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B.3.5 Fuel Rods General Standards for 32PTH2 DSC

This section provides the temperature criteria used in the 32PTH2 DSC thermal evaluation for
the safe storage and handling of CE 16x16 class fuel assemblies in accordance with the
requirements of 10 CFR Part 72 to ensure a very low probability of rod failure during long term
storage, and to protect against gross failures during short term events. Short term events include
transfer operations, off-normal conditions, accident conditions, and other short term operational
events.

This section also contains the calculation of the thermal and irradiation growth of the fuel
assemblies to demonstrate that adequate space exists within the 32PTH2 DSC cavity for the fuel
assemblies to grow thermally under all conditions.

In addition, this section provides an evaluation of the fuel rod stresses and critical buckling loads
due to accident drop loads. This section also contains the damaged fuel evaluation.

B.3.5.1 CE 16 x16 Class Fuel Rod Temperature Limits

B.3.5.1.1 Dry Storage

The maximum cladding temperature limit for the fuel rods at the beginning of the dry storage
shall not exceed 400°C (752°F) for normal conditions of storage and for short-term operations,
including canister drying and backfilling, according to NUREG-1536 [B3.8].

Repeated thermal cycling (more than 10 cycles) with temperature changes greater than 65°C
(149°F) [B3.8] is not permitted.

B.3.5.1.2 Short Term Events

The fuel cladding (Zirconium based alloy) temperatures shall be maintained below 570°C
(1058°F) [B3.8] for accident conditions involving fire, or off-normal thermal transients.

B.3.5.2 CE 16x16 Class Fuel Assembly Thermal and Irradiation Growth

The thermal and irradiation growth of the fuel assemblies are calculated in Section B.3.4.4.2.1.
The evaluations performed show sufficient clearance exists within the 32PTH2 DSC cavity for
free thermal expansion of the CE 16x16 class fuel assemblies.

Proprietary information withheld pursuant to 10 CFR 2.390

Proprietary information on pages B.3.5-2 through B.3.5-24
are withheld pursuant to 10 CFR 2.390
and the pages are deleted in their entirety.
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‘B4 THERMAL EVALUATION

This chapter presents the evaluations that demonstrate that the NUHOMS® 32PTH2 system
meets the thermal requirements of 10 CFR Part 72 [B4.1]. Thermal analysis methodology for
fuel cladding temperature limit criteria is consistent with the guidelines given in NUREG-1536
[B4.3] or Interim Staff Guidance (ISG) No. 11, Revision 3 [B4.4]. The NUHOMS® 32PTH2
DSC is designed for a maximum heat load of 37.2 kW. The analyses and results are presented
herein.

December 2011
Revision 0 _ 72-1029 Amendment No. 3 B.4-1



B.4.1 Discussion

B.4.1.1 Overview and Purpose of Thermal Analysis

The NUHOMS® 32PTH2 system is designed to passively reject decay heat under normal and
off-normal conditions of storage, and for accident and loading/unloading conditions while
maintaining NUHOMS® 32PTH2 system component temperatures and pressures within specified
limits.

To establish the heat removal capability, several thermal design criteria are established for the
NUHOMS® 32PTH2 system. These are:

e  Pressures within the 32PTH2 DSC cavity are within design values considered for structural
and confinement analyses. The maximum DSC cavity internal design pressures for normal,
off-normal and accident conditions are 15 psig, 20 psig and 140 psig, respectively.

e  Maximum and minimum temperatures of the confinement structural components must not
adversely affect the confinement function.

¢ Maximum fuel cladding temperature limit of 400°C (752°F) is applicable to normal
conditions of storage, transfer operations from spent fuel pool to ISFSI pad, and all short
term operations including vacuum drying and helium backfilling of the 32PTH2 DSC per
NUREG-1536 [B4.3] or ISG-11 [B4.4]. In addition, NUREG-1536 or ISG-11 do not permit
repeated thermal cycling of the fuel cladding with temperature differences greater than 65°C
(117°F) during drying and backfilling operations.

e  Maximum fuel cladding temperature limit of 570°C (1058°F) is applicable to storage or
transfer accidents and off-normal storage conditions per [B4.3] or [B4.4].

e  Thermal stresses for the 32PTH2 DSC, when appropriately combined with other loads, will
be maintained at acceptable levels to ensure the confinement integrity of the NUHOMS®
32PTH2 system (see Chapters B.3 and B.7). Chapter B.2 presents the principal design bases
for the NUHOMS® 32PTH2 system. |

B4.1.2 Thermal Load Specification/Ambient Temperature

The ambient temperature ranges and the hourly temperature variation for the extreme summer
ambient conditions that are considered in the thermal analyses of the 32PTH2 DSC are the same
as those given in Table 4.1-1 and Table 4.1-2. See Chapter 4, Section 4.1.2 for a discussion on
the basis for these design temperatures.

The thermal evaluations presented herein include steady state and transient analyses of the
thermal response of the NUHOMS® 32PTH2 system components to a defined set of thermal
operating conditions. These operating conditions envelope the thermal conditions expected
during all normal, off-normal, and postulated accident operations during loading, transfer, and
storage for the design basis thermal conditions as defined in Chapter 4, Section 4.1.2. The

December 201 1
Revision 0 72-1029 Amendment No. 3 B.4.1-1



allowable temperatures are presented and comparisons are made with calculated temperatures as
the basis for acceptance.

A total of four heat load zoning configurations (HLZCs) are allowed for the 32PTH2 DSCs as
shown in Chapter B.2, Figure B.2.1-1. The total heat loads per DSC are 37.2 kW for HLZC # 1,
35.0 kW for HLZC # 2, 32.0 kW for HLZC # 3, and 31.2 kW for HLZC # 4.

ANSYS computer code, Version 10.0 [B4.26] is used for the thermal analyses of NUHOMS®
32PTH2 system. ANSYS is a comprehensive thermal, structural and fluid flow analysis package.
It is a finite element analysis code capable of solving steady state and transient thermal analysis
problems in one, two or three dimensions. Heat transfer via a combination of conduction,
radiation and convection can be modeled by ANSYS.

The storage module AHSM-HS is used to store the 32PTH2 DSC. This module is thermally
identical to the HSM-H module described in Appendix U, Section U.1.2.1.2 of the UFSAR for
the Standardized NUHOMS® System [B4.22]. The thermal performance of the HSM-H was
evaluated for a maximum decay heat load of 40.8 kW for 24PTH DSC and 32PTH1 DSC and a
maximum heat load of 31.2 kW for 61BTH DSC as documented in Appendix P, Section P.4.4,
Appendix T, Section T.4.4, and Appendix U, Section U.4.4, respectively, of the UFSAR for the
Standardized NUHOMS® System [B4.22]. The same methodologies used for the thermal
evaluation of the HSM-H in Appendix U, Section U.4.4 of the Standardized NUHOMS® System
UFSAR [B4.22] are used in this chapter to evaluate the thermal performance of the AHSM-HS
with the 32PTH2 DSC.

The thermal performance of the OS200FC Transfer Cask (TC) was previously evaluated for the
32PTHI1 DSC with a maximum heat load of 40.8 kW as documented in Appendix U, Section
U.4.5 of the UFSAR for the Standardized NUHOMS® System [B4.22]. The methodology used in
Appendix U, Section U.4.5 of the Standardized NUHOMS® System UFSAR provides the basis
for the thermal evaluation of the OS200FC TC with the 32PTH2 DSC in this chapter. It should
be noted that computer codes Thermal Desktop and SINDA/FLUINT were used in Appendix U,
Section U.4.5 of the Standardized NUHOMS® System UFSAR for the thermal evaluation of the
0OS200FC TC. However, ANSYS computer code is used in this chapter for the analysis of the
OS200FC TC. The ANSYS model of the OS200FC TC was validated a%ainst the results
presented in Appendix U, Section U.4.5 of the Standardized NUHOMS™ System UFSAR
[B4.22] and documented in the application for Amendment 13 to CoC 1004, Appendix T,
Section T.4.5.6 [B4.23].

Analyses results for the AHSM-HS are provided in Section B.4.4, for the OS200FC TC in
Section B.4.5, for the 32PTH2 DSC in Section B.4.6, and for loading/unloading conditions in
Section B.4.8. A summary of the results from the analyses performed for normal, off-normal,
and accident conditions, as well as maximum and minimum allowable temperatures, is provided
in Table B.4.1-1, Table B.4.1-2, and Table B.4.1-3, respectively. The thermal evaluation
concludes that with these heat loads, all design criteria for the NUHOMS® 32PTH2 system are
satisfied for normal, off-normal, and accident conditions.

December 201 1
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Table B.4.1-1

Component Maximum and Minimum Temperatures in NUHOMS® 32PTH2 System
(Storage or Transfer) for Normal Conditions

) Transfer / Short- ()
Component Stora%e term? Storage / T:ansfer Limit (°F)
Tmax ( F) o Tmin ( F)
Tmax (°F)

AHSM-HS Concrete <274 N/A 0 300 [B4.3]
AHSM-HS Heat Shield <249 N/A 0 —
AHSM-HS Support Rail <353 N/A 0 —
DSC Shell <421 467 0 —
DSC Top Shield Plug <282 456 0 —
glig Bottom Shield <317 469 0 .
DSC Transition Rail <493 529 0 -
Fuel Compartment <704 702 0 —
Fuel Cladding <727 725 0 752 [B4.3]

normal storage conditions. See Table B.4.1-2.

The maximum component temperatures for normal storage conditions are bounded by the off-

The maximum component temperatures for normal transfer or short-term operation conditions are

resulting for loading operation with TC inside fuel building, with 120°F ambient and no water in

TC/DSC annulus.

approach 0°F if no credit is taken for the decay heat load.

December 2011
Revision 0
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Table B.4.1-2
Component Maximum and Minimum Temperatures in the NUHOMS® 32PTH2 System
(Storage or Transfer) for Off-Normal Conditions

Component Storage® | Transfer® | Storage  Transfer™ | |yt o)
AHSM-HS Concrete 276 N/A -40/0 300[B4.3]
AHSM-HS Heat Shield 257 N/A -40/0 -
AHSM-HS Support Ralil 356 N/A 40/0 -
DSC Shell 425 473 -40/0 —
DSC Top Shield Plug 286 431 -40/0 -
gﬁg Bottom Shield 390 441 4010 .
DSC Transition Rail 497 529 -40/0 —

Fuel Compartment 707 700 -40/0 —
Fuel Cladding 730 730 -40/0 105[8811;?2(4)

(1) The maximum component temperatures for off-normal storage conditions are resulting for
maximum ambient temperature of 117°F (daily average temperature of 107°F) with 50% blockage
of the AHSM-HS inlet vents.

(2) The maximum component temperatures for off-normal transfer conditions are resulting for
horizontal transfer with maximum ambient temperature of 117°F (daily average temperature of
107°F).

(3) For the minimum off-normal ambient temperafure of -40°F for storage or 0°F for transfer, the
resulting component temperatures will approach -40°F if no credit is taken for the decay heat load.

(4) The fuel cladding limit of 1058°F applies to the off-normal condition of storage and the fuel
cladding limit of 752°F applies to the short term operations, including vacuum drying, helium
backfilling and transfer operations from spent fuel pool to ISFSI pad.

December 2011
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Table B.4.1-3

Component Maximum Temperatures in the NUHOMS® 32PTH?2 System
(Storage and Transfer) for Accident Conditions

Component STt:’a?‘;(; ! T{:’:xs(ff;(;) Limit (F)
AHSM-HS Concrete 408 N/A 350 [B4.28]
AHSM-HS Heat Shield 482 N/A
AHSM-HS Support Rail 553 N/A
DSC Shell 612 615
DSC Top Shield Plug 420 552
gli(g: Bottom Shield 400 564 .
DSC Transition Rail 656 676 -

Fuel Compartment 839 869 -
Fuel Cladding 857 887 1058 [B4.3]

(1) The maximum component temperatures for accident storage conditions are resulting for
complete blockage of inlet and outlet vents of AHSM-HS under maximum ambient
temperature of 117°F (daily average temperature of 107°F) for a duration of 40 hours.

(2) The maximum component temperatures for accident transfer conditions are resulting for
loss of liquid neutron shield combined with loss of air circulation, horizontal transfer under
maximum ambient temperature of 117°F (daily average temperature of 107°F).

(3) The maximum concrete temperature for accident conditions is above the 350°F limit given
in AC1-349 [B4.28]. Testing will be performed to demonstrate that the concrete
compressive strength is greater than that assumed in structural analyses of Chapter B.2.

December 2011
Revision 0
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B.4.2

Summary of Thermal Properties of Materials

The thermal properties of materials used in the thermal analyses are reported below. The values
are listed as given in the corresponding references. The following nomenclature is used in the
tables of material properties.

T = temperature
k = thermal conductivity
C,, = specific heat

p = density

a. Effective Properties for CE 16x16 Class Fuel Assembly

In the thermal model, the fuel assembly is homogenized within the fuel compartment. For
calculation of fuel assembly effective properties see Section B.4.9.

T kTransverse T kAxial T Cp P
(°F) (Btu/hr-in-°F) °F) (Btu/hr-in-°F) (°F) (Btu/lbym-"F) | (Ibwfin)
165 0.0192 200 0.063 80 0.058
256 0.0223 300 0.066 260 0.065
348 0.0260 400 0.070 692 0.072
441 0.0304 500 0.073 1502 0.078
535 0.0354 600 0.076 0.1268
630 0.0411 800 0.082
726 0.0474
823 0.0544
920 0.0623
1018 0.0714
b. Irradiated UO; (Fuel Pellet)
See Section B.4.9.1 for discussion of irradiated UO, thermal conductivity.
T k (65 GWd/MTU T Cp T c LA
(°F) (Btu/hr-in-"F) ) M | a4 é"\fi‘gr;ﬁ)B szz | P (Btu/lby-F) (['é’zf '3”1])
80 0.186 300 235.4 80 0.056 0.396
260 0.172 400 265.8 260 0.063
440 0.159 640 295.2 692 0.071
620 0.146 1090 314.5 1502 0.075
800 0.134
980 0.125
1160 0.116
1340 0.109
December 2011
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c. Zircaloy-4 (Fuel Cladding) [B4.5]

T k T Cp T k- T Co o
(K) | Wim-K) | (K) | (Jkg-K) | (°F) | (Bturhr-inF) | (°F) | (Btullbm-°F) | (ibn/in%)
366 | 13600 | 300 | 281 200 0.655 80 0.067
422 | 14324 | 400 | 302 300 0.690 260 0.072
478 | 15.020 | 640 331 400 0.723 692 0.079
533 | 15.694 | 1090 | 375 500 0.756 1502 0.090 0.237
589 | 16.354 600 0.787
700 | 17.664 800 0.851
811 | 19.013 1000 0.916
922 | 20.466 1200 0.985

d. SA-240, Type 304, ASTM A240, Type 304, 18Cr-8Ni [B4.10]

T p k Cp
(°F) (Ib/in%) (Btu/hr-in-°F) (Btu/lbym-°F)
70 0.717 0.114
100 0.725 0.114
200 0.290 0.775 0.119
300 [B.4.13] A 0.817 0.122
400 : 0.867 0.126
500 0.908 0.129
600 0.942 0.130

e. SA-240, Type 316, ASTM A240, Type 316, 16Cr-12Ni-2Mo [B4.10]

T ) K Co
(°F) (Ib/in®) (Btu/hr-in-°F) (Btu/lbm-°F)

70 0.683 0.120
100 0.692 0.121
200 0.733 0.124
300 0.775 0.126
400 0.817 0.129
500 [gf?g] 0.850 0.130
600 0892 0.132
700 0.933 0.134
800 0.967 0.135
900 1.008 0.137
1000 1.042 0.138

December 2011
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£ SA-240, Type XM19, ASTM A240, Type XM19, 22Cr-13Ni-5Mn [B4.10]

T p k Cp
(°F) (Ibfin®) (Btu/hr-in-°F) (Btu/lbm-°F)
70 0.533 0.113
100 0.550 0.116
150 0.284" 0.575 0.119
200 [B4.13] 0.592 0.120
300 0.642 0.125
400 0.684 0.127

(1) Density of carbon steel is considered for SA-240 XM-19.

g. A36 (Carbon Steel with C < 0.30%) [B4.10]

h. Aluminum 6061 [B4.10]

December 2011
Revision 0

T p k Cp
(°F) (Ib/in®) (Btu/hr-in-°F) (Btu/lby,-°F)
70 2.908 0.103
100 2.892 0.106
200 2.808 0.114
300 2.692 0.119
400 0.280 2.575 0.124
500 [B'4. 13] 2.450 0.128
600 2.333 0.134
700 2.217 0.140
800 2.108 0.147
900 1.983 0.155
1000 1.867 0.164
T p k C,
(°F) (Ib/in®) (Btu/hr-in-°F) (Btu/lb,-°F)
70 8.008 0.213
100 8.075 0.215
150 8.167 0.218
200 8.250 0.221
250 0.098 8.317 0.223
300 8.383 0.226
350 8.442 0.228
400 8.492 0.230
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i.  Aluminum 1100 [B4.10]

k. Lead [B4.12]

. Neutron Shield Material NS-3 [B4.21]

T p k Cp
(°F) (Ib/in’) (Btu/hr-in-°F) (Btu/lb-°F)
70 11.092 0.214
100 10.983 0.216
150 10.833 0.219
200 10.708 0.222
250 0.098 10.608 0.225
300 10.517 0.227
350 10.442 0.229
400 10.375 0.232
j.  Neutron Absorber Thermal Conductivity (see Section B.4.3)
T p k C,
(°F) (Ib/in3) (Btu/hr-in-°F) (Btu/lb,-°F)
-100 0.413 1.767 0.030
-10 0.411 1.733 0.030
80 0.409 1.700 0.031
260 0.406 1.637 0.032
440 0.402 1.579 0.033
620 0.398 1.512 0.034
T p k C,
(°F) (Ib/in%) (Btu/hr-in-°F) (Btu/lbm-"F)
- 0.0637 0.0407 0.145
m. Concrete (data from [B4.22], Appendix P, Section B.4.2)
T p K G,
(°F) (Iofin%) (Btu/hr-in-°F) (Btu/lbm-°F)
70 0.0958
1382 0.084 0.0479 0.22
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n. Soil (data from [B4.22], Appendix P, Section P.4.2)

T p K C,
(°F) (Ib/in®) (Btu/hr-in-°F) (Btu/lby-°F)
- 0.0578 0.0144 0.191
o. Water [B4.14]

T p k Cp
(°F) (Ib/in®) (Btu/hr-in-°F) (Btu/lbm-°F)
44 0.0280 1.003
62 0.0288 0.999
80 0.0295 0.998
98 0.0302 0.998
116 ’ 0.0308 0.998
134 0.0313 - 0.999
152 0.033 " 0.0318 1.000
170 0.0322 1.002
188 0.0325 1.004
206 0.0327 1.006
224 0.0329 1.009
242 0.0330 1.012
260 0.0331 1.017
206 0.0331 1.028

(1) The water density is based on temperature of 296°F.

p- Helium Thermal Conductivity [B4.11]

T k T k
(K) (W/im-K) (°F) (Btu/hr-in-°F)
300 0.1499 80 0.0072
400 0.1795 260 0.0086
500 0.2115 440 0.0102
600 0.2466 620 0.0119
800 0.3073 980 0.0148
1000 0.3622 1340 0.0174
1050 0.3757 1430 0.0181

The above data are calculated based on the following polynomial function from [B4.11].
k= Z C, T' for conductivity in (W/m-K) and T in (K)

For300<T <500 K for 500< T < 1050 K
COo -7.761491E-03 Co -9.0656E-02
C1 8.66192033E-04 C1 9.37593087E-04
C2 -1.5569338E-06 ' C2 -9.13347535E-07
C3 1.40150565E-09 C3 5.65037072E-10
C4 0.0E+00 C4 -1.26457196E-13
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q. Air

Thermal conductivity of air is calculated based on the following polynomial function from

[B4.11]:

k= Z C. Tt for conductivity in (W/m-K) and T in (K)

For 250 < T <1050 K

CO0 -2.2765010E-03
C1 1.2508485E-04
C2 -1.4815235E-07
C3 1.7355064E-10
C4 -1.0666570E-13
C5 2.4766304E-17

Prandtl number, specific heat, viscosity, and density of air are used to calculate heat transfer
coefficients in AHSM-HS and OS200FC TC models based on the following data from [B4.11]:

c, = Z A, T' for specific heat in (kJ/kg-K) and T in (K)

For 250 < T <1050 K

A0 0.103409E+1

A1 -0.2848870E-3
A2 0.7816818E-6
A3 -0.4970786E-9
Ad 0.1077024E-12

p= Z B, T* for viscosity (N/m*)x10% and T in (K)

p=P/RT

For250 < T <600 K

For800 < T <1050 K

BO -9.8601E-1 BO 4.8856745
B1 9.080125E-2 B1 5.43232E-2
B2 -1.17635575E-4 B2 -2.4261775E-5
B3 1.2349703E-7 B3 7.9306E-9
B4 -5.7971299E-11 B4 -1.10398E-12

Pr=c_ p/k Prandtl number
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r. Surface Properties
Material Emissivity (¢) | Solar Absorptivity (o) References

Zircaloy based Fuel

Cladding 0.8 [B4.5]
Stainless steel 03" — [B4.16]

@ [B4.22], Appendix P,
0.46 0.587 Section P.4.2

Rolled steel surfaces 0.587 © 0.587 [B4.8]
Concrete 0.9 1.0 [B4.15]

(1) For fuel compartments in calculation of effective fuel conductivity
(2) For machined or flat stainless steel surfaces
(3) For rolled surfaces of the transfer cask

Emissivity of rolled stainless steel plates is 0.587 as considered in [B4.8] consistent with data in
Chapter 4, Section 4.2 (j) and Chapter A.4, Section A.4.2 (1). The emissivity for rolled steel
sheets is 0.657 as reported in Table 10-17 of [B4.13]. An emissivity of 0.587 is assumed for the
exterior surfaces of the 32PTH2 DSC, the inner shell of the OS200FC TC, the exterior surface of
the liquid neutron shield, and the stainless steel skin enclosing the NS-3 material at the top and
bottom of the TC.

For conservatism, an emissivity of 0.46 is assumed for the machined or flat stainless steel
surfaces of the top and bottom forgings of the TC, support rail and top/side heat shields of the
AHSM-HS identical to those used in [B4.22], Appendix U, Section U.4.2.

An emissivity of 0.3 is considered for the smooth surfaces of the fuel compartments in
calculation of effective fuel conductivity based on data reported in [B4.16].

Solar absorptance values of 0.39 and 0.47 are given in [B4.17] for rolled and machined stainless
steel plates, respectively. For conservatism, it is assumed that the absorptivity and the emissivity
of stainless steel are equal in this evaluation. Solar absorptivity of 0.587 is used for the exposed
stainless steel surfaces.

The solar absorptivity of the concrete surface is 0.73 - 0.91 at 300K [B4.15]. For conservatism a
solar absorptivity of 1 is considered for the concrete surface.
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B.4.3 Specifications for Neutron Absorber Thermal Conductivity

The 32PTH2 basket design allows for use of a neutron absorber plate (poison plate) with a
thickness of 0.37 inches. The neutron absorber consists of one single poison sheet or a poison
plate paired with an aluminum sheet. The thermal model of the 32PTH2 DSC considers a poison
plate paired with an aluminum (Al 1100) sheet. The thickness of the poison plate and the paired
aluminum sheets can be varied within the maximum neutron absorber thickness of 0.37 inches.
To maintain the thermal performance of the basket assembly, the minimum thermal conductivity
is taken so that the total thermal conductance (sum of conductivity x thickness) of the poison
plate and aluminum sheet is equal to the conductance assumed in the thermal analysis.

The thermal analysis of the 32PTH2 DSC considers the following neutron absorber combination:

e A poison plate with a thickness 0.20 inches and a thermal conductivity of 130 W/m-K (6.3
Btwhr-in-°F).

¢  An aluminum 1100 sheet with a thickness of 0.17 inches and a thermal conductivity of
230 W/m-K (11.1 Btu/hr-in-°F) at 70°F as specified per ASME Code, Section II, Part D
[B4.10].

The minimum thermal conductivity of the neutron absorber used in the 32PTH2 DSC thermal
analysis is calculated as follows:

k x t +k xt

total, min = (k poison poison AllL100 Al1100 ) / tlotal

=[(6.3Btu/hr —in—"Fx 0.2 in)+(11.10 Btu/ hr —in—="F x 0.17 in)]/ 0.37 in.
=8.5Btu/hr—in—-"F (177 W/m-K)

Where:

Kiotal, min = Minimum thermal conductivity of neutron absorber within 32PTH2 DSC
(Btu/hr-in-°F),

tiotat = Total thickness of paired aluminum and poison plates = 0.37 in.

Kpoison = Conductivity of poison plate = 6.3 Btu/hr-in-°F,

tpoison = Thickness of poison plate = 0.2 in,

Kaii100 = Conductivity of A1 1100 at 70°F = 11.1 Btu/hr-in-°F (see Section B.4.2(i)),
tair100 = Thickness of aluminum plate = 0.17 in.

If poison plate thicknesses other than those noted above are used for fabrication of the 32PTH2
basket assembly, the required minimum poison plate conductivity will be calculated by
rearranging the above equation and solving for the Kyoison. The Kpeison resulting from this equation
will be used as the minimum required conductivity to qualify the poison plate.

k Xt

Kk ™ total, min total
poison
t

Ky xty

poison
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Where:

Kpoison = Minimum required conductivity of poison plate at the corresponding temperature,
Btu/hr-in-°F or W/m-K,

thoison = Thickness of poison plate, in,

Kiotasmin = Minimum thermal conductivity of neutron absorber within 32PTH2 DSC
= 8.5 Btu/hr-in-°F or 177 W/m-K,

tiotas = Total thickness of paired aluminum and poison plates = 0.37 in.,
kai = Conductivity of aluminum sheet / plate at the corresponding temperature, Btu/hr-in-°F or W/m-K,
ta) = Thickness of the aluminum sheet / plate, in.

Since the conductivity of the poison plate generally increases at higher temperatures, testing at
room temperature is adequate to qualify the poison plate.
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B.4.4 Thermal Evaluation of AHSM-HS with 32PTH2 DSC

The AHSM-HS is used to store a loaded 32PTH2 DSC at the ISFSI. The form of the air
channels, thermal features and thermal characteristics of the AHSM-HS are very similar to the
HSM-H described in Appendix U, Section U.1.2.1.2 of [B4.22]. The design of the HSM-H was
first described and evaluated in Appendix P, Section P.4.4 of [B4.22] for the 24PTH DSC with
maximum heat load of 40.8 kW. The same design was also evaluated in Appendix U, Section
U.4.4 of [B4.22] for the 32PTH1 DSC for heat loads of 40.8 kW and 31.2 kW. Due to
similarities between the HSM-H and AHSM-HS designs, the AHSM-HS is evaluated in this
section using the same methodologies used to evaluate the HSM-H in [B4.22].

B.4.4.1 Ambient Temperature Specification

As specified in Chapter 4, Section 4.1.2 and shown in Table 4.1-1 and Table 4.1-2, ambient
temperatures in the range of 0°F to 104°F are considered as normal storage conditions. Off-
normal ambient temperatures of -40°F to 117°F are considered as off-normal, cold and hot
storage condition, respectively. Based on Chapter 4, Section 4.1.2, the daily average ambient
temperatures of 97°F and 107°F correspond to the normal and off-normal hot storage ambient
temperatures of 104°F and 117°F, respectively.

B.4.4.2 Description of Loading Cases for Storage of 32PTH2 DSC

The operating conditions listed in Table B.4.4-1 are used to determine the thermal performance
of the AHSM-HS with 32PTH2 DSC for normal, off-normal and accident conditions.

The off-normal storage condition (Load Case S3) with a maximum heat load of 37.2 kW and
maximum ambient temperature of 117°F is considered to bound the temperatures for the normal
storage condition (Load Case S1) with a maximum ambient temperature of 104°F.

The off-normal storage conditions (Load Cases S3, S4, S5, and S5A) with various HLZCs are
evaluated to demonstrate that the Load Case S3 with HLZC # 1 (37.2 kW) represents the
bounding maximum temperatures for steady-state storage conditions.

The off-normal cold storage condition with a -40°F ambient temperature (Load Case S6) and
maximum heat load of 37.2 kW is analyzed to provide the bounding thermal gradients.

Since the AHSM-HS is located outdoors, there is a remote probability that the air inlet or outlet
openings will become blocked by debris from events such as flooding, high wind, and tornados.
The perimeter security fence around the ISFSI and the location of the air inlet and outlet
openings reduce the probability of such an accident. A complete blockage of all air inlets and
outlets simultaneously is not a credible event. However to bound this scenario, analysis is carried
out assuming complete blockage of the inlet and outlet vents as an accident case. For the blocked
vent accident storage condition (Load Case S7), a transient model with a maximum ambient
temperature of 117°F (daily average ambient temperature of 107°F) is analyzed. Initial
temperatures are taken from steady-state results of the off-normal hot storage condition (Load
Case S3). Blocked vent transient accident conditions are considered for up to 40 hours.
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Although unlikely, an additional load case (Load Case S3A) is also considered with 50%
blockage of the AHSM-HS inlet vents as an off-normal storage condition. For this load case, it is

assumed that the blockage occurs over the bottom half of the 30” high inlet vents reducing the
area of both of the inlets by half. The 50% blockage of the AHSM-HS inlet vents is analyzed
using a steady-state model.

B.443 Thermal Analysis of AHSM-HS with 32PTH2 DSC

The AHSM-HS is designed to provide an independent, passive system with substantial structural
capacity to ensure safe storage of spent fuel assemblies in the 32PTH2 DSCs.

As noted previously, the methodology used to evaluate the HSM-H in Appendices P and U of
[B4.22] is used in this section to evaluate the AHSM-HS with 32PTH2 DSC. This methodology
consists of two steps. In the first step, an airflow analysis determines the air temperature exiting
the outlet vents based on the geometry of the air channels inside of the AHSM-HS cavity and the
amount of heat load in the 32PTH2 DSC. In the second step, an ANSYS model of the AHSM-
HS determines the temperature distribution on the AHSM-HS walls and on the 32PTH2 DSC
shell.

The DSC shell temperatures from the AHSM-HS model are then used to calculate the basket and
peak fuel cladding temperature in a detailed model of the 32PTH2 DSC and basket described in
Section B.4.6. For the analytical purpose of calculating the maximum temperatures, an AHSM-
HS centered in an array of modules, each loaded with a 32PTH2 DSC with the maximum heat
load of 37.2 kW, is considered for the analysis. Rows of modules are assumed to exist back-to-
back for this model, which bounds the case of a single row array.

The methodology used to evaluate the HSM-H in Appendices P and U of [B4.22] was validated
by thermal tests performed on a 1:1 scale of an HSM-H mockup structure for heat loads varying
from 32 to 44 kW [B4.25]. The conservatism in this methodology is also confirmed by a
confirmatory analysis documented in the SER for Amendment 10 to CoC 1004 [B4.27].

B.4.4.3.1 AHSM-HS Airflow Analysis (Stack Effect Calculations)

The methodology used in the HSM-H airflow analysis (stack effect calculations) is presented in
[B4.22], Appendix P, Section P.4.4.3. Different equations for computing the total pressure loss
due to flow losses, air mass flow rate, temperature rise from air inlet to outlet, and the stack
average temperature are also provided in [B4.22], Appendix P, Section P.4.4.3. The inputs of
these equations are changed based on the dimensions of the AHSM-HS and 32PTH2 DSC and
the heat load of the 32PTH2 DSC to determine the exit air temperature for the AHSM-HS for
various load cases described in Section B.4.4.2. For the AHSM-HS with 50% blocked inlet
vents, the air flow analysis includes the additional resistance and loss coefficients due to the
decrease in the inlet surface area.

A summary of the calculation results for mass flow rates, total loss coefficients, exit and mean
air temperatures for normal and off-normal storage conditions is provided in Table B.4.4-2.
These bulk air temperatures are used in the ANSYS model of the AHSM-HS to calculate the
temperatures throughout the AHSM-HS and the 32PTH2 DSC shell.
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The accident blocked vents condition conservatively assumes no closed cavity convection.

B.4432 Description of the ANSYS Model of AHSM-HS with 32PTH2 DSC

A half symmetric, three dimensional, ANSYS [B4.26] finite element model of the AHSM-HS
loaded with a 32PTH2 DSC is shown in Figure B.4.4-1. This model is essentially identical to the
HSM-H model described in [B4.22], Appendix U, Section U.4.4.4 used for analysis of 32PTH1
DSC except that dimensions of the AHSM-HS and 32PTH2 DSC are considered in generation of
the model geometry.

The AHSM-HS ANSYS model consists of SOLID70 conduction elements that represent
concrete and steel support structures of the AHSM-HS, heat shields, DSC shell, and
homogenized basket. SHELL57 elements superimposed on SOLID70 elements, as required, for
generation of radiating surfaces for the MATRIXS0 super elements. Radiation between the DSC
shell, heat shields, and AHSM-HS walls is modeled using the ANSYS /AUX12 methodology.
The SHELLS57 elements used as radiation surfaces are unselected prior to solving the model. To
reduce the number of nodes associated with the model’s super-elements, the web of the
supporting beam is modeled using only SHELLS7 elements. As such, conservatively, radiation is
not applied on the web of the supporting beam. This methodology is valid since the supporting
beam’s web is greatly shielded from the DSC radiation via its own flanges. The properties and
dimensions of the support beam, such as the thickness of the web, are given as real constants to
the appropriate SHELL57 elements.

During storage, the bottom portion of the 32PTH2 DSC resides within the door opening region
of the front wall. Convection is conservatively omitted in the space between the bottom portion
of the DSC and the concrete module in this region.

The boundary conditions for the AHSM-HS model are applied using the same methodology
described in [B4.22], Appendix P, Section P.4.4.4. Ambient, exit and mean bulk air temperatures
listed in Table B.4.4-2 are used to determine the boundary conditions. '

The correlation for convection coefficients over the AHSM-HS surfaces, including the AHSM-
HS vertical flat surfaces, horizontal surfaces, the side heat shield, the top heat shield and the
horizontal DSC cylinder surface are discussed in detail in [B4.22], Appendix P, Section P.4.9.
Convection and radiation from the HSM-H roof and the front wall to the ambient are combined
as a total effective heat transfer coefficient as discussed in [B4.22], Appendix P, Section P.4.9.
Figure B.4.4-2 shows the convection boundary conditions applied to the AHSM-HS model.
Presence of DSC support structure restricts air flow over certain portions of the DSC shell. The
region with restricted airflow is called the “dead zone.” No convection is considered in this
region for conservatism. The no convection zone at the DSC shell-support structure interface is
16.5°, as shown in Figure B.4.4-4.

A soil temperature of 70°F is assumed at a depth of 10 feet below the ISFSI pad for hot
conditions. The soil temperature for the cold condition (0°F or -40°F) is assumed to be 45°F.
These assumptions are consistent with the assumptions used in the Chapter 4, Section 4.4.2.2 and
Appendix A, Section A.4.10.
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The modeling of insolation on the surfaces of the AHSM-HS roof and front wall, which are
exposed to ambient is identical to that described in [B4.22], Appendix P, Section P.4.4.4. The
methodology to apply solar heat flux is also identical to that described in [B4.22], Appendix P,
Section P.4.4.4. The values of the applied solar heat fluxes are listed below:

AHSM-HS Surface Insolation (gcal/cm?) Averaged over 24 hr (Btu/hr-in%)
AHSM-HS roof 800 0.8537
AHSM-HS front wall 200 0.2134

Insolation is conservatively neglected for the ambient temperatures of 0° and -40°F.

The DSC basket, including fuel assemblies, is modeled as a homogenized material with effective
properties as discussed in Section B.4.6.6. The heat generation rate in the AHSM-HS thermal
model is determined using the same method as [B4.22], Appendix P, Section P.4.4.5. Heat
generating boundary conditions are applied uniformly on the elements representing the
homogenized DSC basket. The amount of generated heat per unit volume of the DSC contents
for a heat load of 37.2 kW is calculated as follows:

. Q . 3
Heat generation rate = = 0.196 Btu/hr-in
(x/4DL,)

Where:

Q = decay heat load =37.2 kW (to convert from kW to Btwhr multiply by 3412.3)
D; = inner DSC diameter = 68.5"
L,= basket assembly length = 177.15"

The thermal analysis of a typical AHSM-HS is performed for a loaded 32PTH2 DSC located in
the interior of a multiple module array with a 32PTH2 DSC present in the two adjacent AHSM-
HSs. The AHSM-HS top and front surfaces are modeled as exposed to the prevailing ambient
conditions in this model. The side and back surfaces are modeled as being adiabatic in order to
simulate the adjacent modules. Figure B.4.4-3 shows the heat generation rate, solar heat load,
and fixed temperature boundary conditions applied in the AHSM-HS model.

B.4.4.33 Description of the AHSM-HS Blocked Vent Model

To determine the maximum temperatures of the AHSM-HS and the 32PTH2 DSC shell for the
blocked vent accident case, the finite element model of the AHSM-HS described in Section
B.4.4.3.2 1s modified to a transient model with no convection in the AHSM-HS cavity. The
modeling approach is similar to one described in [B4.22], Appendix U, Section P.4.4.5.

During the blockage of the air inlet and outlet vents in the AHSM-HS, free convection between
the 32PTH2 DSC and AHSM-HS walls is present within the closed AHSM-HS cavity. However,
no convection is considered within the AHSM-HS cavity during the blocked vent condition for
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conservatism. The analysis considers only the thermal conductivity of air within the AHSM-HS
cavity.

The initial temperatures for the blocked vent accident case are identical to those resulting from
the off-normal storage condition (Load Case S3) with a maximum ambient temperature of 117°F
(average ambient temperature of 107°F) and heat load of 37.2 kW,

B.4.4.4 AHSM-HS Thermal Analysis Results

A summary of the airflow analysis results is provided in Table B.4.4-2. Table B.4.4-2 also shows
the maximum expected air temperature rises for the maximum heat loads of 37.2 kW, 35.2 kW,
32.0 kW and 31.2 kW for the maximum ambient temperature of 117°F. The maximum AHSM-
HS component temperatures for the normal, off-normal, and accident cases are listed in Table
B.4.4-3. Temperature distributions for the hot and cold off-normal cases are shown in Figure
B.4.4-5 and Figure B.4.4-6, respectively.

Temperature distributions for the blocked vent accident case with 37.2 kW decay heat load at 40
hours after blockage of the vents are shown in Figure B.4.4-7. The time-temperature histories of
AHSM-HS components for this transient model are shown in Figure B.4.4-8.

B.4.4.5 Evaluation of AHSM-HS Performance

The thermal performance of the AHSM-HS has been evaluated under normal, off-normal, and
accident conditions of operation as described above and is shown to satisfy all the temperature
limits and criteria. The 32PTH2 DSC shell temperatures calculated here are used in the 32PTH2
DSC model as a boundary condition in Section B.4.6. The results presented in Section B.4.6
show that all the basket and fuel cladding material temperature limits are also satisfied.

The results of the blocked vent accident condition show that the maximum concrete temperature
at the end of 40 hours is 408°F. This is above the 350°F limit given in Section A.4 of ACI-349
[B4.28] for accident conditions. To account for the effect of higher concrete temperature on the
concrete compressive strengths, the structural analysis of AHSM-HS concrete components in
Section B.3 is based on 10% reduction in concrete material properties. Testing will be performed
to document that concrete compressive strength will be greater than that used in the structural
analysis documented in Chapter B.3.

B.4.4.5.1 Monitoring of AHSM-HS Concrete Temperature

AHSM-HS temperature monitoring is provided to alert operators to a possible blocked vent
condition. The location and coordinates of the temperature sensor in the AHSM-HS half-
symmetry ANSYS model is illustrated in Figure B.4.4-9. The reference origin at point “P”’
shown in Figure B.4.4-9 of the coordinate system (X', Y’, Z') corresponds to the ANSYS model
coordinates of x=0", y=178", and z=206". The temperature sensor location at point “S” in Figure
B.4.4-9 has coordinates of X'=-24", Y'=3", and Z'=-48". This corresponds to the ANSYS model
coordinates of x=-24", y=181", z=158".

The temperatures at the location of the sensor at point “s” are retrieved from the transient
ANSYS model of the ASHM-HS during blocked vent accident condition. These temperatures,
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along with the corresponding maximum concrete temperature, are listed in Table B.4.4-4 to
provide the basis for the monitoring system. As shown in Table B.4.4-4 for the 37.2 kW heat
load, the sensor temperature at point “s” at the beginning of the blocked vent for 117°F ambient
conditions (Tsensor @ onr) 1S 219°F and the sensor temperature after 40 hours of blocked vent
accident conditions (Tsensor @ 40 nrs) 15 303°F. These temperatures correspond to maximum AHSM-
HS concrete temperatures of 274°F at 0 hour and 408°F at 40 hours, respectively.

Table B.4.4-4 also lists the sensor temperature rise at point “s” during blocked vent accident
conditions (ATsensor) as calculated below:

ATsensor = Tsensor - Tsensor @ Ohr

Where

Teensor= Transient sensor temperature after blocked vent accident conditions, °F,
Tsensor @ Ohr = 219°F listed in Table B.4.4-4.

The maximum sensor temperature at point “s” after 24 hours of vent blockage is 272°F and the
sensor temperature rise at point “s” is 52°F per 24 hours. These values can be used as an early
warning to correct a possible blocked vent condition before the maximum concrete temperature

is exceeded.

It should be noted that typically, there are redundant temperature sensors embedded in the
AHSM-HS. The locations of the redundant temperature sensors are symmetric such that the
above results are applicable at either location. Concrete temperature does not vary significantly
for small changes in the location of the sensor.
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Table B.4.4-1

Design Load Cases for 32PTH2 DSC in AHSM-HS

Load (1) {2)
Operation Case Condition Model Heatkl\.ﬁad Ta;“; Insolation
No. (kW) (°F)
S1 Normal, Hot 37.2 (HLZC#1) | 104 Yes
S2 Normal, Cold 37.2 (HLZC#1) 0 No
S3 37.2 (HLZC#1) | 117 Yes
S3A® Steady-State | 37.2 (HLZC#1) | 117 Yes
Storage sS4 Oﬁ'ﬁ%rtma" 352 (HLZC#2) | 117 Yes
S5 32.0 (HLZC#3) | 117 Yes
S5A 31.2 (HLZC#4) | 117 Yes
Off-Normal,
S6 Cold 37.2 (HLZC#1) | -40 No
s7 Accident® | TrENSIENON | 575 (HLze#t) | 117 Yes

(1) The four heat load zone configurations (HLZCs) are described in Chapter B.2, Figures B.2.1-1.

(2) The maximum daily temperature of 104°F correspond to daily average temperature of 97°F and
the maximum daily temperature of 117°F correspond to daily average temperature of 107°F.

(3) This load case considers a 50% blockage of the AHSM-HS inlet vents.

(4) This load case considers a complete blockage of the AHSM-HS inlet and outlet vents.
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Summary of Air-Flow Calculation Results

Table B.4.4-2

Load Case T.mv | Heatload Mass Total-Lf)ss Tmean Texit AT AHsM.HSs
No (! °F) (kW) Flow Rate Coefflj:lent (°F) (°F) (°F)
{Iby/s) (ft™)
S1 104 37.2 1.623 0.1017 142 187 90
S2 0 37.2 2.000 0.0997 37 73 73
S3 117 372 1.595 0.1019 153 199 92
S3A 117 37.2 1.431 0.1381 158 209 102
S4 117 35.2 1.569 0.1020 151 195 88
S5 117 320 1.525 0.1021 148 190 82
S5A 117 31.2 1.514 0.1022 148 188 81
S6 -40 37.2 2.213 0.0988 -7 26 66
(1) See Table B.4.4-1 for description of the load cases.
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Table B.4.4-3
AHSM-HS Thermal Analysis Results Summary

Load Case # S1/S2 s3A ® S3 S6 S7

Normal Hot/ Off-Normal Off-Normal Off-Normal | Blocked Vent
Components | Normal Cold Hot" Hot Cold @ 40 Hours
Tmax (°F) Tmax (OF) Tmax (OF) Tmax (OF) Tmax (OF)

Concrete <274 276 274 117 408 @
DSC shell <421 425 421 292 612
Side heat shield <246 251 246 60 482
Top heat shield <249 257 249 61 418
Support rail <353 356 353 213 553

(1) The maximum allowable concrete temperature is 300°F for normal/off-normal conditions [B4.3].

(2) The maximum concrete temperature for accident conditions is above the 350°F limit given in ACI-
349 [B4.28]. Testing will be performed to demonstrate that the concrete compressive strength is
greater than that assumed in structural analyses.

(38) This load case considers a 50% blockage of the AHSM-HS inlet vents.

December 2011
Revision 0 72-1029 Amendment No. 3 B.4.4-9



December 2011
Revision 0

Blocked Vent Accident Condition for 37.2 kW Heat Load

Table B.4.4-4
Concrete Temperature at the Temperature Sensor

Time Teoncrete max Teonsor ATeensor !
(hr) (°F) (°F) (°F)
0 274 219 0
2 283 223 4
4 293 228 8
6 302 233 13
8 311 237 18
10 319 242 22
12 326 246 27
14 333 251 31
16 339 255 36
18 345 259 40
20 350 264 44
22 356 268 48
24 361 272 52
26 366 276 56
28 371 280 60
30 376 284 64
32 380 287 68
34 385 291 72
36 393 295 76
38 400 299 80
40 408 303 83

(1)

AT sensor IS the sensor temperature rise during blocked vent at
point “s” shown in Figure B.4.4-9 for accident conditions and is
calculated as ATsensor = Tsensor~ Tsensor @ Ohr-

[P

Tsensor IS the sensor temperature at point “s” shown in Figure
B.4.4-9. The Tsensor data can be linearly interpolated between
time intervals.
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Figure B.4.4-1
AHSM-HS Model
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Insolation
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Figure B.4.4-3
Heat Load, Insolation, and Fixed Temperature Boundary Conditions in AHSM-HS Model
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Figure B.4.4-4
Convection Regions around 32PTH2 DSC in AHSM-HS Model

December 2011
Revision 0 72-1029 Amendment No. 3

B.4.4-14




PLOT NO. 3
PLOT NO. 1
5.5 813 304 g 133.021 195.43 226,705 _ 251.93
133'027164.989:.'% 95 228.912260 873292.83532‘1 796356.758388 719420681 148.64 179.8671 211.093 242,319 z273.546
Entire model temperature profile AHSM-HS concrete temperature profile
AN AN
FLOT KO. 2 PLOT NO. 5
e 2 e S 5 £ S Rt s
248. 7. 325.267 .43 401.598 226.369 31.366 36.363, 41.359 46. 356
935268.01828 1013(16.184 344.349363 1 2382.515 420.681 228.8682 233.8642 238.8612 243.8572 248.854
DSC temperature profile Top heat shield temperature profile
AN
PLOT NO. 6 AN
PLOT NO. 4

LB s A AL SR s
190.545, 6.699 62,854 299.009 335.16 i : & 4 %
208.62222 244.77‘? 280.932 317.087 g53.241 198 6782()3.883209 087214.292219 496224.701229 906235.11 240 315245.519
Support structure temperature profile Side heat shield temperature profile
Figure B.4.4-5

AHSM-HS with 32PTH2 DSC, Temperature Profiles for
Off-Normal Hot Condition, 37.2 kW (Load Case S3)
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AHSM-HS with 32PTH2 DSC, Temperature Profiles for
Off-Normal Cold Condition, 37.2 kW (Load Case S6)
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Figure B.4.4-7
AHSM-HS with 32PTH2 DSC, Temperature Profiles for Blocked Vent @ 40 Hour
Accident Condition, 37.2 kW (Load Case S7)
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AHSM-HS with 32PTH2 DSC, Component Temperature History for
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Figure B.4.4-9
Temperature Sensor Location in AHSM-HS Model
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B.4.5 Thermal Evaluation of OS200FC TC with 32PTH2 DSC

The OS200FC TC is used to transfer a loaded 32PTH2 DSC between the fuel building and the
AHSM-HS at the ISFSI site. The OS200FC TC is designed to passively remove the decay heat
load from the DSC under normal, off-normal, and accident conditions while maintaining fuel
cladding temperatures and DSC internal pressures within specified regulatory and design limits.
The design of the OS200FC TC includes optional features such as a slotted cask lid and a cask
bottom spacer to allow air circulation through the TC/DSC annulus as a recovery option when
the time limit for transfer operation exceeds or is anticipated to exceed. For 32PTH2 DSCs with
HLZCs 1 through 3 (decay heat load over 31.2 kW), administrative measures ensure that the
transfer operation is completed within the allotted time or some form of recovery operation such
as air circulation is initiated. Transfer operation for 32PTH2 DSC with HLZC 4 (heat load <31.2
kW) does not require a time limit.

In addition to the applicable thermal design criteria listed in Section B.4.1, the following thermal
limits are considered for the temperature sensitive components of the OS200FC TC. These
components are the lead in the gamma shield, the water in the neutron shield, and the NS-3 solid
neutron shielding material.

The ASTM B29 lead used in the gamma shield has a melting point of approximately 620°F
[B4.13]. The maximum temperature of the gamma shield is limited to the melting point of lead.

The temperature of the water in the neutron shield is limited by the rating (i.e., 45 psig) of the

pressure relief valves on the shield. The temperature of the water cannot rise above the

equivalent steam saturation temperature at this pressure (i.e., approximately 290°F) without risk
“of activating the relief valves and losing some of the water in the neutron shield.

NS-3 is a solid, cementious material that sets within 24 hours and cures in 28 days. NS-3
responds to heat input in a manner similar to that of concrete, remaining a non-combustible solid
even when subjected to temperatures as high as 1,300 °F [B4.21]. The thermal properties for this
material are insensitive to temperature. The long term operating temperature limit for NS-3 is
limited by the need to prevent the outgassing of its water content and, for NS-3 material enclosed
in sealed cavities, to control the potential pressure increase associated with the loss of water. By
testing [B4.29] in an open (non-sealed) system, the NS-3 material is shown to experience a
weight loss of 4.16% (in the form of water vapor) after 2 hours at a constant temperature of
340°F. The effect is significantly reduced at lower temperatures, with a weight loss of 2.15%
after 100 hours at 150°F. By sealing the enclosure surrounding the NS-3 material and
maintaining the maximum bulk average temperature of the material to 250°F or less, no
reduction in water content is expected to occur during extended normal operating conditions.
For design purposes of this application, the long-term, bulk average temperature of the NS-3
material is set to 250°F or less, short-term limits for normal operations should be 300°F or less,
and short-term limits for accident conditions should be 1,300°F or less.
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B.4.5.1 Ambient Temperature Specification

Operations involving the OS200FC TC will occur within the fuel handling facility and outdoors.
Ambient temperatures in the range of 0 to 120°F are considered for operations within the fuel
handling facility.

Ambient temperatures in the range of 0 to 104°F are considered as normal, outdoor transfer
conditions, while an ambient temperature of 117°F is considered for the off-normal, hot transfer
condition and for transfer accident conditions. As noted previously in Chapter 4, Section 4.1.2
and shown in Table 4.1-1 and Table 4.1-2, the daily average ambient temperatures of 97°F and
107°F correspond to the normal and off-normal hot storage ambient temperatures of 104°F and
117°F, respectively. No averaging is considered for the ambient temperature inside the fuel
building. Instead, the maximum temperature of 120°F is considered for the analysis.

B.4.52 Description of Loading Cases for Transfer of 32PTH2 DSC

The loading cases considered for transfer of the 32PTH2 DSC include the vertical loading
condition inside of the fuel handling facility, normal and off-normal horizontal transfer
conditions with and without air circulation, and two accident scenarios. The first accident
scenario involves the potential loss of both the air circulation system and the water in the neutron
shield. This case includes a transient heat up trend, which achieves the ultimate temperatures
under steady-state conditions. The second accident scenario involves a 15-minute hypothetical
fire. The maximum duration of the fire event will be controlled under actual operations by
administratively limiting the available fuel sources within the vicinity of the OS200FC TC. An
additional condition is considered which involves the potential interruption of the air circulation
system, if used, and determines the time available to re-establish the air circulation, complete the
transfer operation, or initiate some other recovery mode.

The operating conditions listed in Table B.4.5-1 are analyzed in this section to determine the
thermal performance of OS200FC TC with 32PTH2 DSC. The following naming convention is
used to abbreviate the description of the loading cases listed in Table B.4.5-1:

e Hot refers to the highest ambient temperature with insolation

e Cold refers to lowest ambient temperature without insolation

e Horizontal refers to transfer operation outside of the fuel building

e  Vertical refers to operations occurring within the fuel building

e  Steady-state refers to modeling mode for conditions without a time limit

e Transient refers to modeling mode for conditions with a time limit

Load Case T3 (Off-Normal Hot, Horizontal, Steady-State) is used to determine the bounding

maximum temperatures for normal and off-normal conditions with heat loads less than or equal
to 32 kW (Load Cases T1, T2, and T4). This approach is acceptable since the ambient
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temperature for Load Case T3 represenfs the highest ambient temperature for all these load
cases.

Load Case T5SA (Normal Hot, Vertical, Steady-State) is used to determine the bounding
maximum temperatures for normal loading conditions when the OS200FC TC is inside the fuel
building and the TC/DSC annulus is drained. This load case demonstrates that no time limit is
required for operations within fuel building for 32PTH2 DSC with HLZC # 4 (31.2 kW heat
load).

Load Cases T5, T6, and T7 are used to determine the time limits for the loading operations inside
the fuel building or transfer operations outside the fuel building for HLZCs # 1 through # 3 (heat
loads > 31.2 kW and < 37.2 kW). In this evaluation, the maximum component temperatures and
time limits for the OS200FC TC loaded with 32PTH2 DSC and HLZC # 1 (37.2 kW heat load)
are considered to bound the corresponding values for 32PTH2 DSC with HLZC # 2 (35.0 kW
heat load). The transient analyses for both the horizontal transfer operations and vertical loading
operations in these load cases begin with initial conditions established from steady-state thermal
analyses with the 32PTH2 DSC centered in the OS200FC TC in vertical orientation, with water
in the TC/DSC annulus and a 120°F ambient temperature within the fuel building. The initial
conditions are determined using Load Case T11 with 37.2 kW decay heat load and Load Case
T12 with 32.0 kW decay heat load.

Load Case T8 (Off-Normal Hot, Horizontal, Steady-State, Air Circulation) is performed to
demonstrate that the maximum component temperatures for the OS200FC TC and 32PTH2 DSC
remain below the allowable limits if the air circulation as the recovery operation is initiated. This
load case bounds the maximum temperatures for heat loads less than or equal to 37.2 kW when
the air circulation is activated.

Load Case T9 considers the accident case of the loss of neutron shield, wherein the liquid
neutron absorber is replaced with air, combined with the loss of air circulation in a steady-state
analysis. Off-normal ambient temperature of 117°F (daily average ambient temperature of
107°F) is considered for this load case. ’

Due to large thermal inertia of the OS200FC TC and the relative short period of 15 minute fire,
the effect of heat input from the fire on the 32PTH2 DSC shell and basket assembly is minimal.
The maximum DSC shell temperature is achieved at the post-fire steady-state conditions. The
conditions and material properties during the post-fire period are the same as those for the
accident case of loss of neutron shield and loss of air circulation, except for the TC outer surface
emissivity. As discussed in [B4.22], Appendix U, Section U.4.5.4.2, the sooting and oxidation of
the exterior TC surfaces for the fire event raises the surface emissivity, thus improving the heat
transfer between the TC and the ambient. As shown in [B4.22], Appendix U, Table U.4-10, and
discussed in [B4.22], Appendix U, Section U.4.5.5, other than certain components at the top and
bottom ends of the OS200FC TC, which are exposed to fire, there are no adverse effects on the
performance of the OS200FC TC due to fire accident. Therefore, maximum DSC shell
temperature for fire accident transfer case is bounded by the loss of neutron shield, loss of air
circulation accident case and no further analysis is required for fire accident transfer case.
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Load Case T10 is applicable to two conditions. The first condition applies for an OS200FC TC
with 32PTH2 DSC with a heat load greater than 31.2 kW. If the air circulation is activated as a
recovery operation during transfer, the air circulation needs to be turned off before transterring
the 32PTH2 DSC into the AHSM-HS storage module. This condition presents a routine transfer
operation.

The second condition occurs in a postulated scenario wherein steady-state conditions are
established with the air circulation in operation and, subsequently the air circulation is lost
during transfer operation. To minimize the occurrence of this condition, the OS200FC TC skid is
equipped with redundant industrial grade blowers and each one of these blowers is capable of
supplying the required minimum air flow rate. These blowers are also powered with a redundant
power supply.

Both the above scenarios i.e. turning off air circulation to offload the 32PTH2 DSC to AHSM-
HS or failure of the air circulation will decrease the heat dissipation and will result in a gradual
increase of the maximum temperatures of the OS200FC TC and 32PTH2 DSC components.
Therefore, for these conditions, an additional time limit is calculated to complete the transfer of
the 32PTH2 DSC from the OS200FC TC to the AHSM-HS or to restart the air circulation or
initiate other recovery operations to ensure that the peak fuel cladding temperature remains
below the temperature limit of 752°F established in [B4.3].

As described above, Load Case T10 starts from a steady state condition with air circulation in
operation. In order to estimate the duration needed for the 32PTH2 DSC to reach steady-state
conditions, a transient thermal analysis is performed. For this analysis, the worst case hottest
initial condition is considered, which corresponds to Load Case T7 at the end of the time limit
for the transfer operation. The analysis applies the boundary conditions from Load Case T8 with
air circulation in operation through the transient phase and considers the DSC shell temperature
as criteria to reach the steady state condition.

For all the normal, off-normal hot conditions and accident design load cases considered in Table
B.4.5-1, insolation is considered per 10 CFR 71.71 [B4.2].

B.4.53 Thermal Analysis of OS200FC TC with 32PTH2 DSC

The purpose of the TC thermal analysis is to determine the maximum component temperatures
including the 32PTH2 DSC shell temperatures, and to establish the time limits for completion of
transfer operations during normal and off-normal conditions. The 32PTH2 DSC shell
temperatures determined in the TC thermal analysis are then used as boundary conditions in a
subsequent 32PTH2 DSC basket thermal analysis described in Section B.4.6.

The design of the OS200FC TC was described in [B4.22], Appendix U for transfer of the
32PTH1 DSC with a maximum heat load of 40.8 kW. The same TC is used for transfer of the
32PTH2 DSC without any modifications. The thermal analysis and the thermal model of the
OS200FC TC loaded with the 32PTH1 DSC were presented in [B4.22], Appendix U, Section
U.4.5 and [B4.23], Appendix T, Section T.4.5.6 using Thermal Desktop, SINDA/FLUINT and
ANSYS computer codes, respectively. The ANSYS model of the OS200FC TC is used in this
section to evaluate the thermal performance.
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Based on the methodology described in [B4.23], Appendix T, Section T.4.5.6, two finite element
models are developed using ANSYS [B4.26] to analyze the thermal performance of the
OS200FC TC with the 32PTH2 DSC.

e For the OS200FC TC model without air circulation, which includes the accident conditions,
a half-symmetric 3D thermal model is used to analyze the thermal performance for steady-
state and transient operations. This model is described in Section B.4.5.3.2.

e For the OS200FC TC model with air circulation, a steady state thermal evaluation is
performed using two sequential models. First a flow rate model is used to determine the air
mass flow rate through the TC/DSC annulus and then a half-symmetric 3D model of the TC
is used to determine the maximum component temperatures. These models are described in
Section B.4.5.3.1 and B.4.5.3.2, respectively.

The OS200FC TC model with air circulation is used for Load Case T8 (Oft-Normal Hot, Steady-
State, Air Circulation) with the maximum heat load of 37.2 kW as listed in Table B.4.5-1.

The following steps are taken to determine the maximum steady state temperatures of the
32PTH2 DSC and OS200FC TC components with the air circulation using ANSYS:

1.  Assume a temperature difference (AT,;) between the air temperature entering the cooling
system (T,mp) and the air temperature exiting the slotted cask lid (Teyi) for initial run,
Calculate Texit and Tave based on the initial guess and the air properties based on Tayg.

Where,
T = Tamb + A’Tair

exit

Tavg = (Tamb + Texit ) / 2

2. Run Flow Rate Model described in Section B.4.5.3.1 iteratively based on average
properties of air calculated in Step 1 to compute the air mass flow rate in each TC/DSC
annulus segment.

3. Determine the heat transfer coefficients within the annulus based on the mass flow rates
computed in Step 2 for the 37.2 kW load case. The equations to calculate these heat
transfer coefficients are described in Section B.4.5.3.2.1.

4. Run OS200FC TC Thermal Model for 37.2 kW based on mass flow rates and heat transfer
coefficients calculated in Step 2 and Step 3.

5. Calculate Texit, Tave, and AT;r based on results from OS200FC TC Thermal Model in
Step 4.

6. If difference between assumed AT, in Step 1 and calculated ATy in Step 5 is less than
1°F, stop iterations, otherwise proceed to Step 7.

7. Rerun the Flow Rate Model described in Section B.4.5.3.1 with air properties based on
Tayg from Step 5.
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8.  If differences between air mass flow rates in each TC/DSC annulus segment from Step 7
and Step 2 are less than 0.1 Ibm/hr, stop iterations, otherwise proceed to Step 9.

9.  Repeat Steps 4 to 9 until the solution converges.

B.4.53.1 Flow Rate Model Description

The flow rate model is used only for Load Case T8 (Off-Normal Hot, Steady-State, Air
Circulation) listed in Table B.4.5-1 as noted in Section B.4.5.3.

The air from the blowers enters the TC from the ram access opening and the airflow turns and
enters the ten (10) flow paths formed by the 1.0” thick wedge segments welded to the OS200FC
TC’s bottom. After the air exits from the flow paths formed by the wedge segments, the airflow
turns and flows in the annulus between the 32PTH2 DSC and the OS200FC TC’s inner liner.
Given that the gap between the 32PTH2 DSC and OS200FC TC varies with circumferential
position, plus variances in the heating of the air, the airflow will distribute itself around the
circumference of the TC/DSC inner liner, until an equal pressure drop is achieved everywhere.

For the purposes of this calculation, each half of the annulus is divided into 19 angular segments
with 0° at the top of the normally horizontal OS200FC TC and 180° at the bottom. The mass flow
rate along each of the 19 angular segments is calculated using the Flow Rate Model. The mass
flow rates obtained from this model are used as input to the thermal model of the TC/DSC
described in Section B.4.5.3.2.

Since the outer diameter of the 32PTH2 DSC (69.75") is the same as the outer diameter of the
32PTH1 DSC evaluated in [B4.23], Appendix T, Section T.4.5.6.2 and since the OS200FC TC
remains the same, flow area and hydraulic diameters calculated for the 32PTH1 DSC in
OS200FC TC remain valid for the current calculation and the same values are used. The flow
area, and hydraulic diameter, and friction factors for the 19 angular segments are shown in

[B4.23], Appendix T, Section T.4.5.6.2.

The flow rate model consists of ANSYS FLUID116 elements each representing one of the
angular segments of the TC/DSC annulus region. The flow areas, hydraulic diameters, and
friction factors calculated for the 19 annular segments are applied using the same methodology
as described in [B4.23], Appendix T, Section T.4.5.6.2. The final air exit temperature is
determined iteratively through the steps described in Section B.4.5.3.

The air infréduced into the annular gap between the 32PTH2 DSC and the OS200FC TC
distributes itself based upon the flow area and hydraulic diameter. The Flow Rate Model
computes the air flow rate in each annular segment based on achieving an equal pressure drop
over any segments of the annulus. The Flow Rate Model for determining the mass flow rates is
shown in Figure B.4.5-1.

The mass flow rates obtained for each of the 19 annular segments for use in the OS200FC TC
thermal model along with the hydraulic diameters and flow areas are presented in Table B.4.5-2
for the 37.2 kW load case.
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B.4.5.3.2 OS200FC TC Model Description

The half-symmetric, three-dimensional finite element model of OS200FC TC loaded with
32PTH1 DSC simulating air circulation described in [B4.23], Appendix T, Section T.4.5.6 is
modified to consider the dimensions of the 32PTH2 DSC in the OS200FC TC. The model
contains the cask shells, cask bottom plate, cask lid, DSC shell, and DSC end plates with a
homogenized basket assembly. The OS200FC TC model with 32PTH2 DSC is shown in Figure
B.4.5-2 and Figure B.4.5-3.

SOLID70 elements are used to model the components, including the gaseous gaps. SURF152
surface elements are used for applying the insolation boundary conditions. Radiation along the
gap between the DSC and TC inner liner is modeled using the AUX12 processor with SHELLS57
elements used to compute the form factors.

Decay heat load is applied as a uniform volumetric heat generated throughout the homogenized
region of the basket assembly. The homogenized basket assembly is centered axially in the
32PTH2 DSC. A uniform gap of 0.75” is considered between the homogenized basket assembly
and the top/bottom ends of the 32PTH2 DSC. This assumption reduces the axial heat transfer and
maximizes the DSC shell temperature, which in turn results in higher fuel cladding temperature.
The volumetric heat generation rate is calculated as:

m o_ Q
Q@ =
n(D,/2)° L,

q" = Volumetric heat generation rate (Btu/hr-in’)

Q =decay heat load (Btu/hr) (to convert from kW multiply by 3412.3)
D; =32PTH2 DSC inner diameter (in)
Ly = Length of basket assembly (in)

The applied decay heat values in the model are listed below.

Heat Load Heat Load D; Ly Volumetric_ Heat
(KW) (Btu/hr) (in (in) Generation
(Btu/hr-in®)
37.2 126938 0.1944
32.0 109194 68.5 177.15 0.1673
31.2 106464 0.1631

The insolation is applied as a heat flux over the OS200FC TC outer surfaces using average
insolation values from 10 CFR 71.71 [B4.2]. The insolation values are averaged over 24 hours
and multiplied by the surface absorptivity factor to calculate the solar heat flux. The solar heat
flux values used in the OS200FC TC model are summarized below.
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Insolance
Total solar heat flux

Surface over 12 hrs Solar
Material Shape [B4.2] Absorptivity | 3veraged over 24 hrs
2 (Btu/hr-in%)
(gcal/lcm®)
Curved 400 0.587 ¥ 0.250

Stainless Steel @
Flat vertical 200 0.587 @ 0.125

(1) See Section B.4.2(r) for surface properties.
(2) Solar absorptivity of stainless steel is taken equal to its emissivity.

Convection and radiation heat transfer from the OS200FC TC outer surfaces are combined
together as total heat transfer coefficients. The total heat transfer coefficients are calculated using
free convection correlations from Rohsenow Handbook [B4.11] and are incorporated in the
model using ANSYS macros.

The typical boundary conditions applied on the OS200FC TC model are shown in Figure
B.4.5-4.

During transfer, when the OS200FC TC is in a horizontal orientation, the 32PTH2 DSC shell
rests on two rails in the OS200FC TC. These rails are flat stainless steel plates welded to the
inner shell of the TC. The thickness of the rail is 0.12”. Considering an angle of 12° between the
lower and vertical plane, the dimensions of the rail, the 32PTH2 DSC and inner OS200FC TC
diameter, the center line of the 32PTH2 DSC is shifted down within the OS200FC TC cavity by
0.26". The eccentric location of the 32PTH2 DSC within the TC cavity is accounted for in the
model considering the above shift. The thermal resistance between the 32PTH2 DSC and the
OS200FC TC rails is assumed to be approximately 2.7 Btu/hr-in>-°F identical to that used in the
TC model described in [B4.22], Appendix U, Section U.4.5.2.

During loading operations, the water level in the TC/DSC annulus is maintained 12" below the
32PTH2 DSC top and is open to atmospheric pressure until the 32PTH2 DSC is sealed. The
water level in the annulus will be observed and replenished. These operational requirements
prevent annulus water from approaching boiling temperature and assure that the DSC shell
temperature does not exceed the boiling temperature of water. Therefore, a conservative DSC
shell temperature of 212°F is used for establishing the initial conditions for the transient analyses
in the OS200FC TC when the TC is in the vertical orientation and the TC/DSC annulus is filled
with water (see Load Cases T11 and T12 listed in Table B.4.5-1) for initial conditions with 37.2
and 32.0 kW decay heat loads.

Due to differences befween the heat loads considered for 32PTH1 DSC and 32PTH2 DSC, the
effective properties for the neutron shield segments are modified iteratively to accurately capture
the temperature gradients across each of the 19 neutron shield segments in the axial direction.

Calculation of the effective properties for the neutron shield segments is described in Section
B.4.5.3.3.

December 2011
Revision 0 72-1029 Amendment No. 3 B.4.5-8



B.4.53.2.1 0OS200FC TC Model with Air Circulation

Air circulation through the annulus of the TC/DSC is modeled using the FLUID116 and LINK34
elements. The FLUID116 elements model the air flow along the axial length of the TC/DSC
annulus by conducting heat and transmitting the fluid between its nodes, whereas the LINK34
elements model the convection from the TC/DSC surfaces due to the air flow. The FLUID116
elements are modeled such that they are connected to the LINK34 convection elements.

Air circulation is conservatively omitted and air conduction only is assumed in the region
between the TC support rails (i.e., approximately 150° to 180°) due to the narrowness of the gap
between the 32PTH2 DSC and the TC inner liner. The mass flow rates obtained from the Flow
Rate Model described in Section B.4.5.3.1 for each of the annular segments from 0° to 150° are
applied to the FLUID116 elements using the “SFE,, hflux” command.

Based on the mass flow rates obtained for each of the annular segments from 0° to 150°, the
convection heat transfer coefficients for the TC/DSC annulus are computed using the
correlations for flow within ducts and pipes. The convection heat transfer coefficients are
computed as a function of the local hydraulic diameter, the Reynolds number, and the
thermophysical properties of air. These convection heat transfer coefficients are applied to the
LINK34 elements using the mpdata,hf/mp,hf commands.

The correlations for the convection coetficients are identical to those used in the thermal analysis
of the OS200FC TC with a 32PTH1 DSC in [B4.22], Appendix U, Section U.4.5 and [B4.23],
Appendix T, Section T.4.5.6 and are taken from equations 7, 43, 44, 45, 57, and 57a in Chapter 7
of [B4.12].

Based on the above correlations and the mass flow rates shown in Table B.4.5-2, the heat
transfer coefficients for the annular segments from 0° to 150° are calculated and are presented in
Table B.4.5-3 considering 37.2 kW heat load for Load Case T8. As noted before, the convection
through air circulation is omitted conservatively for the annular segments from approximately
150° to 180°, which are located between the TC support rails. '

The ANSYS model of the OS200FC TC with air circulation is used only for Load Case T8 as
listed in Table B.4.5-1.

B.4.53.2.2 0OS200FC TC Model without Air Circulation

For the thermal analysis of the OS200FC TC with 32PTH2 DSC and without air circulation, the
LINK34 and FLUID 116 elements are removed from the model described in Section B.4.5.3.2.1

for both the steady-state and transient analyses. This ANSYS model is used for all load cases
listed in Table B.4.5-1 except Load Case T8.

B.4.533 Effective Neutron Shield Properties

The neutron shield panel consists of a cylindrical shell welded to the TC structural shell and
supported by 18 rings. Each of the 16 inner supporting rings has seven holes to allow filling and
draining of water in or out of the panel. The water in the neutron shield panel is modeled as 17
individual, cylindrical segments using SOLID70 elements as shown in Figure B.4.5-2.
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Effective conductivities are calculated for individual segments based on the methodology
described in [B4.30], Chapter 4, Section 4.9.1 to model the combination of the conduction and
convection heat transfer through the water contained in the shielding panel for normal/off-normal
transfer operations for radial direction. The conductivity of water is considered for the neutron
shield panels in the axial direction. '

The radial effective conductivity in each segment depends primarily on the temperature gradient
across the panel between the structural shell and the neutron shield shell. An average temperature
gradient is assumed to calculate the effective conductivity for the water contained in each
segment. The assumed average temperature gradient is verified iteratively by computing the
temperature difference across each segment of the neutron shield based on the results of the
analysis model. Considering that the average temperature gradient across one panel segment is
limited to less than 10°F, based on the discussion in [B4.22], Appendix U, Section U.4.5.4.3, the
angular variation of the Nusselt number inside the panel does not have a significant effect on the
maximum TC component temperatures.

Similarly for accident conditions, effective conductivities are also calculated based on the
methodology described in [B4.30], Chapter 4, Section 4.9.1 to model the combination of the
conduction, convection and radiation heat transfer through the air contained in the shielding
panel.

The neutron shielding effective conductivities are calculated for a heat load of 32 kW and are
used for thermal evaluations with higher heat loads. The temperature differences across the
neutron shield will increase with higher heat loads, thereby increasing the effective thermal
conductivity. Therefore, ignoring these higher effective conductivity values is conservative when
determining the thermal performance of the OS200FC TC at heat loads greater than 32 kW. The
neutron shielding effective conductivities determined for a heat load of 32 kW are used for the
lower heat load of 31.2 kW. The small difference between the heat loads is considered to have an
insignificant effect on the maximum temperatures of the OS200FC TC components and DSC
shell temperature distributions.

For the OS200FC TC with 32PTH2 DSC and with air circulation, the heat dissipated from the
32PTH2 DSC is removed primarily via air circulation, thereby decreasing the temperature
gradient and hence effective conductivities across the neutron shield. Since a large amount of the
heat load is removed via air circulation, the decline in neutron shield effective conductivity is
considered to have an insignificant effect on the maximum fuel cladding temperature for this
condition.

B.4.54 OS200FC TC Thermal Analysis Results

Due to the high decay heat loads considered for the NUHOMS® 32PTH2 system, certain time
limits are applicable to the transfer operations under normal and off-normal conditions. The time
limits are established in conjunction with the thermal analysis of the 32PTH2 DSC described in
Section B.4.6 to maintain the fuel cladding temperature and the OS200FC TC components below
the allowable limits. An overview of these time limits is provided in Figure B.4.5-10.

December 2011
Revision 0 72-1029 Amendment No. 3 B.4.5-10



The results of the thermal analyses for OS200FC TC under normal, off-normal, and accident
conditions are presented in Sections B.4.5.4.1 through B.4.5.4.4. For each condition, the DSC
shell temperature profile resulting from the corresponding load case is used to determine the
peak fuel cladding and basket assembly component temperatures based on the 32PTH2 DSC
thermal model described in Section B.4.6.

B.4.5.4.1 Normal / Off-Normal Transfer Conditions without Air Circulation for Heat Loads
<32.0kW

The analyses results for vertical loading operations within the fuel building for heat loads < 31.2
kW (HLZC #4) assigned as Load Case T5A and for off-normal transfer conditions for heat loads
<32.0 kW (HLZCs #3 and #4) assigned as L.oad Case T3 are summarized in Table B.4.5-4. As
seen, the maximum temperatures of the OS200FC TC components for these two cases are below
the allowable limits.

Figure B.4.5-5 shows the temperature distribution of the OS200FC TC and 32PTH2 DSC shell
for steady-state, normal, vertical loading operations within the fuel building with 31.2 kW heat
load (Load Case # T5A).

For heat loads > 31.2 and <32.0 kW (HLZC #3), based on the transient thermal analysis a
maximum duration of 75 hours is allowed for the vertical loading operations (L.oad Case T5)
once the water in TC/DSC annulus is drained. Table B.4.5-4 summarizes the maximum
temperatures for the OS200FC TC components and shows that the maximum TC component
temperatures are below the allowable limits for the duration of 75 hours.

Based on analysis results shown in Table B.4.5-4 for Load Case T3, no time limit is required for
the horizontal transfer operation for heat loads > 31.2 kW and < 32.0 kW (HLZC #3). For
conservatism, the time limit of 75 hours used for the vertical loading operation is also used for
the horizontal transfer operation with heat loads > 31.2 kW and < 32.0 kW (HLZC #3). This
conservatism does not apply to horizontal transfer operation for heat loads <31.2 kW (HLZC
#4). Therefore, the transfer operations for heat loads <31.2 kW (HLZC #4) require no time limit.

B.4.5.4.2 Normal / Off-Normal Transfer Conditions without Air Circulation for Heat Loads
>32.0kWand <37.2 kW

For both the normal, hot, vertical transient condition (Load Case T6) and off-normal, hot,
transient condition (Load Case # T7), the initial conditions are determined from a steady state
analysis of the OS200FC TC with 32PTH2 DSC with 212°F water in the TC/DSC annulus and
the TC is in vertical orientation.

For the normal, hot, vertical transient condition (L.oad Case T6), at time t= 0, the water in the
TC/DSC annulus is assumed to be drained, and the TC closure is completed. The TC is assumed
to be left inside the fuel building in the vertical position.

For the off-normal, hot transient condition (Load Case T7), at time = 0, the TC/DSC annulus is
assumed to be drained, and the TC closure is completed, TC is assumed to be rotated to a
horizontal orientation and moved outdoors.
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For practical purposes, the time limits for vertical or horizontal transfer operations should be
considered after sealing the 32PTH2 DSC when the water in the TC/DSC annulus starts to drain.

Based on the transient thermal analyses a maximum duration of 36 hours is allowed for both the
normal, hot, vertical loading operations (Load Case T6) and the off-normal, hot, horizontal
transfer operations (Load Case T7). Table B.4.5-5 summarizes the maximum temperatures for
the OS200FC TC components and shows that the maximum TC component temperatures are
below the allowable limits for duration of 36 hours for these two load cases.

Figure B.4.5-6 shows the temperature distribution of the OS200FC TC and 32PTH2 DSC for
transient, off-normal, hot, horizontal transfer conditions (Load Case T7) at 36 hours.

B.4.543 Normal / Off-Normal Transfer Conditions with Air Circulation for Heat Loads
>32.0 kW and <37.2 kW

Steady state thermal analysis is performed for the OS200FC TC with 32PTH2 DSC and 37.2 kW
heat load with air circulation for off-normal, hot, horizontal transfer conditions (Load Case T8)
to demonstrate that the maximum TC component temperatures remain below the allowable limits
once the air circulation is activated. Table B.4.5-6 summarizes the maximum temperatures for
this load case. The temperature profiles for Load Case T8 are presented in Figure B.4.5-7. The
DSC shell temperature profiles resulting from this load case are used to determine the peak fuel
cladding and basket assembly component temperatures in a steady-state model of the 32PTH2
DSC described in Section B.4.6.

A transient thermal analysis is performed for the OS200FC TC with 32PTH2 DSC and 37.2 kW
heat load without air circulation to analyze the thermal performance of the system if the air
circulation is turned off or lost (Load Case T10) to determine the DSC shell temperature profile
and the maximum TC component temperatures. This analysis assumes that the transient begins
with TC and DSC at steady-state conditions from Load Case T8. At time = 0, the fan airflow is
turned off or lost and the system starts to heat up.

Based on the transient thermal analysis a maximum duration of 12 hours is available to complete
the transfer of the DSC to the AHSM-HS or to re-establish the air circulation.

Table B.4.5-7 summarizes the maximum temperatures for the OS200FC TC with 32PTH2 DSC
and 37.2 kW heat load and shows that the maximum TC component temperatures are below the
allowable limits.

As described in Section B.4.5.2, an additional transient analysis is performed to estimate the
duration needed for the 32PTH2 DSC to reach the steady-state conditions when the air
circulation starts at the end of the time limit for transfer operation. The initial condition for this
analysis corresponds to Load Case T7 at 36 hours to bound the hottest expected temperatures
during transfer operation before air circulation starts. The amount of time needed to use the air
circulation is determined by comparison of the maximum DSC shell from this transient analysis
to the maximum DSC shell temperature of 406°F calculated for Load Case T8 (see Table
B.4.5-6). Figure B.4.5-8 presents the maximum temperature history of the DSC shell once the air
circulation is started at the end of Load Case T7. As seen from Figure B.4.5-8, the maximum
DSC shell temperature decreases instantly once the air circulation is started and the maximum
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temperature decrease is observed within the first 6 hours after the start of air circulation. After 6
hours, the temperature decrease in the DSC shell temperature due to air circulation is
approximately 1°F/hr until 8 hours. The total temperature decrease of the DSC shell from 8
hours to 38 hours is approximately 3°F (0.1°F/hr). Due to small changes after 8 hours, it can be
reasonably considered that using air circulation for 8 hours after achieving the time limit of 36
hours will decrease the DSC shell temperature from the hottest condition to the steady state level
for the maximum heat load of 37.2 kW and maximum ambient temperature of 117°F.

B.4.5.44 Accident Conditions

As noted in Section B.4.5.2, the loss of neutron shield and loss of air circulation is bounding for
the fire accident case. The maximum temperatures for the bounding loss of neutron shield and
loss of air circulation steady-state accident condition (Load Case T9) are presented in Table
B.4.5-8. As seen from Table B.4.5-8, maximum component temperatures are below the
allowable limits. Figure B.4.5-9 presents the temperature profiles for the loss of neutron shield
and loss of air circulation accident condition for the OS200FC TC with 32PTH2 DSC and 37.2
kW heat load.

B.4.5.5 Evaluation of OS200FC TC Performance

The thermal performance of the OS200FC TC is evaluated under normal, off-normal, and
accident conditions of operation as described above and is shown to satisfy all the temperature
limits and criteria. The DSC shell temperatures calculated here are used in the DSC basket and
fuel cladding models as a boundary condition in Section B.4.6. The results show that all the
basket and fuel cladding material temperature limits are also satisfied.

Based on the discussions presented in Sections B.4.5.2 and B.4.5.4, time limits for transfer
operations are necessary to maintain the fuel cladding temperature and the OS200FC TC
components temperatures below the allowable limits. Figure B.4.5-10 presents an overview of
the transfer operations for OS200FC TC with 32PTH2 DSC.
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Table B.4.5-1

Design Load Cases for 32PTH2 DSC in OS200FC TC

. Load Case - . . Heat Load " | T.mp® | Airflow .
Operation No. Condition Orientation Model (kW) (°F) (cfm) Insolation
T® Normal, Hot 104 Yes
T2 Normal, Cold 4 0 No
Horizontal Steady-State 32.0 (HLZC#3) 0
T3 Off-Normal, Hot 117 Yes
T4® Off-Normal, Cold 0 No
T5A Steady-State 31.2 (HLZC#4)
T5 Normal, Hot Vertical Transient 32.0 (HLZC#3) 120 0 No
Transfer T6 Transient 37.2 (HLZC#1)
T7 Off-Normal, Hot Transient 0
T8 Off-Normal, Hot . Steady-State 450
- Horizontal 37.2 (HLZC#1) 117 Yes
T9 Accident Steady-State 0
T10@ Off-Normal, Hot Transient 0
T11 ‘ Steady-State 37.2 (HLZC#1)
—ps Normal, Hot Vertical (Initial Conditions)(5> 32.0 (HLZC#3) 120 0 No

(1) The four heat load zone configurations (HL.ZCs) are described in Chapter B.2, Figures B.2.1-1.

(2) The maximum ambient temperature of 104°F corresponds to a daily average temperature of 97°F and the maximum ambient

temperature of 117°F corresponds to a daily average temperature of 107°F, as shown in Chapter 4, Section 4.1.2 and shown in Table

4.1-1 and Table 4.1-2. No averaging is considered for the ambient temperature of 120°F inside the fuel building.

(3) Load cases T1, T2 and T4 are bounded by Load Case T3 (see Section B.4.5.2 for justification).

(4) Initial temperatures for this load case are taken from steady-state results of Load Case T8. At time t=0, the air circulation is assumed to
be turned off or lost and the system begins to heat up.

(5) Initial steady-state conditions are determined assuming water in the TC/DSC annulus and a 120°F ambient temperature within the fuel
building. The initial conditions determined from Load Case T11 are used for transient operations with 37.2 kW decay heat load (Load
Cases T6 and T7) and initial conditions determined from Load Case T12 are used for transient operations with 32.0 kW decay heat load
(Load Case T5). At time t=0 for the transient runs (Load Cases T5, T6, and T7), the water in the TC/DSC annulus is assumed to be
immediately drained and the system begins to heat up. Time limits are considered for Load Cases T5, T6 and T7 to maintain the fuel
cladding temperature below the aliowable limit in [B4.3].
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Table B.4.5-2
Mass Flow Rates Along Each Annular Segment

Section Mass flow Hydraulic_; Diameter Flov_v ,zArea

(Iby/hr) (in) (in)
1 99.00 1.27 3.84
2 98.00 1.26 3.82
3 95.02 1.24 3.75
4 90.17 1.20 3.63
5 83.20 1.15 3.48
6 75.09 1.09 3.29
7 66.27 1.01 3.07
8 57.07 0.93 2.82
9 48.13 0.84 2.56
10 39.72 0.75 2.28
11 31.40 0.66 2.01
12 24.30 0.57 1.74
13 18.33 0.49 1.49
14 13.67 0.41 1.27
15 10.02 0.35 1.07
16 7.45 0.30 0.91
17 574 0.26 0.80
18 4,78 0.24 0.72
19 4.48 0.23 0.70
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Table B.4.5-3
Heat Transfer Coefficients in the TC/DSC Annulus for Air Circulation
(37.2 kW Load Case)

Heat Transfer Coefficients (Btu/hr-in>-°F)
Tem;()f;f ture | wedge!" | Section1 | Section 2 | Section 3 | Section 4 | Section 5
111 0.027 0.027 0.027 0.026 0.026
211 0.028 0.028 0.028 0.027 0.027
311 0.004 0.029 0.029 0.028 0.028 0.027
411 0.029 0.029 0.029 0.029 0.028
511 0.030 0.030 0.030 0.029 0.028
Heat Transfer Coefficients (Btu/hr-in>-°F)
Tempee rature Section 6 | Section 7 | Section 8 | Section 9 Section Section
(°F) 10 11
111 0.025 0.024 0.023 0.022 0.020 0.009
211 0.026 0.025 0.023 0.022 0.009 0.010
31 0.026 0.025 0.024 0.022 0.010 0.011
411 0.027 0.026 0.024 0.010 0.011 0.012
511 0.027 0.026 0.024 0.011 0.011 0.012
Heat Transfer Coefficients (Btu/hr-in’-°F)
Tem?f;)at“'e Section 12 | Section13 | Section14 | Section 15 E"'E;HPP
111 0.009 0.011 0.012 0.014
211 0.011 0.012 0.014 0.016
311 0.012 0.013 0.015 0.018 0.016
411 0.013 0.015 0.017 0.020
511 0.014 0.016 0.018 0.021

(1) The lowest heat transfer coefficient is used for the wedge and exit at top for conservatism.
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Table B.4.5-4

Maximum Temperatures of OS200FC TC with 32PTH2 DSC < 32.0 kW,
Without Air Circulation

qumal Hot, Normal Hot Off-No_rmaI Hot, Max.
Vertical Steady- | \/o 4ica) Transient Horizontal Allowable
State Load Case T5 Steady-State Load °F)
Load Case T5A Case T3
'Heat Load 31.2 kW 32.0 kw 32.0 kW
Time No time limit 75 hrs No time limit®
Component Tmax (°F) Tmax (°F) Tmax (°F)
DSC Shell 466 448 473 -
Inner Liner 314 297 336 -
Gamma Shield 312 295 330 620 [B4.13]
Structural Shell 273 258 278 -
Ef/’:_tm” Shield, Max. / 269/258 254 /242 273 /251 ~/290@
glsit:]tron Shield Outer 259 245 261 .
Bulk Average NS-3 277 251 200 250/ 300 "
Closure Lid 293 253 237 -
Top Forging 277 255 292 -
Bottom Forging 296 263 252 -—

(N

limit for short-term normal operations like vertical loading.

(2)

For NS-3, 250°F is the temperature limit for long-term operations and 300°F is the temperature

Bulk average temperature of water in the neutron shield is limited by the 45 psig pressure relief

valves on the shield. The equivalent steam saturation temperature at this pressure is
approximately 290°F.

Although Load Case T3 is analyzed for steady-state conditions, a time limit of 75 hours is

selected for transfer operations of the 32PTH2 DSC in the OS200FC TC with heat loads > 31.2
kW and < 32.0 kW (HLZC #3) for conservatism.
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Table B.4.5-5
Maximum Temperatures of OS200FC TC with 32PTH2 DSC @ 37.2 kW,
Without Air Circulation

Normal Hot, OffI:INo_rmaI Hot, Max.
Vertical Transient T(r):::i.;:latl Allowable
Load Case T6 Load Case T7 (°F)
Time 36 hrs 36 hrs
Component Tmax (°F) Tumax (°F)
DSC Shel 440 448 -
Inner Liner 283 312
Gamma Shield 281 305 620 [B4.13]
Structural Shell 243 254 -
Neutron Shield, Max. / Avg. 240/ 227 249 /226 —-1290@
Neutron Shield Outer Skin 231 239 ---
Bulk Average NS-3 226 181 250/300 ¥
Closure Lid 223 212 -
Top Forging 236 259 -
Bottom Forging 233 225 ' -—

(1) For NS-3, 250°F is the temperature limit for long-term operations and 300°F is the
temperature limit for short-term normal operations like vertical loading.

(2) Bulk average temperature of water in the neutron shield is limited by the 45 psig
pressure relief valves on the shield. The equivalent steam saturation temperature
at this pressure is approximately 290°F.
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Maximum Temperatures of OS200FC TC with 32PTH2 DSC @ 37.2 kW,

Table B.4.5-6

With Air Circulation

Off-Normal Hot, Horizontal,
Steady-State with Air

Max. Allowable

Circulation (°F)
Load Case T8
Time No time limit

Component Tmax (°F)
DSC Shell 406 —
Inner Liner 330 —
Gamma Shield 324 620 [B4.13]
Structural Shell 273 —
Neutron Shield, Max. / Avg. 268 / 227 —~1290®
Neutron Shield Outer Skin 257 —
Air, Inlet / Exit 107 /293 -—
Bulk Average NS-3 192 250 /300 ¥
Closure Lid 252 —
Top Forging 288 —
Bottom Forging 215 —

(1) For NS-3, 250°F is the temperature limit for long-term operations and 300°F is the
temperature limit for short-term normal operations like vertical loading.

(2) Bulk average temperature of water in the neutron shield is limited by the 45 psig
pressure relief valves on the shield. The equivalent steam saturation temperature at
this pressure is approximately 290°F.
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Maximum Temperatures of OS200FC TC with 32PTH2 DSC @ 37.2 kW,

Table B.4.5-7

Air Circulation Turned Off / Air Circulation Failure during Transfer Operations

Air Circulation turned-off or
Air Circulation faitlure during
transfer operation

Max. Allowable
(°F)

Load Case T10

Time 12 hrs
Component Timax (°F)
DSC Shell 444 -—
Inner Liner 331 ---
Gamma Shield 325 620 [B4.13]
Structural Shell 273 -
Neutron Shield, Max. / Avg. 268 / 231 —~1290@
Neutron Shield Outer Skin 257 -
Bulk Average NS-3 185 250/300 "
Closure Lid 234 -
Top Forging 287 —
Bottom Forging 220 -

(1) For NS-3, 250°F is the temperature limit for long-term operations and 300°F is the
temperature limit for short-term normal operations like vertical loading.

(2) Bulk average temperature of water in the neutron shield is limited by the 45 psig
pressure relief valves on the shield. The equivalent steam saturation temperature at
this pressure is approximately 290°F. '
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Table B.4.5-8

Maximum Temperatures of OS200FC TC with 32PTH2 DSC @ 37.2 kW,
Accident Loss of Neutron Shield with Loss of Air Circulation Accident Conditions

Accident Loss of Neutron Shield

with Loss of Air Circulation

Max. Allowable

Load Case T9 (°F)
Time No time fimit

Component Tmax (°F)
DSC Shell 615 —
Inner Liner 524 —
Gamma Shield 519 620 [B4.13]
Structural Shell 494 —
Neutron Shield, Max. / Avg. — —
Neutron Shield Outer Skin 310 —
Bulk Average NS-3 255 1,300 "
Closure Lid 320 —
Top Forging 407 —
Bottom Forging 346 —

(1) For NS-3, 1,300°F is the temperature limit for accident conditions as noted in Section

B.4.5.
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