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HHC-SD-WM-CN-033 REV 0 
1 1.0 MICROSHIELD Dose Rate Ca lcu la t i ons  f o r  HEPA F i l t e r s  and P r e f i l t e r s  

One o f  t h e  tank  v e n t i l a t i o n  system acc ident  scenar ios i d e n t i f i e d  i n  t h e  
FSAR i s  a f i l t e r  blowout. 
f i l t e r  blowout events, i t  i s  necessary t o  know t h e  r a d i o a c t i v e  l oad ing  o f  t h e  
f i l t e r s  as a f u n c t i o n  o f  t h e  f i l t e r  con tac t  dose r a t e .  
documents t h e  f i l t e r  dose c a l c u l a t i o n s  which w i l l  be used i n  t h e  Tank Farms 
FSAR. 
code (Grove 1992). The BREMCALC computer code (Rittman 1992) was used t o  
determine t h e  brem;$trahlung r a d i a t i o n  source term f o r  t h e  impor tant  beta 
e m i t t e r s  (90Sr and Y)  as descr ibed i n  Sect ion 1.1. 

farms v e n t i l a t i o n  systems. The SX Tank Farm v e n t i l a t i o n  system cons is t s  o f  
3 x 3 arrays o f  2 x 2 x 1 ft (0.61 x 0.61 x 0.3 m) f i l t e r s  i n  se r ies .  
pass i ve l y  v e n t i l a t e d  SSTs con ta in  e i t h e r  s i n g l e  1 x 1 x 1 ft (0.3 x 0.3 x 0.3 
m) o r  s i n g l e  2 x 2 x 1 ft (0.61 x 0.61 x 0.3 m) breather  f i l t e r s  i n  se r ies .  
The DST v e n t i l a t i o n  system conta ins s i n g l e  2 x 2 x 1 ft (0.61 x 0.61 x 0.61 m) 
f i l t e r s  i n  se r ies .  The DCRTs con ta in  s i n g l e  1 x 1 x 1 ft (0 .3  x 0.3 x 0.3 m) 
f i l t e r s  i n  se r ies .  Each o f  t h e  v e n t i l a t i o n  systems a l so  con ta in  p r e f i l t e r s ,  
w i t h  t h e  except ion o f  t h e  pass i ve l y  v e n t i l a t e d  SSTs. The p r e f i l t e r s  have t h e  
same cross sec t i ona l  dimensions as t h e  HEPA f i l t e r s  i n  t h e  d i r e c t i o n  o f  
a i r f l o w ,  however, t h e  depth o f  t h e  p r e f i l t e r s  are 2.5 i n  (6.4 cm) versus 1 ft 
(0 .3 in) f o r  t h e  HEPA f i l t e r s .  

I n  order  t o  determine t h e  acc ident  consequences f o r  

Th is  ca l cno te  

The c a l c u l a t i o n s  were done us ing  t h e  MICROSHIELD Vers ion 4 computer 

There a re  severa l  HEPA f i l t e r  and p r e f i l t e r  arrangements i n  t h e  tank  

The 

Sect ion 1.1 documents t h e  con tac t  dose r a t e  c a l c u l a t i o n  f o r  a 3 x 3 
ar ray  o f  2 x 2 x 1 ft (0.61 x 0.61 x 0.3 m) f i l t e r s  loaded w i t h  1 c u r i e  o f  
r a d i o a c t i v i t y  t h a t  o r i g i n a t e d  from SST s o l i d  waste. Sect ion 1.2 documents t h e  
con tac t  dose r a t e  c a l c u l a t i o n  f o r  a s i n g l e  1 x 1 x 1 ft (0.3 x 0 .3  x 0.3 m) 
breather  f i l t e r  loaded w i t h  1 c u r i e  o f  SST s o l i d  waste. Sect ion 1.3 documents 
t h e  con tac t  dose r a t e  c a l c u l a t i o n  f o r  a s i n g l e  2 x 2 x 2 ft (0.61 x 0.61 x 
0.61 m) breather  f i l t e r  loaded w i t h  1 c u r i e  o f  SST s o l i d  waste. Sect ion 1.4 
documents t h e  con tac t  dose r a t e  c a l c u l a t i o n  f o r  a s i n g l e  2 x 2 x 2 ft (0.61 x 
0.61 x 0.61 m) f i l t e r  loaded w i t h  1 c u r i e  o f  DST l i q u i d  waste. 
documents t h e  con tac t  dose r a t e  c a l c u l a t i o n  f o r  a s i n g l e  1 x 1 x 1 f t  (0.3 x 
0.3 x 0.3 m) DCRT f i l t e r  loaded w i t h  1 c u r i e  o f  SST l i q u i d  waste. 

Sect ion 1.6 documents t h e  con tac t  dose r a t e  c a l c u l a t i o n  f o r  a 3 x 3 
ar ray  o f  2 ft x 2 ft x 2.5 i n  (0.61 x 0.61 x 0.064 m) p r e f i l t e r s  loaded w i t h  1 
c u r i e  o f  SST s o l i d  waste. 
c a l c u l a t i o n  f o r  a s i n g l e  2 ft x 2 ft x 2.5 i n  (0.61 x 0.61 x 0.064 m) 
p r e f i l t e r  loaded w i t h  1 c u r i e  o f  DST l i q u i d  waste. 
con tac t  dose r a t e  c a l c u l a t i o n  f o r  a s i n g l e  1 ft x 1 ft x 2.5 i n  (0 .3 x 0.3 x 
0.064 m) p r e f i l t e r  loaded w i t h  1 c u r i e  o f  SST l i q u i d  waste. 

Sect ion 1.5 

Sect ion 1.7 documents t h e  con tac t  dose r a t e  

Sect ion 1.8 documents t h e  

The f o l l o w i n g  assumptions were made f o r  t h i s  ana lys i s :  

1) The waste m a t e r i a l  i s  assumed t o  be homogeneously d i s t r i b u t e d  throughout 
t h e  f i l t e r  volume. 
'MICROSHIELD i s  a r e g i s t e r e d  trademark o f  Grove Engineering, I nc .  
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2) Contact dose r a t e s  correspond t o  t h e  de tec to r  l o c a t i o n s  i n d i c a t e d  on F igure 

3) For t h e  SX Tank Farm 3 by 3 f i l t e r  con f i gu ra t i on ,  a s i m p l i f i e d  geometry was 
used. The 9 f i l t e r s  which make up a 3 x 3 f i l t e r  bank were modeled as a 
s i n g l e  rec tangu la r  p a r a l l e l p i p e d  w i t h  a he igh t  o f  1.83 m (6 ft), a w i d t h  o f  
1.83 m (6 ft), and a depth o f  0.3 m (1 ft). From geometric cons iderat ions,  on 
t h e  average, gamma rays  pass through about 5 th icknesses o f  t h e  aluminum 
frame, o r  a t o t a l  o f  1.016 cm (0.4 i n  = 5 x 0.08 i n )  o f  aluminum (see Sect ion 
1.1). 

4) The MICROSHIELD runs o n l y  inc luded t h e  rad ionuc l i des  wi th major 
c o n t r i b u t i o n s  t o  t h e  dose ra tes .  Th is  dec i s ion  was based on t h e  waste t ype  
loaded on t h e  HEPA f i l t e r  (e.g. , SST L iqu ids,  SST Sol ids,  DST L iqu ids,  e t c . )  
and t h e  rad ionuc l i de  concentrat ions associated w i t h  t h a t  waste t ype  (see Table 
1). 

1 (page 8). 

1.1 SX l a n k  Farm Dose Rate C a l c u l a t i o n  f o r  3 x 3 HEPA F i l t e r  
Arrangement (2 x 2 x 1 F i l t e r )  

The HEPA f i l t e r s  i n  t h e  a c t i v e l y  v e n t i l a t e d  SSTs a re  0.61 m (2 ft) long,  
by 0.61 m (2 ft) wide, and 0.3 m (1 ft) deep i n  t h e  d i r e c t i o n  o f  a i r f l o w .  The 
f i l t e r  cons i s t s  o f  a corrugated f i l t e r  media o f  b o r o s i l i c a t e  g lass  m i c r o f i b e r s  
w i t h  aluminum separators  at tached t o  t h e  p lea ts .  The f i l t e r  media i s  housed 
i n  a 0.2 cm (0.08 i n )  t h i c k  aluminum frame. 
v e n t i l a t i o n  system cons is t s  o f  an a r ray  o f  3 x 3 f i l t e r s .  The f o l l o w i n g  
descr ibes t h e  MICROSHIELD model developed f o r  a s i n g l e  f i l t e r .  

TPe b o r o s i l i c a t e  g l a s s  m i c r o f i b e r s  have an areal  d e n s i t y  o f  about 9.7E- 
03 g/cm (2.OE-02 l b / f t  ). The b o r o s i l i c a t e  g lass  m a t e r i a l  i s  d i s t r i b u t e d  
over an area o f  about 23.2 m' (250 ft2), which r e s u l t s  i n  about 2.27 kg (5 l b )  
o f  b o r o s i l i c a t e  g lass  m i c r o f i b e r s  on each f i l t e r .  I f  t h i s  m a t e r i a l  i s  assumed 
t o  be homogeneously d i s t r i b u t e d  throughout t h e  e n t i r e  f i l t e r  volume, t h e  
d e n s i t y  o f  b o r o s i l i c a t e  g lass  i s  0.02 g/cc, as shown below. 

5 l b  x 454 g / l b  

A f i l t e r  bank i n  t h e  SST 

Densi ty  o f  B o r o s i l i c a t e  Glass = .......................... = 0.02 g/cc 
(2x2~1) ft3 x 28230 c c / f t 3  

The a rea l  d e n s i t y  o f  t h e  corrugated aluminum separators  i s  about 1.17E- 
08 g/cm2 (8.39E-02 l b / f t ' ) .  The t o t a l  area o f  t h e  aluminum separators  i s  29.8 
m (321 f t  ), which r e s u l t s  i n  about 3.48 kg (7.66 l b )  o f  aluminum on each 
f i l t e r .  I f  t h i s  m a t e r i a l  i s  assumed t o  be homogeneously d i s t r i b u t e d  
throughout t h e  e n t i r e  f i l t e r  volume, t h e  dens i t y  o f  aluminum i s  0.03 g/cc, as 
shown below. 

7.66 l b  x 454 g / l b  

(2x2~1) ft3 x 28230 c c / f t 3  
0.03 g/cc Dens i t y  of Aluminum = -_________________________  = 
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The f o l l o w i n g  descr ibes t h e  s i m p l i f i e d  model developed f o r  t h e  3 x 3 
f i l t e r  bank arrangement. 

The 9 f i l t e r s  which make up a 3 x 3 f i l t e r  bank were modeled as a s i n g l e  
rec tangu la r  p a r a l l e l p i p e d  w i t h  a he igh t  o f  1.83 m (6 ft), a w i d t h  o f  1.83 m (6 
ft), and a depth o f  0.3 m (1 ft). The r a d i o a c t i v e  source was asjumed t o  be 
un i fo rm ly  d i s t r i b u t e d  throughout t h e  e n t i r e  volume (6 x 6 x 1 ft ). From 
geometric cons iderat ions,  on t h e  average, gama rays  pass through about 5 
thicknesses o f  t h e  aluminum frame, o r  a t o t a l  o f  1.016 cm (0.4 i n  = 5 x 0.08 
i n )  o f  aluminum. The "contact"  dose r a t e  was assumed t o  be measured a t  a 
l o c a t i o n  1 ft from t h e  bottom o f  t h e  f i l t e r  bank, 0.15 m (0.5 ft) from t h e  
face o f  t h e  f i l t e r  i n  t h e  d i r e c t i o n  o f  a i r f l o w ,  and 1.3 cm (0.5 i n )  o f f  o f  t h e  
s ide  o f  t h e  f i l t e r .  
by t h e  requestor  as t h e  l o c a t i o n  where contact  readings a re  made f o r  a 3 x 3 
f i l t e r  con f i gu ra t i on .  

F igure 1 i l l u s t r a t e s  t h i s  l o c a t i o n ,  which was i d e n t i f i e d  

Two MICROSHIELD runs were made because t h e  source term cons is ted  o f  
gama e m i t t e r s  along w i t h  beta e m i t t e r s  which r e s u l t  i n  t h e  p roduc t i on  o f  
bremsstrahlung r a d i q t i o n .  
c o n t r i b u t i o n  from l3 "'Ba andTb4Eu, which are t h e  major gamma e m i t t e r s  i n  t h e  
source term. The second run  was made t o  c a l c u l a t e  t h e  dosep c o n t r i b u t i o n  from 
bremsstrahlung r a d i a t i o n  produced du r ing  t h e  decay o f  O Y .  The second run  
was necessary because MICROSHIELD does n o t  generate t h e  bremsstrahlung source 
term i n t e r n a l l y .  
t h e  bremsstrahlung source term which was then fed  i n t o  MICROSHIELD t o  est imate 
t h e  dose r a t e .  
source term, however, t h e  3 rad ionuc l i des  above a re  t h e  major dose 
c o n t r i b u t o r s .  

The f i l t e r  was assumed t o  be loaded w i t h  a t o t a l  o f  1 C i  o f  SST Sol ids,  
which has maximum sample a c t i v i t y  concentrat ion2 o f  l.OE+ll Bq/L o f  13'Cs, 
5.8E+09 Bq/L o f  lS4Eu, and 1.6E+12 Bq/L each o f  'Sr and poY (see Table 1). 
The a c t i v i t y  concentrat ions i n  Table 1 were taken from Van Keuren (1996). As 
mentioned above, o t h e r  beta and gama emi t te rs  present  i n  t h e  SST So l i ds  
composite have n e g l i g i b l e  dose c o n t r i b u t i o n s  and were n o t  inc luded i n  t h e  
mod 1. One g u r i e  o f  SST 
o f  "Sr and ' Y, 0.0303 C i  o f  Cs, and 0.0017 C i  o f  154E~.  
numbers were s l i g h t l y  ad justed so t h a t  t h e  sum f o r  t h e  m ix tu re  t o t a l l e d  1 C i .  

The r e # t i n g  coptact  dose r a t e  from MICROSHIELD was 0.#4 mSv/hr (22.4 
mR/hr) from S r  and wY,  o r  
a t o t a l  o f  0.257 mSv/hr (25.7 mR/hr) per  C i  of SST S o l i d  waste accumulated on 
t h e  3 x 3 f i l t e r  bank. These c a l c u l a t i o n s  assume t h e  f i l t e r s  a re  un i fo rm ly  
loaded, which in t roduces some uncer ta in t y  i n  t h e  r e s u l t s  because t h e  dose r a t e  
a t  t h e  s ide  o f  t h e  f i l t e r s  i s  s e n s i t i v e  t o  t h e  d i s t r i b u t i o n  o f  r a d i o a c t i v e  
ma te r ia l  on t h e  f i l t e r s  conta ined i n  t h e  3 x 3 array.  
considered an acceptable approach and w i t h i n  t h e  u n c e r t a i n t y  o f  t h e  o v e r a l l  
c a l c u l a t i o n s .  The photon f luence-to-dose conversion f a c t o r s  used were t h e  
a n t e r i o r - t o - p o s t e r i o r  i r r a d i a t i o n  p a t t e r n  as o u t l i n e d  i n  ANSI  standard 

e f i r s t  r u n  was made t o  c a l c u l a t e  t h e  dose 

Therefore, t h e  BREMCALC computer code was used t o  generate 

Note t h a t  o the r  beta and gamma e m i t t e r s  a re  present  i n  t h e  

would the re fo re  con ta in  about 0.4840 C i  each 
Note t h a t  these 

Cs and ' 4Eu, and 0.033 mSv/hr (3.3 mR/hr) from 

However, t h i s  was 
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ANSI/ANS-6.1.1-1991 (ANS 1991). 
Attachment 1. 

Note that although the filter media consists of borosilicate glass 
microfibers and aluminum sepabators, f8r simp1 icity the bremsstrahlung photon 
production rate used was for 'Sr and This w q  done because the 
bremsstrahlung photon production rate for 1 Ci of "Sr and 
readily available (Savin0 1995). 
contains a model to approximate the bremsstrahlung radiation source term for a 
mixture. Using ISO-PC, the photon production rate from bremsstrahlung 
radiation was found to be slightly higher in the filter media than it gas in 
water for 1 Ci of WSr and Note that the dose contribution from Sr and 

is only 13% of the total, and since the end use of these dose rates is to 
back-calculate the activity on the filter given a contact dose rate, it is 
conservative to underestimate the bremsstrahlung contribution to the total 
dose. That is, the amount of material accumulated on the filter for a given 
contact dose rate will actually be lower than that predicted using the value 
calculated above (25.7 mR/hr/Ci). The phtkon production rate from BREMCALC is 
shown in Table 2 for 0.484 Ci of "Sr and 

The KO-PC input deck is included in 
The MICROSHIELD output is included in the Appendix. 

Y in water. 
Y in water was 

The ISO-PC computer code (Rittman 1995) 

Y .  

1.2 Single Breather Filter Dose Rate Calculation for Passively 
Ventilated SSTs (1 x 1 x 1 ft Filter) 

Some of the HEPA filters in the passively ventilated SSTs are 0.3 m (1 
ft) long, by 0.3 m (1 ft) wide, and 0.3 m (1 ft) deep in the direction of 
airflow. 
solids were performed similarly to those in Section 1.1. 
model geometry consisted of a 0.3 x 0.3 x 0.3 m (1 x 1 x 1 ft) filter with a 
0.2 cm (0.08 in) thick aluminum shield. Dose rates were calculated at a 
location 0.15 m (0.5 ft) from the bottom of the filter bank, 0.15 m (0.5 ft) 
from the face of the filter in the direction of airflow, and 1.3 cm (0.5 in) 
off of the side of the filter. Figure 1 illustrates this location for a 
single filter. 

Once again, two MICROSHIELD runs were made because the source term 
consisted of gamma emitters and beta emitters which result in the production 
of bremsstrahlung radiation. The first run was made to calculate the dose 
contribution from 
second run was made to calculate the dose contribution from bremsstrahlung 
radiation produced during the decay of 90Sr/WY. The activities are the same 
as that described in Section 1.1. The photon production rate from BREMCALC is 
also the same as that described in Section 1.1 (see Table 2). 

Calculations for a single breather filter loaded with 1 Ci of SST 
In this case the 

"Ba and lS4Eu, which are the major g a m a  emitters, and the 

The res ltin c tact dose rate from MICROSHIELD was 4.0!jomSv/hr&405 
mR/hr) from 13'Cs A d  Br4Eu, and 0.694 mSv/hr (69.4 mR/hr) from Sr and Y, or 
a total of 4.75 mSv/hr (475 mR/hr) per Ci of SST Solid waste accumulated on 
the filter. The MICROSHIELD output is included in the Appendix. 
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1.3 Single Breather Filter Dose Rate Calculation for Passively 
Ventilated SSTs (2 x 2 x 1 ft Filter) 

Some of the HEPA filters in the passively ventilated SSTs are 0.6 x 0.6 
Calculations for a single filter loaded with 1 Ci of x 0.3 m (2 x 2 x 1 ft). 

SST solids were performed similarly to those in Section 1.1. In this case the 
model geometry consisted of a 0.61 x 0.61 x 0.3 m (2 x 2 x 1 ft) filter with a 
0.2 cm (0.08 in) thick aluminum shield. 
location 0.3 m (1 ft) from the bottom of the filter bank, 0.15 m (0.5 ft) from 
the face of the filter in the direction of airflow, and 1.3 cm (0.5 in) off of 
the side of the filter. 

Once again, two MICROSHIELD runs were made because the source term 

Dose rates were calculated at a 

consisted of gamma emitters and beta emitters which result in the production 
of bremsstrahlung radiation. The activities are the same as that described in 
Section 1.1. 
that described in Section 1.1 (see Table 2 ) .  

The re ltin c tact dose rate from MICROSHIELD was 1.5 mSv hr 151 
mR/hr) from T3yCs i d  9r4E~, and 0.253 mSv/hr (25.3 mR/hr) from 'Sr ind 'Y, or 
a total of 1.77 mSv/hr (177 mR/hr) per Ci of SST Solid waste accumulated on 
the filter. The MICROSHIELD output is included in the Appendix. 

The photon production rate from BREMCALC is also the same as 

1.4 Dose Rate Calculation for DST Single (2 x 2 x 1 ft) Filter 

A similar calculation was performed for a single filter loaded with 1 Ci 
of DST liquids. 
x 1 ft) filter with a 0.2 cm (0.08 in) thick aluminum shield. Dose rates were 
calculated at a location 0.3 m (1 ft) from the bottom of the filter bank, 0.15 
m (0.5 ft) from the face of the filter in the direction of airflow, and 1 . 3  cm 
(0.5 in) off of the side of the filter. 

(see Table 1) it is evident that only Cs needs to be accounted for because 
of the h M h  activity concentration of 137Cs relative to other g a m a  emitters. 
WSr and 

The model geometry consisted of a 0.61 x 0.61 x 0.3 m (2 x 2 

By examining the maximum sample b$tivity concentrations for DST liquids 

Y are in low enough concentrations that their contribution to the 
dose is negligible. The source activity was then taken to be 1 Ci of 

The resulting contact dose rate from MICROSHIELD was 44.7 mSv/hr (4,470 

1.5 

The DCRT filters are 0.3 m (1 ft) long, by 0.3 m (1 ft) wide, and 0.3 m 

The 

Cs which was distributed uniformly throughout the filter volume. 

mR/hr). The MICROSHIELD output is included in the Appendix. 

Single (1 x 1 x 1 ft) DCRT Filter Dose Rate Calculation 

(1 ft) deep in the direction of airflow. Calculations for a single filter 
loaded with 1 Ci of SST liquids were performed similarly to those above. 
model geometry consisted of a 0.3 x 0.3 x 0.3 m (1 x 1 x 1 ft) filter with a 
0.2 cm (0.08 in) thick aluminum shield. Dose rates were calculated at a 
location 0.15 m (0.5 ft) from the bottom of the filter bank, 0.15 in (0.5 ft) 
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from t h e  face o f  t h e  f i l t e r  i n  t h e  d i r e c t i o n  o f  a i r f l o w ,  and 1.3 cm (0.5 i n )  
o f f  o f  t h e  s ide  o f  t h e  f i l t e r .  

By examining t h e  maximum sample &,&tivity S4ncentrat ions f o r  SST L iqu ids  
(see Table 1) it i s  ev iden t  t h a t  on l y  Eu need t o  be accounted f o r  
because o f  t h e  h ighe r  a c t i v i t y  c o n g n t r a t i o n s  o f  these two nuc l i des  re1  a t i v e  
t o  o the r  gamma emi t te rs .  
t h e i r  c o n t r i b u t i o n  t o  t h e  t o t a l  dose i s  neg&g ib le .  One c u r i e  o f  ST L iqu ids  
would the re fo re  con ta in  about 0.9016 C i  o f  

lo4 mR/hr). 

Cs and 

W S r  and Y are i n  low  enough concentrat ions t h a t  

Cs and 0.0984 C i  o f  ‘’4E~. 

The r e s u l t i n g  con tac t  dose r a t e  from MICROSHIELD was 130 mSv/hr (1.3 x 

1.6 

The p r e f i l t e r s  i n  t h e  a c t i v e l y  v e n t i l a t e d  SSTs are 0.61 m (2 ft) long, 

The MICROSHIELD output  i s  inc luded i n  t h e  Appendix. 

SX Tank Farm Dose Rate C a l c u l a t i o n  f o r  3 x 3 P r e f i l t e r  Arrangement 
(2 f t  x 2 ft x 2.5 i n  f i l t e r )  

by 0.61 m (2 ft) wide, and 0.064 m (2.5 i n )  deep i n  t h e  d i r e c t i o n  o f  a i r f l o w .  
The f i l t e r  i s  s i m i l a r  t o  a common home furnace f i l t e r  w i t h  l i gh t -we igh ted  
s t rands o f  f i b r o u s  ma te r ia l .  The p r e f i l t e r s  w i l l  be modeled us ing  t h e  same 
m a t e r i a l  c o n s t i t u e n t s  as t h a t  which was used f o r  t h e  HEPA f i l t e r s .  Th i s  i s  
conservat ive s ince  t h e  p r e f i l t e r s  a c t u a l l y  have l e s s  s h i e l d i n g  than t h e  HEPA 
f i l t e r s .  
r e s u l t s  i n  a g rea te r  amount o f  r a d i o a c t i v e  ma te r ia l  be ing p red ic ted  t o  have 
accumulated on t h e  f i l t e r  before a c e r t a i n  dose r a t e  i s  reached. 

3 f i l t e r s .  The dose r a t e  was assumed t o  be measured a t  a l o c a t i o n  1 ft from 
t h e  bottom o f  t h e  f i l t e r  bank, 0.032 m (1.25 i n )  from t h e  face o f  t h e  f i l t e r  
i n  t h e  d i r e c t i o n  o f  a i r f l o w ,  and 1.3 cm (0.5 i n )  o f f  o f  t h e  s i d e  o f  t h e  
f i l t e r .  

cons i s ted  o f  gamma e m i t t e r s  and beta e m i t t e r s  which r e s u l t  i n  t h e  p roduc t i on  
o f  bremsstrahlung r a d i a t i o n .  The a c t i v i t i e s  a re  t h e  same as t h a t  descr ibed i n  
Sect ion 1.1. The photon p roduc t i on  r a t e  from BREMCALC i s  a l s o  t h e  same as 
t h a t  descr ibed i n  Sect ion 1.1 (see Table 2) .  

The r e  l t i n  c n t a c t  dose r a t e  from MICROSHIELD was 0. 96 mSv/hr (29.6 
mR/hr) from ‘3yCs :d P 5 4 E ~ ,  and 0.045 mSv/hr (4.5 mR/hr) from “Sr  and “Y,  o r  
a t o t a l  o f  0.34 mSv/hr (34 mR/hr) pe r  C i  o f  SST S o l i d  waste accumulated on t h e  
f i l t e r .  The MICROSHIELD output  i s  inc luded i n  t h e  Appendix. 

Th i s  r e s u l t s  i n  lower p red ic ted  dose r a t e s  f o r  t h e  p r e f i l t e r s ,  which 

A f i l t e r  bank i n  t h e  SST v e n t i l a t i o n  system cons is t s  o f  an a r ray  o f  3 x 

Once again, two MICROSHIELD runs were made because t h e  source term 

1.7 Dose Rate C a l c u l a t i o n  - S ing le  DST (2 f t  x 2 ft x 2.5 in) P r e f i l t e r  

A s i m i l a r  c a l c u l a t i o n  was performed f o r  a s i n g l e  p r e f i l t e r  loaded w i t h  1 
C i  o f  DST l i q u i d s .  The model geometry cons is ted  o f  a 0.61 x 0.61 x 0.064 m (2 
ft x 2 ft x 2.5 i n )  p r e f i l t e r  w i t h  a 0.2 cm (0.08 i n )  t h i c k  aluminum sh ie ld .  
Dose r a t e s  were ca l cu la ted  a t  a l o c a t i o n  0.3 m (1 ft) from t h e  bottom o f  t h e  
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f i l t e r  bank, 0.064 m (1.25 i n )  from t h e  face o f  t h e  f i l t e r  i n  t h e  d i r e c t i o n  o f  
a i r f l o w ,  and 1.3 cm (0.5 i n )  o f f  o f  t h e  s ide  o f  t h e  f i l t e r .  

(see Table 1) it i s  ev iden t  t h a t  on l y  ' 7Cs needs t o  be accounted f o r  because 
o f  t h e  h b h  a c t i v i t y  concen t ra t i on  o f  137Cs r e l a t i v e  t o  o t h e r  gamma emi t te rs .  
W S r  and Y are i n  low enough concentrat ions t h a t  t h e i r  c o n t r i b u t i o n  t o  t h e  
& ta l  dose i s  n e g l i g i b l e .  The source a c t i v i t y  was then taken t o  be 1 C i  o f  

By examining t h e  maximum sample q c t i v i t y  concentrat ions f o r  DST l i q u i d s  

Cs which was d i s t r i b u t e d  un i fo rm ly  throughout t h e  f i l t e r  volume. 

The r e s u l t i n g  con tac t  dose r a t e  from MICROSHIELD was 61.0 mSv/hr (6.1 x 

1.8 

The DCRT p r e f i l t e r s  a re  0.3 m (1 ft) long, by 0.3 m (1 ft) wide, and 
0.064 m (2.5 i n )  deep i n  t h e  d i r e c t i o n  o f  a i r f l o w .  Ca lcu la t i ons  f o r  a s i n g l e  
p r e f i l t e r  loaded w i t h  1 C i  o f  SST l i q u i d s  were performed s i m i l a r l y  t o  those 
above. The model geometry consis ted o f  a 0.3 x 0.3 x 0.064 m (1 ft x 1 ft x 
2.5 i n )  p r e f i l t e r  w i t h  a 0.2 cm (0.08 i n )  t h i c k  aluminum sh ie ld .  Dose r a t e s  
were c a l c u l a t e d  a t  a l o c a t i o n  0.15 m (0.5 ft) from t h e  bottom o f  t h e  f i l t e r  
bank, 0.032 m (1.25 i n )  from t h e  face o f  t h e  f i l t e r  i n  t h e  d i r e c t i o n  o f  
a i r f l o w ,  and 1.3 cm (0.5 i n )  o f f  o f  t h e  s ide  o f  t h e  f i l t e r .  

lo3 mR/hr). The MICROSHIELD output  i s  inc luded i n  t h e  Appendix. 

S i n g l e  (1 ft x 1 ft x 2.5 in) DCRT P r e f i l t e r  Dose Rate C a l c u l a t i o n  

By examining t h e  maximum sample & $ t i v i t y  qoncentrat ions f o r  SST l i q u i d s  
(see Table 1) i t  i s  ev ident  t h a t  on l y  Cs and 5 4 E ~  need t o  be accounted f o r  
because o f  t h e  h ighe r  a c t i v i t y  concentrat ions o f  these two nuc l i des  r e l a t i v e  
t o  o t h e r  gamma emi t te rs .  90Sr and 'OY are  i n  low enough concentrat ions t h a t  
t h e i r  c o n t r i b u t i o n  t o  t h e  t o t a l  dose i s  neg@ible. One c u r i e  o f  SST L iqu ids  
would t h e r e f o r e  con ta in  about 0.9016 C i  o f  Cs and 0.0984 C i  o f  '"Eu. 

The r e s u l t i n g  con tac t  dose r a t e  from MICROSHIELD was 2.2 x l o 2  mSv/hr 
(2.2 x l o 4  mR/hr). 
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Table 2 - Bremsstrahlung Photon Production Rates from 90Sr and 'OY i n  Water 

1 C i  = 3.7 E+10 Bq 

a From Savino (1995). 
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Appendix 

MicroShield 4.00 - Serial W+.OO-00386 
Uestinghwse Henford Co. 

Page : 1 F i l e  Ref: 
DOE File: 3X3CSEU.M% Date: /-J 
RUI Date: May 13, 1996 
Ram Time: 2:11 p.m. Monday Checked: 
Ouration: 0:00:50 

BY: - 

Cue Tit le:  3x3 HEPA - S i n p l i f i d  Model - 0.0303 C i  Cs/ 0.0017 C i  E u l Y  

CECUETRY 11 - Rectnoular V o l u c  
centimeters f r t  and inches 

Dose point  coordinate X: lU.4C4 6.0 .6 
Oos* point  coordinate I: 30.48 1.0 .o 
Dose point  coordinate 2:  15.24 0.0 6.0 

RectnWIlar v o l u  uidth : 50.48 1.0 .o 
Rectangular vo luc  Imgth: 182.88 6.0 .O 
Rectangular v o l u v  height: 182.88 6.0 .O 

Shield 1: 1.016 0.0 .4 
A i r  Gap: 0.508 0.0 .2 

Source Volme:  1.01941~6 d 3  36. cu ft. 62208 cu in. 

MATERIAL DENSITIES ( g / d 3 )  
Material Source Shield 1 A i r  G a p  

Shield slab 
A i r  0.00122 
A l m i n u  0.03 2.702 
G1.S. 0.02 

BUILDUP 
k thod:  Buildup Factor Table8 

The u t e r i a l  refermce i s  Shield 1 

INTEGRATIW PNUMETERS 
Quadrature O&r 

X Direct ion 20 
Y Direct ion 20 
2 Direct ion 10 

SDURCE &€LIME 
Nuclide c u r i r  microci/u^3 Yuclidc c u r i r  m i c r o C i l d 3  
Ba-137m 2.8660.-002 2.8114e-002 Eu-1% 1.m00c-003 1.6676~-003 
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Page : 2 
M)s File: 3UCSEU.MS4 
R V I  Dnte: M y  13, 19% 
Rm Time: 2:11 p.m. Mondey 
Title : 3x3 HEPA - Eirplified Model  - 0.0303 Ci CsI 0.0017 Ci Eu154 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  RESULTS ===~==-=l=====ll=i-==--===~~=== 

Energy Activity Energy Flueme Rete Exposure Rate In  A i r  
(lev) Cphotonslsec ) CMeVIsq un/sec) CnRIhr) 

No Buildup Yith Buildup No Builchp Yith Buildup 
0.1231 2.5&5e+007 2.169e+OOl 5.812~001 3.406e-002 9.128e-002 
0.246 4.296~006 9.008e+OOO 1.900e+OOl 1.657e-002 3.496e-002 
0.4426 5.850~005 2.553~000 4.393-000 5.OOOe-003 8.602e-003 
0.5907 3.92OCw6 2.lr42HWl 3.832~001 4.772e-002 7.486e-002 
0.6628 9.715e+OOE 6.969w003 1.058C004 1.351e+O01 2.05Oe+OOl 
0.8723 8.825r00.5 8.844e+OOl 1.253e+OO2 1.664~-001 2.358e-001 
1.0024 1.78&+007 2.120~002 2.914~002 3.W-001 5.369e-001 
1.2719 2.32&+007 3.6TJe+002 4.810e002 6.444.-001 8.44Oe-001 
1.5767 2.217m 4.512.*001 5.693e+OOl 7.488c-002 9.449e-002 

TOTAL: j.O58e+OO9 1.165e+OO4 .489e+OOl ~.242e+OOl 
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MicroShield b.00 - Serial WS.OO-M386 
Uestinghcwne n n f o r d  Co. 

Pa* : 1 F i l e  Ref: 
WE File: 3X3SRY.MS4 Date: I I 
R m  Date: May 13, 1996 BY: - 
R m  Time: 2:18 p.m. Morwlay Checked: 
Duration: D:02:04 

Case T i t le :  3x3 HEPA 

GEWETRY 

Dose point  coordinate X: 
Dose point  coordinate I: 
Dose point  coordinate 2:  

Rectangular v o l m  width : 
Rectangular volurr length: 
Rectangular v o l w  heisht: 

Shield 1: 
A i r  Gap: 

- S iap l i f ied  Model  - 0.484 C i  S r l Y  

11 - Rectangular V o l w  
centimeters feet and inches 

184.404 6.0 .6 
30.48 1.0 .o 
15.24 0.0 6.0 
30.48 1.0 .o 

182.88 6.0 .O 
182.88 6.0 .O 

1.016 0.0 .4 
0.508 0.0 .2 

Source V o l u r :  1.01941e+6 C r 3  36. cu ft. 62208 cu in. 

MATERIAL DENSITIES (g lCr3)  
Material Source Shield 1 A i r  Gap 

Shield Slab 
A i r  0.00122 
A l m i n m  0.03 2.702 
G I  ass 0.02 

BUlLOUP 
Method: 8ui ldrp Factor Tables 

The material refermce i n  Shield 1 

INTEGRATIOU PARAMETERS 
Quadrature Order 

X Direct ion 20 
I Direct ion 20 
2 Direct ion 10 

SCURCE NUCLIDES 
UUClide curies n i c r o C i l d 3  Nuclide curies aicroci/cr^3 
USER INWT SCURCE TERM 
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Page : 2 
DC6 Fi le :  3X3SRV.MS4 
Rm Date: May 13, 1996 
Rm Ti-: 2:18 p.m. Mwday 
T i t l e  : 3x3 HEPA - S i l p l i f i e d  Model  - 0.684 C i  Srlv 

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 
1.0 
1.225 
1.475 
1.7 
1.9 
2.1 
2.3 

TOTAL: 

. . . . . . . . . 
3.5Wr007 
3.04oc*007 
1.61Oe+ODE 
6.3We+007 
3.330.+007 
2.660e+007 
1.710e+007 
6.580r006 
4 . 7 5 0 ~ 0 ~  
2.680e+006 
9.970e+005 
2.580e+005 
6.580w004 
7.210.+003 
3. WOe+OOl 

1.330e+009 

REV 0 

9.427e002 1.817r003 i .744e+000 3.323e+OOO 

14 o f  35 



WHC-SD-Wn-CN-033 REV 0 

Microshield 4.00 - Serial y4.M-00386 
Uestinphouse Hanford to. 

Page : 1 F i l e  Ref: 
DOS File: 1XlBRSR.MSC Date: J I 
Rm Date: May 13, 1996 BY: ~ 

Rm Time: 2:20 p.m. Monday Checked: 
Duration: 0:00:34 

Case T i t le :  1 x 1 f t  Breather F i l t e r  - 0.484 C i  SrlYW 

CECUETRV 

DOSC point cwrdinnte X: 
DOSC point cwrdinnt. 'I: 
Dose point cwrd innte Z: 

Rect-tar volum width : 
Rectangular voluar Iangth: 
R e c t ~ U L s r  voltme height: 

Shield 1: 
A i r  Gap: 

11 - Rectengular 
cent imters 

32.004 
15.24 
15.24 
30.48 
30.411 
30.411 
0.2032 
1.3208 

VOlrar 
f nt 
1 .o 
0.0 
0.0 
1 .o 
1 .o 
1 .o 
0.0 
0.0 

inches 
.6 

6.0 
6.0 

.o 

.o 

.o 

.1 

.5 

Source V o l u n :  28316.8 U r 3  1 cu ft. 1728. cu in. 

MATERIAL DENSITIES (g/cla*S) 
Material Source Shield 1 A i r  G a p  

Shield Slab 
A i r  0.00122 
ALuniTY.I 0.03 2.702 
Glass 0.02 

BUILDUP 
Method: Bui ldtp Factor Tables 

The nster ia l  reference i s  Shield 1 

INTEGRATION P A R M T E R S  
Quadrature Order 

X Direct ion 10 
'I D i  rect ion 10 
2 Direction 10 

W R C E  NUCLIDES 
Nuclide curies nicroCi/UrS Nuclide curies m i c r o c i / d 3  
USER I N W T  SWRCE TERM 
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0.015 
0.025 
0.035 
0.045 
0.055 
0.065 
0.075 
0.085 
0.0% 
0.15 
0.25 
0.35 
0.475 
0.65 
0.825 
1 .o 
1.225 
1 A75 
1.7 
1.9 
2.1 
2.3 

TOTAL: 

3.790e008 
1.930-008 
1.24Oe+008 
8.810e+007 
6.680e+007 
5.280a+007 
4.31 0.*007 
3.590.*007 
3.040.+007 
1.61Oe+OO8 
6.390r007 
3.330e+007 
2.660e+007 
1.710ubOO7 
6.580W006 
4.ZOcl.006 
2.680e+006 
9.970-005 
2.580rrOO5 
6.580-004 
7 .21k003  
3.9%+001 

l.UO.*OQp 

. . . .- . . - . . ..-. . ._ 
7.207n002 1 .W2e+OO3 

6.905e+002 9.891c002 
6.664-002 9.383r002 

7.108s+002 1.046-003 

5.859-003 
4.021 -003 
2.997e+003 
3.308et003 
2.962e+003 
1.465-003 
1.294-003 
9.031 -002 
4.078e+002 
1.223n002 
3.502r001 
4.256e+OOO 
2.586~-002 

>.814wOM 

7.660e+003 
4.894e+003 
3.51 Oe+OO3 
3.762-003 
3.279e+003 
1.596n003 
1.394-003 
9.628-002 
4.312e+002 
1.2ebn002 
3.660n001 
4.443~+000 
2.693e-002 

Exposure Rate In  Air 
(nR/hr) 

No Buildup Yith Buildup 
3.603e-002 3.845e-002 
2.514~+000 2.974ctOOO 
2.977e+OOO 3.98Oe+OOO 
2.152e+OOO Z.wbe+OOO 
1.599.*000 2.324.*000 
1.308e+OOO 1.982e+OOO 
1.158~+000 l.705.*000 
1 .OTJ.*OOO 1.536e+OOO 
1.020.*000 1.436-000 
9.648e+OOO 1.263rrOOl 
7.418.+000 9.030-000 
5.78Oe+OOO 6.77Oe+OOO 
6.491e+OW 7.381e+OOO 
5.750r000 6.365e+OOO 
2.776-000 3.024e+000 
2.385e+000 2.570e+000 
1.598-000 1.704r*OOO 
6.893.-001 7.288e-001 
1 .987~001 2.090e-001 
5.502.-002 5 . 7 6 3 ~ 0 0 2  
6.4821-003 6.765.-003 
3.827.-005 3.983.- 005 

5.66%+001 m 
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MicroShield 4.00 - Serial #4.00-00386 
Uestinghouse Hanford Co. 

Page : 1 F i l e  Ref: 
00s File: lXlBRCS.MS4 Date: JJ 
Rm Date: May 13, 1996 
Rm Time: 2:24 p.m. Monday Checked: 
Duration: 0:00:14 

BY: - 

Case Ti t le :  1 x 1 f t  Breather F i l t e r  - 0.0303 C i  Cs-137/0.0017 C i  Eu154 

GECUETRY 11 - R e c t m u h r  Volune 
centimeters feet a d  inchea 

Dose point coordinate X: 32.004 1.0 .6 
Dose point coordinate I: 15.24 0.0 6.0 
009. point coordinate 2:  15.24 0.0 6.0 

Rectangular v o l m  uidth : 30.48 1.0 .o 
Rectangular volrnc length: 30.48 1.0 .o 
Rec tmu la r  volune height: 30.48 1.0 .o 

Shield 1: 0.2032 0.0 .1 
A i r  Gap: 1.3208 0.0 .5 

Swrce Volune: 28316.8 cnP3 1 cu ft. 1728. cu in. 

WTERIAL DENSITIES (glcnT3) 
Material Source Shield 1 A i r  Gap 

Shield Slab 
A i r  0.001 22 
Almimm 0.03 2.702 
Glass 

Nuclide 
Ba-137m 

0.02 

BUILDUP 
Method: Buildup Factor Tables 

The nster ia l  r e f e r m e  i s  Shield 1 

INTEGRATIMI PARMETERS 
Quadrature Order 

X Direct ion 10 
I Direction 10 
2 Direction 10 

SOURCE WJCLIDES 
curies n i c r c C i / d 3  Nuclide curies n icrcCi /a^3 

2 .We-002  l.O123.*OOo Eu-154 1.7000e-003 6.0035.-002 
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Page : 2 
OOS File: lXlBRCf.MS4 
Urn Date: May 13, 19% 
R u r  liar: 2 2 4  p.m. Honday 
Title : 1 x 1 f t  Breather F i l t e r  - 0.0303 C i  Cs-137/0.0017 C i  Eu154 

Energy Ac t i v i t y  
(MeV) (photons/sec 1 

0.0537 1.187e+OO8 
0.246 4.296-006 
0.4426 5.850erOO5 
0.5907 3.920e+006 
0.6628 9.717~+008 
0.8723 8.82%+006 
1.0024 1.7@&+007 
1.2719 2.32BcOO7 
1.5767 2.217-006 

Energy Fluewe Rate 
(MeVlsq d r e c l  

No Buildup Ni th  B u i l d p  
1.214-003 1.744-003 
2.656-002 3.240n002 
6.75 1-001 7. R8-001 
6.139-002 6.847e+002 
1.718-005 1.8We005 
2.083tr003 2.261n003 
4.884e+003 5.261-003 
8.158e+003 8.682n003 
9.Rle+OO2 1.025c+003 

TOTAL: T.l51a+ON 3.900e+om 1.OWe+OO5 3.665-002 

i i t h  Buildup 
4.079e+OOO 
5.961e-001 
1.513e-001 
1.338e+OOO 
3.681H002 
4.255e+OOO 
9.693-000 
1.523-001 
1.701rOOO 

4.05 1 -002 
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WHC-SD-WM-CN-033 REV 0 

MicroShield 4.00 - Serial x4.W-00386 
Utstinghouse Hanford Co. 

Page : 1 F i l e  Ref: 
DW File: ZXZBRSR.MS4 Date: I> 
Rm Date: May 13, 1996 
Rm Time: 2:27 p.m. Monday Checked: 
Duration: 0:00:35 

BY: ~ 

Case Ti t le:  2 x 2 f t  Breather F i l t e r  - 0.484 C i  SrIY9O 

GEWETRY 11 - Rectangular Volune 
centimeters feet and inches 

Dose point  coordinate X: 62.484 2.0 .6 
Dose point  coordinate Y: 30.48 1.0 .o 
Dose point  coordinate Z: 15.24 0.0 6.0 

Rect.npular volunc width : 30.48 1.0 .o 
Rectangular volune length: 60.96 2.0 .o 
Rectangular volune height: 60.96 2.0 .o 

Shield 1: 0.2032 0.0 .1 
A i r  Gap: 1.3208 0.0 .5 

Source Volune: 113267. cnP3 4 cu ft. 6912. cu in. 

MATERIAL DENSITIES ( g I c d 3 1  
Material Source shield 1 A i r  Gap 

Shield slab 
A i r  0.001 22 
A l m i n m  0.03 2.702 
0 1 ass 0.02 

BUILDUP 
Method: Build+ Factor Teblee 

The material r e f e r m e  i s  Shield 1 

INTEGRATION PARMETERE 
Quadrature order 

X Direct ion 10 
Y Direct ion 10 
2 Oirection 10 

U U R C E  NUCLiOES 
Nuclide cur i t s  micrcCilcaT.3 Nuclide curies aicrcCilcn"3 
USER INWT SCURCE TERM 
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Page : 2 
DOS File: 2XZBRSR.MEI 
Rm Date: May 13, 1996 
RUI T im: 2:27 p.m. Il0nd.y 
T i t l e  : 2 x 2 f t  Breather F i l t e r  - 0.484 C i  Sr/VW 

0.015 
0.025 
0.035 
0.045 
0.055 
0.065 
0.075 
0.085 
0.0% 
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: 1.33Oe+OO9 1.287e+004 

rS===S=~-==lii=S.l=l=----- 

Exposure Rate In  A i r  
(nRlhr) 

No Bui1d.q Uith Buildup 
4.023e-003 4.312e-003 
6.053e-001 7.236e-001 
8.850e-001 1.212e+OOO 
6.953e-001 l.O09e+OOO 
5.359e-001 8.346e-001 
4.469e-001 7.383e-001 
4.001~-001 6.454e-001 
3.TJOe-001 5.851e-001 
3.563~001 5.487e-001 
3.414e+OOO k.814e+OOO 
2.651e+OOO 3.41Oe+OOO 
2.07WOoO 2.545e+OOO 
2.345e+OOO 2.765e+OOO 
2.087e+OOO 2.378e+OOO 
1.011e+OOO 1.129e+OOO 
8.713a-001 9.590e-001 
5.854e-001 6.358e-001 
2.531e-001 2.719e-001 
7.307~002 7.796e-002 
2.026e-002 2.150.-002 
2 . 3 8 9 ~  003 2.524~- 003 
1.412.-005 1.486e-005 

2.531e+OOl 
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Microshield 4.00 - Serial y4.00-00386 
Yestinghouse Hsnford Co. 

Papa : 1 
DO9 File: WZBRCS.MS4 
Rm Date: Yay 13, 1996 
R u n  Tim: 2:28 p.n. Monday 
Duration: 0:00:14 

F i l e  Ref: 
Date: -J / 

BY: - 
Checked: 

Case Ti t le :  2 x 2 f t  Breather F i l t e r  - 0.0303 C i  Cs-137/0.0017 C i  Eu154 

GENETRY 

Dose point coordinate X: 
Dose point coordinate Y: 
Dose point coordinate Z: 

Rectangular volme width : 
Rectangular v o l m  Length: 
Rectangular volunc height: 

Shield 1: 
A i r  Cap: 

11 - RectenWllar Volune 
centimeters feet nd inches 

62.464 2.0 .6 
30.48 1.0 .o 
15.24 0.0 6.0 
30.48 1.0 .o 
60.96 2.0 .o 
60.96 2.0 .o 
0.2032 0.0 .1 
1.3208 0.0 .5 

Source Volune: 113267. cfl3 4 cu ft. 6912. cu in. 

MTERIAL DENSITIES (O/Cla^3) 
Material Swrce Shield 1 A i r  Gap 

Shield Slab 
A i r  0.00122 
A l u n i n u  0.03 2.702 
Glass 0.02 

BUILOUP 
Method: Bui lhrp Factor Tables 

The material r e f e r r e  i s  Shield 1 

INTEGRATION PARAMETERS 
Quadrature Order 

X Direct ion 10 
Y Direct ion 10 
2 Direction 10 

W R C E  NUCLIDES 
Nuclide c u r i a  nicr&i/Cla^3 Nuclide curies nicroci/&3 
Ba-137n 2.M64e-002 2.5306e-001 Eu-154 1.7000~-003 1.5009~-002 
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Page : 2 
DOS f i l e :  ZXZBRCS.MS4 
R U )  Date: May 13, 1996 
R v ,  Tim: 2:28 p.n. Monday 
T i t l e  : 2 x 2 f t  Breather F i l t e r  - 0.0303 C i  Cs-137/0.0017 C i  Eu154 

. . . . . . . . . . . . . . . . . . . . . . . .  REWLTS ===E== 
Ac t i v i t y  Energy fluence Rate 

(photonslsec ) (MeV/sq d s e c )  
Yo Buildup With Buildup 
4.057~002 6.227~002 
9.489~001 1.224~002 
2.436e+OOl 2.898WOOl 
2.225e002 2.560~002 
6.23&+004 7.095r004 
7.594H002 8.441.*002 
1.784-003 1.963cr003 
2.969~*003 3.239-003 
3.5RW002 3.824e+002 

0.0537 1.187W008 
0.246 4.296-006 
0.4426 5.850W005 
0.5907 3.920~006 
0.6628 9.717-008 
0.8723 8.825c006 
1.0024 1.788e+OO7 
1.2719 2.328W007 
1.5767 2.217W006 

TOTAL: >.151e+OO9 

E=S======II..3....ll===== 

Exposure Rate In  A i r  
(nU/hr) 

Yo Buildup With Buildup 
9.492e-001 1.457e+OOO 
1.746e-001 2.252e-001 
4.77Oe-002 5.674e-002 
4 .%7e-001 5.00Ze-001 
1.209~002 1.375e+002 
1.429~000 1.588r000 
3.287e+OOO 3.617e+OOO 
5.245WOOO 5.683W000 
5.9270-001 6.346e-001 

1.331~002 3.513~062 
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WHC-SD-W-CN-033 REV 0 

Page : 1 
DOS File: txZDsT.MS4 
Rw Date: Way 13, 1996 
PW Tim: 2:48 p.m. llondsy 
Duration: D:OO:O8 

Microshield 4.00 - Serial S.00-00386 
Uestilrahouse Hanford Co. 

F i l e  Ref: 

Checked: 

Date: / / 
BY: ~ 

Case T i t le :  DST HEPA F i l t e r  - Single 2 x 2 f t  F i l t e r  - 1 C i  Cs-137 

GEDYETRY 1 

Dose point cwrdinate X: 
Dose point coordinate I: 
Dose point coordinate 2:  

Rectangular volrnr width : 
Rectangular voluae length: 
Rectangular volrnr height: 

Shield 1: 
A i r  Gap: 

I1 ~ Rectangular Volune 
centimeters feet and inches 

62.484 2.0 .6 
30.48 1.0 .o 
15.24 0.0 6.0 
30.48 1.0 .o 
60.96 2.0 .o 
60.96 2.0 .o 
0.2032 0.0 .l 
1.3208 0.0 .5 

Source Volme: 113267. d 3  4 cu ft. 6912. cu in. 

MATERIAL DENSITIES (9/u^3) 
Material Source Shield 1 A i r  Gap 

Shield S l a b  
A i r  0.00122 
A l m i n u n  0.03 2.702 
Glass 0.02 

BUILDUP 
Method: Bu i l d+?  Factor Tables 

The material reference i s  Shield 1 

X Direct ion 
Y o i rsct ion 
2 Direction 

INTEGRATIW PARMETERS 
Quadrature Order 

10 
10 
10 

SOURCE NUCLIOES 
Nuclide curies nicroCilcW3 Nuclide curies microCi/cm^3 
Ba-137m 9.4594e-001 8.3514~000 Cs-137 9.9994e-001 8.8281~000 
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Page : 2 
DOS File: 2xYmsT.Ms4 
Run Date: May 13, 1996 
R u n  Time: 2 4 8  p.m. Monday 
T i t le  : DST HEPA F i l te r  - Single 2 x 2 f t  F i l te r  - 1 C i  Cs-137 

No Buildup ui th Buildup No Buildup Uith Buildup 
0.031 8 7.24W008 5.51 2-002 7.228nOOZ 4.591 -000 6.021 -000 
0.0322 1.337-009 1.07&+003 1.413-003 8.628e+OOO 1.137e+OOl 
0.0364 4.865e*008 6.31 Oe+OO2 8.791 -002 3.585-000 4. W4e+OOO 
0.6616 3.149e+010 2.018e+006 2.296erO06 3.912*003 4.450-003 

TOTAL: f.404e+OlO - Z.ZWn006 3.929e*oo3 4.473e*oo3 
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Microshield 4.00 - Serial y4.00-00386 
Uestinghwse nanford Co. 

Page : 1 F i l e  Ref: 
00s File: lXlDCRT.MS4 Date: JJ 
Rm Date: J W  3, 1996 
Rm Time: 9 5 1  a.m. Monday Checkcd: 
Duration: 0:00:14 

BY: - 

Case Ti t le :  DCRT HEPA F i l t e r  - 1 x 1 f t  - 0.9016 Cs-137/0.0984 C i  Eu-154 

GECUETRY 11 - Rect.n((ular Voltme 
centimeters feet urd inches 

Dose paint coordinate X: 32.0W 1.0 .6 
Dose paint coordinate Y: 15.24 0.0 6.0 
Dose paint coordinate 2:  15.24 0.0 6.0 

Rectangular voltme width : 30.48 1.0 .o 
Rectangular voltme length: 30.48 1.0 .o 
Rectangular voltme height: 30.48 1.0 .o 

Shield 1: 0.2032 0.0 .1 
A i r  Gap: 1.3208 0.0 .5 

Source Voltme: 28316.8 d 3  1 cu ft. 1728. cu in. 

MATERIAL DENSITIES ( g / d 3 )  
Material Source Shield 1 A i r  Gap 

Shield Slab 
A i r  0.00122 
A l m i r n n  0.03 2.702 
Glass 0.02 

BUILOUP 
Method: Buildup Factor Tables 

The material reference i s  Shield 1 

INTEGRATIW PARAIIETERS 
Quadrature Order 

X Direct ion 10 
I Direction 10 
2 Direction 10 

SCURCE NUCLIDES 
Nuclide curies nicroCi/caT3 Nuclide curies microCi/cfl3 
h-137m 8.5290e-001 3.0120e+001 Eu-154 9.8400e-002 3.4750e+OOO 
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Page : 2 
DOS Fi le: lXlDCRT.MS4 
R i m  Date: June 3, 1996 
RUI lime: 9 5 1  a.m. Monday 
T i t l e  : DCRT HEPA F i l t e r  - 1 x 1 f t  - 0.9016 Cs-137/0.0984 C i  Eu-154 

Energy Ac t i v i t y  Energy F l w r r e  Rate Exposure Rete In A i r  
(MeV) (photms/scc 1 (MeVlsq uII /suc) (nWhr) 

=EEIIIII=II~-~===c=I===--=-==-- RESULTS ======~1111111~=========~==~-== 

No Buildup Ui th  B u i l b p  No Buildup Ui th  Buildup 
0.0684 4.046eC009 5.925~+004 8.911n004 1.027e+O02 1.545-002 
0.246 2.486e+OMI 1.538-004 1.876srO04 2.829~+001 3.451e+OOl 
0.4426 3.386e007 3.908-003 4.473e003 7.653e000 8.7600*000 
0.5907 2.269e+008 3.553-004 3.%3e+OW 6.942c+OOl 7.742e+OOl 
0.6633 2.940e+OlO 5.207n006 5.755-006 l.O09e*O04 1.115n004 
0.8723 5.10&+008 1.206e+005 1.309~+005 2.269-002 2.463~002 
1.0024 l.O35e+OO9 2.827e+005 3.045~+005 5.20&+002 5.611-002 
1.2719 1.347e009 4.722-005 5.025n005 8.285e+002 8.817-002 
1.5767 1.283er008 5.627~+004 5.933-004 9.338~+001 9.847e*001 

TOTAL: 3.698-010 .2520*006 .904e+006 1 .197e004 >.322e+004 
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WHC-SD-WM-CN-033 REV 0 

Microshield 4.00 - Serial y4.00-00386 
Uestinghoupt nanford Co. 

Page : 1 F i l e  Ref: 
DOS File: PREFSRY.MS4 Date: / / 
Rm Date: Yay 22, 1996 BY: 
R u r  lime: 10:26 a.m. Uechesdey Checked: 
Duration: 0:02:04 

case Ti t le:  3x3 P r e f i l t e r  - Simplif ied Model - 0.484 C i  S r / Y  

CECUETRV 11 - RectaMular Volum? 
centimeters fact and inches 

Dose point  coordinate X: 184.404 6.0 .6 
Dose point  coordinate Y: 30.48 1.0 .o 
Dose point  coordinate 2:  3.175 0.0 1.3 

Rectangul~r volune uidth : 6.35 0.0 2.5 
Rectangular volune length: 182.88 6.0 .O 
Rectangular volune height: 182.88 6.0 .O 

Shield 1: 1.016 0.0 .4 
A i r  Gap: 0.508 0.0 .2 

Source V o l m :  212376. un-3 7.5 cu ft. 12960 cu in. 

IUTERIAL DENSITIES (s/cn*3) 
Material Source shield 1 A i r  oap 

Shield Slab 
A i r  0.00122 
A l u n i n u n  0.03 2.702 
Glass 0.02 

BUILDUP 
Method: Buildcp Factor Tables 

The nater ia l  reference i s  Shield 1 

INTEGRATICU PARMETERS 
Quadrature Order 

X Direct ion 20 
Y Direct ion 20 
2 Direct ion 10 

UXlRCE NUCLIDES 
Nuclide curies microCi/uT3 Nuclide curies micr&i/unA3 
USER INWT UXlRCE TERM 
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0.015 
0.025 
0.035 
0.045 
0.055 
0.065 
0.075 
0.085 
0.0% 
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: 

3.790WwB 
1.93OWOO8 
1.240~008 
8.810r007 
6.680~007 
5.280~007 
4.310W007 
3.590~007 
3.040e+007 
1.61OWOO8 
6.390W007 
3.330W007 
2.66Oe+007 
1.7lOWOO7 
6.580c006 
4.750e+006 
2.680WO06 
9.970e+005 
2.580.+005 
6.58oc*004 
7.21Or003 
3.990eOOl 

NO Buildup Ui th  Uuildrp 
1.852~-010 2.038.-010 
9.326s-002 1.21L-001 
3.771WOOO 6.044d00 
1.1WW001 2.327dOl 
1.889rOOl 4.245W001 
2.3020+001 5.756WIOl 
2.521WOOl 6.471W001 
2.617r001 6.722e+001 
2.642WOO1 6.765e+001 
2.616e+002 6.031e+002 
1.962-002 3.793-002 

1.781W002 2.814W002 
1.668W002 2.416e+002 
8.527e+001 1.169e+002 
7.728W001 1.021WOO2 
5.535etOO1 7.046e+OOl 
2.556e*001 3.159e+001 
7.789WOOO 9.442WOOO 
2.256WOOO 
2.770e-001 
1.699e-003 

1.541~002 2.66&+002 

2.696WOOO 
3.269e-001 
(.Me-003 

2.435-003 

. . . . . -. - . . . . . . . . . 
4.1098-002 1.055e-001 
4.0658-002 1.044e-001 
4.044e-002 1.035e-001 
4.307e-001 9.931r-001 
3.620~001 6.998e- 001 
2.973~-001 5.146e-001 
3.49%-001 5.521e-001 
3.239~-001 4.690e-001 
1.6160-001 2.216.~-001 
1.425e-001 1.88le-001 
9.796.402 1.2470-001 
4.320.402 5.340e-002 
1.26%-002 1.534~-002 
3.544.-003 4.2360-003 
4.217~004 4.978e-004 
2.5 12e- 006 2 . 9 3 3 ~  006 

2.497~000 4.468-000 
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MicroShield 4.00 - Serial #4.00-00386 
Uestinghwse nanford Co. 

Page : 1 F i l e  Ref: 
DOS File: SX3CSEU.MS4 Date: 1 I 
R U I  Date: May 22, 1996 BY: 
R u n  Tim: 10:30 a.m. Uednsday Checked: 
Duration: 0:00:50 

Case T i t le :  3x3 P re f i l t e r -  S i w l i f i e d  Nodl 0.0303 C i  Cs10.0017 C i  Eu154 

GEOYETRY 11 - Rectangular V o l ~  
centimeters feet and inches 

Dose point coordinate X: 184.404 6.0 .6 
Dose point coordinate Y: 30.48 1.0 .o 
Dose point coordinate z: 3.175 0.0 1.3 

Rectangular v o l u r  uidth : 6.35 0.0 2.5 
Rectangular v o l m  length: 182.88 6.0 .O 
Rectangular v o l u r  height: 182.88 6.0 .O 

Shield 1: 1.016 0.0 .4 
A i r  Cap: 0.508 0.0 .2 

Swrce V o l u r :  212376. d 3  7.5 CY ft. 12960 cu in. 

WTERIAL DENSITIES (glcm"3) 
Material Swrce Shield 1 A i r  C a p  

Shield S l a b  
A i r  0.00122 
A l u i n n  0.03 2.702 
Class 

Nuclide 
Bo-137m 

0.02 

BUI LOUP 
Method: Buildup Factor Tables 

The material reference i s  Shield 1 

INTEWlATlOY Pllu 
auadr! 

X Direct ion 
Y Direct ion 
2 Direction 

W T E R S  
i ture Order 
LO 
20 
10 

SOURCE NUCLIDES 
curies nicroCilun^3 Nuclide curies a i c r o ~ i i d 3  

2.8660~-002 1.3495.-001 Eu-154 l.7000e-003 8.0047e-003 
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Page : 2 
DOS File: 3X3CSEU.HS4 
Rtm Date: May 22, 1996 
Rtm Time: 10:30 a.m. UebKsday 
T i t l e  : 3x3 Pre f i l te r -  S inp l i f ied  Mcdl  0.0303 C i  Cs10.0017 C i  Eu15.C 

-..------..==-~====**==-=-====- REWLTs -=-=== 
Energy Ac t iv i t y  Energy fluence Rate 
(MeV1 (photons/sec > (MeVlsq W s e c l  

No Eui l&p Uith E u i l d q  
3.194C001 7.824ar001 
1.293e+OOl 2.513-001 
3.597COOO 5.803e+OOO 
3.412eb001 5.064e+OOl 

1.222C002 1.657-002 
2.917-002 3.851C002 
5.023r002 6.355-002 
6.138~001 7.516eOOl 

9 . ~ 2 ~ 0 0 3  i.398e+oo4 

I-==J=ESII=EEEI=E=J====== 

Exposure Rate In A i r  
(mU1hr) 

No B u i I d p  Uith B u i l d q  
5.016~-002 1.229e-001 
2.379e-002 4.624e-002 
7.045e-003 1.136e-002 
6.M5e-002 9.893e-002 
1.881eOOl 2.710~001 
2.299e-001 3.117e-001 
5.375e-001 7.095e-001 
8.813~-001 1.115e+OOO 
1.019~-001 1.247e-001 

TOTAL: 7.058C009 
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MicroShield 4.00 - Serial y4.00-00386 
Yestinghcu3e Hanford Co. 

F i l e  Ref: Page : 1 
DOS File: PREFDST.MS4 Date: I / 
R U 1  Date: May 22, 1996 BY: ~ 

R u r  Time: 9:U a.m. Yednsdey Checked: 
Duration: 0:00:05 

Case Tit le:  O S 1  P r e f i l t e r  - 2 x 2 f t  F i l t e r  - O S 1  L iq  - 1 Ci Cs-137 

GECUETRY 11 - Rectangular Volunc 
c m t i n e t e r i  feet and inches 

Dose point coordinate X: 62.484 2.0 .6 
Dose point coordinate Y: 30.48 1.0 .o 
Dose point coordinate 2: 3.175 0.0 1.3 

Rectangular volunc width : 6.35 0.0 2.5 
Rectarguler volunc length: &I.% 2.0 .o 
Rectangular volunc height: 60.96 2.0 .o 

Shield 1: 0.2032 0.0 .1 
A i r  Gap: 1.3208 0.0 .5 

Source V o l u n :  23597.4 M*3 A33333 cu ft. 1440 cu in. 

PATERIAL OENSITIES ( g 1 U r 3 )  
Material Source Shield 1 A i r  Gap 

Shield Slab 
A i r  0.001 22 
Atmirum 0.03 2.702 
Glass 0.02 

BUILDUP 
Method: Buildup Factor Tables 

The asteria1 refernwe is Shield 1 

X Direct ion 
Y Direct ion 
2 Direct ion 

INTEGRATION PARAMETERS 
Puadrature Order 

10 
10 
10 

SOURCE NUCLIDES 
Nuclide curies microCi/M*3 Nuclide curies n i c r o C i l d 3  
Ba-137m 9.4594e-001 4.0087erOOl Cs-137 9.9994e-001 4.2375erOOl 
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Page : 2 
OOS File: PREFDST.MS4 
R U I  Date: May 22, 1996 
Rm Time: 9:U a.m. Uechesday 
T i t l e  : DST Pre f i l te r  - 2 x 2 f t  F i l te r  - DST Liq - 1 C i  Cs-137 

i j===~~~~~~ii i i i i i=i========-==- RESULTS ==IIEIIIIIII=I==EIII=========== 
Energy Activity Energy F l u m e  Rate Exposure Rate In A i r  
(MeV1 (photonelsac I (Mevlsq cnrlsecl (rMlhr1 

No Buildup Yith Buildup No Buildup Uith B u i l d q  
0.0333 1.823e+OW 2.871r003 3.765rb003 2.092e+OOl 2.744e+OOl 
O.Ml6 3.149rbOlO 2.825e+006 3.148e+OW 5.4Tlrb003 6.103rb003 

TOTAL: 3.3320+010 2.828~006 3.152rb006 5.498n003 6.13oc*oo3 --- 
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MicroShield 4.00 - Serial #4.OO-OOu)6 
Uestinghouse Hanford Co. 

PaQe : 1 F i l e  Ref: 
00s File: PREFDCRT.MS4 Date: / 
RUI Date: J u w  3, 1996 
RUI Tine: 9 5 2  a.m. Monday Checked: 
Duration: 0:OO:U 

BY: ~ 

Case T i t le :  DCRT P re f i l t e r  - 1 x 1 f t  - 0.9016 Cs-137/ 0.0984 C i  Eu-154 

GECUETRY 11 - Rectangular Volune 
cmt i l e te rs  feet and inches 

Dose point cc-ardinate X: 32.004 1.0 .6 
Dose point coordinate I: 15.24 0.0 6.0 
0o.e point COordiMte Z: 3.175 0.0 1.3 

RectUIOular v o l u r  uidth : 6.35 0.0 2.5 
Rectangular v o l u r  length: 30.48 1.0 .o 
Rectangular wlur height: 30.48 1.0 .o 

Shield 1: 0.2032 0.0 .1 
A i r  Gap: 1.3208 0.0 .5 

Source Volune: 5899.34 d 3  .208333 cu f t .  360 cu in. 

UTERIAL DENSITIES (g/sn*3) 
Material Source Shield 1 A i r  Gap 

Shield Slab 
A i r  0.00122 
AluniIwI 0.03 2.702 
GlaS. 0.02 

BUILDUP 
Method: Buildup Factor Tables 

The material reference i s  Shield 1 

INTEGRATION P A M E T E R S  
auedrature Order 

X Direct ion 10 
Y Direction 10 
Z Direction 10 

UXlRCE NUCLIDES 
Nuclide c u r i a  microCilcW3 Nuclide curies microCi/c,+3 
Ba-137m 8.5290~-001 1.4458e+OO2 Eu-154 9.8400~-002 l.MBOe+OOl 
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Page : 2 
DOS File: PREFDCRT.MS4 
Rm Date: J v u  3, 1996 
Rm T i n :  9:52 a.m. wonday 
T i t l e  : DCRT Pref i l ter  - 1 x 1 f t  - 0.9016 Cs-137/ 0.0984 C i  Eu-154 

II*=~=======s=IE======-======== RESULTS ==III==II==IIII====-=========== 
Enrgy Activity Energy F l u m e  Rate Exposure Rate In Air 
(MeV) (photwulsec ) (MeV/sq aa/sec) (nR/hr) 

No Buildup Uith Buildup No Build+ ' 
l.O36e+OO5 1.437-005 1.795U002 
2.6OOc+OO4 3.041 -004 4.784e+001 
6.559-003 7.295-003 1.284e+OOl 
5.943-004 6.476e*004 1.161e+002 
8.696e006 9.409e+D06 1.685U004 
2.008e+005 2.142eMO5 3.778c002 
4.700e+005 4.983r005 8.66Oe+002 
7.833-005 8.22&005 1.374U003 
9.315-004 9.712n004 1.5c6a*002 

TOTAL: 3.698~010 7.044e+001 

Uith Buildup 
2.491-002 
5.595-001 
1.429~001 
1.265n002 
1.824e+004 
4.030e+002 
9.182h*002 
1.443-003 
1.612e+002 

2.161~004 
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wj 
CHECKLIST FOR PEER REVIEW 

Document Reviewed: "MICROSHIELD Dose Rate Calculation for HEPA Filters 
Prefilters," WHC-SD-WM-CN-033 REV 0, by Anthony V. 
Savino, June 1996. 

Scope of Review: Entire document 

and 

Yes No NA 
[l[lo4 * Previous reviews complete and cover analysis, up to scope of 

this review, with no gaps. 
Problem completely defined. 
Accident scenarios developed in a clear and logical manner. 
Necessary assumptions explicitly stated and supported. 
Computer codes and data files documented. 
Data used in calculations explicitly stated in document. 
Data checked for consistency with original source information 
as applicable. 
Mathematical derivations checked including dimensional 
consistency of results. 
Models appropriate and used within range of validity or use 
outside range of established validity justified. 
Hand calculations checked for errors. 
should be treated exactly the same as hand calculations. 
Software input correct and consistent with document reviewed. 
Software output consistent with input and with results 
reported in document reviewed. 
Limits/criteria/guidelines applied to analysis results are 
appropriate and referenced. Limits/criteria/guidelines 
checked against references. 
Safety margins consistent with good engineering practices. 
Conclusions consistent with analytical results and applicable 
1 imits. 
Results and conclusions address all points required in the 
problem statement. 
Format consistent with appropriate NRC Regulatory Guide or 

Spreadsheet results 

other standards 
[ ] * Review calculations, comments, and/or notes are attached. 

6/3/96 
Date 
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