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NUCLEAR CALCULATION SHEET

Subject: E Calc No. | Rev. No. '
ESTIMATE OF RM-G-9 READING ‘ i
WITH DECREASED SFP LEVEL | s612-96-022 | o |
Originator: |  Date | Reviewed by: ; Date |
PARFITT | 9/08/06 ‘ , 4 |
L AY | 1—9.[7.«-4#”9 | Yi/r6

1. Ercblem Statement

The minimum RM-G-9 reading when the spent fuel in the spent
fuel pool is almost uncovered is being estimated.

Results Summary

Based on the assumptions made in this calculation, RM-G-9
will read at least 1.5 to 2.0 R/hr, if the water level in

the spent. fuel pocl drops to within 6 inches of the top of
the spent fuel.

References

3.1
3.2

3.3

RAF €612-90-014
Microshield 4

Drawing No. IE-154-02-009 Rev B

Assumptions

4.1

4.5

The isotopic activity of a fresh fuel assembly (72 hr post
shutdown) was taken from Reference 3.1.

It is assumed that there are 300 spent fuel assemblies
stored in a 24' by 18.8' area at the south end of Spent
Fuel Pool A, and that this fuel is the only contribution to
dose rate at RM-G-8. This is a very conservative
assumption since at present there are over 600 fuel
assemblies in the spent fuel pool.

It is assumed the average age of the 300 fuel assemblies
assumed to be stored in the fuel pool wee 3 years to
eliminate contribution by short lived isotopes that would
not be present after the fuel was stored for more than cone
fuel cycle.

It is assumed that the fuel handling bridge is parked at
the northern most end of the fuel pool, farthest away from
the fuel, approximately 60 feet away in the horizontal
direction.

The normal fuel pool water lesvel is 23' abcve the fuel
(TMI-1 FSAR). Per Reference 3.3, RM-G-9 is approximately
7' above the norma)l water level. As a result, it is

7 970701
”7070':8.%( 05003@9
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NUCLEAR CALCULATION SHEET
Subject: | Cale No. | Rev. No.
ESTIMATE OF RM-G-9 READING ‘ 1
WITH DECREASED SFP LEVEL 6612-96-222 | 0 |
Originator: Date = Reviewed by: Date
| PARFITT | 9/08/96 |
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e

assumed that RM-G-9 is 30' from the fuel in the vertical
direction.

4.6 The composition and density of the source material (stcored

fuel assemblies) was taken from Reference 3.1.

4.7 The composition and density of the source material (stored

fuel assemblies) was taken from Reference 3.1.

$. DRata and Calculations
€.1 The activity of 300 72 hr old fuel assemblies was

-]

.8

calculated and input into the Microshield Model. The mix
was then decayed by Microshield to three years. The
results for 23, 4, 2, and 0.5 feet of water shielding were
calculated. The results are attached.

The Microshield model warns that when the buildup reference
material is a mixed material with a high atomic number
element, the model can give incorrect results for energies
less than 100 keV. The results may also be suspect for
energies between 100 to 500 keV. Review of the
Microshield input shows insignificant dose rate
contribution from these energy ranges when either the
source or water is uged as the buildup reference material.
As a result, the results of these dose rate calculations
are felt to be accurate.



ASSUMED SPENT FUEL ACTIVITY

NUMBER OF FUEL ASSEMBLIE 300

ACTIVITY

PER SFP

ASSEMBLY ACTIVITY
ISOTOPE (Ci) (Ci)
KR-85 2.99E+03 B O7E+0S
SR-89 4 B4E+05 1 4BE+08
SR+80 2.25E+04 6 75E+08
SR-81 287E+02 8 61E+05
Y-80 1.22E+04 3 6BE+08
Y-81 $.37E+05 161E+08

MO-99 4 17E+05 1.25E+08
TC-28M 4 0TE+05 1.22E+08
RU-106 1.58E+05 4.74E+07
RH-108 1.58E+05 4. 74E+07
XE-131M  2.56E+03 7 BBE+05
XE-133 5.93E+05 1.78E+08
XE-133M  B.26E+03 2. 48E+08
XE-13% 4 Q3E+02 1 4BE+05

129 1.02E-02 3.08E+00
-131 4 03E+05 1.21E+08
1-133 6.55E+04 1.97E+07

CS-134 T18E+03 2.1SE+08
Cs-138 3.87E+03 1.18E+08
Cs-137 2.82E+04 B 4BE+08
BA-140 5 90E+05 1.80E+08
LA-140 207E+0S 6.21E+07
CE-144 4 21E+05 1.26E+08
PR-144 4 21E+05 1.26E+08
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DOS File:
Run Date:
Run Time:
Duration:

Material

Air
Aluminum
Iron
Uranium
Water

Nuclic
Ba-137
Ce-144
Ce-138
Cs-1237
1-131
Kr-8%
Mo-99
Pr-le4m
Ru-106
Sr-%0
Tc-99
Xe-131m
Xe-133m
Y-5%0
Y-9lm

1

SFP M54

September S,

Source Volume:

Zirconium

ORANS SRR A an® 3

1

MicroShield ¢.10 -

$:43 a.m. Thursday

0:00:48

Case Title:

300,

GPU

Serial #4.10-00478

File Ref:

Date.
By:

Checked:

3 YR OLD ASEMBLIES,

23" WATER

SEOMETRY 13 - Rectangular Volume

shi
Al

Source
Shield

0.034¢
0.613
4.128
0.601
0.481

Dose point coordinate X:
Dose point coordinate Y:
Dose point coordinate 2:
Rectangular volume width :
Rectangular volume length:
Rectangular volume height:

eld 1:
r Gap:

1.7922404+8 cm"3

centimeters
1341122
1828
0.
731,
426 .7
574
701.
213,

6€329.25 cu ft.

feet
4“4
60.

0
23.
4.
18,
3.

7

60000000

MATERIAL DENSITIES (g/em”3)
Immersion
Shield

Shield
Slab

1 Air Gap

0.00122

BUILDUP

Method: Buildup Factor Tables
The material reference is Source

seevssrens CAUTION #oveesennee

11.

10.

and inches

oM oOowvooOoo

1.09369%e+7 cu in.

This buildup reference material is & mixed material with & high atomic
number element (51) . Buildup Factors less than and somewhat greater
than 113 keV may be incorrect.

Please understand your results!

AAAA AR A A A T S T TR )

INTRGRATION PARAMETERS
Quadrature Order

X Direction i0

Y Direction 20

Z Direction 20

SOURCE NUCLIDRS

curies uCi/em"3 Nuclide
.470%e+006 4. 168004004 Ba-160
.712404+006 4 B6132e+004 Ce-134
6873e~-008 3.7312e-007 Ca-136
.#965e+006 4 40608+004 I1-129
.1382e-033 6.350%7e-036 1-133
308404005  4.122404002 La-140
.5363e-112 9.5719e-118 Pr-14e
.24550+008 6.9516e+002 Rh-106
.0245e+006 3 .36150+004 Sr-09
.27660+006 13 .50220+004 Sr-91
.8131e+000 2.6055e-002 Te-99m
.90640-022 2.7375e-024 Xe-133
.8706e-145 3 .8335e-147 Xe-138§
,2782e+006 3 .5030e+00¢ Y-91
.0000@+000 C.00008+000

WONMOSMAABD WO WY 9N

curies

.$060e-018
. 8420e+008
.9906e-020
.0600e+000
.0000e+000
.34420-018
. 7127e+006
.0245e+006
.4154e+001
. 0000e+000
.497%-112
-3719-088
.0000e+000
.7092e+002

uCi/em™3
1.6214e-020
4.3760e+003
§.57440-022
1.7074e-002
0.0000e+000
1.865%e-020
4. BElde004
3.3€15e+004
2.4636e-001
0.00000+000
6.35680-1215
1.32340- 087
0.0000e@+«000
2.06%60+000



Page 2

DOS File: SFP MS4

Run Date: September 5, 159¢
Run Time: 5:43 a.m. Thursday

Title 300, 3 YR OLD ASEMBLIES, 23' WATER
RESULTS -
Energy Activity Energy Fluence Rate Exposure Rate In Air
MeV) photons/sec ) MeV/sg cm/sec) ‘mR/hr)
No Buildup Wwith Buildup No Buildup With Buildup
0.1 3.202e-010 3.828e-118 1.65%e-043 $.056e-121 2.539%e-046
.18 3 48les016 3.1340-085 1.821e-016 §.160e-0808 2.998e-019
0.2 1.055e-009 2.309%e-09%8 1.687%-041 4.07%e~-101 2.977e-044
0.3 1.02%e+013 1.607e~063 4 . 467e-019 1.048e-066 6.473e-022
0.4 9. 2742-009 §.433e-07M 5.295e-040 1.05%e-079 1.032e-042
0.% 4 64604016 § . 443e-047 2.919%e-015% 1.068e-049 §.72%e-018
0.6 3.121e+017 4 . 4BBe-042 1.844e-014 B.760e-0458 3.600e-017
0.8 2.82404016 4.841e-037 1.364e-015 § . 208e-040 2.595e-018
1.0 §.617e+018 2.459-033 2 55Be-016 4.533e-03¢ 4.715e-019%
1.8 3. 45204015 3.009e-026 1.210e-016 §.063:-029 2.036e-019
2.0 2.495e+018 6.895e-022 B.495e-017 1.066e-024 1.314e-019
3.0 4. 406e-009 3.125e-040 1.654e-038 4. 240Ge-043 2.298e-041
TOTAL 4.333e+017 6. .89%6e-022 2.337e-014 1.066e-024 4.5430-017



MicroShield 4 .10 - Serial #4.1

Page i

DOS File: SFP.MB4

Run Date: September 5. 1596
Run Time: 9:48 a.m. Thursday
Duration 0:00:48

GPU

0-00478

File Ref:

Date:
By:

Checked :

— v
e ———

Case Title: 300, 3 YR OLD ASEMBLIES. 4°' WATER

GEOMETRY 1} - Rectangular Volume
feet and inches

centimeters
Dose point coordinate X: 1341.22
Dose peant coordinste Y: ie28.8
Dose point coordinate Z: 0.0
Rectangular volume width 731.35
Rectangular volume length: 426.72

Rectangular volume height: §74.26812
Shield 1: 121.92
Alr Gap: 792.40

Source Volume: 1.79224e+8 om”2

6329.25 cu ft

4.
60.
0
3
i4
i8.
4
6.

cooocooo0O0O

0.

CoOoOMOoOWwWoOoOoO

: 1.0936%e+7 cu in.

MATERIAL DENSITIES ig/cm”3)

Material Source Shield 1
Shield Slab

Alx

Aluminum 0.034¢

Iron 0.613

Uranium 4 125

Water 0.601 1.0

Zirconium 0. 481

Air Gap Immersion
Shield
0.00122
1.0
BUILDUP

Method: Buildup Factor Tables
The material reference is Scurce

veresenser CRUTION secvvsnsnnsn
This buildup reference materisl is & mixed material with s high stomic
number element (91). Buildup Factors less than and somewhat greater
than 113 keV may be incorrect. Please understand your results!

LA A A AR A RS A A A A A R A A R A R

INTEGRATION PARAMETERS
Quadrature Order

X Direction
Y Direction

10
20
20

SOURCE NUCLIDES

2 Direction

Nuclide curies uCi/om 3

Ba-13"m 7.4701e+006 4.16800+004
Ce-144 §.712404006 4 . 06120+004
Cs-138 6€.6073e-005 3 .7312e-007
Ce~137 7. 89650+006 4 4060e+004
I-13 1.1382-033 6.3507%-036
Kr-88% 7.300404005 4. 122404003
Mo-99 1.5363e-112 & .5719e-115
Pr-l44m 1. .2459e+00% €.9516e+002
Ru-106 6.02450+006 1 .3615e+004
Sr-%0 6€.27660+006 3 .5021e+004
Tc-59 4.8131e+000 2.6055e-002
Xe-13im 4 .9064e-022 2.7375%e-024
Xe-133m €.8706e-145 3 .8335e-147
Y-90 €.27020+006 1 . 5030e+004
Y-9im 0.0000e+000 0.00000+000

Muclide
Ba-140
Ce-134
Ce-136
I-139
1-133
La-140
Pr-144
Rh-106
Sr-8%
Sr-91
Tc-99m
¥Xe-133
Xe-13§
Y-9l

WONMOMARABS WO WS IN

curies

.5060e-018
L E420e+008
. $906e-020
.0600e+000
.00008«000
.3442e-018
.7127e4+008
.02450+006
415404001
.0000e+000
.497%-112
.3719e-085
.0000e+000
.7092e+002

NOHBDONWE O e

uCi/em”3

.62140-020
376004003
. §744e-022
.70740-002
.0000e+000
. 865%e-020
. 86140+004
.36150+004
.4636e-001
. 0000e+000
3560115
.32340-087
.00004+000
069684000



Fage 2
DOS File: SFP MS4

Pun Date: September 5, 1796
Run Time: §:48 a.m. Thursday

Title + 300, 3 YR OLD ASEMBLIES, 4' WATER
anw RESULTE seensss
Energy Activity Energy Fluence Rate Exposure Rate In Air
MeV) photons/sec ) MeV/8q om/sec) (mR/hr)
No Buildup wWith Buildup No Buildup With Buildup
0.1 3.282e-010 +.306e-046 1.691e-043 1. 845e-049% 2. 587%e-046
0.1% J.40les+016 1.23%e-021 1.823e-016 i.041e-024 2.001e-019
0.3 1.055e-009 3. 443e-040 8.79%6e-030 €.07%-043 1.552e-040
0.3 1.027e+013 5.904e-013 1.384e-010 1.120e-018% 2.626e-013
0.4 5.274e-00% 1.042e-0121 1.819e-029 2.030e-034 3. 5440032
0.5 4 E46e+018 1.211e-008 1.683e-003 2.5673e-008 3.304e-006
0.6 3.121e+017 9.51%e-004 5.435e-002 1.857e-006 1.842e-004
0.8 2 B2404016 2.993e-003 1.94%-001 3.692e-006 3.704e-004
1.0 §.61%+018 7.9240-003 3.592e-001 1.46le-008 6.621le-004
1.8 3. 492040158 3.178e-001 7.570e+000 . 342e-004 1.27%4e-002
2.0 2.495e+015 2.635e+000 4.271e+001 4.075e-003 6. 604e-002
3.0 4.406e-009 ® 314e-023 ¥.3640-022 1.1280-028 1.135e-024
TOTAL 4.133e+017 4.965e+000 $.092e+001 4.631e-003 §.000e-002
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DOS File:
Run Date.
Run Time:
Duration:

0
-

September S,

MicroShield .10 - Serial #6.10-00478

1996

10:20 a.m. Thursday

0:00:45

Case Title: 300, 3

GPU
File Ref

Date:
By:
Checked :

YR OLD ASEMBLIES.

R e i —

GEOMETRY 13 - Rectangular Volume
centimeters

Dose poant coordinate X:
Dose poifit coordinate ¥:
Dore point coordinate 2
Rectangular volume width
Rectangular volume length:
Racrangular volume height :
Shield 1:

Air G.’:

Source Volume: 1.79224e+8 cm 2

Material

Air
Aluminum
iron
Uranium
Water

Zirconium

than 113 keV may be incorrect.

Nuclide
Ba-137m
Ce-144
Ce-138
Ce-137
I-131
Kr-8§
Mo-99
Pr-leem
Ru-106
Sr-%0
Tc-99
Xe-13im
Ke-133m
Y-90
Y-9im

Source
Shield

0.034
0.613
4.128
0.601
0.481

i341.12
LB2e. 0
0.0
731.28
426.72
§74 36812
€0.96
853 .44

6329.28 cu ft

i' WATER

feet and inches

44 .0
60.
0
23.
i4.

Bl
-

-
8

cooco0oe0O

1.

10.

oo woOooo

p 1.09369%e+7 cu in.

MATERIAL DENSITIERE (g/em”3)

Shield 1
Slab

Alr Gap Immersion
Shield
0.00122
1.0
BUILDUP

Method: Buildup Pactor Tables
The meterial reference is Source

LA A A LR T wzu LA AR R R
This buildup reference material is a mixed material with a high atomic
numbe: element ($1). Buildup Factors lmss than and somewhat greater

AR AR R R R R R

INTRGRATION PARAMETERS
Quadrature Order

10
0
20

X Direction

Y Direction

Z Direction
curies uCi/em*3
47016+006 4.16B0e+004
LT13404006 4 . B6126+004
.60730-008 3.7312e-007
B9650+006 4 40€0@+00¢
.1302-033 €.3507e-036
JRB4e+008 4. 122404003
.5363e-112 R.571%5e-115
.2459e+008 € .5516e+022
.02450+006 3 .3615e+004
.27660+006 3 .5021e+004
.8131e+000 2.6855e-002
.50640-022 2.7317Se-024
.8706e~145 3 .8338e-147
.2782e+006 3 .5030e+004
.0000e+000 0.00000+000

Nuclide
Ba-140
Co-134
Ce-136
I-129%
1-133
La-140
Pr-144
Rh-106
Sr-6s
Sr-%1
Te-9%m
Xe-133
Xe-138
Y-51

S ODWOWS 9N

- o N

curies

.S5060e-018
. H428e+008
.9806e-020
.0600€+000
.0000e+000
.3442¢-010
.7127e+006
024504008
415404001
.P000e+000
.4977%e~-112
.3719e-088
.0000e+000
.7092e+002

NOHBONWE SO Ne

Please understand your results!

uCi/om"3

E214e-020
.3760e4+003
.$74ee-022
.70%4e-002
.0000e+000
.865%e-020
861404004
.3615e+004
.4636e-001
.0000e+000
.3560e-115
L3234 007
-0000e+000
. DE960«000
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DOS File: SFP.MS4

Run Date: September S, 1996
Run Time: 10:20 a.m. Thur

Title : 300, 3 YR OLD ASEMBLIES, 2' WATER
RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) ‘MeV/8g cm/sec) (mR/hr)
No Buildup With Buildup No Buildup With Buildup

0.1 3.2020-010 4.535e-039 9.684e-038 6 .937e-042 1.401e-040
0.1% 3. 4Ble+016 €.707¢-018 8.762e¢-013 1.104e-017 1.443e-018
0.3 1.055e-009 §.155e-034 6. 447e-032 9 .099e-037 1.138e-034
0.3 1.037e+013 1.425e-007 1.285e-008% 2.7040~010 2.4380-008
0.4 5. 274e0-009 6.995e-027 4 .4430-025 1.363e-029 8. 656e-028
0.5 4 64604008 3.445e-001 1.673e+4001 6.762e-004 3. 288e-002
0.6 3.121e+017 1.231e+001 §.020e+002 2.403e-002 9.79%-001
0.8 2.82404016 1.405e+001 4.262e4002 2.673e-002 8.106e-001
1.0 $.617e+0158 1.756e+001 3.953e+002 3.236e-002 7.20%-001
1.8 3.492e4+015 1.87%9e+002 1.454e4002 3.162e-001 4.128e+000
2.0 2.495e+018 6.617e+002 €.210e+003 4L.023e+000 9.6040+000
3.0 4 406e-00% 7.28%e-021 4.574e-020 9 . 88%e-024 6.205e-023
TOTAL: 4.333e+017 8.93% 002 1.000e+004 1.423e+000 1.620e+001
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MicroShield 4 .10 - Serial #4.1
GPU
Page i File Ref:
DOS File: SFP MS4 Date:
Run Date: September 5, 1996 By:
Run Time: 10:21 a.m. Thursday Checked:
Duration: 0:00:44
Case Title: 300, 3 YR OLD ASEMBLIES,
GEOMEY - # 13 - Rectangular Vo
centimeters
Dose point coordinate X: 1341.12
Dose point coordinate Y: 1828 .8
Dose point coordinate Z: 0.¢
Rectangular volume width 731.25%
Rectangular volume length: 426.72
Rectangular voiume height : $74.36512
Shield 1: 10 .48
Alr Gap: 881 .92

Source Volume: 1.79224e+8 om"3 6329.25 cu ft

MATERIAL DENSITIES (g/cm”3

0000000

-

3%.

oo owoOoOoOooO

: 1.0936%e+7 cu in.

)

Material Source Shield i Alr Gap Immersion
Shield Slab Shield
Air 0.00122
Aluminum 0.03¢
Iron 0.613
Uranium 4.1328
Water 0.602 1.9 1.0
Zirconium 0.481
BUILDUP

Method: Buildup Pactor Table

The material reference is Source

LA AR RS 2 222 mm rERRRREY

-

This buildup reference material is & mixed material with a high atomic
number element (91). Buildup Pactors less than and somewhat greater

than 113 keV may be incorrect.

Nuclide
Ba-13"m
Ce-144
Cs-128
Ce-127
I-13
Kr-85%
Mo-99
Pr-l44m
Ru-106
Sr-%0
Tc-99
Xe-131lm
Xe-133m
Y-9%0
Y-91lm

LA A AR R R T

INTEGRATION PARAMETERS

-

Quadrature Order

X Direction i0
Y Direction 20
Z Direction 20

SOURCE NUCLIDES
curies uCi/om"3 Nuclide

7.4701e4006 4.16000+004 Ba-140 2
6.713240+006 4 . 8612e+004 Ca-134 7
6.6073e-005 3.7312e-007 Cs-126 9
7.89650400€ 4 4060e+004 1-129 3
1.1302e¢-033 6.3507e-036 1-133 0
7.36040+005 ¢.122¢0+003 La-140 3
1.8363e-112 0.5719e-118 Pr-144 &
1.34590+008 €.9516e0+002 Rh-106 L3
6.0245e+006 3 .3615e+004 Sr-8% 4
6.27660+006 3 .5021e+00¢ Sr-91 0
4.8131e+000 2.6855e-002 Tc-99m 1
4.9064e-022 1.7375e-02¢ Xe-133 2
6.8706e-145 1 .%335e-147 Xe-13% ¢
€.27820+006 3.50200+004 Y-91 3
0.0000e+000 0.0000e+000

curies

.9060e-018
.B428e+008
.9906e-020
.0600e+000
.0000e+000
.3442e-018
. 712704006
.02450+006€
.41540+001
.00000+000
.497%e-112
.3719¢-088
.0000e+000
.7092e+002

NMOMBDONWE SO NMEW

Please understand your results!

uCi/om”3

.63140-020
.3760e+003
.57440-022
.70746-202
.00008+000
.8659e-020
.B6140+00¢
.36150+004
.4636e-001
.0000@+000
.3568e-115
.3234e-087
.0000e+000
.0696e+000



Page 2
DOS File: SFP . MS4
Run Date: September 5, 1996

Run Time: 10:21 a.m. Thursdasy
Title : 300, 3 YR OLD ASEMBLIES, 1' WATER
summ RESULTS
Energy hetivity Energy Fluence Rate Exposure Rate In Air
‘MeV) ‘photons/sec | (MeV/8q cm/sec) (mR/hy)
No Buildup With Buildup No Buildup wWith Buildup
0.1 1.283e-010 2.859e-03% 4 .986e-034 4.374e-038 7.628e-037
.15 3.48ler016 1.550e-011 1.584e-009 2.618e-014 2.600e-012
0.2 1.055e-009 6. 478e-("1 4.992e-029 1.343e-032 8.811e-032
0.3 1.027e+013 7.209e-008% 3.22%e-00) 1.36%-007 6.122e-008
0.4 9.274e-009 1.062e-024 §.515e-023 3.628e-02" 1.075e-02%
0.5 4 646e+018 5,7558+001 1.353e+003 1.130e-001 Z.655e+000
0.6 3.121e+017 1.46%7e+003 3.13%e+004 2.863e+000 6.1260+001
c.8 2.8240+016 1.039%e+003 1.812e+004 1.976e+000 3. 44604001
1.0 §.617e+015 8.972e+002 1.213e+004 1.6540+000 2.236e+001
1.8 3.492e+015 4.50%e+003 4.076e+004 8.255e+000 6.85%+001
2.0 2.495e+018 1.111e+004 6.975e+004 1.71%e+001 1.07%e+002
3.0 4.406e-009 7.11%e-020 31.19%-018 9.6500-023 4.337e-022
TOTAL : 4.333e+017 1.548e+004 1.735e+008 1.205€+001 2.972e+002




MicroShield 4.10 - Serial #4.10-00478
GPU
Page i File Ref:
Drsi File: SFP.MS4 O e e
Run Date: September S, 1596 By:
Run Time: 10:31 a.m. Thursday Checked:
Duration: 0:00:43
Case Title: 300, 3 YR OLD ASEMBLIES, 1' WATER, WATER BUILDUP
GEOMETRY 13 - Rectangular Volume
centimeters feet and inches
Dose point coordinate X: 1341.12 44 .0 0
Dose point cocrdinate Y: 1828.8 60.0 0
Dose point coordinate 2Z: 0.0 2.0 0
Rectangular volume width - 731.35 23.0 1.9
Rectangular volume length: 426.72 4.0 0
Rectangular volume height: $74.368512 i8.0 10.1
Shield 1: 30 .48 1.0 0
Alr Gap: 883 .92 2%9.0 0
Source Volume: 1.79224e+8 cm”™ 3 6329.328 cu ft. 1.09369%e+7 cu in.
MATERIAL DENSITIBS (g/cm”3)
Material Source Shield 1 Ar Gap Immersion
Shield Slab Shield
Alr 0.00122
Aluminum 0.034
Iren 0.613
Uranium 4.128
Water 0.601 1.0 1.0
Zirconium 0.481
BUILDUP
Method: Buildup Pactor Tables
The material reference is Shield 1
INTEGRATION PARAMETERS
Quadrature Order
X Direction 10
Y Direction 20
2 Direction 20
SOURCE NUCLIDES
Nuclide curies uCi/em™3 Nuclide curies uCi/em”?
Ba-137m  7.4701e+006 4 16800+004 Ba-140 2.9060e~018 1.6214e0-020
Ce-144 8.712404006 4 .8612e+004 Ce-134 7.84380+008 4.3760e+003
Ce~-138 6.6873e-008 3.7312e-007 Ca-136 9.9906e-020 5.57440-022
Cs-137 7.8965e+006 4 .40600+004 1-12% 3.06000+000 1.7074e-002
I-131 1.1382e-033 €.3507¢-036 ' 1-13) 0.0000e+000 0.000Ce+000
Kr-8s% 7.38846+008 €.12240+4003 La-140 3.34432¢-010 1.865%e-020
Mo-99 1.5363e-112 8.5719%e-11% Pr-l44 8.7127e+006 4 . 8614e+004
Pr-l44m 1.2459%0+005 6 .9516e:002 Rh-106 6§.0245e+006 3.3615e+004
Ru-106 6 .02450+006 3 361504004 Sr-as 4.41540+001 2.4636e-001
Sr-%0 6€.27660+006 2 .5021e+004 Sr-9 0.0000e+000 0.0000e+000
Tc-99 4.81310+000 2.6055e-002 Te-99m 1.4977e-112 €.3568e-11%
¥e-13im  4.9064e-022 2.7375e-024 Xe-133 2.3719%e-085 1.3234e-087
Xe-132m 6.8706e-145 3 .8338e-147 Xe-138 0.0000e+000 0.00000+000
Y-%50 6.27820+006 3 .5030e+004 Y-91 3.7092e+002 2.0696e+000
Y-91im 0.0000e+000 0.0000@+000




Fage 2

DOS File: SFP ME4

Run Date: September 5, 1596
Run Time: 10:31 a.m. Thursday

Title : 300, 3 YR OLD ASEMBLIES, 1' WATER, WATER BUILDUP
semsunw RESULTS «e
Energy Activity Energy Fluence Rate Exposure Rate In Air
MeV) (photons/sec ) MeV/8g cm/sec) (mR/hr)
No Buildup With Buildup No Buildup With Puildup
0.1 3.202e-010 2.859e-035 2.222e-031 4 374e-038 3.400e-034
0.15% 3.48les016 1.590e-011 2.068e-007 2.618e-014 31.406e-010
0.2 1.055e-009 6.478e-031 1.124e-027 1.143e-032 1.984e-030
0.3 1.02%+013 7.209e-008% 1.659e-002 1.36%-007 3.147%e-008
c.e $.274e-00% 1.862¢-024 1.595e-022 3.628e-027 3.108e-025
0.§ 4. 64604016 5.755e+001 2.993e4003 1.130e-001 5.87404000
0.6 31.121e+017 1.467e+003 §.955e+004 2.863e+000 1.163e+002
0.8 2.82404+016 1.039e+003 2.823e+004 1.976e+000 §.370e+001
1.0 $.61%7e+018 8.972e+002 1.67%e+004 1.654e+000 3.095e+001
1.5 3.492e+018 4 .907e+003 4. 508e+004 8.25%e+000 8.257e+001
2.0 2.4550+4018 1.111e+004 7.827e+004 1.719e+001 1.210e+002
3.0 4 . 406e-009 7.119%e-020 3.36%-019 §.658e-023 4 568e-022
TOTAL: 4.333e+017 1.948e+004 2.3500+008 3.205e+001 4.108e+002



MicroShield 4.10 - Serial #4 .1

Fage -

DOS File: SFP .MS4

Run Date: September S, 1596
Run Time: 10:28 a.m. Thursday
Duration: 0:00:44

G

0-00479

File Ref:

Date:

e ————— e
} ’
s —— o —

By:
Checked:

Case Title: 300, 3 YR OLD ASEMBLIES, .5 WATER, SOURCE BUILDUP

GEOMETRY 13 - Rectangular Volume
feet and inches

centimeters
Dose point coordinate X: 1341.12
Dose point cocrdinate Y: 1828.8
Dose point coordinate 2. 0.0
Rectangular volume width 731.28
Rectangular velume length: 426.72

Rectangular volume height: 574 .36512
Shield 1: 15.324
Air Gap: £99 .16

Source Volume: 1.79224e+8 cm”)

6229 .28 cu fr

44.0 0
§0.0 0

9.0 .0
23.0 1.9
4.2 .0
18.0 10.1

0.0 6.0
29.0 6.0

) 1.0936%e+7 cu in.

MATERIAL DENSITIES (g/cm”3)

Material Source Shield 1 Air Gap Immersion
Shield Slab Shield
Air 0.00122
Aluminum 0.034
lron 0.613
Uranium 4.12% .
Water 0.601 1.0 1.0
Zirconium 0.481
BUILDUP

Method: Buildup Factor Tables
The material reference ig Source

FERERTELEY mxa RORREROREY
This buildup reference material is & mixed material with & high atomic
number element ($1). Buildup Factors less than and somewhat greater
than 113 keV may be incorrect. Please understand your results!

LA A A AL AL A A A A A A A A AR R A R R R A AR )

INTEGRATION PARAMETERS
Quadrasture Order

X Direction
Y Direction
Z Direction

10
20
20

Nuclide curies uCi/em*3

Ba-13"m 7.4701e+006 4. 16800+004
Ce-144 §.71240+006 4 £6120+004
Cs-13% 6.60730-008% 3.7312e-007
Ce-137 T.096504006 4 .40600+004
I-131 1.13820-033 6.350%7e-036
Kr-8% V. 388404005 4 .12240+003
Mo-9% 1.5363e-112 0.5719e-115
Pr-le4m 1.26459e+008 6.95160+002
Ru-106 6.0245e+006 3 3615e+004
Sr-%0 €.2766e+006 1.50210+004
Tc-99 4.8131e+000 2.6855e-002
Xe-13Im 4.50640-022 2.7375e-024
Xe-133m €.07060-145 3. .8335e¢-247
Y-90 €.27820+4006 3 .5030e+004
Y-9im 0.00C00e+000 0.0000e+000

Nuclide
Ba-140 B
Ce-134 7
Ca-136 ]
1-129% 3
1-133 0
La-140 3
Pr-144 3
Rh-106 6.
Sr-8% .
Sr-91 0
Te-99%m i
Xe-123 2
Xe-135 0

3

Y-9l

curies uCi/em"3

.9060e-028 1.6214e-C20
. B4200+005 4 376084003
.9906e-020 5 .576440-022
.06000+000 1.70740-002
.0000e+000 0.0000@+000
.34420-018 1.8659%e-030
.71370+006 4. 061404004
024504006 2. 3615e+004
. 415404001 2 .4636e0-001
.0000e+000 0.0000e+000
4977¢-112 8.31560e-115
.3719-085 1.32346-087
.0000@«+000 0.00000+000
.7082e+002 2.06960+000




Page -

DOS File: SFP MSe

Run Date: September 5, 1596
Run Time: 10:28 &.m. Thursday

Title : 300, 3 YR OLD ASEMBLIES, .5' WATER, SOURCE BUILDUP

ruw LRl RESULTS -
Energy Activity Energy Fluence Rate Exposure Rate In Air
MeV! photons/sec ) MeV/8q cm/sec) (mR/hr)

No Buildup with Buildup No Buildup with Buildup
0.1 1.282e-010 2.292e-033 3.505e-032 31.50%-036 5.362e-035%
0.15 3. 481le+016 7.792¢-010 6§.623e-008 1.283e-012 1.091e-010
0.2 1.085e-009 2.31%e-02% 1.330e-027 4 .08%e-032 2.348e-030
0.3 1.02%e+013 1.636e-003 4.632e-002 3.103e-006 B.786e-00%
0.4 §5.274€-009 3.064e-022 § . 424e-022 §.969e-026 1.057e-024
0.5 4. 646e+018 7.516e+002 1.083e+004 1.475e+000 2.145e+001
0.6 3.121e+017 1.631e+004 2.311e+008 1.183e+001 4.512e+002
0.8 2.8240+016 9.200e+003 1.119e+008 1.750e+001 2.129%e+002
1.0 §.617e+015 €.€05e+003 €.340e+004 1.21%e+001 1.16%e+002
1.8 3.492e+015 2.565e+004 1.579%e+008 4.315e+001 2.657e+002
2.0 2.495e+01% 4. 6370+004 2.23604008 7.171e+001 3. 458e4002
3.0 4.406€-009 2.252¢-019 B.189%e-019% 3, 08S5e-022 1.111e-021
TOTAL: 4.333e+017 1.049€+005 7.990e+00% 1.778e+002 1.414e+0023



MicroShield 4.10 - Serial

Page i 3

DOS File: SFP MS4

Run Date: Septembsr £, 19556
Run Time: 10:29 a.m. Thursday
Duration: 0:00:41

aPu

#4.10-00478

File Ref:

Case Title: 300, 3 YR OLD ASEMBLIES,

Date:

By:
Checked :

GROMETRY 13 - Rectangular Volume
feet and inches

centimeters
Dose point coordinate X: 1341.12
Dose point coordinate Y: 1828.8
Jose point coordinate Z: 0.0
Rectangular volume width 7331.38
Rectangular volume length: 426.72

Rectangular volume height: 574 .36%812
Shield 1: 18.24
Alr Gap: 899 .16

Source Volume: 1.79224e+8 cm’3

MATERIAL DENSITIESZ

Material Source Shield 1
Shield Slab

Air

Aluminum 0.034

Iron 0.613

Uranium 4.135

Water 0.601 1.0

Zirconium 0.481

6329.25 cu ft

a4
€0.

0.
3.
s
16.

0.
9.

ocoocoo0co0oo0oO

-

corOWwWO OO

' WATER, WATER BUILDUP

1.0936%e+7 cu in.

(g/em™3)
Air Gap Immarsion
Shield
¢.00122

Method: Buildup Factor Tables
The material reference is Shield 1

INTEGRATION PARAMETERS
Quadrature Order

X Direction
Y Direction
Z Direction

10
20
20

Nuclide curies 4UCi/cm”3

Ba-137m T.4701e+006 4.1680e+004
Ce-144 B.71240+006 ¢ . 26120+004
Cs-138 €.6873e-008 3.7312e-007
Cs-137 7. 8965006 4 .40600+004
I-131 1.1382¢-033 6.350%-03¢
Kr-8% 7.3884€+005 4.12240+003
Mo-99 1.5363e-112 8.5719e-115
Pr-l44m 1.2459%e+005 6.95516e+002
Ry-106 6.0245e+006 3 .3615e+004
S§r-9%0 6.27660+006 13 .5021e+004
Tc-99 4.01310+000 2.6855e-002
Xe-131im 4.90640-022 2.737%e-034
Xe-133m 6€.8706e-145 13 .8335e-147
Y-90 €.2782e+006 3 .5030e+004
Y-9im 0.00000+000 0.00008+000

Ruclide
Ba-160
Ce-134¢
Ce-136
1-129
1~133
La-140
Pr-144
Rh«106
Sy-89
Sy-91
Te-9%m
Xe-133
Xe-135
Y-9

wHWOMNMPOIIREWOD WY aw

curies

.9060e-018
- BA28e84+008
.9906e-020
.06008+000
.0000e+000
.3442e-018
. 7127e+006
.0245e+006
.4154e+001
.0000e+000
.497%e-112
.3719e-088
.0000e+000
.7092e+002

NMOMEBONWSMOMW&®W

uCi/cm™

.621¢e-020
.376084003
.5744@-022
.70740-002
.0000&+000
.8659%e-020
.86140+004
L3615e+004
.46360-001
.0000e+000
.A568e0-1158
.32340-08%87
.0000e+000
. UE96e+000



rage 2
DOS FPile: SFP MS4

Run Date: September 5, 199¢
Run Time: 10:29% a.m. Thursday

Title : 300, 3 YR OLD ASEMBLIES, .5' WATER, WATER BUILDUP

rmen RESULTS -
Energy Activity Energy Fluence Rate Exposure Rate In Air
MeV) ‘photons/sec ) (MeV/8q cm/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildup
0.1 1.282e-010 2.292e-032 1.058e-029 1.507e-036 1.618e-032
0.18 1. 481e+018 7.792e-010 §.775e-006 1.283e-012 1.116e-008
0.2 1.95%e-009% 2.317e-029 2.3840-026 4.08%e-032 4.208e-029
0.3 1.02%e+012 1.636e-003 1.996e-001 3.103e-006 3. 786e-004
0.4 9.274€-009 3.064e-023 1.381e-021 5.969%e-026 2.69%0e-024
e.5 4. 646e+016 7.516e+002 2.229e+004 1.475e+000 4.376e+001
0.6 3.121e+017 1.631e+004 4.161e+008 3.183e+001 8.123ev002
0.8 7.824e+01¢ 9.200e+003 1.695e+008 1.7508+001 3.223e+002
1.0 §.617e+015 €.605e+003 8.607e+004 1.217e+001 1.587e+002
1.5 3.492e+015 2.565e+004 1.680e+008 4.315e+001 3.162e4+002
2.9 2.495e+015 4. 63704004 2.49%e+00% 7.171e+001 3.865e+002
3.0 4. .406e-009 2.252e-C1% 8.6560-019 3.085e-022 1.174e-021
TOTAL : 4.333e+017 1.045%e+008 1.132e+006 1.778e+002 2.0400+003




