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Lo INTRODUCTION

The purpose of this calculation is to evaluate the Calvert Cliffs NUHOMS:32p" honzontal storage module (HSM).
dose rates from Reference 6 using the extended burnup:neutron and ‘photor. sc)urces from Reference 1. Tn

addition, this calculation also determines the impact of forest fire induced spa!lmg on HSM dose rates, which
were previously done for the 24P and 32P- using shielding reduction factors;from:Reference 4 on dose rates from
References 3 and 6, respectively.

2.0 INPUT
21 32P HSM Dose MCNP Input/OGutput Decks

The only inputs are the base 32P MCNP cases from the:CD-ROM associated with Reference 6:(listed in Table 2-

1 below). Table 2-1 also provides the output filenamices for the revised MCNP:runs performed in'this.calculation.

Table 2-1. MCNP Output. Filehames

Target Configuration USAR Extended Burmup 32P Rase 32P Filenames
I _ ’ Reference ___ Filenames .
. : ' ' Gamma. . Neutron Gamma ., . Neutron,

et e oM el paie 12201 rowt
H2 HSM Air Outiet Grill. 1 Table12.7-1 row 2.
H3 Center of Door.{(Door'is closed) Table 12.7-1 row3 -
34 Center of Doorway (Door is OPc.i))‘ | Table'12:7-1'fowd | pXbgl2co nXbgl2do _nubgljz'co nubgl2do
H4 B,ot;tom of DSC on ~axis' atlft i -

(Seismic. Restraint - door open) ‘
HS | AirInletGrill “Table42.7-1-tow'S’

Section 12.8:2.7.3

H6 | meter from HSM Door ‘Lable 12,71 tow 6 |
H7 ?Seel:;:n[zskisf:?aﬁ?’s 3‘()?:;& 2 | PXbg09e0  nXbgodho | nubgdebo nubg0Ino
H7 Below DSC on Axis at 66.7 ft. Section 7.4.2 '

(Seismic Restraint Activity - door pXbg9eMo: n/a n/a

open2’ - 3’ end wall modeled): _
' Above HSM Roof Surfaceon fiel | ¢ 1085102 | pXbi2cto.  nXbl2dfo Wa

axial mid-plane (forest fire spalling) - : : 5 -
- "HSM Concrete Fluérnce. Section 12.8.1.1.5 | pXbgl2Mo nXbgl2Ho, | ‘nfa
- Site Fast/West 101t ' | Xewp-06 Xewnl0o | -ewpl0do ewnlOco
- Site East/West 30, ft 1 Xewp-lao Xewn21o | ewpOldo  ewn2ldo
- Site East/West 60 ft | Xewp-20 Xewnl2o | -ewpl2ao  ewnl2co
- Site East/West 100 ft Figure 741 - |XeWp-30  Xewnl3o | ewpO3bo ewnl3bo
- Site East/West 300 fi o “Xewp-4a0  Xewnldo.| ewpQdao ewnldo
- Site East/West 600 ft Xewp-5a0. XéwnlSo | ewplSo ~ .ewnl5ao
- ‘Site East/West 1000 ft Xewp-6ao Xewnl6o | ewpl6o  ewnléco. |
- Site East/West 3000 ft, Xewp-70  Xnsn570 | ewpl7o nsnS570
- ‘Site North/Sourth 10 ft XnsplOo  XnsnlQo. | nsplOco _ nsnl0do
- Site North/Sourth 30 ft " Xnspllo Xnsnllo:| nspllico nsnllo
- Site North/Sourth 60 ft. Xnsp02Zo  Xnsni2o: [ nspOZco.  nsnl2o
- Site North/Sourth 100 ft Figure 7.4:2 thpOSo Xnsnl3o n:sp0'3"co nsnl3ao
- Site North/Sourth 300 ft. R Xnsp246  Xnsnl4o | .nsp240 fisnl4co
- Site North/Sourth 600 ft Xnspl50  Xnsnl5o | nspl5o nsnlso
- | Site North/Sourth 1000-ft Xnspl6o  Xnsil6o. | nspl6o _ msnlédo
- Site North/Sourth 3000 ft Xnspl7o - Xnsn570 | nspi7o nsn570-

Notes: A The confi guratlon target 1D numbcrs arc based:in part'on Table 7.3-Lin USAR:
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2.2 Extended Burnup Neutron Source Term

‘The neutron source.term is obtained from' Reference 1 (Table.6:6) and'is summarized in Table 2-2 below. Only
the tally multiplier and the energy spectrum (ERG) portion 6f the neutron source description was:changed in the
MCNP inputs. Reference 1 (Section 6.4).determined that the: burnup profiles used in References 2, 3, and 6
remain dpphuablc, and therefore the axial distribution (EXT) pottion of the source used in the original 32P cases
remains unchanged. Since the F4 tally result modified by the ANSI/ANS-6:1.1-1977 dose conversion factors is
in the form'of rem/hr/history, it must be multlplxed by 4.175E8 neutrons/second per assembly, 32 assemblies per:
canister, and a factor of 1.107 to account for axial peaking-of the neutron.source. An additional factor of 1000 is’
also applied to convert the final result to mrem/hr, yielding the. mulpher of.1.479E13 used on the FMcards for
neutrons and capture photons

23 Extended Burnup Photon 80urce Term.

The photon source term is obtained from Reférence | (Table:6-10) and is:summarized in Table:2-3 below. - For consistencey
with previous 24P and 32P shielding calculations (References 2,3 and 6), the total photon sotirce is conservatively used for
the active fuel region source. While the fuiel regiof axial burnup distribution is-not being changed, changes in the endfitting
and plenum sources require the axial distribution input on the EXT card.of the source. to be updated:. This revised axial
distribution is developed and presénted below in Table 2-4. Since the F4 tally result modified by-the ANSI/ANS6.1.1-1977
dose conversion factors is in the form of rem/hr/history, it must be multiplied by-471E15 photons/second. per assembly.and
32 assemblies per canister. An additional factur 01000 is also apphcd W -convert: thc ﬁual lc:,ult to mren/hr,.yielding the
mulplier of 1.506E20 used on the FM cards.for dlrect :photon cases.,

Table 2-2. 44-group Extended Rurnup Assembly Neitron Source:(3.4% enrichment, 52 GWd/MTUJ, 16y decay)

Group | Emin (MeV) | Emax(MeV) | Neutrons/sec Group | Emin(MeV) |  Emax. Neutrons/sec |
] L40E 101 2.00E+0Q1 0.000E+00__|- 20 L66E+00 | 1:.80E+00 | 1.640E+07
__1.20E+01 1. 40E+01 7.343E+04_ } 21 .. .| LSTE+00° | L66E+00 1.091E+07
3 1.00E+0] 1.20E+0] 4500E+05 | . 22 - | 1:50E+00 .1  1.57E+00. | 9.098FE+06
4 8.00E-+00 LOOE+O1 | 1.525E+06 | 23 L 144E200 | LSOE+00 | 7.771E+06
5 1 7.50E+00 3.00E+00 1.233E406 | 24 1.33E+00_ | 1.44E+00 1.556E+Q7
6 . 1.00E+00 7:50E+00_ 1.648E+06 25 1:20E400. | . 1.33EH00 | 1.924E+07
7 6.50E+00. T.00E+Q0 | 2.438F+06 26 .| 1.O0E+00 120E+00 |- 2.992E+07
8 6.00E+00 | _-6.50E+00 3643E+06 | - 27 1 B00E-01  } 1.00E+00. ) 2.9]10E+07
9 . SS0E+00 | 6.00E+00 | SA460E+06.1 . 28 .1 ‘700E-0l. | 8.00E-01 | 1.680E+07

10~ 1 SW00E+00 5.50E+00 1 7.343E+06 [ 29 6.00E-01 | 7.00E-0t .| 1.678E+Q7. |

11 4:50E+00 S.O0E+00 | 1017E+07 30 __S2E-0) |' 6.00E-0F 1.443E+07
12 4,00E+00 4.50E+00 1.330E+07 31 - 5.10E-01 512E-0t | 3.280E+05
13 3.50E+00. 4.00E+00 2.14SE+07 32 4.50E-01 5.10E-01 9.839E+06.
4. 3.00E+00. 3.50E+00 _2.662E+07 33 4. 4.00E-01 4.50E-01 .. | B.198F+06
13 2.50E+00 J.00E+00 | 3.467E+07. [ 34 3.00E-0}1 . 4.00E-01 1.583E+07
16 2.35E+00_ 2.50E+00 L310E+07 | . 35 | 2.00E-01 3.00E<01 | 3.838E+03
17 2 15E+00- 2.35E+00 . | 1.833E+07 | 36 1:50E-01 | 2.00E-0% | 1.919E+03
18 2.00E+00. 2.1 SE+00 1.456E+07 37 I LOOE-0). 1.50E-01 1.919E+03
19 1.80E+00 2.00E+00 2.124E+07 38-44 1.00E=02. | . 1.00E-0} 0.000E+00

Total 4.175E+08
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‘Table 2-3. 18-group-Exténded Bumup Assembly Photon Source (4.3% enrichment, 40 GWd/MTU, Ty decay)

Emin Emax Top Endfitting, Plenum Active Fuel Bottom Endfitting. Total =~
Group | (MeV) {MeV) y/sec MeV/isec - y/sed  MeV/sec  wisée MeV/sec yisec MeVisec y/sec: ~MeV/sec
.~ L{ 0.00E+00 | 2.00E-02 | 2.76E+11| ‘2.78E+09 | 1.75E=11| 1.76E+09| LI2E+i5| 1.13E+13 | 6.89E+11 | 6.92E+00| 1.I2E+15 | L.I3E+I3

2| 200E02 | 3.00E-02 | 2.12E+12| S29E+10.. 7.18E=10 | 179E+09 | 241E+i4 | 60IE+12 | 2.19E+12 | 547E+10| 245E+14 6.12E+12,
3| 300E-02 | 4.50E-02| 506E+11| 190E+10; 297E-10] 1.1IE+09 | 3.03E+14| 1.13E+13| 55S3E+11| 2.07E+10| 3.04E+14 | 114E+I3
4| 450ED2| 7.00E-02 | L77E+10) 1.02E+09.: 1.70E+10| . 9.7SE+08 | 1.96E+14 | 1.13E+I3| 'S.84E+10 | 3.36E+09'| 196E+14 | 1.13E+I13
- 51 700E02 | 1.00E-01 | 9.01E+09 | 7.66E+08'i 8.06E+09.| 6.85E+08.| 1.31E+14|. 1.11E+13| 2.83E+10 | 241E+09 | 131E+14 1.11E+13
6| 1.00E-01 | 1.50E:01 | 1.60E+10| 1.99E+09 | 4.10E+09 | S5.12E+08 | 1.33E+14 | 1.67E+13 | 2.52E+10 | 3.15E+09 | 1.33E+14] 1.67E+I3
7] 150E-0L | 3:.00E-0l | 1.74E+11| 3.92E+10 | 451E+09 | 1.01E+09 | 1.15E+14 | 258E+13| 1.77E+11| 3.97E+10| 1.15E+14| 259E+13
8| 3.00E-01 | 4.50E-01 | 1.03E+i2| 3.87E+11 ] 214E+10] 8O01EH09 | 5.71E+13| 2.14E+13 | 1.03E+12| 3.88E+11'| S92E+13 | 222FE+13
91 450E-01:| 7.00E<01 | 1.33E+12| 7.64E+11| 2.72E+10| 1.56E+10| 2.00E+1S LISE+15.)  133E+12 1 7.64E+11 | 2.00E+15 | 1.15E+15
10| 700E:01| L.OOE+00 | 193E+09 | 164E+09 | 184E+10°| 1.56E+10 | 2.73E+i4 | 232E+14 | 131E+10| L.11E+10| 273E+14 | 232E+14
11| FOOE+00.{ ©.S0E+00 | 1.36E+12.| 1.70E+12 | . 650E+12 | 813E+12| 643E+13 | 8:04E+13| 1.72E+13| 2.16E+13| 8.94E+13 | 1.12E+14
12| 150E+00 | 2.00E+00 | 9.78E-01 | 1.71E+00 | 8.09E+01 | 142E+02 | [188E+12 | 3.28E+12| 1.ISE+0] | 2.02E+01 | 1.88E+12 | 3.28E+12
13.| 2.00E+00| 2:50E+00 | 7.19E+06 | 162E+07 | 343E+07 | 7.72E+07| 4.62E+11 | 1.04E+12 | 9.10E+07| 2.05E+08 | 4.62E+11 | 1.04E+12
14| 2:50E+00.] 3.00E+00 | [1.12E+04 | 2.07E+04 | 532E+04 | 1.46E+0S I'71E+10.|  4.70E+10 | 141E+05| 3.88E+05 |- 171E+10 | 4.70E+10.
15| 3.00E2D0° | 4.00E¥00 | 3.11E-12| L.O9E-LI 205E-13 |  7.8E-13 | 2.13E+09 | .7.46E+09| 3.95E-10 | 1.38E:09 | 2.13E+09 | 7:46E+09
16 | 4.00E+00 | 6.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 548E+06.| 2.74E+07 | 0.00E+00 | .-0.00E+00 | S.48E+06 | 2.74E+07
17.]. 6.00E+00-| 8.00E+00 | 0:00E+00 | C.00E+00 | '0:00E+00.| 0:00E+00 | 6.31E+05 | 4.42E+06 | 0.00E+00 | 0.00E+00:| 6.31E+05 | 4.42E+06
18,1 8.00E+00| 1.10E+01 | ~0.00E+00 | 0.00E+00 | 000E+00 | .0.00E+00 | -7.26E+04 | 6.90E+05 | O0.00E+00 | 0.00E+00 | 7.26E+04 | 6.80E+05
77 T Total| 6.84E+12 | 297E+12 | 688E+12 | 8.A8E12 | 4i63E+1S.]  LSSEHIS| 2.33E#13.|  228E413 | 467E+1S | 161EHLS
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Table2-4. Extended Burnup Assembly Photon Source Axial‘Distribution

Sourcc.A Region Model Region Axial :_ Amcmbly Ai:ir;?ly
Regton y/sec . E-levatnpn (cm) | Distribution y/sec Distribu tion

Bottom | 2.33E+13 -127-00 | 1 | 233E+I3 0:00496

' 00-89 | 001463 | 6:83E+I13 | 0.01452

8.9 267 0.04201 | 1.96E+14 0.04168

Active | o (267495 | ocessa | 306614 | 0.06500

Fuel 4.67E+1S 49.5-2978 | 076058 | 3.5SE+IS 075459,

' C297.8-3205 | 006400 | 290B+14 |  0.06350

320.5-3383 | 003993 | 1:86E¥14 | 003962

338:3-3472 1 001333 | €22E+13 | 0:01322

Plenum | 6.88E+12 | 3472-3709 | 1 6:38E+12 | . 0.00146

Top 6.84E+12 | 3709-386.1 | 1 | 6.84E+12 | 0:00145.

' Total 4.71E#15 | 1.00000

24 Material Compositions
All material.compositions in the model remain the-same as those usedin‘Reference 6.
2.5 MOCNP Cross Section Libraries

Al MCNPS cross section librariés are contained on Constellation Energy safety:related computer PCD4307 in

the directory C:/Program Files/LANL/MCNPDATA. The gamma shielding calculations were performed with the

mcplib04 photon interaction cross sections, which are based on evaluated: data from ENDF/B-VI from™l keV to

100 MeV. The xsdlir cross'section, dlrectory was uséd for:this calculation. Thése are the default cross-sections
selected by MCNP if specific:libraries.are not' specifi ed for'cach isotope:

2.6  Flux-to-Dose Conversion Factors

For gamma dose rate calculations in MCNP, the ANSI/ANS-6.1.1-1977 (Ref. 14, App. H):photon flux-to-dose
conversion factors were utilized (see Table 2- S), in:conjunction: swith the'total direct gammia and neutroii source
strength, to produce tally results in dose equivalent units of rem/hour. ANSI/ANS-6.1.1-1977 neutron flux-to-
dose conversion factors were also utilized-(sce ‘Table 2:6), in conjunction with. the total neutron source strength
to produce tally results in dose. equwalent units.of rem/hour. These flux:to-dose convérsion factors can be found
on the DE-and DF cards for'each MCNP input case;, and are the same as used in the original. cases.



Table 2-5. ANSI/ANS-6.1.1-1977 Photon Flux-to-Dose Conversion Factors

Energy DF(E) | Energy DE(E)
‘(MeV) | (rem/i)/(p/em?s) | . (MeV) | (remv/hr)/(piem’s) |
001 3.96E-06 140 |  251E-06 |
0.03 5.82E-07 1.80 2,99E-06
0.05 2.90E-07 2.20 3.42E-06
0.07 2.58E-07 2.60 3.82E-06 :
0.10 2.83E-07 2.80  4.01E-06 . |
0.15 3.79LG-07 3.25 4.41E-06.
0.20 5.01E-07 ~3.75 4.83E-06
0.25 631E:07 425 5.23E-06
0.30 7:59E-07 4.75 - 560B:06
035 |  8.78E-07 5.00 5:80E-06
0.40 9.85E-07- 5.25 6.01E-06
0.45 1.08E-06 - 575  6:37L<06
0.50 1.17E-06 6.25 6.74E-06
0.55 127E-06 6.75 7.11E-06
060 1.36E-06 7.50 7:66E-06.
0.65 |  144E-06 9.00 8.77E-06
0.70 1:52E-06 1100 1.03E-05
0.80 1.68E-06. 13.00 1.18E-05
1.00 1.98E-06 15.00 133B-05

Table 2-6. ANSI/ANS-6.1.1:1977 Neutron Flux-to-Dose Conversion Factors

‘Encrgy, E DT(E) Quality
1 (MeVYy (rem/hr)/(n/em2-s) Factor
2.50E-08 3.67E-06 2
1.00E-07 | 3.67E-06 2
1.00E-06 4.46E-06 2
1.00E-05 | . 4.54E-06- 2
1.OOE-04 ‘4, 18E-06. 2
1.00E-03 |  3.76E-06 2.
1.00E02.|  .3.56E-06. 2.5
1.00E-01 | 2.17E-05 75
5.00E-01 " 9.26E-05 I
1 1.32E-04- 11.
2.5 1.25E04 9
5 1.56E-04- 8.
7 1.47E-04 7
10 1 47E-04 65
141 2.08E-04 A
20 2:27E-04 8

CA06751 Rev. 0000
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ASSUMPTIONS:
assumiptions from Reference 6 rémain:applicable. No new-assumptions were'made in this calculation.
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5.0 METHOD OF ANA‘LYS[S

The MCNP5 code (Ref. 12-14) was utilized to calculate gamma (primary- and capture) and neutron dose rates at
the locations of interest. MCNP5'is'a general-purpose Monte-Carlo N-Particle code that cari be used for neutron,
photon, electron, or coupled neutron/photon/electron transport, including: the capability to calculate kg for
critical systems. The code simulates transport of individual particles in a user-detined three-dimensional
conﬁguratlon of maternals and records user-specnﬁed mformatlon (tall:es) on thelr average bchavmr For ‘this
and capturc gamma). Thc code has thc capability of consxdermg photun source :.ncrgncs from.1 keV to 1000 MeV
and neutron-energies from 10° Mo 20 MeV.

6.0 CALCULATION AND COMPUTATIONS
6.1 HSM Dose Rates.

Table 6-1 presents the results of the extended: ‘burnup 32P neutron dose rate cases, and provides a comparison
against the current 32P dosc ratcs. Valucs in bold font represent: resultsreported in'the I[SFSI'USAR Table 12.7-
I. Only unshielded dose rates show significant increases with-the new extended burnup source. Dose rates in
heavily shielded locations are-similar or slightly lower than for the current 32P dueto:the: fact that the ‘highest
energy group is now 14 MeV rather than 20 MeV as with the previous. S—group spectrum (original top group went
from 6 to 20 MeV).

__Table 6-1. NUHOMS 32P Base and ExtendedBurnuszSM Neutron Dose Rates

‘ MCNP | Ta]]y | Results for NUHOMS-32P | Results for NUHOMS-32P+ o
Target | Tally | No. | T i - | 32p/32P+
Location ID° | Cell Dose Rate Relative: Dose Rate ; Rel_anve | ‘% Change.
' ‘ I (mreém/our) | Brror (mrem/huur) __Emor |~
HSM Top/Side HI 20 | ‘304 057 | 3.52% 0.46° 241% | -18.59%
South Outlet — |2t 34 104 | 457% | 140 253% | -3.69%
Door Qutside H3 | 22 |32 579 | 181% 5.82 ©098% | 057%
Door Inside Ha | 23 | 334 1075 045% | 1246 | 025% | 1593%
Near Inlet HS | 24 [ 344 096 5.97% 0.98 | 345% 2.31%.
Door [ meter | H6. 25 | 354 | 2,97 CL89% | 297 COL17% | 0.00%
‘North Outlet H2 | 26 | 364 | 1200 | 448% 129 | 22% 6.90%
South Outlet, 1t -2 3 -0:70 5.60% | 0.61 ©340% | -12.80%
North Outlet, 1ft - 28 | 384 062 4.90% 0.65° 3.00% | 5.17%
Door Inside Ring . - 30 | 404 914 - 0.42% . 1056 0.23% 15.55%

~ Table 6-2 prcscnts the results from the direct gamma dose rate cases for the extended bui nup 32P:and the curréul
burnup 32P DSC for comparison. Capture.gamma dose rates-are also calculated in the.neutron dose output files,
however, they remain less than [.6% of the total dose and.are therefore not reported (consistent with: Reference
6). All extended burnup dose rates'show an increase for the extended burnup 32P, with the exceptlon -of those at
the-inlet vent which show a 10% decrease: :

Thiis effect was traced 1o the differences-between the nrcplib02 photon libraries usedvin,the original ! MCNP4B
calculation used for the base 32P; and the newer. ncplib04 \ibraries used for the MCNPS calculations performed
herein for the extended' bumup 32P. MCNPS contains two new continuous:-energy photoatomic: libraries. The
mcplibU3 library contains data: for elements Z equal 1't0 94. This library is‘an extension of:the mcplib02. library.
Mcplib02 and meplib03 contain identical cross-section, flucrescence and form.factoridata. -Mcplih03 haq heen

/
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extended to include Compton profile data suitable for calculatmg the Dopplerbroadening:of'the energy for
Compton scattered photons. The core of the. mepl ib04 libraryis a. complctcly new set-of data-taken from
ENDE/B-VI release 8 including cross section, form factor, scattering function-and fluorescence data. These data
arc derived from EPDL97. Tables are. mcluded in this.library for elements-Z equal 1 to 100 (finally providing
tables for clements Z equal 95 to 100) in'the energy range -l keV to 100:GéV. These tables aré sngmﬁcantly
denser (i.c. they contain more energy poiiits.in the tabulation) and: therefore mote accurately represent the Cross-
section data than the:earlier photon libraries. In addition to these ¢ore data, mcplib04'has been éxtended to
include the same Compton profile data‘as found ori mcplib03.

The original base 32P input deck (nubgl12c) was rerun unchanged and for the same number of histories with
MCNP3, which.automatically selects the mcplib04 hbrary ifnone is specified. As shown:in Table 6-2a, most’
locations show:only a few percent change However, in-cells 22; 24, and.25, the deviation is on'the order of an
18-27% reduction. When rerun again.-with MCNPS, but.with the mcplib02 hbrary specified, most of the

difference inthese locations is eliminated (see Table 6-2a).

Note that Reference 3 benchmarking (p. 68) indicates calculated. inlet dose rates.for the inlet vent dose (cell 24)
of the 24P HSM model (MCNP4C mcp11b02) were conservativé by 60% when compared with measured dose
rates. Therefore, the reduction seen in dose rates at the inlet vent for the extended burnup.32P in Table 6-2 is a
result nf improved accuracy in the. model-afforded by use.of MCNPS and the mcp!ib04 photon’ libraries.

Table 6-2. NUHOMS 32P Base and Extended Burnup HSM Direct Gamma Dose Rates

B Base NUHOMS-32P T ‘Extended Bumup
. Taiget M'CN,P Tally e STTIS NUHOMS:32D | 32p/32p
Location D Tally | o Dose_’_Rate ‘quatlvp - Dose Rate Relative | % Change
Cell | . (mrem/hour) | _Error . {mrem/Hout) Etrof

HSM Top/Side | HI | 20 | 204 93 | 649% 130 C77% | 40.13%
SouthOutlet | - | 21 | 214 457 | 4a% | s46 | 476% | 1952%
Door Qutside | H3" | 22 | 224 50 | 1290% | 61 | 1530% | 21.89%
Door Inside | - 23 | 234 | 21315 236% | . 27667 | 290% | 29:80%
Near Inlet | HS 24 | 244 66.9 647% | 600 - | 7.50% | -1034%
Door | meter | H6* | 25 | 254 3.8 13:00% a5 | 1a9s% | 17.99%
North Outlet H2 26 | 264 54.3 458% |. 74 546% | 3642%
South Outlet, 1t . 27 {2714 - 230 804% | 265 653% | 1527%
North Outlet, 1ft | - 28 | 284 237, 531% .| 327 6:40% | 3833%
‘Door Inside Ring | H4 | 30 304 C 29433 | 1L71% | 3411.9 197% [ 15.92%

Note: a) The valnes in the' USAR for 32P are’muiltiplied by 1+’7RE due to RE>10%
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Table 6-2a. NUHOMS 32P Base HSM Gamma Dose Rates with Different Code Versions/Libraries

menpdB meplib02 “menp5 meplib04 merip$ meplib02 Code+ Code
Tally (Ref: 6 nubgi2co) {CD.case nubgi2ce) __(CD case n2bgl2co) | Library Only
- Cell Dose Rate | Relative |- Dose Rate | Relative | Dose Rate | Relative % %

l.ocation . (mrem/hour) Error | (mrem/hour) | Errér. | (mrenihour) | Errorr | Change | Change
HSM Top/Side | 20 93 6.49%. : 87 | 610% 85 | 622% | -6.67% | :855%
South Outlet 21 457 4.41% 443 425% | 423 | 450% | 294% | -742%
Door OQutside | 22 5.0 J12%0% | 37 14.89% | 44 | 13.54% | -26.96% | -12.49%
Door Inside_ | 23 21315 236% | 20060 | 2:49% 2066.6 | 2.38% | -5.89% | -3.04%
Near Inlet 24 669 | 647% 508 | 666% | 638 | 649% | -24.13% | -4.75%
Door | meter 25 | 38 1300% | 30 | 1432% 31 [ 13.32% | -17.99% | -16.63%
North Outlet | 26 543 | 458% | 520 464% | 532 | 445% | -433% | -2.06%
South Outlet, 18 | 27 230 | 8.04% 206 | 6.29% 223 | 7.72% | -10.58% | -2.97%
North.Outlet, 1o | 28 23.7 531% | 226 549% | 237 | s564% | -425% | 035%
Door Inside Ring | 30 | 29433 | :1.77% 27996 173% | 28945 | 1.82% | -4.88% | -1.66%

Table 6-3 provides the sum of the néutron and gaffima.dose rates: Insuniming the.neutron’and gamma dose
rates, those with relative crrors greater than 10% were multiplied by a factor of 1+2RE, for. <consistency with the
method used to account for uncertainty in Reference 6. All total dose rates show an increase for the the extended
burnup 32P compared to the base 32P at the current burnup limit, with the exception of the inlet vent dose rates.
The- reason for the drop in the inlet vent dose rate is.discussed above. Note that the value used for the total-dose
rate of target H4 (inside door) inthe USAR is the sum of the maximum neutron-and maximum gamma dose rates
from tally cells 23-and 30, and thus the total dose rates for thes locations afe not. indicated in bold.in ’I’able 6-3.

Table 6-3. NUHOMS 32P Bas¢ and Extended Burnup HSM Total Dose "Ratcs (mrem/ hr)

Cell
HSM Top/Side | 200 | 9.9 135 | 1675%
South Outlet 1 21 | 467 | 556 19.01%
Door Outside | 22 | 121 138 | 14.12%
Door Inside 23 32064 | 40129 ] 25.15%
Near Inlet 2 | 619 | 610 | -1016%
Door I'meter | 25 | 77 | 88 | 1332%
North Outlet 26 | 855 | 7154 | 3578%
‘South Qutlet, 1R | 27 23.7 S2n - 14.44%
North Outlet, 1fi 28 | 243 334 37.48%
Door Inside Ring 30 | 38572 | 44679 | 15.83%
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Tables 6-4 and 6-5 preseit the current and extended burnup 32P gamma:and neutron:dose:ratesin the North-"
Seuth direction, respectwely Tables 6-6 and 6-7 present the current.and: extended’ bumup 32P'gammand
neutron dose rates in the East-West direction, rcspcctwcly Table.2:1 provides:the: MCNP output filename from
which each result was taken. All cases were run with the with the ‘weight windows.used in the final cases from
Reference 6 and for the same number of histories. In‘the case of the east-west gamma’'dose: models, the inial runs
-did not'show an dcceptable relative error, and thus were fun agam using;the: welght windows from the previous
runs to produce the cases listed in Table 2-1 and the results in Table 6-6.. Also as in Reference:6, all neutron
\dose rates at the 3000 ft distance come from case Xnsn570. :

N

Table 6-4 NUHOMS-32P Base and Extended Burnup Site-Gamma Dose Rates 4s a function.of Distance in the
North-South Direction.

Distance Base NUHOMS-32P “Extended Burnup NUHOMS 32p : .
o S — - 32P/32P+
(feet) MCNP o] Final MCNP Final | 7 o
- Relative y RS B Relative s j o
Dose Rate Error VOV | Dosc.Rate’ | Dose Rate Error VOV Dose.Rate- Change
(mR/hr) 1. (R | mRhny | _ {mR/hr) T
10 7.0IE+00 | 0.1205 | 0.1046 | 8.70E+00 | 4.31E+00 | 0.1265 0:1615 | S40E+00 | -37.89%
30 1.24E+00 0.138] | 0.1013 | 1.58E+00 | 1.64E+00 | 0.2046 0:3238 | 2.32E+00 | 46.41%
60 4.42E-01 0.1468 | 0.1091 | 571E-01 | 7.13E-01 0.2339 05313 | L.OSE+00 | 83.23%
100 1.82E-01 | 0.1169 | 0.136 | 2:25E-01 | 2.62E:01 | 02023 | :05626. | 3.69E:01 | 63.96%
300 3.356-02 | 0.0691 | 0.1384 | 3.35E-02 | 4.74E:02 | 0.1343 | 06235 | 6.01E:02 | .7936%
600 6.59E-03 | 0.0606 | 0.0642 | 6.59E:03 | 933E:03 | 0.1100 | 02591 | LI4E02 | 72:66%
1000 | 1.06E-03 | 00756 |.0.1383 | '1.O6E-03 | 1:35B-03 | 0:1866_ | 0.8529° | 1:86E-03 | 75.80%
3000 | 195607 | 00908 | 0.105 | 1.95E-07 | 3.086:07 | 0.1463 0:1189 | 398E-07 | 104.00%

Table 6-5 NUHOMS-32P Base and Extended Burnup Site Neutron Dose ‘Rates as a function-of Distance in the
North-South Direction

Dg‘lirtl)ce s— Bas¢ NUHOMS-32P — MCNPExtended"Bur_nupN__quoMs:zzP — 32P/32P-
- 5 - inal | e ‘Fina -
Dose Rate Rglrig;'c_ VOV Dr’;s'::‘ ’Raiq, Dose Rate Rs:_g:e VOV ' Dds.efRz:a,te_, : 'ChZ;gc
(mR/ry | ‘ (mR/hr) (mRMmr) | . - N 5 v,(mR/hr) o
10 1.41E+00 0.054 _ 0._()23! 1.41C+00 | 1 68E+00 0.1545 0.5749 ' 2.20E+00 55";79%
30 6.44E-01 00446 | 0:0638 | 6:44E-01 | 7.15E-01 | 00563 0:1975 | 7.15E-01 | 11.12%
60 2.69E-01 0.0278 0.0471 | 2:69E-01 | 2:95E:01 | 0.029 00565 | 2,95E-01 9.39%
100 [24E-01 | 00351 | 008 | 124E01 | 142E:01 | 00546 | 02277 | 142E01 | 14.52%
300 1.46E-02 0.0712 | 0.0816.| 1.46E-02 1.51E<02 -0.0762 0.1627 | 15]p_02 - 3.94%
600 . 2.99E-03 0.0883 | 04889 [ 2.99F-03 | 271E-03 0.075 03397 | 2.71E03 | -9.52%
1000 S97E-04 | 00973 | 0.1493 | 7.14E-04 | 565E-04 | 0.0802 0.1002 | 5.65E-04 | -20.88%
3000 | 2.05E-06 | 03629 | 0.8604 | 3.54E:06 | 1.26E-06" | 0.2543° | 0.5203' | ‘1.90E-06 | -46.20%.

* - Results from Tally 175 of Xnsn570
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F able 6-6 NUHOMS-32P Base and Extended Burnup Slte Gamma Dose Rates as a functlon of.Distance in the
East-West Direction

Distance “Base NUHOMS 3P " Extended Burnup NUHOMS 33 "
(feet) ToND — — 32P/32P+

MCNP Relative - Final -MCNP Relauvc Final %
‘Dose Rate. Error. VOV | Dose¢Rate | Dose Rate: Error vov Dose Rate Change

(mR/hr) - _ - (mR/Ar) | (mR/hr) , |_mRmr

10 L6SE+00 | 0.1456 | 0.1581 | 2.13E+00 | L.54E+00 | 0.0769 | 0:1885 | LS4E+00 | -27.72%
30 6.00E-01. 0.1202 | 0.1284 | 7.44E-01 | 7.85E-01 0.1240 0:1322 | 9:80E-01 | 31.77%
60 2:78E-01 0.0693 0.0382 | :2.78E-01 | 3.65B-01 | 0.1080 [ 0.1285 | 444E-01 | 59.44%
100 L74B-01 | 00965 | 0.0935 | 2.08E:01 | 1:85E-01,| :0.1431 | 01090° |'2:38E-01 | 14:68%
300 3.52E-02 | 0.1122 | 0.0675 | 431E-02 | 3.68E-02 | 02826 02729 | 5.76E-02. | 33.58%
600 7.47E-03 0.0498 0079 | 7.47C-03 | 84IE-03 | .0.2455 0.6579 | LISE-02 | 67.77%
1000 1.LOGE-03 | 0.0850 | 03678 | 1.06R-03 | [45E03 | 0.0742 0.1701 | 1435803 | 36.59%
3000 5.47E-07 0.1624 | 03463 | 7.25E:07 | V41E:06 | 01496 | 01347 L.R4E-06, | 153.16%

Table 6-7 NUHOMS=32P Base and Extended Burnup Site Neutron Dose Rates as:a function of Distance in the
East-West Direction

Distance Base NUHOMS-32P N Extended: Bumup NUHOMS 32P | 59p 32pi
(feet) [ MCNP o Final | MCNP o Final o
Dose Rate Relative VOV | Nose Rate | Dose Rate Relative: VoV Dose'Rate |  change
| (mR/hr) Error | R | @rAy | ET L | R anee
10 320E-01 | 00667 | 00568 | 320E-01 | 3.18E01 | 00715 | 02028 | 318501 | -0.76%
30 230E-01 | 00804 | 0.0437 | 2:30E:01 | 229E-01 | 0.0374 | 00469 | 229E-01 | -0.74%
60 1.47E-01 0.0590 | 0.5318 | 1.47B-01 | 1.45E-01 | 0.0274 0.1074 | :14SE-01 | -1.55%
100 8.14E-02 0.0369 | 0.0732 | 8.14E-02 | 1.14E-01 0.1110 0.5494 | L39E-01 | 70.52%
300 1.54E-02 00403 | 0,072 | 1.54E-02 | L69E-02 | 0.0643 | 03621 1.69E02 | 9.61%
600 332603 | 00760 | 0:1997 | 3.328:03 | 3.32E.03 | 0.1098 | 04072 | 4.05E-03 | 22.13%
1000 | 5.64E-04 | 00710 | 03139 | 5.64E-04 | 4.83E:04 | 00710 | 02813 | 483E04 | -14.47%
3000 2.84E-06 | 03026 | 0.3084 | 4.55E<06 | LISE«06" | 0.2067° | -0.1751° | L67TE-06 | -63.23%

- Resuits from lany 275 of Xnsni570

" Fi igures 6:1 and 6-2 provide a visual comparison of the total site-dose rates in the north-south and-east-west
directions, respectwcly, with the current USAR Figure 7.4-1:and 7.4:2.curves Which bound both the 24P and base

32P designs.

‘Tables 6-8 and 6-9 summarize the total dose rates from References 2 and 6 utilized to generate the

current bounding figures in the USAR, and-also summarizes the new total-dose- rates for: the extended hurnup 32P
‘and defines néw bounding values for usé in the USAR. As in Referérice 6; in‘summing the neutéon and gamma
“dose rates, those with relative orrors: greater than 10% ‘were multiplied by-a factor of 142RE: New bounding;site
dose figures.are provided in Section-8.
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Table 6-8 Bounding Site Total Dose Rates (mrem/hr)-as a-[unction of Distance in the North-South Direction

Distance 24P ['24P32P Bounding | Exteiided | 24P/32P/32P ExBU
(R) (Ref.2) 32p (USAR Fig 7.4-2) | Buinup32pP Bounding,
10| 5:70E+00 | 1.01E-+01 1LOIEI01 | 7.600100 . LOIE+0]
30 | 1.52B+00 | 2.23E+00 223E400 | 3.03E+00 |  3.03E+00
50| 7.34E-01 T T -
60 -] gatE01 | 841E01 | i34E¥00. | 134E+00
80| 424E01 | . - - - N
100 | 3.00E:01 | 349B-01 |  349B01 | SitEw01 | S11E01
300 | 4.69E:02 | 4:81B-02. | 48102, | 7.52E:02. |  7.52E:2
600 | 9.11E-03 | 9.59E:03 |  959E-03 | 14iE-02 14LE-02
1000 1.468-03 | 1778-03 | 177E-03 | 242B03 2.42E-03
3000 | 2.76E-06 | 3.73E-06 3.73E:06 | 230E-06- |  373E-06
Table 6-9 Bounding Site Total Dose Rates (mrem/hr) as a:function of Distance.in the East-West Direction
. » _ : Extended, o
24P 24P/32P Bounding,| Burup | 24P/32P/32PEX.BU
Distance (ft) (Ref. 2) 32P (USAR Fig.7.4-1) 32P . Boundirig-
10| 2.06E+00 245E400. | 245E+00 1.86E+00 2.45E+00
30 - 9.74E:01 - hoeweo| -
31.6  1.OTE+00 . " LOTE+00 - ) 121400
50.00  7.57E-01 . | rsmeol L - L TsmEel . |
60.0 - 42501 | - | ssygior ? -
800 493E-01 | ; " 4.93E-01 - 493E-01
O 160.0]  3.94E-01 . 289E-01 | 394B00 . |377B:01| - 3%4E:01
30000 7.86E-0% S8SE02 7.868-02 | 7.45B:02:] 7:86E-02
. 600.0 1.20E-02 1.08E-02 1.20E:02° | 1:66E:02. 1i66E-02
100000 1.44E-03 |  1.62E:03 162E03 - | 1:93E:03  193E-03
30000, 3.44E-06 | $.28E-06 _5:28E-06 '3.51E-06- 5.28E-06
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6.3 ISFSI Fence Dose During Seismic Restraint Installation

The ISFSIUSAR (p. 7.4-2) also provides a calculation of thié maximum dose outside the ISESI site feince during
seismic restraint installation. During the séismic restraint installation, a person. standingoutside the ISFSI
secunty fense would be exposed to radiation from‘all closed/loaded HSMs as well:as from the HSM wihere the
selsmlc restraint is being installed. The dose contribution from each of these sources is as follows:

¢ Site: Reference 9 shows that the outer fence is 94 feet from:the HSMs in the N/S direction, and 53 feet from
the HSMs in the E/W direction. Linearly mterpolatmg from.the bounding results of l"ables 6-8.and 6-9, the
maximum doses at these locations from a site consisting of’ {20 loaded HSMs of extended: bumup 32Ps, base
32Ps or 24Ps is 0.64 mrem/hr in the N/S direction; and 0.73 mrenv/lir.iiv:the E/W-direction.

¢ Seismic Restraint Installation: The minimum distance.between the DSC surface-and-an’individual at.the
closest approach: to.the-outer ISFSI security fence (E/W portion of the fence) is.estimated fo‘be 66.7> (ISFSI
USAR p. 7.4-2 and Ref;9). Note thatat 66.7° from the DSC surface an individual at the outer security fence
will not be directly in front of the HSM and can only see a fraction of the. DSC-end. surface because it is
-pamally shielded by the transfer cask, HSM front-wall, and HSM:door which is raised 2 feet from the closed
position during seismic restraint installation. Table 6-10 provides the dose rate-66.7* directly in front of an
HSM and unobstructed by the transfércask. For the ncutron case, the door Is conservatively assumied (o 'be
fully open, and for the photon case the door is assumed to be- open-to the 2” level, which is consistent with'the
‘manner in which the base 32P was modeled and is‘basis captured in ISFSI-03. The latter is termed the
“original” gamma model, and the results-of this:model for both the base and exterided burnup 32P HSM are
provided in Table 6-10.

It was noted while modxfymz, r the model (prg09e see Table 2-1) forthe extended burnup source that it
differs from the model used in Section 6.1 in that the reflective plains at the:sides and back of the. single
HSM (130, 204, and:21 5) were: :made non=reflective. As-a result, this'model represents a single HSM'module
with only one foot thick concrete shieldingon the E-W sides sitting on a pad and surrounded- by-air, which is
highly conservative (see Figure 6-3). As shown in References 8 and 9 and: Figure 6-4, the HSMg.at: CCNPP:
are formed into 12-packs which have: three: foot thick concrete shields:at either east-west end. A “revised”
gamma modcl (pXbg9e M) was constructed which thxckencd the concrete, shncldmg to 3-foot on one side to
investigate the effect of more ‘accurately. modeling the HSM: (See anurc 6-3). The: results ofithiis. revised
model are also included in Table 6-10, and demonstrate that:-much of the dose at the 66.7- front tally results
from the “original”” model are from shine’ from the artificially thin side walls. The revised model remains
‘conservative as only one side was:increased'to it’s actual th ickness.

The ISESI'USAR indicates that seismic restraint installation’ requlres a maximum of S‘minutes: (. 08 hours) and
¢an nominally be done in I minute 0017 hours) Thus, based on:the: total doses-in Table 6-10, a person just
outside the fence would conservatively receive a maximum of 1.49 mrem (0,08 hr x'18.6 mrem/hr) during the
seismic restraint installation process using the; orlgmal model, or 0,82 mrem.(.08 hrx 10:2 mrem/hr) using the
revised model. If that person remained outside the fence for.an-entire hour during the seismic Testraint
installation, their dose would conservatlvely not exceed 2,22 mrem using the original seismic restraint installation
model (1 49 mrem from seismic restraint installation + 0.73 mrem from the fully: loaded ISFSI SIte) or1.55 mrém
using the revised seismic restraint installation model (0:82 mrem +0.73 mrem sité). The revised seismic restraint
installiton model demonstrates that the extended burnup 32P ferice dose i is: ‘within the' 0CFR20:105 requirement
that no md ividual (member of the public)-may réceive greater than'2 mrem in any I hour.
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Table 6-10. NUHOMS 32P Base and: Extended Bumup Seismic Restraint 1nstallauon Dose Rates at Fence

Case L | ‘Base NUHOMS:32P Extended Burnup 32p/
MCNP'| ..y (Ref..6) NUHOMS-32P o
. : Tally - e . —1 32P+%.
Location Tally R E Dose Rate | Relative Dose Rate | Relative Change
_'Cell © § (mremvhour) | Error | (mrem/hour) | Error
Neutron Open Door @.66.7 f 31| 414 1.65 2.03% 1.93. 1.33% | 16:99%
Gamma 2" Open Door @ 667 ft- 31 |34 15:2 6.52% 16.7 9:52% | 9:48%
Original ) eze 467
Gamma | ., v/ 3 si 670 1 3| ar . E & 8% :
Revised 2’ Open Door w/ 3’ sides @ 66.7 f 31 : 314 8.18 8.18%
Total 2" Open Door @'66‘7 ft 31 - a1y : 18.6 « 9.1%
Original ' ' . . ‘ e T
Total , e ' ' .
Rovised | 2 Open Door w/3 -sides @ 66.7 ft 31 - - - 10.2. - -

Figure 6-4. HSM 12-Pack Arrangement..
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6.4 Dose Rate for Forest Fire lnduce'df'Spaliihg

UFSAR Section 12.8.2.10 ‘postulates a forest fire occurring in the woods adjacent to the Calvert Cliffs ISFSI
The damage to the wall, based on the HSM wall temiperature - gradient resulting from the fire:will be limited to a
‘thickness of 6” for the 32P (Reference 5),-which was increased over the 4:5” predicted: for thé 24P (Reference 4),
This depth will not change for the-extended butnup 32P as the heat load is not ‘being'increased. The effect of the
surface cracking and spalling will be minimal with respect to the load capacity of'the. HSM:walls, but will:reduce
the effective shielding thickness and increase dose rates outside of the' HSM.

Reference.4 indicates that a 12" reduction in concrete thxckness would produce a factor of 20 increase in dose
rate at the HSM surtace. This translates to'an increase by a.factor of. 3 for a.4.5" reduction in concrete thlckness,
and a factor of 4.5 for a’6™ reduction in concrete thickness: The’ orlgmal NUHOMS:24P design.goal was that the
spalling not.increase dosé rates to 4 level béyond which repairactions could. be performied by conventional
methods a tem/hr). Tablé 6-11 presents the dose.rates calculated for the 24P; and base and. extended burnup 32P
designs using the above mentioned. multxphcrs and'the base total doserates from Table 6-3. [n addition, the
extended burnup HSM model from Section 6,1 was rerun with the concrete on top.reduced.in:thickness by 6
inches, and the results are also, presented in Table: 6-11. The MCNP model confirmsthat theoriginal method is
conservative. In all cases, the dose rate is below the'1 rem/hr design goal for spalling repair.- Thus, it can be
concluded that the extended burnup 32P DSC wounld also not adversely impact the- ability.to repair spalled
concrete following a forest fire.

Table 6-11. HSM Dose Rates for Forest Fire Induced Spalling

‘Depthof | . Unspalleéd Spalled
Spallation Dose Total Dose Rate, Total Dose Rate
Design Method. (inches) | Muitiplier |  (mrem/hr) ‘(mrem/hr)
24P muitiplier 4.5 3.1 12.5 384
Base 32P multiplier 6 4:5 9.9 44.3
Extended Burnup 32P+- ‘multipliet 6 4.5 13:5 60:4
Extended Burnup 32P+ MCNPS5 0. w/a 13.5 30.6°

*29.3 mrem/hr gamma from pXb12¢fo and 1.3 mrem/hr neutron, f‘rom nXb12df0

[n-addition, the impact of forest fire induced sp’xllmg must:be evaluated. against theé:réquirements of
10CFR72.106, which-cstablishes.an accideint dosc limit of S.remvat the sitc boundary [SESILUSAR Section .
2.1.2.2'indicates that.the minimum distances from the ISFSI'to. the site boundary is:3900: feet From the results of
Tables 6-8 and 6-9 the maximum dose rate at 3000:feet from-an ISFSI. site consisting.of | 120 joaded HSMs of
extended burnup 32Ps is the same as the bounding dose-for the 24P or the base 32P;in‘both’ the N/S and E/W
directions. Therefore, the extended burnup meets this requirement in'the-same manner-as:the 24P and base 32P
designs.
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6.5 Neutron and Gamma Flux at the HSM Conerete IiiSidé';Sigrfééé-:

The ISFSI USAR Section 8.1.1.5:determines that the effects of radiation on concrete from afilled 24P DSC are-
negligible. A similarevaluation is‘performed for the-current 32P DSCin ISFSI USAR Section 12:8.1.1:5. Both
are based on the original evaluation performed in Section 8.1.1. :5.0f the NUHOMS~24P Topncal Report
(Reference 17). The impacts of neutron and gamma radlatxon from the extended’ burnup:32P are as follows:

¢ Neutron: In the case of neutron 1rrad1at|on the NUHOMS 24P Topical Report determines: that an estlmated

50-year fluence of 1.2E+14 n/cm will not impact the structural integrity of the concrete. For-the current
32P an estimated S0-year- fluence of 3 AE+14:n/cm’ b'xsed on'scaling of the ori iginal 24p. (conservative given
that the 32P egg-crate basket. prov1dcs additional neutron absorbtion in the radial direction) results was also
considered negligible. For the extended burnup 32P HSM; case nngIZd from %ectlon 6.1 was rerun with.
the Section 2.6 dose conversion factors remaoved, ‘and nentron’ flux.cell (Fayand surface, (FZ) tallies added for

~ the inner regions of the HSM (new:case output: identified as nXbg! 2110) Note'that the MCNP tesults must

"be divided.by a factor of 1000-as the-mrem/rem factor-was notremoved from:the tally multiplier card (FMx).
A desctiption of the tally. locations and:the: associated results is: presented in Table 6-12 below. A‘maximum.
neutron flux of 1,7E+5 n/cm s.occurs in the:steel thermal shield above the DSC (wlnch is‘closer to the DSC
than any- HSM. concrete) This yiclds-a conscrvative $0-year ﬂucncc of 2. TEF14 nfem® (1.7ES x SOy x 8760
h/y %3600 s/h) by assuming no decay in the neutron sourcé strength This:fluerice is below:that prev iously
considered negligible. for the current 32P;

4 Gamma: In the case of gamma irradiatioi, the NUHOMS-24P Topical Report (Referencc 17) determined a
‘maximum gamma flux of 6:8E+10 MeV/cm’s for the. 24P HSM .concrete; The temperature tise:.in concrete

- dueto this flux-was corisidéred negllglblc per ANS/ANSI 6.4-1977. In the:case of the extended burnup 32P,

‘case pXbgl2c from Section 6.1 was rerun with the:Section 2.6 dose:conversion factors:removed, the factor of -
1000 mrem/rem corversion factor was removed. from the tally multiplicr card, and photon cnergy flux cell
(*F4) and suiface (*FZ) tallies were added for the inner regions of the HSM' (new cas¢ output identified as
pXbgI2Mo). The maximum calculated garhma flux of 1.32E+9 MeV/cm s occurs at the:bottor surface of

the steel thermal shield above the. DSC (which is closer to'the DSC than any HSM concrete). This is below

the value pmv;ously,consxdcre_d to re,su!t in'negligible gamma heating of the. HSM concrete.

Thus, the effects of both neutron and gamma radiation-on the HSM concrete are determmed to:remain negligible
for an‘extended burnup 32P DSC. :

Table 6»12 Neutron and -Gamma Fluxes'at HSM Inside: Surfaces

, “Tally Cell or - © Netfron-Flux ' . Gamma Fhix
Description Surface = | (nng/?HO) L1 ApXbgl2Mo)_
o T TallyNo: | n/em’s TallyNo . MeVienis.
stee! thernial shield above DSC - 804 | 1'68ET05 | 904 | 1:24E+09
inner side wall cell 3 205 | 814 |-450Ev04 | 914 | 3.07E+08
iner roofcell - L 310 824 | S16E+04 | 924 | 3.01E+08
inlet plenum top cell , 150 . 834 720104 934 | s.33ci08
‘inner inlet plenum top surface ‘ , 306 | 82  |143E+05 | - | 0 .
top surface steel thermal shield.above DSC 322 . - < L. 912 | LI6E+09
bot surface steel thermal shield above DSC 321 1 - 1 0% 1328409
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70  DOCUMENTATION OF COMPUTER CODES

MCNPS (Ref. 12-14), and Excel are the anly comiputer codes used ini-this analysis. All Ainputs, outputs, and
spreadsheets used in this calculation are included on the CD-ROM associated ‘with-this. calculation and-are
summarized in Table 7-1 below.

MCNPS was executed on Constellation Energy safety. related' machine PCD4307 and has been verified and
validated per the. CCNPP Quality Assurance Program (Refs 10.and 1 1) For MCNPS the output. filés are the
input-filename with an “o” at the end, while the runtpe files have-an™1 at the end.

Microsoft Excel was used as a tool for carrymg ‘out: snmple and repetitive calculations: and:for generating data
tables.

Table 7-1. Directory Listing of CD:-ROM

Volume ‘in drive C has.no label.

Volume Serial Number 18 48A4-16B7

Directory of C:\CCNPPSTuff\CA06751 - 32P+ HSM DoOse  Rates\Final Runs
09/22/2008 07:35 PM 187 dir.txt
01/31/2007 07:58 PM 12,919 ‘meshtal
06/16/2007 1045 AM 26,696 nzbglse
06/16/2007 06:07 BPM 514,612 n2bgl2co
06/17/20607 12:02 AM © 26,696 n3bgllc
06/17/2007 07:18 aM 517 935 n3bg1200
06/15/2007 ©Y9:48 PM 26,488 nubgllc
06/16/2007 05:48 AM ' 519,112 nubgl2co
10/05/2006 06:03 PM. 1,063,264 nXbl2dfo
09/15/2006 03:59 PM. . 573,882 nXbg0Sho
09/15/2006 11:58 AM 1,019,297 nXbgil2do
12/22/2006 12:13 AM: 552,998 pxbl2cfo
12/21/2006 12:11 PM 342,541 'pXbg09¢o
12/20/2006 12:44 pM 513,518 pXbgl2co
02/03/2007 01:33 -AM 1.373, 852 pXbg9eMo
09/22/2006 11:03 BM ‘2,089 846vXewn100
09/23/2006 08:43 AM 2, 088 ‘970 XewnlZo
09/23/2006 02:35 BM 2,087,624 Xewnl3o
059/23/2006 09:16 PM 2,091,176 Xewnldo:
03/24/2006 02:18 AM 2,082,238 Xewnlbo
09/24/2006 10:32 AM 2,093, 273 Xewnl6o
09/24/2006 02:30 PM 2,086,445 Xewn2lo
05/17/2007 03:05 PM 2,380,561 Xewp-0Oo
05/23/2007 08:35 AM 2,375,886 Xéewp-lao.
05/17/2007 04:07 pPM 2,373,765 Xewp-1o.
05/17/2007 09:49 pM © 2,375,444 Xewp-20
05/17/2007 11:55 PM 2,374;333 Xewp-30
05/23/2007 1.0:03 AM 2,368,709 Xewp-4ao
05/18/2007 12:04 AM 2,367,512 Xewp-do
05/23/2007 11:36 AM 2,371,859 Xewp-5ao
05/18/2007 12:13 AM, - 2,369,712 Xewp-50
05/24/2007 01:16 PM 2, 378, 985 Xewp-6ao
057/18/2007 02:36 AM 2,373,651 Xewp-60
05/18/2007 04:56 AM 2,375,152 Xewp-To
12/29/2006 09:25 AM 2,360,645 Xewp0lo:
04/12/2007 06:15 PM i 1,849,785 Xewpllo2
12/30/2006 01:19 AM 2,361,581 Xewp03o.
04./24/2007 05:55 PM 1,851, 559 Xewp03o2
12/30/2006 02:22 AM 2,355,510 Xewpldo
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;Fab_ié 7- 1’.;Diféc't6ry [‘;isﬁnjgvkof CD-ROM.

0472572007 04:27 PM 1,819,083 Xewpl0do2
12/30/2006 10:03 PM 2:379,206 XewplQo
04/06/2007 10:41 PM 1,822,289 RewplOo2
12/31/2006 03:42 AM 2,374,917 Xewpl2o
047/13/2007 04:38 PM 1,823,780 Xewpl202
12/31/2006 10:29 AM 2,377,002 XewplSo
05/04/2007 09:31 AM 1,869,876 XéwplS5o2
12/31/2006 03:12 PM 2,373,341 Xewpl6o.
05/06/2007 07:30 ¥y 1,833, 438 Xewplbol
12/31/2006 07:11 PM 12,375,981 Xewpl7o
0U%/08/2007 10:33 PM 1, 838,374 XewplTo2
09/27/2006 07:33 PM 2,087,726 Xnsnllo
09/2°1/2006 10:52 PM 2,087,888 Xnsnllo
09/28/2006 04:53 AM 2,090,166 Xnsnl2o
09/28/2006 09:55 AM 2,089,578 Xnsnl3o
09/28/2006 12:19 BM 2,089,974 Xnsnldo
09/28/2006 05:15 PM 2,090, 967 XnsnlSo
09/28/2006 09:01 PM 2,092,128 Xnsnl6o
10/04/2006 01:50 PM 3,125, 609 Xnsn570
01/01/2007 10:06 AM: 2,361,431 XnspQ2o
01/02/2007 12:47 AM: $ 2,362,473 Xnsp03o
01/02/2007 07:02 &M 2,376,663 Xnspllo
01/02/2007 10:05 PM '2;378,411 Xhspllo
01./03/2007 05:23 AM 2,375,713 XnsplSo
01/03/2007 09:20 AM 2,374,888 Xnspléo
01/03/2007 11:57 AM 27373,058 Xnspllo:
01/03/2007 05:22 PM 2,375,149 Xnsp240
06/30/2007 10:23 AM 436,897 pXbgl2Mo
06/27/2007 05:47 PM. - 28,757 nXbgl2H
06/29/2007 05:48 PM 747,645 n¥bgl2Ho
06/30/2007 09:53 AM 27,308 pXbgl2M
08/25/2006 11:29 AM 30,059 nXbglO9h
12/16/2006 09:24 AM 28,372 pXbl2cf
12/16/2006  09:18 AM 28,067 pXbgl2e '
08/25/2006 '11:29 AM 39,561 nXbgl2d
10/04/2006 05:57 PM J41,111 nXBL2dE
02/01/2007 03:22 PM 29,749 pXbg9eM
12/16/2006 09:20 AM 28,566 pXbgl9e
05/15/2007 08:52 AM 35,802 Xewp-0
05/16/2007 11:09 AM 35,804 Xewp=-7
05/15/2007 07:59 AM 35,786 Xewp-1
05/22/2007 10:06 PM 35,787 Xewp-la
05/15/2007 12:02 BM 35,795 Xewp-2
05/15/2007 08:04 AM 35,805 Xewp-3
05/15/2007 08:45 AM 35,795 Xewp=4
05/22/2007 10:10 M 35,796 Xewp-4a
05/15/2007 12:06 BM 35,809 Xewp+=5
05/22/2007 10:14 PM 35,810 Xewp-5a
05715/2007 12:10 PM 35,804 Xewp-6
05/22/2007 10:19 PM 35,805 Kewp-6a
09/21/2006 02:16 PM 34,898 Xewnls
09/21/2006 02:16 PM 34,899 Xewnl6
09/21/2006 .02:13 PM 34,885 Xewnl0 ;
09/21/2006 02:15 PM 34,899 Xewnl2
09/01/2006 10:55 AM 34,823 Xewnl3
09/01/2006 11:05 AM 34,899 Xéwnld
09/21/2006 02:16 PM 34,899 Xewn2l
12/29/2006 01:02 AM 35,796 Xewpl0
12/29/2006 01:03 AM 35,794 Xewpl2
12/29/2006 12:53 AM 33,303 XeéwpOl
12/29/2006 12:58 AM 33, 317 Xewp03
12/29/2006 01:00 AM 33,312 Xewp0d
12/29/2006 01:07 AM 35,804 Xewpl?
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Table 7-1, Directory Listing of CD-ROM

12/29/2006 01:05 AM 35,803 Xewpl5
12/29/2006 01:05 aM 35,804 Xewpl6
09/21/2006 01:19 PM 34,886 Xnsnlé
08/31/2006 02:04 PM 34,825 XhsnS7
08/25/2006 05:21 M 35,034 Xnsnlo
08/25/2006 01:40 PM 35,002 Xnsnll
U8/257/2006 01:40 PM 34,985 Xnsniz
09/21/2006 01:18 PM 34,885 Xnsnl3
109/21/2006 01:18 PM 34,885 Xnsnl4
08/31/2006 02:00 PM 34,809 Xnsnlb
12/29/2006 01:17 AM . 35,795 Xnspl?
12/29/2006 01:18 AM 35,795 Xn$p24
12/29/2006 01:08 AM 33,313 Xnsp02
12/29/2006  01:09 AM 33,312 Xnsp03
12/29/2006 01:11 AM 35,794 Xnspl0
12/29/2006 01:12 AM 35,796 Xnspll
12/29/2006 01:14 AM 35,795 Xnsplh
12/29/2006 " 01:15 AM 35,795 Xnsplé6
120 File(s)

129,576,758 bytes
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8.0 RESULTS AND CONCLUSIONS ,
Table 8-1 summarizes the HSM gamma and neutron dose rates for the extended burnup NUHOMS-32P. DSC in
the format used in the ISFSI USAR.. The results hiave been rounded up’ to the nearest tenth mrem/hr for

conservatism, with the exceptlon of the doses inside the door, which were.rounded up to the nearest mrem/hr.
All ISFSLE chhmcal Speccifications remain satisficd.

Table 8-1. NUHOMS 32P Extended -Bﬁmup Dose Rates (mrem/hr) for ISFSI UVS‘A,R

‘Technical
Specification
Neutron “Gamma Total Limit
. HSM Wall 6r Roof 0.5 13:0 13:5 20
2. 1ISM Air Outlet 13 74.1 754 100
3. Center of.-Door 59 3.0 13.9 100
4.  Doorway (Maximum 1 ftinto.
Openmg 1247 3412. 4659 None
5. AirlInlet'Vent , 1.0 600 61:0 100
6. 1m from HSM Door. 3.0 59 89 None

Sections 6.3 and 6.4 show that'the fence line-and site dose limits are met for the extended burnup 32P for both
the seismiic restraint installation activity and the forest fire accident. Séction 6.5 demonstrates that the extended
burnup 32P neutron and gamma fluence will have a neglible impact on the HSM concrete mtegmy over 50 years.

Figures 8-1 and 8-2 present the new site total dose rates to bound a fully loaded site of 24P base 32P, or
extended burnup 32P HSMs. These figures would be utilized for’ ISFSI USAR. Flgures 741 and. 7.4:2.
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10 100 *4000 ) 10000
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Feetfrom HSM End (E/W)

Figure 8-1. [SFSI'USAR Figure 7.4-1 Bounding Exterided Burnup 32P, 32P arid 24P DSC 5-Phase
‘E/W'Site Dose Rates:
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Figure 8-2. ISFSI USAR Figuré 7:4-2 Bounding Extended Burnup:32P, 32P and 24P DSC 5-Phase
N/S Site. Dosc¢ Rates
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