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1.0 INTRODUCTION
The purposeof this calculation is to evaluate the Calvert Cliffs NUHOMS-32P'horizontai storage module (HSSM),
dose rates from Reference 6 using the e-tendedhurnup neutroniandphoton sourcesfrom Reference f. In
addition, this calculation also determines the impact of forest:fire induced spalling on i-ISM dose rates, which
were previously done for the I24P and 32Pusing shielding reduction factors from Reference .4 on dose'rates from
References 3 and 6, respectively.

2.0 INPUT

21 32P HSM Dose MCNP Input/Output'Decks

The only inputs are the base 32P MCNP cases from the CD-ROM associated with Reference 6:(listed in Table 2-
i below). Trable 2-I also provides the output filenames for the revised MCN.P:Runs performed in this calculation.

Table 2-1.MCNPOput Filenaes
Target Configuration USAR Extended Btiriiup.32P Base 32P Filenames

ID A Reference Filenames
_Gamma. Neutron Gamma . Neutron.

HI Above HSM Roof Surface on fuel Table.....-..row..
axialmid-plane

H2 HSM Air Outlet Grill. Table12'27,l1 row.2
H3 Center of, Door (Door is closed) Table 12.7-I row3

H4 Center of Doorway (Door is open)" Tablei 2.7-1I row 4 pXbgl2co nXbgl2do nubgl2co nubgl2do

H4 Bottom of DSC on axis at. 1 ft
(Seismic. Restraint - door open)

I-IS Air Inlet Grill Table".:27-1.irow 5
Section 12.8177.3

H6 I meter from [ISM Door 'table. 12.7- 1row6 6
H7 Below DSC on Axis at 66.7 ft

(Seismic Restraint - door open-2') pXbg09o nXbg09ho. nubg9ebo nubg09ho
H7 Below DSC on Axis at 66.7 ft Section 7.4.2

(Seismic Restraint Activity - door pXbg9eMo; n/a n/a
open 2' - 3' end wall modeled):
Above HSM Roof'Surface on fuel
axial mid-plane. (forest fire spalling) ..c .... /

:- HSM Concrete Fluence Section 12.8J.1.5 pXbg12Mo nXbg!2Io n/a

- Site East/West l Oft Xewp-0o XewniI Oo ,ewp I Odo ewn . Oco
- Site East/West3.0. ft Xewvp-.ao Xewn2 Io ewpO1do ewn2 Iao
. Site East/West 60 ft Xewp-2o Xewnl2o . eWp12ao own r2co
- Site East/West 100 ft Xewp-3o Xewnl13o ewp03bo ewni3bo
- Site East/West 300 ft ir 4 Xewp-4ao Xewnl4o. ewpo4ao ewni4o
- Site East/West 600 ft Xewp-Sao, Xewn 15o ewpti5o ewn 1 Sao
- Site East/West 1000 ft "Xewp-6ao Xewnl6o ewpl6o ewnl6co,
- Site East/West,3000ft. Xewp-7o Xnsn57o ewpl7o nsn57o
- Site North/Sourth I0 ft Xnsp 1Oo Xnsn 1o nsp l Oco nsnl Odo
- Site North/Sourth 30 ft Xnspjllo Xnsnllo: nsp 11co. nsnl lo
- Site North/Sourth 60 ft Xnsp02o Xnsn 12o nsp02co. nsnl:2o

Site North/Sourth 100 ft Figure 7.4,2 Xnsp03o. Xnsnl3o nsp03co .nsnl,3ao
-Site North/Sourth 300 ft -. .Xnsp24o Xnsnl-4o nsp24o .nsnl4co
Site North/Sourth 600t 1 Xnspi 50 Xnsn 15oo nspl 150 nsn l:5o
Site North/Sourth 1000 ft Xns pl60 Xnsnl16o nsp,16o nshl 6do

. Site North/Sourth.3900 ft Xnspl,7o .Xnsn57o nsp.17o nsn57o.
.NOtes :A The Configuration' target ID nimbers arc basediin parton Table. 7.3.4 in USAR
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2.2 Extended Burnup Neuitron Source Term

The neutron source term is obtained from Reference I (Table.6-6) and':issummarizedl inflable 2-2-below. Only
the tally multiplier and the energy spectrum (ERG) portion of the neUtron source description was changed in the
MCNP inputs. Reference I (Section 6.4). determined. that the burnup profiles used, in References 2, 3, and 6
remain applicable, anid therefore'the axial. distribution (EXT)-portion of die source used ill the original 32P cases
remains• unchanged. Since the F4 tally result modified by theANSI/ANS-6A.11-1977 dose conversion factors is
in the formof rem/hr/history, itmust be multiplied by 4.175E8 neutrons/second per assembly, 32 assemblies per
canister, and a factor of 1.107 to account for axial peak ingof the, heutron.source. An additional factor of -1000 is
also appiied to convert the finairesultto rnrem/hr, yielding the:mudplierof .l.479E13 used onthe FM cards for
neutrons and capture photons.

2.3 Extended Burnup Photon Source Term.

The photon source term is obtained from Reference I (Table 6- 10) and'issurnmarized in-Table,2-3 below. For consistencey
with previous 24P and 32P shielding calculations (References2,3 and 6), the total photon source is conservatively used for
the active fuel region source. Whilethe :fuel regionaxial burnup distribution is not being changed, changes in theendfitting
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 presented bel6w in Table 2-4. Since the F4 tally result inodified by the ANSI/ANS-6.1.4-1,977
dose conversion factors is in the form of rem/hr/history,.it must be multiplied by:471£ E15 photons/second perf assembly and
32.assemblies per canister. An addiionl factur of 1000 is also applieI l to convert t.he final iesult to inrenlthr, yielding the
mulpiier of 1 .506E20 used on the FM cards for direct:photon:cases..

Table 2-2. 44-group Extended Rumup Asqerhhly Nentrnn Source:(.3.4% enrichment; 52 GWd/MTI.J, 16y decay)
Group Emin (MeV) Emax,(MeV) Neutrons/sec Group Emi (MeV) Emax Neutrons/sec

I .. 40EL0. 0L 2.00E+01 ..O00Eoi00 20 1.661E-00 i;80E+00 1.640E+07
2 1.20E+01 I.40E-4O,1. 7.343E±04 2 1:,57-E100 Lfl±0 1.09.1 E+07
3 1.0O.0E+01 .... ..... 4.;500E+05 22L 1:50E+00 1.57E-100. 9:098E+06
4 8.00E+00 1.00E+-01 1.525E4-06 23 144E0 50E00 7 771 E÷06
5 7.50E+00 8.00E+00 1.233E+06 24 1.33E+00 1.44E+00 1.556E207
6 .. 7.00E+00 7.50E÷00 .j1.648E+-06 25 1,202+00 1331400 1.024E-07
7 6.50E+00 7.00E+o0 2.46812+06 26 .0OE+o0 1.20E÷+0 7-29921507
8 6.00+E00 6.5012+00 3.643.E+06 2.7, .i . 00+200 2;9J101E-07
9 -5.50E+00 6.00E+00 5.460E'206 28 17.00E201 8.00OE-01 .6g0E+07
10f , 5.00 E+00 5.5012+ 00 27.343 E06 29 6001E-01 7.0OE-0 t .1678EIq07
'111 450E+00 5.00E+00 1.017E1207 30 5.12E2-01 6 00E-01 1.443 E+07
12 4.001+00 4.50E+00 1330E+07 31 E.10E-01 5.12E-0I 3.280E+05

13 3150E+00 .4:00E±+00 2.145E+07 32 4C50A01 i5. 1 E-0 I 9,839E+06
14 3.001E+00 3.50E+00 2.662E+07 33 4.002-01 4:50E-01 8.198E+06
15 2.50E+00 3. 0r00E+0 3.4671E207 34. .002-E01. 4.00E.0j 1.583E+07
.16 2.35E+00 2.5012+00 1 3101E_0O . 35 2100E- 01 3_00£01 3.83812-403
17 .2,15 E+00 2.35E1+00 1833E4+07 36 i,0SE-01 62001-01 1 .919E+03
18 20OF.+00 .! +-0 3'+ !f.OOE-O1 r .50E=0I .1;919E+03

19 1.8013+00 2.00E+00 2.124E+07 38-44 1M0&E02 r.OOME0l 0:0O1E+00
Total 41752±E+0
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Table 2-3 18-group Extended BUmuOD AssemblvPhoton Source (4.3% enrichment. 40 GWd/MTU. 7v decavy
Emin Emax, Top E Hfrting, Plenum Active Fuel Bottom Endfittin', Total

Group (MeV) (MeV) Y/sec MeV/sec I y/sec, MeV/sec yisec MeV/sec Y/sec MeV/sec Y/see: -.Mev/sec

I 0.00E+00 2.00E302 2,76E+11 2.78E+09 I ;75E-II 1.76E-09 1..12E÷-15 1.13E133 6.89E4+11 6.92E+09. 1.1213+15, 1.A3E131
2 23.OOE.3 2.12E+12 5.29E+10 '7.18E-10 1.79E+099 ý2.41 ..+A4 601E+12 2.19E÷+12 5.47E-10 2.451 E-4 6 12E1312
3 3.00E-,02 4.50E-02 5.06E+111 1.90E÷10 2.973E-10 1.t11E+09 3.03E3-14 1.13E÷13 5.53E+11 2.07E+10 3.04E114 1.14E+13
4 4.50E-02 7.00E-02 1.77E+130 1.02F-+09 1.70Eo 10 9.75E-+08 1.96E÷+14 1.13E+13' 5.84E+10 3.36E+09 1.96E+14 1.1413
5, 7.OOE-02 ,.003E-01 9.01E+09 7.66E6+08 8.06E+09 6.85E+08. 1.31E+14 1. iE+i3, 2.83E+10 2.41 E+09 1.3.1E+14.1 1. IlE+13
6 1003E-01 1J50E-01 l160E+10 I.99E+09 4.10E+09 5.12E+08 .1.33E+14 1.67E+13 2.52E+10 3;15E+09 1.33E-+14 1.67E1313
7 i.50E-01 3.OOE-01 1.74E-1i . 3.92E-10 4.51EI09 1.011E09 1i.15E+14 2.S8E+-13 1.71E+l1. 3.97E+10 1.15E+14 2.59E133
8 3.00E-0I1 4.50E-01 1.03E+12 3.87E1+11 22.14E÷10 8.011E+09 5.71E+13 2.14E+13 1.03E+12 3.88E+11 5.92E+13 1 222E413
9 4.50E-0i: 7.00E1-01 1.33E+12 7.64E+1i 217213+10 1.5613+10 2.06&0+5 1.115E+15- 1.33E+12 ý7.64E-l+ 2.00E1+15 1.15E-+15

10 7.0E-010 L00EE-00 1.93E+09 1.64E+09 1.84E+10 1,.56E+10 2.73E+14 2.32E+14 1.31E+10 1. 1iE+I0 2.73E+14 232E114
II 1.00oEo- o . 1.50E100., 1.36E+1t2 1.701E12 .,6150E1+12 8.113+E12 6.4341 3+ . 8.04E+13 ,1.72E+13 2.16E3+13 8.94E+13 1.i 2E+14
12, 1.50E+00 2.00E+00 .9,78E-01, 1.71E+00 8.09E1+01 1.42E+02 1.88E1÷12 3.28E012 1..15E+01 2.02E1+0Q1 1.88E÷1+2 3.2813+12
13. 2.00E+00: 2.50E1+00 7.19E+06 1.62E+07 3.43E-07 7.72E+07 4.62E+ I1 .1.04E+-12 9. 10E+07 2.05E+-08 4.62EI-1 I1. 1.04E+-12
14 2.50E+00 3003E+00 . 1.12E+04 3.07E+04. 5.32E104 1.46E+05 1.7iE+10, 4.70E+10 1:41E÷05 3.88E+05 1.71E9+10 4.67tE+10
1 5: 3.001300' 4E.400:00 :3.11E-12 1,09E-11 . Z051E33: 7.18E1-13 2.13E+09 .746EU+09 3.95E-10, 1.38M09 .2.13E+09 7.46E+09
16 4.00E+00 6.001E+00 0.OOE+00 0,OOE+t0 0:00E:o0 0.OOE+00 5.48E06: 2.74E+07 .0.00E+00 -,0;0.OE+00 5.48E-06 2.74E-07
17 6OE-4-0E00 8.00+00 .0.001E+00 C.OOE+00 0. 001E+00' 0.00E÷00 6.31E+05 4.42E+06 .0 0,E+00 0.00E+00 6.311E+05. 4.42E4-06
18. 8.O01+00' 1.103t-1 0.00Et0. 0.03+00E . 0,0 01300E 0.001,E-00 7.N26E+04 6.9: 9.0E+05 0.001+00 D0.ooo0+ . '7261÷04 6.90 E+05

Total 6.84E-12 2.971+2 6.88E1+12 8.18E-t12 4.63EF+15 1.58E+15 2 33Et13- 2.2813+13 .67E+15 1.61E+15
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Table2-4.. Extended But-un Assembly Photon Source A xiai-§Di~trihiution
AssemblySource. Region M6del RegionAxidl Assembly AxialRegion. Y/sec 'Elevation (cini) Distribuition y/sec Distribution

Bottom 2.33E-+13 -12.7I - 0.0 1 2.33E13. 0.00496

0.0 -. 8.9 0.01463 6.83E4q13 0.01452
8.9 -.26.7 0.0,12011 1.96E+-I 0.04168
26.7:-49.5 0.06552 3.06E -lý 4 0.06500

'Fuel 4.67El 15 49.5 -,2971.8 0.76058 355E-!5: 0.75459

297-8 - 320:5 9 0.06400 :2199E+-14 0:06350'
320.5 - 338.3 0.03993 l.86E,+1,4 ,0.03962
338.3- 347.2 U001333 -6.22E+13 0.01322

Plenum 6.88E*-12 347.2- 370.9 1 6.88F12 0.00146
Top 6.84E1+12 370.9-386.1 1, 6.84E-12 0.00145

Total 1 4371 E.•l5 *1.00000

2.4 Material Compositions

All mnatcrial coinpositions in the model remain the same as those used, in Reference 6.

2.5 MCNP Cross Section Libraries

All MCNP5 cross section libraries are contained on Constellation Energy. safetyelatedcoinputer PCD4307 in
thc.directory.C:,/Program. Fisilýs/LANMCNPDA TA., The gamma shielding calculIatiuns--wuru performed with the
mncplib04 photon interaction .cross sections, which are based on evaluated: data from ENDF/B-vI from I keV to
100 MeV. The xsdir cross section directory was used for tiis calculaiion. The"se aire the default cross-sections.
selected by MCNp if specific :librarfiesare not specified for each 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. I.):photon flux-to-dose
conversion factors were utilized'(see Trable 2-5), in:conjuactionwith. the total direct gamma, and neutron source
strength, to produce tally results in dose equivalent uniits of rem/hour. ANSI/ANS-6.,1.1-1977 neutron-'flux-to-
dose conversion factors were also ut~ilized (se Table 2-6), in. conjunctibn with the-total neutron source strength,
to produce tally results in dose equivalent-units:of remt/hour. These flux-to-dose conversion factors can be found
on the DEand DF cards foreach MCNP input case, and are the same as used'in the original cases.
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Table 2-5. ANSIANS-6.1.1- 1977 Photon Flux-to-Dose Conversion Factors
Energy DF(E) Energy DF(E)
(MeV) (iemIr)/(pr, 2 s)m (MVs) :rem/hr)/(/cm~s)

0.01 3.96E-06 1.40 2.51E-06.
0.03 5.82E-07 1.80 2.99E-06
0.05 2.90E-07 2.20 3.42E-06
0.07 2.58E1-07 2.60 3.82E-06

0.10 2.83E-07 2.80 4.01 E-06-
0.15 3.79E-07 3.25 4.4113&06
0.20 5.0.IE-07: 3.75 " 4.830-06
0.25 6.3 1E-07 4.25 5,23E-06
0.30 7.59E-07 4.75 5:60E-06
0.35 8.78E-07 5.00 _5.80E-06

0.40 9,85F,-07: 5.25 6.0 E-6-
0.45 :1.08E-06 ,, 5'75 :637E&,06
0.50 1.17E-06 6.25 6.74&G06
0.55 ,1:27FE-06 6.75 7-11 E-06
0.60 1.36E-06 7.50 7:766E1-06
0.65 1.44•0-06 9.00 8.77E-06
0.70 1J52E&06 .11.00 1,03E-05
0.80 1.68E-06, 13.00 .1.18E1-05
1.00 1.98Er-06 15.00 1.33E-05.

Table 2-6. AN SI/ANS-6. 1. 1-1977 Neutron Flux-to-Dose Conversion Factors
Energy, E DF(E) Qualiiy
(MeV) (rem/iihr)/(n/cm2-s) Factor

2.50E-08 3:67E-06 2
1OOE-07 3;67E-06 2
l.00E-06 4.46ErO6 2

L.oo10E-05 454E-06, 2

1..60E-04 A4189E-06 2
1.001E-03 " 3,76E;06 2.
I.003E02 3.56E-06 235
1,003E01 2. 17E-05 7.5
5.o0E0- I 9.26E-05 11

I 1.32E-04 i i
2.5 1:.25E704 9

S .. 56E-04 g7 1.47E-04 7
10 1.478-04 65
14. 2.,08E-04 7.5,
20 2.2718-04 81
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3.0 ASSUMPTIONS,

All assumptions from Reference 6 remain..applicable. No. new assumptions were made in this calculation.
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5.0 METHOD OFANALYSIS

The MCNP5 code (Ref. 12-14) was utilizedto calculate gamma (primaryyand capture) and neutron dose rates at
the locations of interest. MCNP5 .'is a general-purpose Monte-Carlo N-Particle code that can be used for neutron,
photon, electron, or coupled neutron/photon0electron transport,, including, the capability to calculate kdfr for
critical systems. The code simulates transportý of individual particles in a user-defined three-dimensional
configuration. of materials, and records user-specified information (tallies) on their average behavior. For this
application it is being used in both photon-only mode (directgaimma) and coupled neutrohnphoton mode (neutron
and capture gamma). The code has the capability of considering photuio.soure,c nergiesfromil keV to 1000 MeV
and neutron energies from 10i1 to 20 MeV.

6.0 CALCULATION AND COMPUTATIONS

6.1 HSM Dose Rates

Table 6-1 presents the results of the extended bumup 32P neutron dose rate cases, and provides, a comparison
against the current 32P dose rates. Values:in bold font represent rcsults reported in the ISFSI USAR Table 12.7-
1. Only unsh ielded doserates show significant increases with, the: new extended bumup source. Dose rates in
heavily shielded locations are similar or slightly lower thanfor the current 32P due to the:fact, that the highest
energy group is now 14 MeV rather than 20 MeV as: with the previous 8-group spectrum .(original top group went
from 6 to 20 MeV).

Table 6-1. NUHOMS 32P Base and Extended Burnup. HSM Neutron DoseRates

MCNP Tally Results: forNJHOMS-32P Results for NUIIHOMS-32P+
Target Tally No. •_..... . _.... . 32P/32P+

Location ID. Cell Dose Rate Relative Dose Rate Relative % Change
(mireni/hour) Error. (mrem/h ur) 'Error

1-SM Top/Side . 20 ý304 0.57 .3.52% 0.46 2.41 %. -18.59%

South Outlet 21 3:14 !.04 4. 57% L.00 2.53% -.3.69%

Door Outside .113 .22 324 5.791 1.81% 582 0.98%. 0.517%

Door Inside H4 *23 334, 1075 0.45% 1246 0.25% 15.93%

Near Inlet H5 24 344 0.96 5-97% 0.98 3.45% 2.31%,

Door I meter H66 25 354 2.97 1.89% -2.97 1. .17% 0.00%

North Outlet 1-12 26 '364 1.20' 4.18% 1.29 2.25% P6.90%

South Outlet, 1 ft - 27: 374 0.70 5,60% 0.61 3.40%6 -12.80%

North Outlet, Ift - 28 384 0.62 4.90%A 0.65: 3.00% " 5.17%

DoorInside Ring. - 30 404 9t4 , 042% 1056 0.23/3% 15.55%

Table 6-2 presents the results from the direct gamma dose rate, cases for. the extended burnup 32Pand the current

burnup 32P DSC for comparison. Capturegamma dose rates, are also calculated.in the. neutron dose output files,
however,.they remain less than 1.6% of the total, dose and aretherefore not reported (consistent with Reference
6). All extended bumup dose rates:show an increase for the extended bUrnup 32P, with the exceptionmof those at
the inlet vent, whi ch show a 10% decroease.

This effect was traced to the differences between the m'cplibO2 photon libraries used-in the original MCNP4B
calculation used for the base 32P, and the newer ffnctjibO.4 libraries used for thelMCNP5 calculations performed
herein for the extendedburnup 32P. MCNP5 contains two new continuous-energyphotoatomic libraries. The
mcplib03 library contains datafor elements Z equal Ito.94. This library. is an extensionf of the mcplib02. library.
Mcplib02 and mcplib03 contain identical cross-section, fluorescence and forim.£factor'data..McplihO3 has been
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extended to. include Compton profile data'suitable.,for calculating the Doppler broadening.of the energy for
Compton scattered photons. The core of the,.mcplib04. library is alcompletey nlew set of data taken fromii

ENDF/B-VI release 8 including cross section, form factor, scattering function and fluorescence data. These data
are derived from. EPDL97. Tables are included in this librarytfor elementsZ equal I to 100 (finally providing
tables for elements Z equal 95 to 100)!in ,the energy range :A keV to t00.GeV. These tables are significantly
denser (i.e. theycontain more energy points in thle tabulation) and therefore •more accurately represent the cross-
section data than the:earlier photon libraries- li addition to these core data, mcphib04.has been iexten.ded to
include the same Comnpton profile data~as found on mcplib03.

The original base 32P input deck (nubgl 2c) was rerun unchanged and forthe same number of histories with
MCNP5, whichautomatically selects the mcplib04 library if none 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 MCNP5, butwith the mncplib02 library, sliecified, most of the
difference in these locations is eliminated (see Table 6ý2a).

Note that Reference 3 benchmarking (p. 68) indicates calculated inlet dose jates.for the: inlet vent-dose (cell 24)
of the 24P HSM model (MCNP4C mcplib02) were conservative by 60% when compared with measured dose
rates. Therefore, the reduction seen in dose ratesý at the inlet vent:for the extended burnup.32P in Table 6-2 is a
result o.f improved accuracy in the. mode! afforded.by use of MCNP5 -and' the mcplib04 photon: libraries.

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

MCNP TNUHOMS-32P 32P/32Pl~ooction Target Ta. I Tally ' ,. .. .. .
ID Tally Dose Rate ,elative Dose Rate. Riative % Change

Cell . . (rmrem/hour) ,Error .(torero/hour) Error

IISM Top/Side H 1 20 204 9.3 6.499/, 13.0 7.212% 4013K%

South•Outlet 21 .214 45.7 4.41% 54.6 4.76%/d 19.52%

Door Outside H3' 22 224 5A0• 12.90% 6.1 15.30% 21.89%

Door Inside - 23 .234 2131.5 2.366% . 2766.7 2.90% 29.80%

Near Inlet 115 24 244 66.9 6.47% 60.0 7.50% -10.34%

Door 1 meter H6a- 25 254 3.8. 13100% 4.5. 14.95% 17.99%

North Outlet 112 26 264 54.3 4;58% 74.1 5.46% 36.42%

South Outlet, I ft - 27 274. 23.0 8.04% 26.5 6.53% 15.27%

North Outlet, Ift - 28 284 23.7 5.31% . 32.7 . 6.40% 38.33%

Door Inside Ring tI4 30 304 2943.3 1.77% 3411.9 l.;97% 15.92%

Note: a) The values in theUSAR~for 32P are.multiplied by l+2RE due to RE> .10%:
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Table 6-2a. NUHOMS 32P Base HSM Gamma Dose Rateswith Different:Code Versions/Libraries'
mcnp4B mcplib02 mcnpS:mcp!ib04 mcnp5 mcplib02 Code+ Code

Tally (Ref. 6 nubt!2co) ( CDcasebnub12co) (CD case n2bgt2co) Library Only
Cell Dose Rate Relative Dose Rate Relative Dose Rate Re-lative %

I .ncatinm (torero/hour) Error .(mrer/hour) Error (mrero/hour) Error Change Change

HSM Top/Side... 20 9.3 6.490%, 8.7 6.10% .8.5: 6.122% -667% -8.55%

South Outlet 21 45.7 4.41% 44.3 4.25% .42;3.3. 4.50% -v2,.94% -.7.42%

Door Outside 22 5.0 12.90% 3.7 14.89% 4.4 13.54% w26.96% -12.49%

Door Inside 23 2131.5 2.36% 2006.0 2.49% 2066.6 2,38% -ý5.89% -3.04%

Near Inlet 24 66'9 6.47% 50.8 6.6 6% 63.8 6.49% -24.13% -4.75%

Door I meter 25 138 13.00% 3.1 14.32% .3.1. 13.32% -17.99% -16.63%

North Outlet .26 54.3 4.58%, 52,0 4.64% 5.3'.2 4.'45% -4.33%W -2.06%

South Outlet, lIft 27 23.0 8.04% 20.6 6.29% 22.3 7.72% -10.58% -2.97%

North Outlet, Ift 28 23.7 5.31% 22.6 5.49% ... 23.7 5:64% -4.25% 0.35%

Door Inside Ring 30 2943.3 1.77% 2799.6 1-73% 2894.5 1.82% .'4.88%6 -1.66%.

Table: 6-3 provides the sum of the neutron and gmamadose rates. In summing the rneutron'Affid gamma dose
rates, those with relative errors greater than 10% were mnultiplied by a factor of '1+2RE, for consisteiicy with tile
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 ofthe inlet vent dose rates.
The reason for the drop in. the inlet vent dose-rate is discussed above., N6te thatthe value used for the totaldose
rate of target [14 (inside door) in the USAR is the sum of themaximum neutron and maximum gamma dose rates
from tally cells 23:and 30, and thus the total dose rates for ties locations are not indicated in bold in Table'6-3.

Table 6-3. NUHOMS 32P Base and Extended Bum HSM Total DoseRates rem/hf)
MCNP EXtended 32P+/32P

Location T!lly Base 32P Burup 32P %,Change
Cell

HSM Top/Side 20 9.9 13.5 36735%

South Outlet 21 46.7 55.6' 19.0%

Door Outside .22 I2.1 13,8 14.12%

Door Inside 23 3206.4 40.129 25.15%

Neear Inlet 24 67.9 61.0 -10.166%

Door I jmeter 25 .7.7 .88 13132%

North Outlet 26 55.5 75.4 35.78%

'SouthOutlet, Ift 27 237 .27.1 . 14;44%

North Outlet, I f 28 24.3 33.4 37.48%

Door Inside Ring 30 3857.2 4,467.9 15.83%
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6.2 Fully Loaded Site Dose, Rates

Tables 6-4 and 6-5 present the current and extended hurnup 32P.gamma and neutron dose rates in the North-'
South direction, respectively. Tables 6-6 and 6-7 preseni te c urrent and extended'burnup 32P gamm. and
neutron dose rates in the East-West direction, respectively. Table .2-i provides theMCNP outputfilenanmefiom
which each result wastaken. Afltcases were run with. thewith the weight windows:used in the final cases from
Reference 6 and for the same number of histories. Inthe case of the east-west gamma dose models, the inial runs
did notshow an acceptable relative error, and thus were run again- using the weight windows from the previous
runs to produce the cases listed in Table 2-land the results in Table 6-6,. Also, as in Reference!6, al: neutron
dose rates at the 3000 ft distance come from ease Xnsn57o.

Table 6-4 NUHOMS-32P Base and Extended Burnup Site Gamma Dose Rates as a function ofDistance in the
North-South Direction

Distance Base NUNOMS-32P Extendedl3urnup NUHOMS-32P
(feet) MCNP Rl*Final MGNP Rl*Final 3P3P

Dose Rate Error VOV. Dose Rate:: Dose Rate Error VOV Dose Rate Change
(mEio0 (mR/hr) (mR/br) (mR/hi)

10 7.01E+00 0.1205 0.1046 8.70E+00 4.3.1E+00 0.1265 01.1615 5.40E+00 -37.89%

30 1.24E+00 0.1381. 0.1013 1.58E+00 I.64E-00 0.2046 J0.3238 2.32E+00 46.4'1%

60 4.42E-01 0.1468 0.,1091 5."7l&E01 7.13E-01 0.2339 0.53.13 ..05E+00 83.23%

100 1.82E-0i 0.1169 0.136 2.25E-0l 2.62E-01 0:2023 '0.5626 3.69E,0:1 63.96%

300 3.35E-02 0.0691 0.1384 3.35E-02 4.74&E02 0.1343' '0.6235 6&.0E02 .,7936%

600 6.59E-03 0.0606 0.0642 6.59E"03 9.33E-03 0.1100 . 0.2591L I.4E-02 72.66%

[000 "1.06E-03. 0.0756 0.1383 J.06E-03 ,-L35E-03 .0.1866.. 0.8529 l.86E-03. 75.80%

.3000 1.95E-07 0.0908 0.105 1.95E-07 3.08E-07 0.1463 011:89 3.989F-07 :104.00%

Table 6-5 NUHOMS-32P .Base and Extended Burnup Site Neutron Dose Rates.as: a funciion.of Distance hinthe
North-South Direction

Distance Base NUHOMS-32P Extended Burnup NIUHOMS-32P 32P/32P*
(feet) MCNP Final MCNP Final

MCP Relative . Relative Final
Dose Rate VOV. Dose Rate Dose.Rate VOV Dose Rate Change

(mR/hr) Error (mR/hr) (mRhr) Error .(mR/hr)
10 1.41E+00 0.054 0.0231 1.4 1E+00 1.68EE+00 0.1545 0.5749 2.2UE+00 55.79°'7%

30 6.44E-01 0.0446 0.0638 6.44E-01 7.15E-0.1 0!0563, I 01975 7.1513-0 1 1L.12%

60 2.69Er01 0,0278 0.0471 2.69E&0 1 2.95E-01 0.029 0,0565 2.295E-0 1 9.30%

100 1.24E-01 0.0351 0.08 1.24E-01 !.42E8-1 0.0546 .0,2277 1.42E•-01 14.52%

300 1.46E-02 0.0712 0.08164 1.46E-02 1.51E.;02 0.0762 0.1627 l5.1,]E-02 3.94%

600 . 2.99E-03 0.0883 0:4889 2.99F.-03 2.71 E-03 0.075 0.3397 2.71&-03 -9.52%

1000 5.97E-04 0.0973 0.1493 7.14E-04 S.65E_04 0.0802 0.1002 5.65E-04 -20.88%

3000 2.05E-06 0.3629 0.8604 3.54E-06 1,26E-06" 0.2543' 0.5293" .90E-06 -46.20%.
• - Results: from '[ally 175 ofXnsn57o
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Table 6-6 NUHOMS-32P Base and Extended Bumup Site Gamma Dose Rates as a function of Distahce .in the
East-West .Direction .

Distance Base NUHOMS-32P Extended Burnup NUHOMS-32P 32P/32P
(feet) MCNP Rati Final MCNP Reti Final

Dose Rate. Rel. VOV Dose; Rate Dose Rate Relao VOV Dose Rate C

(mR/hr) Error (mR/hr) (mR/hr) Error_ (in R/hr) Change

10 1.65E+00 0.1456 0.1581 2.13E3-00 1.54E+00 0.0769 0.1885 1.54E+00 -27.72%

30 6.00E&01. 0.1202 0.1284 7.44E-01 7.85E-01 0A.240 -0.1322 9.80E-01 :31.77%
60 2178E3-01 0.0693 0.0382 ;2.78E-01 3.65E-01 0,1080 0.1285' 4.44E-01 59.44%

100 1.74E-01 0.0965 0.0935, :2.08&301 1E85E-01. 0.1431 ... 0. 1090 2,38E-01 14k68%

'300 3.52E-02 0.1122 0.0675 4.31 E-02 3.68,E-02 0.2826 0.2729 5.76.&-02 33,58%
600 7.47E-03 0.0498 0.079 7.47E-03 8.41E-103 0.2455 0.657.9 1.259-602 67.77%

1000 1;06.E-03 0;0850 0.3678 1.06.6E-03 1.45E-03 0.07,42 ý0.1701 1.433E-03 '36.5.9%

3000 5.47E-07 0.1624 0.3463 7.25E-07 1.41,E-06 0 149ý6 0-1*342 1.84E1-06 1'53.16%

Table 6-7 NUIOMS-32P Base and Extended Burnup Site Neutron DoseRates as a function of.Distance in the
East-West Direction

Distance Base NUHOMS-32P Extended iurnup NUHIOMS.A32P 32P/32P
(feet) MCNP Relative Final MCNP tFinalRelative- Relative'

Dose Rate VOV Dose Rate Dose Rate • . VOV Dose.Rate Change
(mRlhr) Error (mRlhr) (mRlhr) Error (mhl)h

10 3.20,E-01 0.0667 0.0568 3.20E-01 3. 18E-01 0.0715 0.2028 J3.l EI01 -0.76%

30 2.30E-01 0.0404 0.0 437 2.30&-01 2,29E-01 0.0 374 0.01469 2.29E-0"1 -0.74%

60 1.47E-01 0.0590 0.5318 1.47E-01 1.45E-01 0.0274 0.1074 1.45E-01 -1.55%
100 8.14E-02 0.0369 0.0732 .8.14E-02 141E-01 0.1i10 0.5494 1.39E-01 70.52%

300 1.54E-02 0.0403 0.072 1.54E-02 1.69E-02 0.0643 0.3621 L69E-02 9.61%
600 3.32E-03 0.0760 0.1997 '3.32Ez03 3.32r03-: 0.t098 0.407 ,2 4.05E-03 22.13%

1000 5.64E-04 0.0710 0.3139 5.64&-04 4.83E-04 0.0710 0.28:13 4.183E-0•04 -14.47%"
3000 2.84E-06 0.3026 0.3'084 4155F-06 H18E-06' 0.2067>. 0.175C 1.67EE-06 -63.23%

- Results from [ally 275 of XnsnS7o

Figures,.6-l and 6-2 provide a visual comparison of the total site doseý rates in the north-south and east-west
directions, respectivelywith the current UISAR Figure 7.4-1 and 7.4-2 curves which bound both the 24P and based
321' designs. Tables 6-8 and 6-9 summarize the total dose rates From References2 and 6 utilized to generate the
current bounding figuresin the USAR, and also summarizes the new total dose ratesfor: the extended. hurnup 32P
and defines new bounding values for use in the USAR. As in Reference 6, in summing the neutton and gamma
dose rates, those with relative errors greater than .10% ýwere multiplied by a factor Of 'I +2RE. New! bounding site
dose figures are provided in Section,8.
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Table 6-8 Bounding Site Total Dose• Rates (mren/lr) as ahfuction .f Distance in tihe North-South Direction
Distance 24P .24P/32PBounding Extende! 24P/32P/32PExBU

(11) (Ref. 2) 32P (USARFig 7.472) Buimup 32P Bounding

.10 5.70E+00 1.0IE+01 1l.01E Ol 7.60E 100 LOIE+01

30 1.52E+00 2.23E+00 2.23E+00 31036E+00 3.03E+00

50 7.34E-01 - -i

60 8 -8.41E-0. 8411341 .I34E+00 1,34E400

80 4.24&6-01 .. .

100 3.0013-01 3.49E60,1 3.49E-01 5.1 iro'i 5.11E-01I

300 4.69E&02 4.81 E-02 :4.81E&02 7.52E-02 7.52E-02

600 9.1 IE-03 9.59E-03 9.59E,-03 1.4 1 E-02 IA4IE-02

1000 1.16E-03 1.77E, 03 1,77E&03 2,42E-035 2.42E-03

3000 2.76E"06 3.73P,-06 37313-06 2.30E-06 3.73E-06

Table 6-9 Bounding Site Total Dose Rates (mre•m/hr) as a function of Distance in' the East-WestDirection
,Extended,

,24P 24P/32P Bounding BuMup 24P/32P/32P, ExBBU
Distance (ft) (Ref 2) 32P '(USAR Fig 7.4-1) 32P aBounding

10 2.0613+00 2.45E÷00. 2.45E+00 1.86E+-00 2.45E+00

30 - 974E-01 .- 1.21+0" -E0

31.6 1.07E+00 , L07E+00 1.21E+00

50. 7.57E-01 7.'57E1-01 - 7 '57E01

60.C 4.2s5Eo-I 05789E01 -

80.8 4.93E.-01 4.93E-O - 4.93E-0 I

100.( 3.94E-01 128911-01 3194E3013 , 3.771E-01 . 3,9413-01

300. 7.86E-02 5.85E'-02 7.86F- 02 7.4513-02 7.8613-02

600i. 1.20.E-02 1.083E-02 L.20E,-02, 1:66E-02 2: l66E-02

1000.0 1.44E-03 1. 6203i-03 1 :62_3-3 93E;43 1,9-03
3000.N 3.44E7,06 5.28E-06 5.281E-06 13.51E-'06- 5.28E-06
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6.3 ISFSI Fence Dose During Seismic Restraint Installation

The ISFSI USAR'(p. 7.4-2). also provides a calculation of the maximum dose outside the [SFSI site fenceduting
seismic restraint installation. During. the seismic restraint installation, a person stahding, outside the ISFSI
security fense Would be exposed to radiation firom all closed/loaded HSMs as well as from theHSN4 where the
seismic 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 fromn the HSMs in the N/S direction, and 53 feet. from
the. HSMs in the E/W direction. Linearly interpolating from the bounding results of Tables 6-8.and 6-9, the
maximum doses at these locations from a site consisting of't20 loaded HSMs of extendedburnup32Ps, base
32Ps or 24Ps is 0.64'mrem/hr in the N/S direction, and 0.73mrem/hrin the E/W direction.

* Seismic Restraint Installation: The minimum distance.between theDSC surface andi an individual atthe
closest approach to the outer ISFSI security fence (E/W portion.of the fenice) is.estimated to be 66.7' (ISFSI.
USAR p.* 7.4-2 and Ref: 9). Note that at 66.7' from the DSC surface an individual at the outer security fence
wiil not be directly in front of the HSM and can only see a fraction of the DSC end surface because it is
.partially shielded by the transfer cask, HSM front wall, and HSM.door which is raised 2 feetfrom the closed
positionduring seismic restraint installation. Table 6-710 provides the dose rate 66.7'• directly in front ofan
14SM. and unobstructed by.the transfercask. For the nieutron case, the door is conserivatively assumed to be
fully open, and for the photon case the door is assumed to be open.tobthe 2' level, which is consistent With'the
manner in which the base 32Pwas modeled and is basis cap tured in ISFSI-03. The latter is termed the
"original" gamma model,.and the resultsof this, model for both the base and extendedburnup 32P HSM are
provided in Table.6-10..

It was noted while modifying the model (pXbgOge; see Table 2-I )for the extended bumup: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 215) weremade non-reflective. Asa'result, this model represents a •single HSM module
with only one foot thick concrete shielding on the E-W sides sitting on a pad and surrounded by air, which is
highly :conservative (see Figure 6-3,). As shown in Reference-, 8 and 9 and Figure:6-4, the HSMs; at.CcNPPý
are formed into 12-packs which have three foot thick concrete shields at either east-west end. A "revised"
gamma model (pXbg9eM) was constructed.which thickened the. concrete.shielding to 3-foot on one side.to
investigate the effectiof more accurately modeling the H .SM (see Figure 6-3).. The results of this revised
model are also included, in Table 6-10, and demonstraterthat much of the dose at the 66.7I front tally results:
from the "original" model are from shine from the artificially thin side walls. The revised model remains
,conservative as onlyone side was increased to it'sactual thickness.

The ISFSI USAR indicates that seismnic restraint~installatioti requires a maximuni of 5 minutes (0.08-hours):and
can nominally be done in I minute (0ý017 hours). ThUs, based on the total doses in Ta~ble 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'ýoriginal model, or 0.82 mrem (.08 hr x 10.2 mremlhr) using the.
revisedcmodel. If that person remained outside the fence foran~entire hour during the seismic restraint
installation, their dose would conservatively not exceed 2.22 mrem using the original seismic restraint installation
model (1A.49mrem from seismic restraint installation + 0.73 mrem from the fully loaded ISFSI site) or 1.55 mrem
using the revised seismic restraint installation model (0.82f mrem +0.73:mrem site). The revised seismic restraint
installiton model demonstrates that the extended burnup 32P feice dose 'is:within the IOCFR2O.)1.05 reqiuirement
that no individual (member of the public) may receive greater than 2,mrem in any 1 hour.
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Tfable 6-10. NUHOMS 32P Base, and Extended Burnup Seismic Restraint Installation Dose Rates at Fence
Case -Base NUHOMS.32P1 Extended Burnup

MCNP ,.(Ref NUHOMS-32P 32P/Loaio aly TAly ..... 32P,+ %.Tal l Dose Rate Relative Dose.Rate Relative Change
'Cell N (mrem/hour) Error .(mrem/hour) Error

Neutron Open Door (t66.7 ft 31 .414 165 2.03% .93 1.33% 16.99%

Gamma
2' Open Door @ 66.7 ft 31 314! 152 6.52% 16.77 9.52% 9.48%Orig;inal

Gamma
Revse 2'Open Door w/3' sides @ 66.7ft 31 314 - - 8.18 9.18%Revised... . . . , ... .

Trotal
Togal 2' pen.Door @:66.7 ft, 31 17A7, 1&8.6 .9.1%Original...

Total
Revis 2' Open Door w/ 3'. sides @66.7 ft 31 - - - 10.2 -

Figure 6-3. Original (left) and Revised (rigliht)SeismicRestraint Installation PenceeDose Models

Figure ,6-4.
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6.4 Dose Rate for.Forest Fire Induced Spalling

UFSAR Section 12.8.2.10 postttlatesý a :forest firetoccurring in the woods adjacent to the: Calvert.Cliff's ISFSI.
The damage. to the wall, based on the HSM wall temperature gradient resulting from the fire will be, limited to a
thickness of 6" for the 32P (Reference 5), which Was increased over the 45"'predicted f6o the.24P (Reference 4).
This depth will not change for the extended burnup 32P as the heat load is not being increased. The effect of the
surface cracking and spalling will be minimal with respectto the load capacity of tihe HSM.walls, but will:reduce
the effective shielding thickness and increase dose rates outside ofthe HSM.

Reference 4 .indicates that a 12" reduction in concrete thickness would produce a factor of 20 increase in dose
rate at the HSM surtace. This translates to'an increase by a tactor of 3 for a. 4.5"•reduction in concrete thickness,
and a factor of 4.5 for a6" reduction in concrete' thickness. The original NUl[OMS-24P design goal was that the
spalling notincrease dose rates to a level beyond which repairactions could be performed by conventional
methods (1 rem/hr). Table 6-1 1 presents thecdose rates calculated for the 21 p, and base and extended burnup 32P
designs using the above mentioned multipliers and the base total dose, rates-from Table 6-3, In addition, the
extended burnup HSM model from Section 6.1 was rerun with t.he concrete on top.reduced in thickness by 6
inches, and the results are also. presented in Table6-l 1. The MCNP model confirms~that iheoriginal method is
conservative. In all cases, the dose rate is 6below the I rem/hr design goal for spalling repair. Thius, it can be
concluded thatthe extended hurnup 32P DSC would also notadversely inpact:theability to'repair spalled
concrete following a forest fire.

Table 641 1. HSM Dose Rates'for Forest Fire InducedSpal ing
Depth of Unspalled, Spalled

Spallation'r Dose. Total Dose Rate, Total Dose Rate
Design Method (inches) Multiplier (mremnhr) (mrem/hr)
24P multiplier 4.5 3.1 12.5 38:4
Base 32P multiplier 6 4;5 9.9 . 44.3
Extended Burnup 32PP+, multiplier 6 4.5 1-3.5 60.4
Extended Burnup 32P+ MC4P5 6q i/a 13.5 30.6

t29.3 mrem/hr gamma from pXbl2cfo and 1.3 mrem/hr neutron, from nXbl2dfo,

Inaddition, the impact of forest fire induced spalling-must be'evaluated against the-requirerments of
IOCFR72.106, which-establishes an accident dose limit of 5.rcimat the site' bouhdary. ISFSiIUSARI Section
2.1.2.2 indicates that the minimum distances from the [SFS1 to the site boundary-is3900 feet.. From the results of
Tables 6-8 and 6-9 the maximum doserate at 3000 :feet from an ISFSI site consisting of. 120' loaded HSMs'of
extended burnup 32Ps is the same as.the bounding-dose for the. 24P or the base 32P in both theN/S and E/W
directions. Therefore, the.extended burnup meets thisrequirement inthe same manner-as the 24P and base 32P
designs.
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6.5 Neutron and Gamma Flux at the HSM Concrete Inside Surface

The ISFSI USAR Section 8..1.I.5:determines that the effects of radiation on concrete from afilled 24P DSCare
negligible. A similar evaluation is performed for the-current 32' DSSC in ISFSI USAIR Section 12.8.1 .L5. Both
are based on the original evaluation performed in Section 8.1.1].5 of the NUHOMS-24PTopical Report
(Reference 17). The impacts of neutron and gamma radiation from the extendedburnup;32P are as follows:

Neutron: In the case of neutron irradiation, the:NUHOMS 24P Topical Report determinesithat an estimated
50-year fluence of I.2E+ 14 n/cm 2 will not impact the structugralintegrity of the concrete. For the current
32P an estimated S0:year fluence of 3.4EI14:n/cm2 based on scaling of the original'24P (conservative given
that the 32P egg-crate basket provides additional neutron absorbtion in the:radial direction) results was also
considered negligible. For the extended bumrup 32P HSM, case nXbgl2d frm6nSection 6.1 was rerun with
the Section 2.6 dose conversion factor-, removed,.and neutron flux celi (F4) and surface (F2) tallieq added for
the inner regions of the HSM (new case output identified'as n.kgl2Ilo). Note thaththe MCNP results: must
be divided.by a factor of 1000 as the mrem/rem factor was not removed from the tally multiplier card(FMx).
A desctiption of the tally locations and the associated results is presented in Table 6-12 below. A maxitimm
neutron flux of 1.7E+5 n/cm2 s occurs in the steel thermal shield ab6ve the DSC (which is closer to the DSC
than any HSMM.oncrete)ý. This yieldsa conservative 50-year fluenee of 2.7Er14, n/cm2 (1.785 x 50y x 8760
h/y x 3600 s/h) by assuming no decay inthemneutron source strength. This fluence is below:that previously
considered negligible, for the current 32P.

* Gamma: In the case of gamma irradiationh, the NUHOMS-24P Topical Report (Reference 17) determined a
maximum gamma flux of6:8E+10 MeV/cm2s for the 24P HSM concrete. The temperature rise in concrete
dueto this fluxwas considered negligible. 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 .16 dosc conversion factors remoyed, the factor of
1000 mrcm/rem conversion factor was removed from the tally multiplier card, and photon energy flux cell
(*F4) and surface (*F2) tall ies Were added for theqinner regions of the[ HSM(new case output identified as
pXbgl2Mo). The maximum calculated gamma flux ofl.32E+9 MeV/cmis occurs at-the-bottom surface of
the steel thermal shield above the. DSC (which is closer to the DSC than any I[SM concrete). This is below
the value previously conSidered to result in.negligible gamma heating ofthe SM concrete.

Thus, the effects of both neutron and gamma radiation:onrhe HSM conctete are determined to remain negligible
for an'extended burnup 32P DSC.

Table 6-12. Neutron and Gamma Fluxes at HSM Inside'Surfaces,
Tally Cell or Neutron Flux Gamma, Flux

Description Surface (hXbgI2Ho) .pXbgl2Mo)
... . . ....__ . . .. Tally No. n/'CM2s Tally.No. MeV/crm s

steel thewmal:shield above DSC 92 . 804 l.68E±05 904 i.24Et09
inner side wall cell . 205 814 4,50E+04 914 _ . 3.07E+08

inner roof cell 310 824 5.16E+04 924 3101E+08
inlet plenum top cell .150 834 7.72E1304 934. 5.33• 108
inner inlet plenum top surface 306 872. 1.43E+05
top surface. steel thermal shield, above DSC 322 - - . 972 1.16E7+09
bot surface steel thermal shield above DSC 321 - - 932 1.328-4-09



CA06751 Rev. 0000
Page 21 of 25

7.0 DOCUMENTATION OF COMPUTER CODES

MCNP5 (Ref. 12-14), and Excel are the only computer-codes'.used in: this analysis. Allinputs, outputs, and
spreadsheets used in this calculation are includedon the CD-ROM associatedwith this:calculation and are
summarized Tin Table 7-I below.

MCNP5 was executed on,Constellation Energy safety related machine PCD4307 and has been verified and
validatedper the CCNPP Quality Assurance Program (Re fs. 10 and 11). For MCNPS,, the output files'are the
input, filename with an "o" at [the end, whilethe runtpe files :have an"" 'at the end.

Microsoft Excel was used as a tool .for carrying out simple and repetitive'calculations and for generating data
tables.

ITable 7-1. Directory Listing of CD-ROM

Volume'in drive. C has no label.
Volume Se•ridl Number its 48A4-16BF37

Directory of C:\CCNPPstuff.\CA0675.1 - 32P+ HSM Dose Rates\Final 'Runs:

09/22/2008
01/31/2007
06/16/2007
06/16/2007
06/17/2007
06/17/2007
Ub/.b/20.U
06/16/2007
10/05/2006
09/15/2006
09/15/2006
12/22/2006
12/21/2006
12/20/2'006
02/03/2007
09/2212006
09/23/2006
09/23/2006
09/23/2006
09/24/2006
09/24/2006
09/24/2006
05/17/2007
05/23/2007
05/17/2007
05/17/20.07
05/17/2007
05/23/2007
05/18/2007
05/23/2007
05/18/2007
05/24/2007
05/18/2007
05/18./2007
12/:29/2006
04/12/2007,
12/30/2006
04/24/2007
12/30/2006

07:35
07:58
10:45
06:07
12:02
07.: 18
09:48
05:48
06: 03
03:59
11:58
12:13
12:11
12:44
01: 33
11:03
08:43
02:35
09:16
02:1.8
10:32
02: 30
03:05
08:35
04 : 07
09:49
.11:55
10:03
12:04
11:36
12:13
01: 16
02: 3.6
04:56
09:25
06:15
01:19
05:55
02:22

PM
PM
AM
PM
AM
AM
PM
AM
PM.

AM
AM

PM

AM
PM
AM'
PM
PM
AM
AM
PM1
PM
AM
PMPM
PM
AM

AM
AM
AM,
PM
AM
AM

AM.
PM
AM
PM
AM

1;87
12, 919
26, 696
514,612
26, 6.96

517, 93526,488

519, 112
1,063, 26,4

573,882
1,019,297

552,:998
342,' 5AI
513,'518

7,,373, 852
2,08,9, 846
2,088.,970
:'2,.087, 62 4
2, 091, 176
21, 0.92,238
.2..,'093, "273
2', 0886, 44 5
,2,,380, 561
2,375,886.
2,373., 765
2, 375,444
2,374,3 33
2:,368,709
2,.3,67,:.512
2, 371, 859
2,369,712
2,378, 985
.2,373,651
:2, 3j7 5,152
2, 360, 645
1,849, 7:85
2, 36 1, 5ý'81
11,851,559
2,355,5110

dir..txt
meshtal
n2bgl2c
n2bgl2co
n3bg]:2cý
n3bql2co
nubql2'c
nubgl2'cb
nXbl21d a
nXbg09ho
nXbgl2do
pXbl2cfO
'pXbgO9eo
pXbg! 2,co
pXbg9eMo
XewnlOo
Xewnl2o
Xewnl3o
Xewn.146
Xewnl5o
Xewnl6o
Xewn2lo
Xewp-0o
Xewp-lao
XeWp-lo.
Xewp-2n
Xewp-3o
Xewp-4ao
Xewp-4o
Xewp- 5ao
Xewp-5o
Xewp-6ao
Xewp-16o
Xewp-70o
Xe'wp0l10

Xewp01o2
Xewp03o
;cwp03o2
Xewp04o
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Table'7-1. Qirectory Lisiing of CD-ROM .
04/25/2.00 7

12/30/2006
04/06/2007
12/31./2006
04/1.3/2007
12/31/2006
05/04/2007
12/31/2006
05 /06/.2007
12/31/2006
05/09/2007
09/27/200.6
0 /292 / Z006
09/28/20006
09/28/2006
09 /28/2006
09/28/2006
09/28/2006
10/04./2006
01/0/2o007
01 /02/2007
01/02/2007
01/02/2007
01./03/2007
01/03/2007
01/03/2007
01/03/200'7
06/30/2007
06/227/2007
06/29/2007
06/30/2007
08/25/2006
1:2 /16 / 2006
1,2/1.6/2006
08/25/2006
10/04/2006
02/01,/20.07
12/16/2006
05/15/2007
05/16/2007
05/15/2007
05/22/2007
05/15/2007
05/15/2007
05/15/2007
05/22/20.07
05/15/2007
05/22/2007
05/15/20607
05/22/22007
09/21/2006
09/21/2006
09/21/2006
09/21/2006
0-9/01/2006
0.9/0 1 /200 6

09/21/2006
12/29/2006
12/29/2006
12/29/2006
1*2/29/2.0.0.6
12/29/2006
12/29/2006

04:27 PM
10:03 PM
0: 41 PM

03:42 AM
04.:38& PM
1.0:29 AM
09:31. AM
03:12' PM
0.7:30 I8M
07:11 PM
10:33 PM
07:33 PM
10:52 PM
04:53 AM
09:55 AM
12:19 PM
05:.15 PM
09:01 PM
01:50 PM
10:06 AM
12:17 AM
07:02 AM
10:05 PM
05:23. AM
09:20 AM
11:57 AM
:05:22 PM
10:23 AM
05:47 PM.
05: 4 8 pM
09:53 AM
11]:29 AM
'09:24 AM
09:1.8 AM
11:29 AM
05:57 PM.
.03:22 PM
09:20 AM
08:52 AM
11:09 AM
07:59 AM
10:06 PM
12:02 'PM
08:04 AM
08:4,5 .AM
10:10 PM
12: 06 PM
10:14 PM
12:10 PM
10:19 PM
02:16 PM
02:.16 PM

.02-: 13 PM
02:15 PM
10:55 AM
11:05 AM
02:16 PM
01:02 AM
01: 03 AM
12:53 AM
12:5.8 AM
01:00 AM
01:07 AM

1,8.1,9,083 Xewp04u2
2i,379,206 Xewp!0o
1,822,289 XewplOo2
.2,374,917 XeWpl,2o
1,823,780 Xewpl2o,2
2,377,002 Xewpl5o0
1,869,876 xewplSo2
2,23713, 341 Xewpl6o
I ,'833, 438 XewpL6o2
2,.375, 981 Xewp.l7o
1, 838,.3-14 Xewpl'1o2
2,087 ,I7,26 Xnsnl0o
2,087,888 Xnsnll.o
,2,090,166 Xnsnl2o
,2,089,578 Xnsn!3a6
2,:089,974 Xnsnl4o
,2,090,967 Xnsnl5o
.2,.092,128 Xnsnl6oi
,3,125,609 xnsn57,ol
2,63 61,431 Xnsp02o'
2,362,473 Xnsp03o
2,376,663 XnsplOo
2,i,3378,.411 Xnspllo
2,375,713.Xnspl5o
2,374,888 Xnspl6o
I2,;373, 058 Xnsppl7o
2,375,149: Xnsp24o

436,897 pXbgl2Mo,
28,757 nXbgl2H

74T7,645 nXbgl2Ho
27:, 3:08 pXbgl2M
30,059 nXbgO9h
28,372. pXb12.cf:
28,067 pXbe].2c

39,v561 nXbgl2d
41,1il nXbl2:dF
29,749 pXbg9eM
28,566 pXbgO9e
35,802 Xewp-0
35,•804 Xewp-7
35,786. Xewp-I
35,787 Xcwp-la
35,795 Xewp-2
35,805 Xcwp-3
35,795 Xewp-4
35,:796 Xewp-4a
35i,809 Xewp-5
35,810 Xewp-5a
35,804 Xewp-6
35,805: Xewp-.6a
34,898 Xewnl5.
34,899 Xewnl6
34,885 Xewn10
34,899 Xewnl'2
34,823 Xewnl3
34,899 Xewnl4
34,899 Xewn2l
35,796 XewplO
35,794 Xewpl.2
33,303 XewpOl
33,317 XewpO3
33,312 Xewpo4
35,804' Xewrl7
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Table 7-1. Directory Listing of CD-ROM
12/29/2006
12/29/2006
.09/21/2006
08/31/2006
08/25/2006
08/25/2006

09/2,1/2006
09/21/2006
08/31/2006
12/29/2006
12/29/2006
12/29/2006
12/29/2006
12/29/2006
i2/29/2006
12/29/2006
12/29/2006

Table,7-I.Di ctorVUstinaof CD-ROM
01:05 AM,
01:05 AM
01:19 PM
02:0.4 PM
05:21 IJM
0i:40 Pm
0!:!IU PM

01':18 PM
01:18 PM
02:00, PM
01:17 AM
01:18 AM
01:08 AM
0.1:09 AM
01:11 AM.
0:1:12 AM
01:14 AM
01:15 AM

120 File(s)

Table 

7-i. 

Direct0rv:Listin• 

Of CD-ROM

351,803 Xewpl5
35,!804 Xewpl6
34,886 Xnsnl6
34,825 Xnsn57
35,034 Xnsrfo
35,002 Xnsnll
34,885 xnsni2
34,885 Xnsx§iii3
34:,885 Xnsnl4
34,809 Xnsnl5
35,795 Xnspl7
35,7.95 Xnsp24
33,313 Xn'sp02
33,312 Xnsp03
35,794 XnsplO
35,796 xnspll
315,795 Xnspl5
35,795 Xnsp.16

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 burmip NUHOMS-32P DSC in
the format used in the [SFSI USAR.. The results have been roundedup to the nearest tenth mrem/hr'for
conservatism, with the exception of the doses inside the door, which were.rounded up to the nearest mrem/hr.
All SFSIS Technical Specifications remain satisfied.

Table 8-1. NUHOMS 32P Extended Burnup Dose Rates, (mrem/hr) for ISFSI USAR

Technical
Specification

Neutron Gamma Total Limit
L. HSM Wallor Roof :0.5 13.0 13.5 20
2. lISMXAir Outlet i13 74.1 75'.4 100

3. Center of Door 5.9 8.0 13.9 100
4. Doorway (Maximum I ft into,

Opening 1247 3412, 4659 None
5. AirInlet•Vent 1.0- 60.0 61.0 100
6,. im from HSM Door 3.0 5.9 8.9 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 seismic restraint installation activity and the forest fire accident. Section 6.5 demonstrates that the extended
burnup 32P neutron and gamina fluence will have a neglible impact on the HSM concrete integrity 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 1-SMs. These figures would be' utilized for ISFSI USAR Figures 7.4-1 and.7 .4-2.
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Figure 8-1i ISFSI USAR Figure 7.4,1 Bounding Extended.B~Urnup 32P,.32:? and 24? L)SC 5 Phase
E!W Site Dose Rates
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