5 e t l l  

.12 8.773et13 

Dose p o i n t  
rads/photon 

4.61 le -20  
4.836e-20 
4.662e-20 
4.960e-20 
5.252e-20 
5.069e-20 
5.209e-20 
5.074e-20 
3.994e-20 

Cur ies  

Dose r a t e  
(mr /h r )  _ - - - - - - - - 

1.832et01 
1.440et01 
7.652et00 
9.594et02 
4.584e-01 
9.492e-02 
3.075et00 
1.031e-01 
1.445e+01 



M i c roSkyshi  ne 

(Nuclear  & R a d i o l o g i c a l  Sa fe ty  A n a l y s i s  - 1.16-007) 
Page: 1 F i l e  Ref: 

Run: 4:11 p.m. By : 
: March 19, 1997 Checked: 

-. . - - _ _  - _ _  - - - - - .. - - - _ - -- - - - - 

F i l e :  RCSTS08.SKY Date: I I 

CASE: 59.2 m3 pool  1 /3  awf s o l i d s  213 l i q u i d s  brem r c s t s 0 8  

GEOMETRY: V e r t i c a l  c y l i n d e r  area source behind a w a l l  

DIMENSIONS (meters) :  

D is tance  between w a l l  and d e t e c t o r  ........... X 44.5 
Depth o f  source beh ind  w a l l  . . ................ Y 0.832 
O f f s e t  o f  d e t e c t o r  ........................... 2 0. 
Depth o f  dose p o i n t  .......................... H -0.667 
D is tance  between c e n t e r  of source and w a l l  . . .  R 1  28.25 
Thickness o f  cove r  s l a b  ...................... T1 0. 
Thickness o f  second s h i e l d  . .................. T2 0. 
Radius o f  source. ............................ W 27.25 
He igh t  o f  source. . . .  ......................... L 0.14 

INTEGRATION PARAMETERS: 

Number o f  Radia l  Segments ..................... M 
Number o f  C i r c u m f e r e n t i a l  Segments ............ N 
Number o f  V e r t i c a l  Segments . .................. C 
Quadra tu re  Order ............................ 

MATERIAL DENSITIES (g fcc ) :  

Ambient a i r :  .0012 

M a t e r i a l  Cover S lab  

A i r  
Water 
Concrete 
I r o n  
Lead 
Zi rconium 
Urani  a 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ -  

Bu i l dup  f a c t o r  based on: A I R .  

5 
5 
5 

16 

Volume Source 

0.56 
1.6 

57  4 7 1  
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CASE:  59.2 m3 pool 1/3 awf s o l i d s  2/3 l i q u i d s  brem rcs tsO8 

SOURCE NUCLIDES: 

N u c l i d e  Cur ies  

Ba-137111 1.3900et05 
Cs-137 1.4700et05 

_ _ _ _ _ _ _  _ _ _ _ _ - _ - - -  

RESULTS: 

N u c l i d e  C u r i e s  

Co-60 2.5700et02 
Eu-154 5.8600et03 

_ _ _ _ _ _ _  - - _ _ _ _ _ _ _ _  

Group Energy A c t i v i t y  Dose p o i n t  
# (mev) (photons/sec) rads/photon 

_ _ _ _ _  _ _ _ _ _ _  _ _ _ - _ _ _ _ _ _ _ _ _  ----------- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1.90 2 . 3 0 0 e t l l  
1.70 9.330et11 
1.48 3 . 7 5 0 ~ 1 2  
1.23 1.060et13 
1.00 1.950et13 

.82 2.780et13 

.65 7 . 4 6 0 ~ 1 3  

.47 1.200et14 

.35 1.520et14 
.25 2.970et14 
.15 7 . 6 7 0 ~ 1 4  

TOTALS: 

4.244e-20 
4.200e-20 
4.138e-20 
4.742e-20 
4.821e-20 
4.631e-20 
5.016e-20 
5.248e-20 
4.893e-20 
5.202e-20 
4.66%-20 

4.025e-02 
1.616e-01 
6.399e-01 
2.073et00 
3 . 8 7 7 ~ 0 0  
5.309et00 
1 . 5 4 3 ~ 0 1  
2.597et01 
3.067et01 
6 . 3 7 0 ~ 0 1  
1.475et02 

2.954et02 



M i c r o s h i e l d  4.00 - S e r i a l  #4.00-00128 
Westinghouse Hanford Company 

Page : 1 F i l e  Ref :  

Run Date: January 15, 1997 By : 
Run Time: 2:17 p.m. Wednesday Checked: 
Dura t ion :  0:00:58 

DOS F i l e :  SUBHCYLG.MS4 Date: I I 

Case T i t l e :  RSCTS SUBSURFACE HORIONTAL CYL GAMMAS RCSTSOSY 

GEOMETRY 7 - C y l i n d e r  Volume - S ide  S h i e l d s  
cent imeters  f e e t  and inches  

Dose p o i n t  coord ina te  X :  250.0 8 . 0  2.4 
Dose p o i n t  c o o r d i n a t e  Y :  2113.0 69.0 3 . 9  
Dose p o i n t  c o o r d i n a t e  2: 10000.0 328.0 1.0 

C y l i n d e r  h e i g h t :  4227.0 138.0 8.2 
C y l i n d e r  r a d i u s :  84.76 2.0 9.4 

T r a n s i t i o n :  15.24 0.0 6.0 
A i r  Gap: 150.0 4.0 11.1 

Source Volume: 9 . 5 4 0 3 4 ~ 7  cm-3 3369.14 cu ft. 5.82187et6 c u  i n .  

M a t e r i a l  

A i r  
Concrete 
Water 

MATERIAL DENSITIES (g/cm^3) 
Source T r a n s i t i o n  A i r  Gao 
S h i e l d  S h i e l d  

1.6 1.6 
0.56 

0.00122 

BUILDUP 
Method: B u i l d u p  F a c t o r  Tables 

The m a t e r i a l  r e f e r e n c e  i s  T r a n s i t i o n  

INTEGRATION PARAMETERS 
Quadra ture  Order 

Radi a1 10 
C i r c u m f e r e n t i a l  10 
A x i a l  (a long Z )  10 

SOURCE NUCLIDES 
Nuc l ide  c u r i e s  pCi/cm^3 N u c l i d e  c u r i e s  pCi/cm"3 
Ba-137m 8.9400et004 9.3707et002 Co-60 1.6600et002 1.7400et000 
Cs-137 9.4500et004 9.9053et002 Eu-154 3.7800et003 3.9621et001 



Page : 
DOS F i l e :  
Run Date: 
Run Time: 
T i t l e  : 

i-ihy^- - s u  -MI- - c P - \ \ \ )  k t u  0 

2 
SUBHCYLG.MS4 
January 15, 1997 

RSCTS SUBSURFACE HORIONTAL CYL GAMMAS RCSTSOl] 
2:17 p.m. Wednesday 

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  RESULTS ====== 

Energy A c t i v i t y  Energy Fluence Rate 
(MeV) (photons/sec ) (MeV/sq cm/sec) 

No Bui ldup With B u i l d u p  
0.1 5.659et013 3.811e-119 1.540e-020 
0.2 9.551et012 6.15%-088 3.311e-020 
0 . 4  9.978et011 4.481e-068 4.175e-021 
0.5 3.028et011 1.415e-062 1.058e-021 
0.6 2.988et015 7.002e-054 9.124e-018 
0 .8  5 . 4 5 4 ~ 0 1 3  1.502e-048 1.294e-019 
1 .0  4.917et013 1.857e-043 8.983e-020 
1.5 6.071et013 7.041e-035 8.490e-020 

_---_-_----___----_--_--- _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Exposure Rate I n  A i r  

No B u i l d u p  Wi th  B u i l d u p  
5.830e-122 2.356e-023 
1.086e-090 5.844e-023 
8.731e-071 8.134e-024 
2.777e-065 2.078e-024 
1.367e-056 1.781e-020 
2.857e-051 2.462e-022 
3.423e-046 1.656e-022 
1.185e-037 1.428e-022 

(mR/hr) 

TOTAL: 3.220et015 7.041e-035 9.481e-018 1.185e-037 1.846e-020 



M i c r o s h i e l d  4.00 - S e r i a l  64.00-00128 
Westinghouse Hanford Company 

Page : 1 F i l e  Ref: 
DOS F i l e :  RCTSHCYB.MS4 Date: / / 
Run Date: January 15, 1997 By : 
Run Time: 2:24 p.m. Wednesday Checked: 
Dura t ion :  0:02:27 

Case T i t l e :  RSCTS SUBSURFACE HORIONTAL CYL BREM RCSTSO@io 

GEOMETRY 7 - C y l i n d e r  Volume - Side Sh ie lds  
cent imeters  f e e t  and inches 

Dose p o i n t  coord ina te  X :  250.0 8.0 2.4 
Dose p o i n t  coord ina te  Y :  2113.0 69.0 3.9 
Dose p o i n t  c o o r d i n a t e  Z:  10000.0 328.0 1.0 

C y l i n d e r  rad ius :  84.76 2.0 9.4 
C y l i n d e r  h e i g h t :  4227.0 138.0 8.2 

T r a n s i t i o n :  15.24 0 .0  6.0 
A i r  Gap: 150.0 4.0 11.1 

Source Volume: 9.54034et7 cm"3 3369.14 cu ft. 5 . 8 2 1 8 7 ~ 6  cu i n .  

MATERIAL DENSITIES (g/cm"3) 
M a t e r i  a1 Source T r a n s i t i o n  A i r  Gap 

A i r  0.00122 
Concrete 1.6 1.6 
Water 0.56 

S h i e l d  S h i e l d  

BUILDUP 
Method: Bu i ldup Fac tor  Tables 

The m a t e r i a l  re fe rence i s  T r a n s i t i o n  

INTEGRATION PARAMETERS 
Quadra ture  Order 

Radi a1 10 
C i r c u m f e r e n t i a l  10 
A x i a l  (a long Z )  10 

SOURCE WAS ENTERED AS ENERGIES ONLY 

PI 



Page : 2 
DOS F i l e :  RCTSHCYB.MS1 
Run Date: January 15, 1997 
Run Time: 2:24 p.m. Wednesday 
T i t l e  : RSCTS SUBSURFACE HORIONTAL CYL BREM RCSTSG 

0.015 
0 . 0 2 5  
0.035 
0.045 
0.055 
0.065 
0.075 
0.085 
0.095 
0 .15  
0.25 
0.35 
0.475 
0 .65  
0.825 
1.0 
1.225 
1.475 
1.7 
1.9 
2 .1  
2.3 

TOTAL:  

1.220et015 
6.160et014 
3.930et014 
2.780et014 
2.110et014 
1.660et014 
1.350et014 
1.120et014 
9.460et013 
4.950et014 
1.920et014 
9.820et013 
7.710et013 
4.810et013 
1.790et013 
1.260et013 
6.840et012 
2.420et012 
6.020et011 
1.490et011 
1.560et010 
8.370et007 

4 . 1 7 7 ~ 0 1 5  

No B u i l d u p  
0.000et000 
0 .000et000 
0.000et000 
0.000et000 
2.758e-217 
8.866e-173 
3.787e-148 
5.367e-133 
7.230e-123 
1.197e-096 
1.629e-079 
7.647e-070 
1.589e-061 
1.161e-053 
2.626e-048 
4.759e-044 
6.630e-040 
1.330e-036 
1.503e-034 
3.342e-033 
1.619e-032 
2.382e-033 

2.207e-032 

With B u i l d u p  
1.394e-022 
1.598e-022 
2.592e-022 
4.598e-022 
2.122e-021 
6.320e-021 
6.643e-021 
9.114e-021 
1.757e-020 
7.380e-019 
8.641e-019 
4.368e-019 
2.814e-019 
1.383e-019 
4.100e-020 
2.302e-020 
1.06%-020 
3.416e-021 
7.813e-022 
1.825e-022 
1.854e-023 
9.828e-026 

2.581e-018 

NO Bui idup 
0.000et000 
0.000et000 
0.000et000 
0.000et000 
6.207e-220 
1.609e-175 
6.172e-151 
8.337e-136 
1.106e-125 
1.972e-099 
3.006e-082 
1.475e-072 
3.119e-064 
2.254e-056 

Wi th  B u i l d u p  
1.196e-023 
2.756e-024 
1.642e-024 
1.529e-024 
4.775e-024 
1.147e-023 
1.083e-023 
1.416e-023 
2.688e-023 
1.215e-021 
1.594e-021 
8.427e-022 
5.520e-022 
2 . 6 8 6 ~ 0 2 2  

4.977e-051 7.77oe-025 
8.772e-047 4.243e-023 
1.173e-042 1.891e-023 
2.247e-039 
2.441e-037 
5.251e-036 
2.466e-035 
3.523e-036 

3.368e-035 

5.774e-024 
1.269e-024 
2.868e-025 
2.823e-026 
1.453e-028 

4.705e-021 



(Nuclear & R a d i o l o g i c a l  S a f e t y  A n a l y s i s  - 1.16-007) 
Page: 1 F i l e  Ref :  

Run: 4:02 p.m. By : 
: January 15, 1997 Checked : 

F i l e :  SUBHCYL.SKY Date: / / 

I \  
CASE: RCSTS HORIZONTAL CYL SUBSURFACE GAMMA RCSTSN 

GEOMETRY: H o r i z o n t a l  c y l i n d e r  source beh ind  a w a l l  

DIMENSIONS (meters):  

D is tance between w a l l  and d e t e c t o r  ........... X 100. 
1.01 Depth o f  source behind w a l l  .................. Y 

O f f s e t  o f  d e t e c t o r  ........................... Z -21.14 
Depth o f  dose p o i n t  .......................... H 
Dis tance between source and w a l l  . . . . . . . . . . . . .  R 1  0 .01 
D is tance between near  source edge and w a l l  ... R2 1.6952 
Thickness o f  cover  s l a b  ...................... T 1  0. 
Thickness o f  second s h i e l d  . . . . . . . . . . . . . . . . . . .  T2 0.1524 
Radius o f  source.... ......................... 0.8476 W 
Length o f  source..... ........................ L 

-1.5 

42.27 

INTEGRATION PARAMETERS: 

Number o f  Rad ia l  Segments ..................... M 5 
Number o f  C i r c u m f e r e n t i a l  Segments ............ N 5 
Number o f  Length Segments ..................... C 
Quadrature Order. .  .......................... 

5 
16 

MATERIAL DENSITIES ( g / c c ) :  

Ambient a i r :  ,0012 

M a t e r i  a1 Cover S lab  Lower S h i e l d  

A i r  
Water 
Concrete 1.6 
I r o n  
Lead 
Z i rcon ium 
Uran i  a 

_ _ _ _ _ _ _ _ _ _ _ -  _ _ _ _ _ _ - _ _ _  ---------- 

0.56 
1.6 

B u i l d u p  f a c t o r  based on: AIR. 

4 7 1  
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CASE: RCSTS HORIZONTAL CYL SUBSURFACE GAMMA RCSTSO?, 

SOURCE NUCLIDES: 

Nuclide Curies Nuclide Curies 

Ba-137m 8.9400et04 Co-60 1.6600et02 
Cs-137 9.4500et04 Eu-154 3.7800et03 

- -__-_- -____--___ _ _ _ _ - - _  -_ -_ -_____ 

RESULTS: 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 

1.30 6.215et13 1.381e-21 3.539e-01 
1.03 4.658~13 1.241e-21 2.384e-01 
.84 2.568~13 1.030e-21 1.091e-01 
.66 3.017~15 9.276e-22 1.154et01 
.48 1.365e+12 7.583e-22 4.269e-03 
.40 2.929etll 6.187e-22 7.473e-04 
.24 9.234~12 3.691e-22 1.405e-02 
.20 3.177~11 2.733e-22 3.580e-04 
.12 5.659~13 7.671e-23 1.790e-02 

TOTALS: 3.220et15 

6q 47 I 



Microskysh ine  ______------- __--________- 
(Nuclear & R a d i o l o g i c a l  Safe ty  A n a l y s i s  - 1.16-007) 

Page: 1 F i l e  Ref: 

Run: 4:53 p.m. By : 
: May 15, 1997 Checked : 

F i l e :  RCSTSl2.SKY Date: I 1- 

CASE: RCSTS HORIZONTAL CYL SUBSURFACE BREM RCSTSl2 

GEOMETRY: H o r i z o n t a l  c y l i n d e r  source behind a w a l l  

D I M E N S I O N S  (meters):  

D is tance between w a l l  and d e t e c t o r  ........... X 
Depth o f  source behind w a l l  .................. Y 
O f f s e t  o f  d e t e c t o r  ........................... Z 
Depth o f  dose p o i n t  .......................... H 
Dis tance between source and w a l l  ............. R 1  
D is tance between near source edge and w a l l  ... R2 
Thickness o f  cover s l a b  ...................... T1 
Thickness o f  second s h i e l d  ................... T2 
Radius o f  source ............................. W 
Length o f  source. ............................ L 

INTEGRATION PARAMETERS: 

Number o f  Rad ia l  Segments ..................... M 
Number o f  C i r c u m f e r e n t i a l  Segments ............ N 
Number of Length Segments ..................... C 
Quadra ture  Order ............................ 

100. 
1.01 

-21.14 
-1.5 

0.01 
1.6952 
0. 
0.1524 
0.8476 

42.27 

5 
5 
5 

16 

MATERIAL DENSITIES ( g l c c ) :  

Ambient a i r :  .0012 

A i r  
Water 
Concrete 
I r o n  
Lead 
Z i r c o n i  um 
Uran ia  

1.6 
0.56 
1.6 

Bu i ldup f a c t o r  based on: A I R .  

4 7  I 
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CASE: RCSTS HORIZONTAL CYL SUBSURFACE BREM RCSTSlZ 

SOURCE NUCLIDES: 

Group 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

_ _ _ _ _  

N u c l i d e  Cur ies  

Ba-137111 8.9400et04 
Cs-137 9.4500e+04 

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

17 
18 
19 

RESULTS: 

Energy A c t i v i t y  
(mev) (photons/sec) 

2.30 8.370et07 
2.10 1.560et10 
1.90 
1.70 
1.48 
1.23 
1 .oo 

.82 

.65 

.47 

.35 

.25 

.15 

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

1 .490et l1  
6 . 0 2 0 e t l l  
2.420e+12 
6.840e+12 
1.260et13 
1.790et13 
4.810et13 
7.710e+13 
9.820e+13 
1.920e+14 
4.950e+14 

20 

TOTALS : 

N u c l i d e  Cur ies  

Co-60 1.6600e+02 
Eu-154 3.7800e+03 

___- - -_  _-------__ 

Dose p o i n t  
rads/photon 

1.623e-21 
1.616e-21 
1.553e-21 
1.443e-21 
i .305e-Zi 
1.372e-21 
1.211e-21 
1.007e-21 
9.232e-22 
7.498e-22 
5.295e-22 
3.830e-22 
1.671e-22 

Dose r a t e  
(mr/hr)  

5.603e-07 
1.039e-04 

3.581e-03 
1.302e-02 

- - - - _ _ - - - 

9 . 5 4 4 ~ 0 4  

3.870e-02 
6.294e-02 
7.435e-02 
1.831e-01 
2.384e-01 
2.144e-01 
3.032e-01 
3.412e-01 
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Author:  J. C.  VAN KEUREN 
Date: MAY 1997 

Scope o f  Review: ENTIRE DOCUMENT 

Yes No NA 
M I  [ I 1 Prev ious  rev iews complete and cover a n a l y s i s ,  up t o  scope o f  

t h i s  review, w i t h  no gaps. 
Problem comple te ly  de f ined.  
Acc ident  scenar ios  developed i n  a c l e a r  and l o g i c a l  manner. 
Necessary assumptions e x p l i c i t l y  s t a t e d  and supported. 
Computer codes and da ta  f i l e s  documented. 
Data used i n  c a l c u l a t i o n s  e x p l i c i t l y  s t a t e d  i n  document. 
Data checked f o r  cons is tency  w i t h  o r i g i n a l  source i n f o r m a t i o n  
as appl i cab1 e .  
Mathematical  d e r i v a t i o n s  checked i n c l u d i n g  dimensional  
cons is tency  o f  r e s u l t s .  
Models a p p r o p r i a t e  and used w i t h i n  range o f  v a l i d i t y  o r  use 
o u t s i d e  range o f  e s t a b l i s h e d  v a l i d i t y  j u s t i f i e d .  
Hand c a l c u l a t i o n s  checked f o r  e r r o r s .  Spreadsheet r e s u l t s  
should be t r e a t e d  e x a c t l y  t h e  same as hand c a l c u l a t i o n s .  
Software i n p u t  c o r r e c t  and c o n s i s t e n t  w i t h  document reviewed. 
Software o u t p u t  c o n s i s t e n t  w i t h  i n p u t  and w i t h  r e s u l t s  
r e p o r t e d  i n  document reviewed. 
Limits/criteria/guidelines a p p l i e d  t o  a n a l y s i s  r e s u l t s  a re  
a p p r o p r i a t e  and re fe renced.  Limits/criteria/guidelines 
checked aga ins t  re fe rences .  
Safe ty  margins c o n s i s t e n t  w i t h  good eng ineer ing  p r a c t i c e s .  
Conclusions c o n s i s t e n t  w i t h  a n a l y t i c a l  r e s u l t s  and a p p l i c a b l e  
l i m i t s .  
Resu l ts  and conc lus ions  address a l l  p o i n t s  r e q u i r e d  i n  t h e  
problem statement.  
Format c o n s i s t e n t  w i t h  a p p r o p r i a t e  NRC Regu la to ry  Guide o r  
o t h e r  standards 
Review c a l c u l a t i o n s ,  comments, and/or no tes  are  a t tached.  

Document approved. 
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Author:  J. C.  VAN KEUREN 
Date: MAY 1997 

Scope o f  Review: ENTIRE DOCUMENT 

YES NO* N /A  

[ ] [ ] 1. A d e t a i l e d  t e c h n i c a l  rev iew and approval  o f  t h e  
environmental  t r a n s p o r t  and dose c a l c u l a t i o n  p o r t i o n  o f  
t h e  a n a l y s i s  has been performed and documented. 

fi [ ] [ ] 2. D e t a i l e d  t e c h n i c a l  rev iew(s)  and approva l (s )  o f  scenar io  
and re1  ease de terminat ions  have been performed and 
documented. 

[ ] [ ] W 3 .  HEDOP-approved code(s) were used. 
[ ] [ ] c>4 4 .  Receptor l o c a t i o n s  were s e l e c t e d  accord ing  t o  HEDOP 

recommendations. 

were i n c l u d e d  and are a p p r o p r i a t e  f o r  t h e  c a l c u l a t i o n s .  
6. Hanford s i t e  da ta  were used. 
7. Model adjustments e x t e r n a l  t o  t h e  computer program were 

j u s t i f i e d  and performed c o r r e c t l y .  
8. The a n a l y s i s  i s  c o n s i s t e n t  w i t h  HEDOP recommendations. 

r e s o l u t i o n s ,  o r  o t h e r  i n f o r m a t i o n  i s  a t tached.  (Use t h e  
"Page 1 o f  X "  page numbering fo rmat  and s i g n  and d a t e  
each added page.) 

[ 3 [ ] 5. A l l  a p p l i c a b l e  environmental  pathways and code o p t i o n s  

E [ 9. Suppor t ing  notes,  c a l c u l a t i o n s ,  comments, comment 

10. Approval i s  g ran ted  on b e h a l f  o f  t h e  Hanford 
Environmental Dose Overview Panel. 

* A l l  "NO" responses must be exp la ined and use o f  nonstandard methods 
j u s t i f i e d .  
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