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PRINCIPAL DESIGN CRITERIA

This section provides the principal design criteria for the NUHOMS® 32PTH2 system, which is
described in Chapter B.1.
Several sections of this Chapter B.2 have been identified as "No change to section YY as
described in Chapter XX, Section YY" due to the addition of the NUHOMS® 32PTH2 system to
the UFSAR. For these sections, the description or the analysis presented in the corresponding
sections of the UFSAR for the Advanced NUHOMS® System is also applicable to the
NUHOMS® 32PTH2 system.
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B.2.1 Spent Fuel to be Stored
The spent fuel to be stored in the 32PTH2 DSC consists of intact (including reconstituted) and/or
damaged CE 16x16 class fuel assemblies clad with a zirconium based alloy and U0 2 or (U02,
Er203) or (U02,Gd203) or (U02, ZrB 2) fuel pellets. Assemblies are with or without Integral Fuel
Burnable Absorber (IFBA) rods.
The thermal and radiological characteristics for the PWR spent fuel were determined using the
SCALE computer code package. Spent fuel with various combinations ofburnup, enrichment,
and cooling time can be stored in the 32PTH2 DSC provided the values for various parameters
remain within the design limits specified in Table B.2.1-1, Table B.2.1-2 and Table B.2.1-3.
B.2.1.1

Detailed Payload Description

The 32PTH2 DSC is designed to store intact (including reconstituted) and/or damaged CE 16x16
class PWR fuel assemblies as specified in Table B.2.1-1 and Table B.2.1-3. The fuel to be stored
is limited to a maximum assembly average initial enrichment of 5.00 wt.% U-235 as a result of
the shielding analysis, and limited to a maximum planar average initial enrichment of 5.00 wt. %
U-235 as a result of the criticality analysis. The maximum allowable assembly average burnup is
limited to 62.5 GWd/MTU and the minimum cooling time is 5 years. The DSC is designed to
store up to 12 Control Components (CCs) with thermal and radiological characteristics as listed
in Table B.2.1-2. The CCs include burnable poison rod assemblies (BPRAs), control rod
assemblies (CRAs), thimble plug assemblies (TPAs), axial power shaping rod assemblies
(APSRAs), control element assemblies (CEAs), vibration suppressor inserts (VSis), orifice rod
assemblies (ORAs), neutron source assemblies (NSAs), and neutron sources. Non-fuel hardware
that is positioned within the fuel assembly after the fuel assembly is discharged from the core
(such as Guide Tubes or Instrument Tube Tie Rods) or Anchors, Guide Tube Inserts, BPRA
Spacer Plates, or other devices that are positioned and operated within the fuel assembly during
reactor operation are also considered as CCs.
Reconstituted assemblies containing replacement irradiated stainless steel rods (up to 11 rods in
the Option 1 configuration or up to 7 rods in the Option 2 configuration of Table B.2.1-1) or an
unlimited number of lower enrichment U0 2 rods, or Zircaloy rods, or unirradiated stainless steel
rods are acceptable for storage in the 32PTH2 DSC. The maximum number ofreconstituted
assemblies allowed and the associated restrictions are per Table B.2.1-1. The rods can be at any
location within the fuel assemblies.
·
The 32PTH2 DSCs can accommodate up to a maximum of 16 damaged fuel assemblies placed in
the outer fuel compartments of the 32PTH2 DSC as shown in Figure B.2.1-1. Damaged PWR
fuel assemblies are assemblies containing missing or partial fuel rods, or fuel rods with known or
suspected cladding defects greater than hairline cracks or pinhole leaks. The extent of damage in
the fuel assembly is to be limited such that a fuel assembly is able to be handled by normal
means. The 32PTH2 DSC basket fuel compartments which store damaged fuel assemblies are
provided with top and bottom end caps.

ANUH-01.0150

B.2.1-1
Appendix B is newly added in Revision 7 by Amendment 3.

Advanced NUHOMS® System Updated Final Safety Analysis Report

Rev. 7, 08/16

A 32PTH2 DSC containing less than 32 fuel assemblies may contain dummy assemblies in the
remaining slots or those slots may remain empty. If dummy assemblies are used, they are
unirradiated stainless steel structures that approximate the weight and center of gravity of a fuel
assembly. Empty slots must be positioned in the outer part of the 32PTH2 basket grid, in
locations allotted for damage fuel, symmetrically toward the 0°-180° and 90°-270° basket axes.
The 32PTH2 DSC stainless steel basket consists of an "egg-crate" plate design. The 32PTH2
DSC is similar to the 32PTH1 DSC licensed under CoC 1004 and described in Appendix U of
[B2.12], with only minor changes made due to different fuel sizes. The fuel assemblies are
housed in 32 stainless steel fuel compartments. The basket assembly structure, including the fuel
compartments, is held together with stainless steel support plates that form the "egg-crate"
structure. The basket structure is connected to perimeter transition rail assemblies, made of
aluminum. The neutron poison/aluminum plates are located between the fuel compartments.
The 32PTH2 DSCs may store up to 32 CE 16x16 class fuel assemblies arranged in any of the
four alternate heat load zoning configurations (HLZC) with the maximum decay heat per fuel
assembly and the maximum DSC heat load allowed for each HLZC as shown in Figure B.2.1-1.
The maximum heat load allowed is 37.2 kW, 35.2 kW, 32.0 kW and 31.2 kW for HLZCs 1, 2, 3
and 4, respectively.
The 32PTH2 DSC basket is provided with Metal Matrix Composite (MMC) neutron absorber
plate material (poison material) for criticality control. The criticality analysis takes credit for
90% of the B-10 content present in the MMC neutron poison plates.
The 32PTH2 DSC basket is analyzed for three alternate basket types for criticality control,
depending on the boron loadings analyzed (designated as "B" basket for the lowest B-10 loading
to "D" basket for the highest B-10 loading). Table B.2.1-9 lists the 3 basket types and the
minimum B-10 loading in the neutron poison plates for each basket type.
Table B.2.1-4 and Table B.2.1-5 summarize the maximum planar average initial enrichment as a
function of basket type (fixed poison loading) for intact and damaged fuel, respectively (the
soluble Boron concentration in the spent fuel pool or the 32PTH2 DSC cavity water is held at a
minimum concentration of 2600 ppm Boron). Fuel assemblies with a burnup and enrichment
combination that is encompassed by the "analyzed" regions of Table B.2.1-6 are qualified from a
radiological standpoint. Table B.2.1-7 provides the correlation (Decay Heat Equation) for
calculating the decay heat of a fuel assembly with a specific cooling time, burnup, and maximum
initial enrichment parameters. Any fuel assembly that is qualified from a thermal standpoint is
also qualified from a radi<?logical standpoint. These tables ensure that the fuel assembly decay
heat load is less than that specified for each fuel assembly and that the corresponding radiation
source term is bounded by that analyzed in Chapter B.5.
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The 32PTH2 DSC is inerted and backfilled with helium at the time ofloading. The maximum
fuel cladding temperature limit of 400 °C (752 °F) is applicable to normal conditions of storage
and all short term operations from the spent fuel pool to the ISFSI pad, including vacuum drying
and helium backfilling of the 32PTH2 DSC per NUREG-1536, Revision 1 [B2.3]. In addition,
[B2.3] does not permit repeated thermal cycling of the fuel cladding (limited to less than 10
cycles) with cladding temperature differences greater than 65 °C (117 °F) during DSC drying,
backfilling and transfer operations.
The maximum fuel cladding temperature limit of 570 °C ( 105 8 °F) is applicable to accidents or
off-normal storage conditions [B2.3].
For calculating the maximum internal pressure in the 32PTH2 DSC, it is assumed that 1% of the
fuel rods are ruptured for normal coriditions, up to 10% of the fuel rods are ruptured for offnormal conditions, and 100% of the fuel rods are ruptured following a design basis accident
event [B2.3]. A minimum of 100% of the fill gas and 30% of the fission gases within the
ruptured fuel rods are assumed to be available for release into the 32PTH2 DSC cavity,
consistent with NUREG-1536 [B2.3].
The maximum internal pressures used in the structural analysis for the 32PTH2 DSC are 15, 20,
and 140 psig for normal, off-normal and accident conditions, respectively, during storage and
transfer operations for the 32PTH2 DSCs.
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Table B.2.1-1
PWR Fuel Specification for the Fuel to be Stored in the 32PTH2 DSC
(Part 1 of2)
Physical Parameters:

Intact or damaged unconsolidated CE 16x16 class fuel
assemblies (with or without control components) that
are enveloped by the fuel assembly design
characteristics listed in Table B.2.1-3. Reload fuel
manufactured by other vendors but enveloped by the
design characteristics listed in Table B.2.1-3 is also
acceptable. Damaged fuel assemblies beyond the
definition contained below are not authorized for
storage.

Fuel Class

Damaged fuel assemblies are assemblies containing
missing or partial fuel rods or fuel rods with known or
suspected cladding defects greater than hairline cracks
or pinhole leaks. The extent of damage in the fuel
assembly is to be limited such that a fuel assembly is
able to be handled by normal means.

Fuel Damage

Reconstituted Fuel Assemblies:
A)

With Irradiated Stainless Steel Rods

•

Maximum Number of Reconstituted Assemblies per
DSC with Irradiated Stainless Steel Rods

•

Maximum Number of Irradiated Stainless Steel
Rods per Reconstituted Fuel Assembly
With All Other Alternate Rod Materials

•

Maximum Number of Reconstituted Assemblies per
DSC with Unlimited Number of Low Enriched U02
Rods, or Zircaloy Rods or Unirradiated Stainless
Steel Rods

ANUH-01.0150

Option 2:

32 (Additional cooling time requirements per
Table B.2.1-8 apply.)

Option 1:

11

Option 2: 7

B)

Control Components (CCs)

Option 1: 8, in selected locations in Zone 2 of
Figure B.2.1-1

32

•

Up to 12 CCs are authorized for storage only in
Zone 2 locations as shown in Figure B.2.1-1.

•

Authorized CCs include Burnable Poison Rod
Assemblies (BPRAs), Control Rod Assemblies
(CRAs), Thimble Plug Assemblies (TPAs), Axial
Power Shaping Rod Assemblies (APSRAs),
Control Element Assemblies (CEAs), Vibration
Suppression Inserts (VSls), Orifice Rod
Assemblies (ORAs), Neutron Source Assemblies
(NSAs), and Neutron Sources. Nonfuel hardware
that is positioned within the fuel assembly after the
fuel assembly is discharged from the core (such as
Guide Tubes or Instrument Tube Tie Rods) or
Anchors, Guide Tube Inserts, BPRA Spacer Plates
or other devices that are positioned and operated
within the fuel assembly during reactor operation
are also considered as CCs.

•

Design basis thermal and radiological
characteristics for the CCs are listed in Table
B.2.1-2.
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Table B.2.1-1
PWR Fuel Specification for the Fuel to be Stored in the 32PTH2 DSC
(Part 2 of2)
Number of Intact Fuel Assemblies

~32

Maximum Assembly plus CC Weight

15501bs

Number and Location of Damaged Fuel Assemblies

Up to 16 damaged fuel assemblies. Balance may be
intact fuel assemblies, or dummy assemblies which are
authorized for storage in 32PTH2 DSC.
Damaged fuel assemblies are to be placed in the outer
16 fuel compartments as shown in Figure B.2.1-1. The
DSC fuel compartments which store damaged fuel
assemblies are provided with top and bottom end caps.

Thermal/Radiological Parameters:
Fuel Assembly Average Burnup, Assembly Average
Enrichment and Cooling Time

Per Table B.2.1-6, Table B.2.1-7, and Table B.2.1-8.

Decay Heat per DSC

Per Figure B.2.1-1.

Maximum Planar Average Fuel Initial Enrichment

Per Table B.2.1-4 or Table B.2.1-5.

Minimum B-10 Content in Neutron Poison Plates

Per Table B.2.1-9.
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Table B.2.1-2
Thermal and Radiological Characteristics for Control Components Stored in
the 32PTH2 DSC
CC Source11 >

Parameter
Maximum Gamma Source
(y/sec/assembly)
2
Decay Heat< > (Watts/assembly)
Minimum Cooling Time<3 > (years)

8.74E+14

20
10

Notes:

ANUH-01.0150

(1)

Up to 8 Neutron Sources and NSAs are allowed in any location within Zone 2 of Figure 8.2.1-1
except at the four corner locations.

(2)

The decay heat for the CCs for cooling time greater than 15 years is well within the uncertainty of
the decay heat equation shown in Table 8.2.1-7.

(3)

The decay heat value of 20 watts per CC shall be included to determine thermal and radiological
qualification of fuel assemblies for CC cooling times between 10 years and 15 years.
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Table B.2.1-3
PWR Fuel Assembly Design Characteristics for the 32PTH2 DSC
Assembly Class<3>
Maximum Unirradiated
Length (inches)< 1>
Fissile Material
Maximum
MTU/Assemb1y<2>
Maximum Number of
Fuel Rods
Maximum Number of
Guide Tubes

CE

CE

16x16

16x16

(Westinghouse)

(Areva)

178.3

178.3

U02or(U02,
Er203) or
(U02,Gd203) or
(U02, Zr82)

U02or
(U02,Gd203)

0.456

0.456

236

236

5

5

Notes:
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(1)

Maximum Assembly+ CC Length (unirradiated)

(2)

The maximum MTU/assembly is based on the shielding analysis. The listed value is higher than
the actual.

(3)

Reload fuel from other manufacturers with these parameters are also acceptable.
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Table B.2.1-4
Maximum Planar Average Initial Enrichment versus Neutron Poison Plate
Requirements for the 32PTH2 DSC (Intact Fuel Assembly)

Fuel Assembly
Class

CE 16x16

Minimum
Soluble Boron
ppm

2600
2600

Maximum Planar Average Initial Enrichment<2>
(wt. % U-235) as a Function of Basket Type (Fixed
Neutron Poison Plate Loading)
Basket Type<1>
With CC
Without CC

B

c

D

4.75
4.80

4.95
5.00

5.00
5.00

Notes:
(1)

The neutron poison plate loading requirements as a function of Basket Type are per Table 8.2.1-9.

(2)

The maximum planar average initial enrichments are design nominal values. For the maximum planar average initial
enrichment of 5.00 wt. % U-235, the criticality analysis is actually performed using 5.05 or 5.1 O wt. % U-235.
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Table B.2.1-5
Maximum Planar Assembly Average Initial Enrichment versus Neutron
Poison Plate Requirements for the 32PTH2 DSC (Damaged Fuel Assembly)

Fuel Assembly
Class

CE 16x16

Minimum
Soluble Boron
ppm

2600
2600

Maximum Planar Average Initial Enrichment121
{wt. % U-235) as a Function of Basket Type {Fixed
Neutron Poison Plate Loading)
Basket Type 111
With CC
Without CC

B

c

4.45
4.50

4.60
4.70

D
4.90
5.00

Notes:
(1)

The neutron poison plate loading requirements as a function of Basket Type are per Table B.2.1-9.

(2)

The maximum planar average initial enrichments are design nominal values. For the maximum planar average initial
enrichment of 5.00 wt. % U-235, the criticality analysis is actually performed using 5.05 or 5.10 wt. % U-235.
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Table B.2.1-6
Allowable Fuel Assembly Burn Up and Enrichment Comb inations for the
32PTH2 DSC
Burnup,
GWd/MTU

Assembly Average Initial Enrichment (wt.% U-235)
17 11.912 .112.3 12.5 2.6 l2.7l2 .812 .9 l 3.o 3.1 l 3.2l3.3l3Al3 .5 3.6l3 .7l3 .8l3 .9l4.0l4 .1 l4 .2 4314 .5 14 7 14 .915.o

10
15
20
25
30
36

ANALYZED REG ION 1

37
38
40
42
43
45
46

I

48

ANALYZED REGION 2

50
51
53
55
57

I

NOT ANALYZED REGION

58
59
60

I

62 .5
17 11 912 .1 12.3125 2.6 12712 .8 12 9130 3.113213.3 134 135 3613 .7 138 13.9 14 Ol41 l42 4 314 5147 149 15 0
Notes:
Burnup =Assembly Average burnup.
Fuel Assemblies with a burnup and enrichment combination that is encompassed by the "Analyzed Region1 " or the "Analyzed
Region 2" of Table B.2.1-6 are qualified from a radiological standpoint.
See additional notes provided following Table B.2.1-7 regarding the thermal qualification of fuel assemblies for the 32PTH2
DSC .
Fuel Assembl ies with an average initial enrichment less than 0.7 (or less than the minimum analyzed enrichment provided
above for each burnup) or greater than 5.00 wt. % U-235 are unacceptable for storage .
•

Fuel Assemblies with an average initial enrichment between 0.7 wt. % U-235 and 1.7 wt. % U-235 are acceptable for storage
provided the burnup is less than or equal to 15 GWd/MTU .

•

Fuel Assemblies with a burnup greater than 62 .5 GWd/MTU are unacceptable for storage.

•

Fuel Assemblies with a burn up less than 10 GWd/MTU are acceptable for storage after 5.0 years cooling .

ANUH-01 .0150

B.2. 1- 10
Appendix B is newly added in Revision 7 by Amendment 3.

Rev. 7, 08/16

Advanced NUHOMS® System Updated Final Safety Analysis Report

Table B.2.1-7
Fuel Assembly Decay Heat for the 32PTH2 DSC
The Fuel Assembly Decay Heat (DH) in watts is expressed as:
F1 = [55.4*X1 + 226*1n(X2) + 0.691 *Xf + 63.4*1n(X2)2 - 19. 7*X1 *ln(X2)] - 55.1
DH= F1*[1.75*Exp(-0.483*X3) + 0.310*Exp(-0.022*X3)]
Where,
F1
X1
X2
X3

Intermediate Function
Fuel Assembly Average Burnup in GWd/MTU,
Fuel Assembly Average Initial Enrichment in wt.% U-235 (1.7 s X2 s 5.00)
Fuel Assembly Cooling Time in Years (minimum 5.0 Years)

Notes for the use of Decay Heat Equation (DHE) of Table B.2.1-7 (Part 1 of 2):
•

Licensee is responsible for ensuring that uncertainties in fuel enrichment are accounted for by rounding the enrichment DOWN.

•

Licensee is responsible for ensuring that uncertainties in fuel burnup are correctly accounted for by rounding the burnup UP.

•

For cooling times between 5.0 and 6.0 years, increase the calculated decay heat by 6% to account for methodology
uncertainty; for cooling times greater than 6.0 years, increase the calculated decay heat by 3% to account for methodology
uncertainty. Round the calculated decay heat UP to within 5 watts.

•

When fuel assemblies reconstituted with stainless steel rods per Option 2 in Table B.2.1-1 are loaded, the decay heat is
calculated with X3 =(Cooling Time - t.T) where t.T is the additional cooling time (years) which is a function of assembly
average burnup and cobalt content and is obtained from Table B.2.1-8. These fuel assemblies'are qualified if X3 is greater
than 5.0 years. Further, this calculated decay heat shall be employed to determine the applicable Heat Load Zone shown in
Figure B.2.1-1.

•

The calculated decay heat (including all applicable uncertainties) without additional cooling time shall be employed to
determine the total heat load of the DSC as shown in Figure B.2.1-1.

•

Any fuel assembly that is qualified from a thermal standpoint is also qualified from a radiological standpoint.

•

Fuel Assemblies with a burnup and enrichment combination that is encompassed by the "Analyzed Region 1" of Table B.2.1-6
are qualified from a radiological standpoint without any additional restrictions.

•

The decay heat of fuel assemblies with assembly average initial enrichment between 0.7 wt. % U-235 and 1.7 wt.% U-235 as
a function of burnup and cooling time is shown below:

Burnup (GWd/MTU)

ANUH-01.0150

Decay Heat (Watts)
5 years

10 years

10

310

170

15

550

310
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Notes for the use of Decay Heat Equation (DHE) of Table B.2.1-7 (Part 2 of 2):
•

•

•

•

The following methodology shall be employed to qualify fuel assemblies with burnup and enrichment combinations that fall in
the "Analyzed Region 2" of Table B.2.1-6.
o

The minimum cooling time shall be greater than 12.0 years.

o

An additional decay heat uncertainty of 2% shall be utilized.

Example #1: The qualification of a fuel assembly with an assembly average initial enrichment of 3. 75 wt. % U-235, a burnup of
52.4 GWd/MTU and a cooling time of 12.1 years with no control components or reconstituted rods is described below:

=52.4, X2 =3. 75 and X3 =12.1 with a calculational uncertainty of 3%

o

The decay heat calculated from the DHE using X1
is 947 watts.

o

This fuel assembly can be loaded in Zone 2 and Zone 3 of all HLZCs. Further, this fuel assembly can also be loaded in
Zone 1 under HLZC #3 only as described in Figure B.2.1-1.

Example #2: The qualification of a fuel assembly with an assembly average initial enrichment of 3.75 wt. % U-235, a burnup of
52.4 GWd/MTU and a cooling time of 12.1 years with irradiated stainless steel reconstituted rods per Option 2 of Table B.2.1-1
is described below:

=52.4, X2 =3.75 and X3 =12.1 with a calculational uncertainty of 3%

o

The decay heat calculated from the DHE using X1
is 94 7 watts.

o

The additional cooling time penalty for a cobalt content of 2000 ppm in the Rods from Table B.2.1-8 is 4.5 years.

o

The decay heat calculated from the DHE using X1 = 52.4, X2 = 3.75 and X3
1198 watts.

o

This fuel assembly can only be loaded in Zone 2 positions in HLZC #1 and HLZC #2 as described in Figure B.2.1-1.

=7.6 with a calculational uncertainty of 3% is

Example #3: The qualification of a fuel assembly with an assembly average initial enrichment of 3. 75 wt. % U-235, a burnup of
58. 7 GWd/MTU and a cooling time of 12.1 years with no control components or reconstituted rods is described below:

o

This assembly is in the "Analyzed Region 2" region, and has a minimum cooling time greater than 12 years.

o

The decay heat calculated from the DHE using X1
(3% + 2%) is 1136 watts.

o

This fuel assembly can only be loaded in Zone 2 positions in HLZC #1 and HLZC #2 as described in Figure B.2.1-1

ANUH-01.0150

=58.7, X2 =3.75 and X3 =12.1 with a calculational uncertainty of 5%

B.2.1-12
Appendix B is newly added in Revision 7 by Amendment 3.

Advanced NUHOMS® System Updated Final Safety Analysis Report

Rev. 7, 08/16

Table B.2.1-8
Additional Cooling Times (AT) in Years for Reconstituted Fuel Assemblies
with up to 7 Fuel Rods Reconstituted with Irradiated Stainless Steel Rods
(Option 2)
Additional Cooling Time (Years) as a Function of
Cobalt Content in Irradiated Stainless Steel Rods
Burn up
(GWd/MTU)

Cobalt Content::;; 800 ppm

800 ppm > Cobalt Content ::;; 2000 ppm

17

0

18

0
0
0
0
0
0
0
0.5
1.0
1.5
2.0
2.0
2.5
3.0
2.5
2.0
2.0
1.5
1.5
1.0
1.0
0.5
0.5
0.5
0.5
0
0

0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
3.5
4.0
4.5
5.0
5.5
5.5
6.0
5.5
5.0
4.5
4.5
4.5
4.0
4.0
3.5
3.5
3.0
3.0
2.5
2.5

19
20
21
22
23
24
25
26
27
28
29
30
45
46
47
50
51
53
54
55
56
57
58
59
60
62.5
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Table B.2.1-9
B-10 Specification for the 32PTH2 DSC Neutron Poison Plates
32PTH2 DSC
Basket Type

Minimum B-10 Areal
Density for MMC 11 >
(gm/cm 2 )

B

0.015
0.020
0.032

c
D
Note:
(1)

ANUH-01.0150

MMC= Metal Matrix Composite.
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Zone3

Zone3

Zone3

Zone3

Zone3

Zone2

Zone2

Zone2

Zone2

Zone3

Zone3

Zone2

Zone 1

Zone 1

Zonei

Zone 3

Zone 3

Zone2

Zone 1

Zone 1

Zone2

Zone 3

Zone3

Zone2

Zone2

Zone2

Zone2

Zone3

Zone3

Zone3

Zone3

Zone3

Number of Fuel
Assemblies

HLZC#

1
2
3
4
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4

12

16
2

Zone 3< 1>

Zone 1

Zone 2<

Maximum Decay
Heat/Fuel
Assemb1y< 3>,

Maximum Decay
Heat/Fuel
Assembly131 ,

Maximum Decay
Heat/Fuel
Assembly 131 ,

Maximum
Decay
Heat/DSC,

[kW]

[kW]

[kW]

[kW]

0.8
0.9
1.0
0.8

1.5
1.3
1.0
1.0

1.0
1.0
1.0
1.0

37.2
35.2
32.0
31.2

>

Notes:
(1)

Damaged fuel assemblies, up to 16 damaged (balance intact), shall be placed in Zone 3 only.

(2)

Zone 2 is for placement of up to 8 reconstituted fuel assemblies with irradiated stainless steel rods when stored in the Option 1
configuration (the four corner locations of Zone 2 are not allowed for storage of such assemblies). The Option 2 configuration
for storage of up to 32 reconstituted fuel assemblies with irradiated stainless steel rods does not have any restriction on
placement of fuel assemblies within the DSC. Option 1 and Option 2 are defined in Table B.2.1-1.

(3)

Decay heat per fuel assembly shall be determined per Table B.2.1-7.

Figure B.2.1-1
Heat Load Zoning Configurations for the 32PTH2 DSC
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B.2.2 Design Criteria for Environmental Conditions and Natural Phenomena
The NUHOMS® 32PTH2 system, consisting of the 32PTH2 DSC and AHSM-HS, form a selfcontained, independent, passive system, which does not rely on any other systems or components
for its operation when in storage. The criterion used in the design of the 32PTH2 DSC and
AHSM-HS ensures that their exposure to credible site hazards does not impair their safety
functions.
The design criteria satisfy the requirements of 10 CFR Part 72 [B2.1]. They include the effects
of normal operation, natural phenomena and postulated man-made accidents. The criteria are
defined in terms of loading conditions imposed on the 32PTH2 DSC. The loading conditions are
evaluated to determine the type and magnitude of loads induced on the 32PTH2 DSC. The
combinations of these loads are then established based on the conditions that can be
superimposed. The load combinations are classified by Service Level consistent with Section III
of the ASME Boiler and Pressure Vessel Code [B2.5]. The stresses resulting from the
application of these loads are then evaluated based on the rules for a Class I nuclear component
prescribed by Subsection NB and NF of the Code for the 32PTH2 DSC Shell Assembly
important to safety components. Subsections NG and NF of the Code apply to the 32PTH2 DSC
Basket Assembly. The AHSM-HS loads and load combinations are developed in accordance
with the requirements of ANSI/ANS 57.9 [B2.8] and ASCE 7 [B2.6]. The AHSM-HS
component stresses are evaluated based on the applicable ACI-349 [B2.4] and AISC [B2.14]
standards specified. The AHSM-HS concrete components are constructed in accordance with
ACI-318 [B2.11].
The environmental conditions and natural phenomena are the same as those described in
Chapter 2, Section 2.2 with a few specific differences which are discussed in detail in this
section.
B.2.2.1

Tornado and Wind Loadings

The NUHOMS® 32PTH2 system is designed to resist the most severe tornado and wind loads
specified by NRC Regulatory Guide 1.76 [B2.2] and NUREG-0800 [B2.7], Section 3.5.1.4.
There is no change to the Tornado and Wind Loadings section as described in Chapter 2, Section
2.2.1.
B.2.2.2

Water Level (Flood) Design

The 32PTH2 DSC and AHSM-HS are designed for an enveloping design basis flood, postulated
to result from natural phenomena such as tsunami, and seiches, as specified by 10 CFR
72.122(b). There is no change to the Water Level (Flood) Design section as.described in Chapter
2, Section 2.2.2. Flood protection measures for the NUHOMS® 32PTH2 system are discussed in
Chapters B.3 and B.11.
B.2.2.3

Seismic Design

No change to the Seismic Design section as described in Chapter 2, Section 2.2.3. The seismic
analytical methods are discussed in Chapter B.3 and Chapter B.11.
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Snow and Ice Loadings

Snow and ice loads for the AHSM-HS are derived from ASCE 7 [B2.6]. No change to the Snow
and Ice Loadings section as described in Chapter 2, Section 2.2.4.
B.2.2.5

Tsunami

No change to the Tsunami section as described in Chapter 2, Section 2.2.5.
B.2.2.6

Lightning

No change to the Lightning section as described in Chapter 2, Section 2.2.6.
B.2.2.7

Combined Load Criteria

The criteria applicable to the 32PTH2 DSC and AHSM-HS are discussed in the following
subsections.
B.2.2.7.1

AHSM-HS

No change to the Combined Load Criteria, Advanced Horizontal Storage Module, section as
described in Chapter 2, Section 2.2. 7 .1.
The AHSM-HS load combinations and load factors are presented in Chapter B.3. The
corresponding structural design evaluation for the 32PTH2 DSC support rail is presented in
Chapter B.3.
B.2.2.7.2

32PTH2DSC

The 32PTH2 DSC is designed by analysis to meet the stress intensity allowables of the ASME
Boiler and Pressure Vessel Code Section III, Division I, Subsections NB, NG and NF for Class 1
components and supports [B2.5]. The 32PTH2 DSC is conservatively designed by utilizing
linear elastic or non-linear elastic-plastic analysis methods. The load combinations considered
for the 32PTH2 DSC normal, off-normal and postulated accident loadings are described in
Chapter B.3. ASME Code Service Level A and B allowables are used for normal and off-normal
operating conditions. Service Level C and D allowables are used for accident conditions such as
a postulated cask drop accident. Use of these acceptance criteria ensures that in the event of a
design basis drop accident, the 32PTH2 DSC confinement boundary is not breached. The
maximum shear stress theory is used to calculate stress intensities. Normal operational stresses
are combined with the appropriate off-normal and accident stresses. It is assumed that only one
postulated accident condition occurs at any one time. The accident analyses are documented in
Chapter B.11. The structural evaluation for the 32PTH2 DSC is documented in Chapter B.3.
B.2.2.8

Burial Under Debris

No change to the Burial Under Debris section as described in Chapter 2, Section 2.2.8.
See Chapter B.11 for a generic evaluation of AHSM-HS burial.
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Thermal Conditions

The NUHOMS® 32PTH2 system component temperatures and thermal gradients are affected by
the following thermal conditions:
•

Fuel Loading

•

DecayHeat

•

Beginning of Storage Unloading

•

Ambient Variations

•

Lightning

•

Fire

The thermal conditions which are of concern structurally are the temperature distributions in the
system and the differential thermal expansion of interfacing components. See detailed analyses
in Chapter B .3, Chapter B .4 and Chapter B.11.
B.2.2.9.1

Fuel Loading

The 32PTH2 DSC/OS200FC TC is loaded in a spent fuel pool under water. The 32PTH2 DSC
inner surfaces are cooled by pool water and the 32PTH2 DSC outer surface is cooled by water
contained in the 32PTH2 DSC/OS200FC TC annulus; therefore, the thermal gradients
established during fuel loading will be negligible.
B.2.2.9.2

Decay Heat

After the 32PTH2 DSC/OS200FC TC is loaded and removed from the pool, the temperatures
will gradually reach steady state conditions. The temperature gradients in the 32PTH2
DSC/OS200FC TC have an insignificant effect on structural integrity.
The thermal analysis methods used are discussed in Chapter B.4. The effects on structural
integrity are addressed in Chapter B.3 and Chapter B.11.
B.2.2.9.3

Beginning of Storage Unloading

No change to the Beginning of Storage Unloading section as described in Chapter 2, Section
2.2.9.3. The fuel cladding stresses during beginning of storage unloading are evaluated in
Chapter B.3.
B.2.2.9.4

Ambient Variations

No change to the Ambient Variations section as described in Chapter 2, Section 2.2.9.4. The
thermal effects due to ambient variations and conditions are discussed in further detail in Chapter
B.4.
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Lightning

Thermal effects due to lightning are discussed in Chapter B.11.
B.2.2.9.6

Fire

It is demonstrated in Chapter B.11 that the 32PTH2 DSC will maintain confinement integrity
during and after the postulated fire accident. This condition bounds the case of the DSC in the
AHSM-HS.
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B.2.3 Safety Protection Systems
B.2.3.1

General

The NUHOMS® 32PTH2 system is designed to provide long term storage of spent fuel. The
32PTH2 DSC materials are selected such that degradation is not expected during the storage
period. The 32PTH2 DSC pressure retaining confinement boundary for the spent fuel is
described in detail in Chapter B.7. The 32PTH2 DSC is equipped with top and bottom shield
plugs to minimize occupational doses at the ends during drying, sealing, and handling operations.
The NUHOMS® 32PTH2 system is designed for safe and secure, long-term confinement and dry
storage of spent fuel assemblies. The key elements of the NUHOMS® 32PTH2 system and their
operation which require special design consideration are:
A. Minimizing the contamination of the 32PTH2 DSC exterior by fuel pool water.
B. Providing the 32PTH2 DSC with a confinement boundary to maintain a helium
atmosphere.
C. Minimizing personnel radiation exposure during 32PTH2 DSC loading, closure, and
transfer operations.
D. The coating materials used in the design of the 32PTH2 DSC are chosen to minimize
hydrogen generation.
E. Design of the AHSM-HS and 32PTH2 DSC for postulated accidents.
F. Design of the AHSM-HS passive ventilation system for effective decay heat removal
to ensure the integrity of the fuel cladding. The AHSM-HS is designed with no active
safety systems.
G. Design of the 32PTH2 DSC to ensure subcriticality.
B.2.3.2

Protection by Multiple Confinement Barriers and Systems

The 32PTH2 DSC provides a leak tight confinement of the spent fuel. The sealing of the
32PTH2 DSC involves leak testing to the leaktight criteria of 1 x 10-7 ref cm3/s after loading and
sealing, as described in Chapter B.7.
B.2.3.2.1

Confinement Barriers and Systems

No change to the Confinement Barrier and Systems section as described in Chapter 2, Section
2.3.2.1. See Chapter B.7 for a detailed discussion of the confinement boundary design.
B.2.3.2.2

32PTH2 DSC Cooling

No change to the 24PT1-DSC Cooling section as described in Chapter 2, Section 2.3.2.2.
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The AHSM-HS, 32PTH2 DSC, and OS200FC TC encompass equipment which is important to
safety. Other equipment important to safety associated with the NUHOMS® 32PTH2 system
includes the equipment required for handling operations within the plant's fuel/reactor building.
This equipment is regulated by the plant's 10 CFR Part 50 operating license.
B.2.3.3.2

Instrumentation

No change to the Instrumentation section as described in Chapter 2, Section 2.3.3.2.
B.2.3.4

Nuclear Criticality Safety

B.2.3.4.1

Control Methods for Prevention of Criticality

The design criteria for criticality is that an upper subcritical limit (USL) of 0.95 minus
benchmarking bias and modeling bias will be maintained for all postulated arrangements of fuel
assemblies within the 32PTH2 DSC. The fuel assemblies are assumed to stay within their basket
compartment based on the 32PTH2 DSC and basket geometry.
The control method used to prevent criticality is incorporation of neutron poison plate material in
the basket material, soluble boron in the pool and favorable geometry. The quantity and
distribution of boron in the neutron poison plate material is controlled by specific manufacturing
and acceptance criteria of the neutron poison plates. The acceptance criteria of the neutron
poison plates are described in Chapter B.9.
The basket has been designed to assure an ample margin of safety against criticality under the
conditions of fresh fuel in a 32PTH2 DSC flooded with borated pool water. The method of
criticality control is in accordance with the requirements of 10 CFR 72.124 [B2.1].
The criticality analyses performed for the NUHOMS® 32PTH2 system are described in
Chapter B.6.
B.2.3.4.2

Error Contingency Criteria

No change to the Error Contingency Criteria section as described in Chapter 2, Section 2.3.4.2.
B.2.3.4.3

Verification Analysis-Benchmarking

The Verification Analysis Benchmarking used in the criticality safety analysis is described in
Chapter B.6.
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Radiological Protection

The NUHOMS® 32PTH2 system ISFSI is designed to maintain on-site and off-site doses as low
as reasonably achievable (ALARA) during transfer operations and long-term storage conditions.
ISFSI operating procedures, shielding design, and access controls provide the necessary
radiological protection to assure radiological exposures to station personnel and the public are
ALARA. Further details concerning on-site and off-site dose rates resulting from the
NUHOMS® 32PTH2 system ISFSI operations and the ISFSI ALARA evaluation are provided in
Chapters B.5 and B.10.
B.2.3.5.1

Access Control

No change to the Access Control section as described in Chapter 2, Section 2.3.5.1.
B.2.3.5.2

Shielding

Shielding has the objective of assuring that radiation dose rates at key locations are at acceptable
levels for those locations. Three locations are of particular interest:
1. Immediate Vicinity of the AHSM-HS
2. ISFSI Boundary
3. Site Boundary
Dose rates in the immediate vicinity of the AHSM-HS are important for consideration of
occupational exposure. Because of the passive nature of storage with this system, occupational
tasks related to the system are infrequent and short in duration. Expected personnel exposures
due to operational and maintenance activities are discussed in Chapter B.10. The estimated
occupational doses for personnel comply with applicable requirements (occupational dose
limits).
Dose rates for a hypothetical ISFSI configuration are calculated in Chapter B.10. A site specific
analysis will be performed by the licensee to demonstrate that dose rates at the ISFSI and site
boundaries are in accordance with applicable regulatory requirements.
Radiological Alarm System 2, Section 2.3.5.3.
B.2.3.6

Fire and Explosion Protection

No change to the Fire and Explosion Protection section as described in Chapter 2, Section 2.3.6.
An evaluation of the system engulfed in a minor fuel fire is provided in Chapter B.11.
B.2.3.7

Acceptance Tests and Maintenance

B.2.3.7.1

Acceptance Test

The acceptance tests and criteria for visual inspections, leak testing of components, valves,
gaskets, shielding integrity, thermal acceptance and neutron absorbers are discussed in Chapter
B.9.
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Maintenance Program

Because of their passive nature, the AHSM-HSs will require little, if any, maintenance over the
lifetime of the ISFSI. The maintenance program is discussed in Chapter B.9.
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B.2.4 Decommissioning Considerations
The.32PTH2 DSC is designed to interface with a 10 CFR Part 71 transportation system for the
eventual off-site transport by the DOE to either a monitored retrievable storage facility (MRS) or
a permanent geologic repository, as discussed in Chapter B.14. Decommissioning of the
NUHOMS® 32PTH2 system ISFSI with the 32PTH2 DSC will be performed in a manner
consistent with the decommissioning of the plant itself since all NUHOMS® 32PTH2 system
components are constructed of materials similar to those found in existing plants. The 32PTH2
DSC is compatible with wet or dry unloading facilities.
While the intent for the NUHOMS® 32PTH2 system includes the eventual disposal of each
32PTH2 DSC should fuel removal be required, current closure weld designs do not preclude
future development of a non-destructive closure removal technique that allows for reuse of the
32PTH2 DSC shell/basket assembly. Economic and technical conditions existing at the time of
fuel removal would be assessed prior to making a decision to reuse the 32PTH2 DSC.
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B.2.5 Structures, Systems and Components Important to Safety
Table B.2.5-1 provides a list of major NUHOMS® 32PTH2 system ISFSI components and their
classification and identifies all structures, systems and components that are "Important to Safety"
(ITS). Components are classified in accordance with the criteria of 10 CFR Part 72. Structures,
systems, and components classified as ITS are defined in 10 CFR 72.3 as those features of the
ISFSI whose function is:
A. To maintain the conditions required to store spent fuel safely,

B. To prevent damage to the spent fuel container during handling and storage, or
C. To provide reasonable assurance that spent fuel can be received, handled, packaged,
stored, and retrieved without undue risk to the health and safety of the public.
These criteria are applied to the NUHOMS® 32PTH2 system components in determining their
classification in the paragraphs which follow.
B.2.5.1

Dry Shielded Canister

The 32PTH2 DSC provides fuel assembly support required to maintain the fuel geometry for
criticality control. Accidental criticality inside a 32PTH2 DSC could lead to off-site doses
comparable with the limits in 10 CFR Part 100 which must be prevented. The 32PTH2 DSC also
provides the confinement boundary for radioactive materials. Therefore, the 32PTH2 DSC is
designed to remain intact under all accident conditions identified in Chapter B.11 without losing
its function to provide confinement of the spent fuel assemblies. The 32PTH2 DSC is designed,
constructed, and tested in accordance with a QA program incorporating a graded quality
approach for ITS requirements as defined by 10 CFR Part 72, Subpart G, paragraph 72.140(b)
and described in Chapter B .13.
The welding filler metal required to make the closure welds on the 32PTH2 DSC inner top cover
plate and outer top cover plate shall be manufactured to the same ASME Code criteria as the
32PTH2 DSC shell (Subsection NB, Class 1).
B.2.5.2

Advanced Horizontal Storage Module

The AHSM-HS is considered ITS since it provides physical protection and shielding for the
spent fuel container (32PTH2 DSC) during storage. The reinforced concrete AHSM-HS is
designed in accordance with ACI 349-06 [B2.4] and built to ACI-318 [B2.11]. The level of
testing, inspection, and documentation provided during construction and maintenance is in
accordance with the quality assurance requirements as defined in 10 CFR 72, Subpart G and as
described in Chapter B.13. Thermal instrumentation for monitoring AHSM-HS concrete
temperatures is considered "Not Important to Safety" (NITS).
B.2.5.3

ISFSI Basemat and Approach Slabs

No change to the ISFSI Basemat and Approach Slabs section as described in Chapter 2,
Section 2.5.3.
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The OS200FC TC is ITS since it protects the 32PTH2 DSC during handling and is part of the
primary load path used while handling the 32PTH2 DSC in the fuel/reactor building. An
accidental drop of a loaded OS200FC TC (weighing approximately 125 tons) has the potential
for creating conditions in the plant which must be evaluated. These possible drop conditions are
evaluated with respect to the impact on the 32PTH2 DSC in Chapter B.3 and Chapter B.11.
Therefore, the OS200FC TC is designed, constructed, and tested in accordance with a QA
program incorporating a graded quality approach for ITS requirements as defined by 10 CFR 72,
Subpart G, paragraph 72.140(b) and described in Chapter B.13.
The lifting yoke used for handling the OS200FC TC within the fuel/reactor building is designed
and procured as a "safety related" component as it is used by the licensee (utility) under their
10 CFR Part 50 program. The lifting yoke is designed in accordance with the requirements of
NUREG-0612 [B2.9] and ANSI Nl 4.6 [B2.1 O] for non-redundant yokes.
Due to site unique requirements, rigid or sling lifting members may be used to augment the
lifting yoke. These members shall be designed, fabricated and tested in accordance with the same
requirements as the OS200FC TC lifting yoke.
B.2.5.4.2

Other Transfer Equipment

No change to the Other Transfer Equipment as described in Chapter 2, Section 2.5.4.2.
B.2.5.5

Auxiliary Equipment

No change to the Auxiliary Equipment section as described in Chapter 2, Section 2.5.5.
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Table B.2.5-1
NUHOMS® 32PTH2 System Major Components and Safety Classification
Component
32PTH2 DSC Assembly
DSC shell
Inner and outer bottom cover plates
Top and bottom shield plugs
Inner and outer top cover plates
Siphon/vent port cover plate
Siphon and vent block
DSC support ring
Grapple ring and support
Test port plug
Weld filler metal
Siphon tube
Quick connect coupling
Male connector
Electroless nickel coating
32PTH2 DSC Basket Assembly
Fuel compartment
Poison plate
Basket plate
Basket support plates (inserts)
Basket rail
Weld filler metal
Top and bottom End Caps
Alignment key
AH SM-HS
Reinforced Concrete
32PTH2 DSC Support Rail
Thermal Instrumentation
AHSM-HS/OS200FC TC Restraint
ISFSI Basemat and Approach Slabs
Transfer Equipment
OS200FC TC
OS200FC TC Lifting Yoke
Transfer Trailer/Skid
Ram Assembly
Dry Film Lubricant
Auxiliary Equipment
Vacuum Drying System
Automated Welding System
OS200FC TC/32PTH2 DSC Annulus
Seal
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10 CFR Part 72 Classification
Important to Safety
Important to Safety
Important to Safety
Important to Safety
Important to Safety
Important to Safety
Important to Safety
Important to Safety
Important to Safety
Important to Safety
Not Important to Safety
Not Important to Safety
Not Important to Safety
Not Important to Safety
Important to Safety
Important to Safety
Important to Safety
Important to Safety
Important to Safety
Important to Safety
Important to Safety
Not Important to Safety
Important to Safety
Important to Safety
Not Important to Safety
Not Important to Safety
Not Important to Safety

Important to Safety
Safety Related
Not Important to Safety
Not Important to Safety
Not Important to Safety
Not Important to Safety
Not Important to Safety
Not Important to Safety
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STRUCTURAL EVALUATION

B.3.1 Structural Design
This chapter describes the design and analyses related to the structural performance of the Important-toSafety components as defined in Section B.2.5.
Specifically, this chapter addresses the structural evaluation of the Advanced NUHOMS® System
32PTH2 DSC and AHSM-HS. On-site transfer of a loaded 32PTH2 DSC will be performed utilizing the
NRC approved NUHOMS® OS200FC Transfer Cask (TC) and, therefore, the transfer system is not part
of this evaluation. The OS200FC TC safety analyses are contained in the Standardized NUHOMS®
UFSAR [B3. l]; these analyses envelope the 32PTH2 DSC configuration. The overall design bases for the
Advanced NUHOMS® System are described in Chapter B.2. This chapter discusses the structural design
criteria and associated design bases applicable to the 32PTH2 DSC and AHSM-HS. This chapter also
describes the ability of these components to perform their design function during normal and off-normal
operating conditions, as well as under postulated accident conditions and extreme natural phenomena
events.

B.3.1.1

Discussion

This section describes the structural evaluation of the NUHOMS®32PTH2 system. The 32PTH2 system
consists of the 32PTH2 DSC, the AHSM-HS, and the OS200FC TC. The 32PTH2 DSC is a high-integrity
stainless steel dry shielded canister that provides for the dry storage of spent fuel assemblies (SF As) in an
inert atmosphere. The AHSM-HS is a massive reinforced concrete storage module that houses and
provides environmental protection and shielding to the 32PTH2 DSC. The 32PTH2 DSC is placed inside
the AHSM-HS, via the OS200FC TC.
Multiple AHSM-HSs are grouped together to form arrays in single or double rows to provide storage
capacity consistent with available site space and reactor SF A discharge rates. The AHSM-HSs are placed
next to and in contact with each other and the adjacent modules tied together to form a continuous array.
An array must have a minimum of three AHSM-HSs in order to meet stability requirements under the
postulated design basis earthquake.
The 32PTH2 DSC is similar to the 32PTH1 DSC described in Appendix U, Section U.3.1.1.1 of the
Standardized NUHOMS® System UFSAR under CoC 1004, [B3.1]. The 32PTH2 DSC is a dual purpose
canister that is designed to accommodate up to 32 intact PWR fuel assemblies (or up to 16 damaged
assemblies, with the remaining intact) with a total maximum heat load of 37.2 kW. The 32PTH2 DSC
consists of a shell assembly and a basket assembly. The shell assembly modifications implemented from
the 32PTH1 DSC consist of increasing the 32PTH2 DSC shell thickness to 5/8" and only one option of
cavity length instead of three options for the 32PTH1 DSC.
The AHSM-HS used with the 32PTH2 DSC is similar to the HSM-HS described in Appendix U, Section
U.3.1.1.3 of the Standardized NUHOMS® System UFSAR under CoC 1004 [B3.1] with a few
modifications. These modifications include an increase of the side wall thickness from 12" to 14" and
adding shear keys to the side of the AHSM-HS module which interlock with each other. In addition, this
chapter describes certain modifications made to the HSM-HS to increase its seismic capacity.
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The OS200FC TC is the same NRC approved NUHOMS® OS200FC Transfer Cask (TC) described in
Appendix U, Section U.3.1.1.4 of the Standardized NUHOMS®UFSAR under CoC 1004 [B3.l] and,
therefore, the transfer system is not part of this evaluation. All the safety analyses of the OS200FC TC
documented in Appendix U, Section U.3.6.1.5 of the Standardized NUHOMS®UFSAR under CoC 1004
[B3.l] envelope the 32PTH2 DSC configuration.
A complete evaluation of the 32PTH2 DSC shell assembly, basket components and the AHSM-HS have
been performed and are summarized in this section.

B.3.1.1.1

General Description of the 32PTH2 DSC

The principal characteristics of the 32PTH2 DSC are described in Section B.1.2.1 and are shown in
Figure B.1.1-2. The drawings in Section B.1.5.2 provide the principal dimensions and design parameters
of the 32PTH2 DSC. For purposes of the structural analysis, the 32PTH2 DSC is divided into the 32PTH2
DSC shell assembly and the internal basket assembly. The 32PTH2 DSC shell assembly, shown in Figure
B.3.1-1, includes the pressure retaining confinement boundary for the spent fuel and consists primarily of
a cylindrical shell and top and bottom assemblies. The 32PTH2 DSC confinement boundary (shown in
Figure B.3.1-2) consists of the cylindrical shell, top and bottom inner cover plates, the vent and siphon
block, the vent and siphon cover plates, and the associated welds. The outer top cover plate provides a
redundant confinement boundary.
The 32PTH2 DSC shell assembly and the basket assembly are shown on drawings provided in Chapter
B.1, Section B.1.5.2. The 32PTH2 DSC is designed to carry a maximum heat load of37.2 kW and has a
minimum cavity length of 178.65".

32PTH2 DSC Shell Assembly
The 32PTH2 DSC shell assembly components include the shell, cover plates, solid shield plugs (one at
each end of the 32PTH2 DSC assembly), the vent and siphon block, the grapple ring assembly, support
ring, and the lifting lugs. The shield plugs provide biological shielding during fuel loading operations and
storage of a loaded 32PTH2 DSC. The grapple ring assembly is welded to the outer bottom cover plate
for the purpose of inserting/extracting the 32PTH2 DSC from the AHSM-HS. The support ring, welded to
the cylindrical shell, supports the top shield plug. Four lifting lugs are welded to the inside of the
cylindrical shell and the support ring and are used to lift the unloaded (empty) 32PTH2 DSC into the
OS200FC TC prior to fuel loading operations.

32PTH2 DSC Basket Assembly
The internal basket assembly (shown in Figure B.3.1-3 and Figure B.3.1-4) provides structural support
for, and geometric separation of, the SFAs. The basket assembly consists of 32 stainless steel tubes that
make up a fuel compartment structure designed to accommodate up to 32 PWR fuel assemblies. The
basket assembly consists of the fuel compartment structure, made up of the steel tubes, and the transition
rails. Sandwiched in between the tubes are aluminum alloy plates used as heat transfer material and
neutron absorbing plates for criticality control. The tubes are welded to the stainless steel insert (strap)
plates along the axial length of the basket by fusion welds. The aluminum and neutron absorbing plates,
which are arranged in an egg crate configuration, are separated along the basket length by the steel insert
plates. No credit is taken for the structural capacity of the aluminum heat transfer plates or neutron
absorbing materials in the structural evaluation, except for through-thickness bearing (compression)
loads.
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The basket transition rails provide the transition between the "rectangular" fuel support compartment
tubes and the cylindrical internal diameter of the DSC shell. The basket has aluminum transition rails
which are made from Type 6061 aluminum alloy. The "R90" transition rails are located on the 0°, 90°,
180° and 270° axes. The "R45" transition rails are located on the 45°, 135°, 225°, and 315° axes.
The connections between the transition rails and fuel compartment tubes are designed to allow free
thermal expansion of the connected parts. The basket structure is open at each end such that longitudinal
fuel assembly loads are applied directly to the 32PTH2 DSC/OS200FC TC body and not to the basket
structure. The fuel assemblies are laterally supported by the fuel compartment tube structure, which is
laterally supported by the basket transition rails and the DSC inner shell.
Inside the OS200FC TC, the 32PTH2 DSC rests on two 3" wide rails ("cask rails"), attached to the inside
of the OS200FC TC at +/-12° from the bottom centerline of the TC. An additional set of cask rails at
+/-38° from the bottom centerline provide additional support to the DSC during accident drop conditions.
In the AHSM-HS the DSC is supported by the AHSM-HS DSC support rails located at +/-35° from the
bottom centerline of the DSC.
The nominal open dimension of each fuel compartment cell is 8.65"x 8.65". This cross section dimension
is sufficient to allow insertion of the controlling fuel assembly. The overall basket length is less than the
DSC cavity length to allow for thermal expansion and tolerances.
The 16 fuel compartment tubes on the exterior of the basket may be loaded with damaged fuel. When
storing damaged fuel, end caps are installed at the bottom and top of the basket fuel compartment cells to
contain the damaged fuel. These end caps are shown in drawings provided in Chapter B.1, Section
B.1.5.2.

B.3.1.1.2

General Description of the AHSM-HS

The 32PTH2 DSC is stored in the AHSM-HS horizontal storage module. The AHSM-HS is a reinforced
concrete structure designed to provide environmental protection and radiological shielding for the
32PTH2 DSC. Each AHSM-HS provides a self-contained modular structure for the storage of a 32PTH2
DSC containing up to 32 PWR SFAs. The AHSM-HS provides heat rejection from the spent fuel decay
by a combination of radiation, conduction and convection. Schematic sketches of the AHSM-HS showing
the different components are provided in Figures B.3.1-5 through B.3.1-7. Drawings included in Section
B.1.5.2, provide the nominal dimensions, materials of construction, and design parameters of the AHSMHS.
The AHSM-HS is a reinforced concrete structure consisting of two separate units: a base, where the
32PTH2 DSC is stored, and a roof that serves to provide environmental protection and radiation
shielding. The AHSM-HS roof is tied to the base unit in the vertical direction and by an interlocking
concrete key located on the underside of the roof to restrain relative movement in the horizontal direction.
Three-foot thick shield walls are installed behind each AHSM-HS (single row array only) and at the ends
of each row to provide additional shielding and protection against missile impact.
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The AHSM-HS modules may be prefabricated offsite, then transported to the ISFSI site and installed on a
reinforced concrete basemat. The AHSM-HSs are placed next to adjacent module(s) to form continuous
single or double row (back-to-back) arrays. If subjected to a design basis earthquake, the AHSM-HSs are
:free to slide on the reinforced concrete basemat. An array must have a minimum of three AHSM-HSs in
a row in order to meet stability requirements under the postulated design loads. Adjacent AHSM-HSs are
tied to each other (a minimum of 3 adjacent AHSM-HSs) with module-to-module ties located at the top
(roof-to-roof connections) and at the base (base-to-base connections) of the AHSM-HS and reinforced
concrete shear keys in the side walls of the AHSM-HS.
The top ties are integrated into the roof and consist of reinforced concrete tie "beams", with the rebar
between adjacent modules mechanically connected. The bottom ties consist of steel rods connecting
adjacent base storage units. The top and bottom ties, together with the shear keys, are designed to carry
tensile loads to prevent out-of-phase tipping and module-to-module separation. These attachments also
restrain relative horizontal sliding (:front-to-back), and vertical movement (in-phase tipping) between
AHSM-HSs.
The 32PTH2 DSC is supported inside the base unit on two stainless steel rails. The rail assembly spans
between the :front and rear walls of the base unit and acts as a sliding surface during 32PTH2 DSC
insertion and retrieval.
The air inlet vents are located in the :front face at the bottom of the side walls of the base unit. The air
outlet vents are formed along the sides of the roof. A roof vent shield cap above the outlet vent provides
additional shielding. Steel liner plates are used at the inlet and outlet vents to provide additional shielding
and reduce dose rates. For thermal protection of the AHSM-HS concrete, stainless steel heat shields are
installed on the sidewalls of the base unit. Heat shields with stainless steel mounting bars are also
installed under the roof. The heat shields guide cooling airflow through the AHSM-HS.
The AHSM-HS door is a composite door, which consists of a rectangular and two concentric circular
reinforced concrete blocks. The rectangular block of the door is attached to the :front wall concrete using
four bolts anchored through four embedments. The door provides missile protection and shielding for the
32PTH2DSC.
During 32PTH2 DSC insertion/retrieval operations, the OS200FC TC is docked with the AHSM-HS and
mechanically secured to the AHSM-HS cask restraint embedments provided in the :front of the AHSMHS base unit. These embedments are equally spaced on either side of the AHSM-HS access opening and
serve a dual function: to support the door and to restrain the OS200FC TC during insertion/retrieval of the
32PTH2DSC.

B.3.1.1.3

General Description of the OS200FC TC

On-site transfer of a loaded 32PTH2 DSC will be performed utilizing the NRC approved Standardized
NUHOMS® OS200FC TC and, therefore, the transfer system is not part of this evaluation. The OS200FC
TC safety analyses are contained in Appendix U, Section U.3.6.1.5 of the Standardized NUHOMS®
UFSAR under CoC 1004 [B3 .1 ], and these analyses envelope the 32PTH2 DSC configuration.
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The OS200FC TC on-site transfer cask used for the Standardized NUHOMS® System has certain basic
features. The DSC is transferred from the plant's fuel pool to the AHSM-HS inside the OS200FC TC. The
OS200FC TC provides neutron and gamma shielding adequate for biological protection at the outer
surface of the OS200FC TC. The OS200FC TC is capable of rotation, from the vertical to the horizontal
position on the support skid. The OS200FC TC has a top cover plate which is fitted with a lifting eye
allowing removal when the OS200FC TC is oriented horizontally. The OS200FC TC is capable of
rejecting the design basis decay heat load to the atmosphere assuming the most severe ambient conditions
postulated to occur during normal, off-normal and accident conditions.
The shell, or OS200FC TC body cylinder assembly, is an open ended (at the top) cylindrical unit with an
integral closed bottom end. This assembly consists of a concentric inner liner and an outer shell welded
to massive closure flanges at the top and bottom ends. The annulus between the shells is filled with lead
shielding. The top cover is bolted to the top flange using bolts. A cover plate is provided to seal the
bottom ram access penetration of the OS200FC TC during fuel loading.
Two lifting trunnions are provided for handling the OS200FC TC in the plant's fuel/reactor building
using a lifting yoke and an overhead crane. Lower support trunnions are provided on the OS200FC TC
for pivoting the OS200FC TC from/to the vertical and horizontal positions and to support the OS200FC
TC on the skid/transport trailer.
Within the OS200FC TC, there is an option available for ambient air to be circulated at the bottom of the
OS200FC TC through the ram access opening and distributed to the annular space between the 32PTH2
DSC and the OS200FC TC. The cooling air travels through the OS200FC TC length and exits through the
vent passages around the periphery of the OS200FC TC top lid, in between the bolt holes. Drawings for
the OS200FC TC are provided in Appendix U, Section U.1.5 of the Standardized NUHOMS®UFSAR
under CoC 1004 [B3 .1].

B.3.1.2

32PTH2 DSC and AHSM-HS Design Criteria

This section addresses component specific design criteria, loads, and load combinations for the structural
analyses of the 32PTH2 DSC and the AHSM-HS. The reinforced concrete AHSM-HS, including the
AHSM-HS support structure, and the 32PTH2 DSC are important to safety Advanced NUHOMS®
System components. Consequently, they are designed and analyzed to perform their intended functions
under the extreme environmental and natural phenomena specified in 10 CFR 72.122 [B3 .3] and ANSI
57.9 [B3.4]. These include tornado and wind, seismic, and flood design criteria.

B.3.1.2.1

32PTH2 DSC Design Criteria

B.3.1.2.1.1

Stress Criteria

The 32PTH2 DSC is designed utilizing linear elastic and non-linear elastic-plastic analytical methods.
ASME Code Service Level A and B allowables are used for normal and off-normal operating conditions,
respectively. Service Level C and D allowables are used for accident conditions.
The stress intensity limits for the 32PTH2 DSC shell assembly, including the inner and outer cover plates
and grapple ring components are taken from the ASME Boiler and Pressure Vessel Code, Section III,
Subsection NB, Article NB-3200 for Level A through D Service Limits [B3.5]. In accordance with NB3225, Appendix F is used for accident condition loads (Level D).
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If elastic stress limits cannot be met, an elastics/plastic analysis approach and acceptance criteria of
Appendix F of Section III is used. The 32PTH2 DSC closure welds are designed in accordance with the
guidance ofISG-15 [B3.20].

The 32PTH2 basket assembly stress intensity allowables meets the requirements of ASME Code, Section
III, Subsection NG [B3.5]. Alternatively, and in accordance with NG-3222 and Note 9 to Figure NG3221-1, the Limit Analysis provisions ofNG-3228 may be used for Service Level A load evaluations. For
Service Level D loadings the basket is evaluated in accordance with the requirements of Appendix F of
Section III of the Code.
These criteria are same as used for design of 24PT1-DSC and 24PT4-DSC described in Chapter 3 and
Appendix A.3

B.3.1.2.1.2

Stability Criteria

Structural stability of the 32PTH2 DSC shell assembly is evaluated for those load conditions in which the
32PTH2 DSC is under axial or radial compression. The stability criteria for Level A load conditions meet
ASME Section III, NB-3133.3 and NB-3133.6 [B3.5]. For the accident drop, the 32PTH2 DSC shell
assembly stability load is evaluated based on a nonlinear, large displacement analysis model using
ANSYS [B3.19]. The acceptance criteria (allowable buckling loads) is taken from ASME Code, Section
III, Appendix F, paragraph F-1331.5) requirements for compressive loads. Alternate acceptable criteria as
provided in Appendix F of the ASME Code or other justifiable criteria are acceptable basket stress limits.
For compliance with 10 CFR Part 72 accident conditions, the basket assembly is evaluated for the
controlling accident drop loads using a dynamic time history analysis approach. This time history is
applied in a non-linear elastic-plastic analysis of the basket assembly. The results of this analysis are used
for the stress evaluation of the basket assembly against Service Level D stress limits. Additional scaling
of the amplitude of the time history may be performed to determine the calculated margin against basket
collapse.

B.3.1.2.1.3

Loads and Load Combinations

The loads and load combinations considered for the 32PTH2 DSC consist of the normal, off normal, and
postulated accident conditions listed in Table B.3.1-5. The table also includes the applicable ASME
Service Level for each combination.
Normal operating design conditions consist of events that occur regularly, or in the course of normal
operation of the Advanced NUHOMS® System. Off-normal operating design conditions are events that
occur with moderate frequency or as specified by NUREG 1536 [B3.8]. Analyses also are provided for a
range of hypothetical accidents in accordance with 10 CFR Part 72 [B3.3].
The resulting stresses in the 32PTH2 DSC components are evaluated and combined in accordance with
the load combinations in Table B.3.1-5, and compared with the designated Code limits.
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B.3.1.2.1.3.1 Dead Load
Dead load for the 32PTH2 DSC includes the self-weight of the loaded 32PTH2 DSC, including basket
assembly components, cover plates, control components and stored fuel. In the vertical orientation, the
basket assembly components do not carry the fuel weight, as the fuel weight is transferred to the inner
bottom cover plate. In the horizontal orientation, the fuel compartment tubes provide full support for the
fuel and transfer the load to the aluminum rails, which distribute the fuel weight to the 32PTH2 DSC
shell.

B.3.1.2.1.3.2 Internal and External Pressure
Pressure loads for the 32PTH2 DSC are based on conditions defined by NUREG-1536 [B3.8], Section
4.0.V.5.c and NCA-2142.l(a) [B3.5]. For storage considerations, it is assumed that 1% of the fuel rods
are failed for normal conditions, off normal conditions up to 10% of the fuel rods are failed and 100% of
the fuel rods will have failed following a design basis accident event. A minimum of 100% of the fill gas
and 30% of the fission gases (e.g., H3, Kr and Xe) within the ruptured fuel rods are assumed to be
available for release into the DSC cavity.
Required pressures for structural analysis for Normal, Off-Normal, and Accident conditions are listed in
Table B.3.1-6 and Table B.3.1-7. These internal pressures bound the calculated pressures by the thermal
analysis documented in Chapter B.4.

B.3.1.2.1.3.3 Thermal Loads
The 32PTH2 DSC is analyzed for the thermal conditions summarized in Table B.3.1-8. The thermal
analyses of the 32PTH2 DSC are presented in Chapter B.4 and provide maximum and minimum 32PTH2
DSC component temperatures, as well as 3-D temperature distributions.
The basket assembly components are evaluated for the thermal conditions shown in Table B.3.1-8. The
component temperatures are used in determining the allowable stresses for each condition. Maximum
thermal gradients are considered for determining thermal stresses.

B.3.1.2.1.3.4 32PTH2 DSC Transfer/Handling Loads
There are two categories of transfer and handling loads: (1) inertial loads associated with moving the
32PTH2 DSC (transfer I handling) and, (2) loads associated with inserting the 32PTH2 DSC into and
retrieving the 32PTH2 DSC from the AHSM-HS (AHSM-HS loading/unloading).
Transfer handling loads are inertial loads exerted on the loaded 32PTH2 DSC that result from onsite
handling and transfer between the fuel handling/loading area and the ISFSI. The 32PTH2 DSC is
evaluated for the following four independent load cases:
•

±1.0g Axial

•

±1.0g Transverse

•

±1.0g Vertical

•

(±Yz g Axial± Yz g Transverse± Yi g Vertical)

32PTH2 DSC transfer/handling loads and inertial loads are applied to the 32PTH2 DSC shell and internal
basket components.
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AHSM-HS loading/unloading loads are applied to the 32PTH2 DSC as it is pushed out of, or pulled into,
the OS200FC TC. To load the AHSM-HS, a hydraulic ram applies a load to the center of the 32PTH2
DSC outer bottom cover plate at the center of the grapple ring assembly. To unload the AHSM-HS, the
32PTH2 DSC is extracted using grapples that fit into the grapple ring. The loads applied by the hydraulic
ram are balanced by friction between the 32PTH2 DSC shell and the OS200FC TC and/or AHSM-HS
rails. The assumptions for loading and unloading operations, based on experience with loading
NUHOMS® DSCs, are shown below.
Operating
Condition

Insertion
Loads

Retrieval
Loads

Normal
Off-Normal
Accident

110 kips
110 kips
110 kips

80 kips
80 kips
110 kips

Loads associated with loading/unloading the AHSM-HS do not affect the basket components. Thus, only
the shell assembly is evaluated for the AHSM-HS loading/unloading loads.

B.3.1.2.1.3.5 On-site Transfer Drop
The 32PTH2 DSC design includes consideration of postulated drop loads for on-site transfer conditions.
Postulated on-site transfer drop loads apply to all parts of the 32PTH2 DSC. The following drops are
postulated for on-site transfer:
•

75g side drop

•

25g comer drop (30° from the horizontal)

For the horizontal Advanced NUHOMS® System, end drops are not credible. However, to provide
assurance for loading/unloading operations (10 CFR Part 50) an end drop of 75g, or equivalent to the
lOCFR Part 71 design basis end drop, reference [B3.37], is considered.
These 75g side drop load and 25g comer drop loads are consistent with 24PT1-DSC and 24PT4-DSC
designs in UFSAR Chapter 3 and Appendix A.3 for the postulated drop accidents.
The 32PTH2 DSC is not handled in the vertical orientation once loaded on the transfer trailer; thus end
drops of the OS200FC TC are not credible events for operations performed under 10 CFR Part 72.
However, for purposes of bounding the 25g-corner drop, and as part of 10 CFR Part 71 and 10 CFR Part
50 evaluations, the 32PTH2 DSC is also analyzed for a 75g bottom end drop.
Drop loads are applied as equivalent static loads. Drops are only postulated for the 32PTH2 DSC when
positioned inside the OS200FC TC and cannot occur once the 32PTH2 DSC is transferred into the
AHSM-HS.
A height of 80 inches is used to envelope the maximum vertical height of the OS200FC TC when secured
to the transport skid/ trailer assembly.
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B.3 .1.2.1.3 .6 Seismic Loads
As described in Section B.11.2.1.2.4, the seismic analysis of the 32PTH2 DSC inside the AHSM-HS
shows the maximum acceleration of the 32PTH2 DSC which is limited to 1.6g in the horizontal direction.
The horizontal acceleration specified is applied to a system that is free to slide with a friction coefficient
equal to or less than 0.8. However, the 32PTH2 DSC is conservatively evaluated for the following
equivalent static seismic accelerations:
•

± 6.0g Vertical

•

± 6.0g Transverse

•

± 6.0g Longitudinal

This seismic load is consistent with the 24PT1-DSC and 24PT4-DSC seismic load in UFSAR Chapter 3
and Appendix A.3.

B.3.1.2.1.3.7 Flood Loads
The 32PTH2 DSC is designed for a 50-foot flood when stored in the AHSM-HS. This load is equivalent
to a hydrostatic head of 50 feet on the 32PTH2 DSC or a maximum pressure of 22 psig. The postulated
flood velocity is resisted by the AHSM-HS and has no impact on the 32PTH2 DSC as water velocity does
not impinge on the 32PTH2 DSC.

B.3.1.2.2

AHSM-HS Design Criteria

The AHSM-HS concrete and steel components are designed to the requirements of ACI 349 [B3.10] and
the AISC Manual of Steel Construction [B3.l l] respectively, using the load combinations prescribed by
ANSI 57.9 [B3.4]. The following loads due to environmental and operational conditions are considered.

B.3.1.2.2.1

Environmental Conditions

This section provides the generic environmental conditions used in generating the design basis loads for
the NUHOMS® AHSM-HS. The extreme environmental and natural phenomena design criteria discussed
below comply with the requirements of 10 CFR 72.122 [B3.3] and ANSI 57.9 [B3.4]. The Normal, OffNormal and Accidental load cases for the AHSM-HS concrete and steel structures are discussed in detail
below.
AHSM-HSs built for areas susceptible to freeze/thaw conditions require air entrainment controls in the
concrete design mix in accordance with ACI 349 [B3.10] requirements and may contain fiber
reinforcement to aid crack control. AHSM-HSs in non-freeze/thaw environment do not require controls
on the air entrainment in the concrete mix.

B.3.1.2.2.1.1 Dead Loads and Live Loads
Dead load is the weight of the structure and attachments including permanently installed equipment.
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B.3.1.2.2.1.2 Wind and Tornado Loads
The design basis tornado (DBT) wind intensities used for the AHSM-HS design are obtained from
reference [B3.15]. The most severe tornado generated wind loads specified by references [B3.15] and
[B3.16] are selected as the design basis. The determination of impact forces created by DBT generated
missiles for the AH SM-HS is based on the criteria provided by reference [B3 .16]. Four types of missiles
are postulated per reference [B3.15].

B.3.1.2.2.1.3 Snow and Ice
The live load includes the 32PTH2 DSC weight, snow and ice loads. Snow and ice loads for the AHSMHS are derived from ASCE 7 [B3 .17]. The maximum 100 year roof snow load, specified for most areas of
the continental United States for an unheated structure, of 110 psf is used as the design basis snow load.

B.3.1.2.2.1.4 Seismic
The seismic design of the AHSM-HS is based on the design basis response spectra ofNRC Regulatory
Guide 1.60 [B3 .9], anchored at 1.50g ZP A for the horizontal direction, and 1.00g ZP A for the vertical
direction. The analyses use the time histories developed for the AHSM and the design criteria
documented in UFSAR Chapter 3. The horizontal and vertical design response spectra are shown in
UFSAR Chapter 2, Figure 2.2-1 and Figure 2.2-2. A damping value of four percent of critical damping,
reference [B3.13] is used for the AHSM and the AHSM-HS.

B.3.1.2.2.1.5 Flood Loads
The AHSM-HS is designed for a flood height of 50 feet and water velocity of 15 fps per reference [B3.3].
The module is evaluated for the effects of a water current of 15 fps impinging on the side of a submerged
AHSM-HS. Under 50 feet of water, the inside of the module is rapidly filled with water. Therefore, the
AHSM-HS components are not evaluated for the 50 feet static head of water.

B.3.1.2.2.1.6 Thermal Loads
Thermal loading for the AHSM-HS considers th.e full range of plausible natural weather temperatures and
fluctuations and the heat dissipation from the stored 32PTH2 DSCs. The AHSM-HS is evaluated for the
thermal loads resulting from the 32PTH2 DSC heat load and insolation on the AHSM-HS. To evaluate
the effects of thermal loads on the AHSM-HS, heat transfer analyses for a range of normal and off-normal
ambient temperatures (-40 °F and 117 °F) are performed with 32PTH2 DSC heat loads up to 37.2 kW.
Several heat load zoning configurations of the fuel assemblies inside the 32PTH2 DSC are used. The
following conditions are used in the thermal analysis:
•

Off- normal ambient temperature range of -40 °F without solar insolation to 117 °F with full
insolation. The corresponding average temperature of 107 °F is considered for the hot off-normal
conditions as shown in Section B.4.4.1.

•

Normal ambient temperature range of 0 °F to 104 °F (A corresponding average temperature of
97 °F is considered for hot normal conditions as shown in Section B.4.4.1 maximum 3-day
average ambient temperature).

•

Relative humidity of 100%.
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Blockage of the inlet or outlet cooling vents at the maximum off-normal temperature of 117 °P
(average of 107 °P) and maximum insolation. The maximum time of the blocked vent transient is
calculated based on the limiting temperature criteria for the AHSM-HS and maximum heat load
for the design basis fuel.

B.3.1.2.2.2

Normal Operating Conditions

B.3.1.2.2.2.1 Live Loads
In accordance with the requirements ofreference [B3.8], the 32PTH2 DSC is treated as a live load when
stored in the AHSM-HS. The live load is varied between 0% and 100% to simulate the most adverse
conditions for the AHSM-HS.
The design basis live load includes a load of200 psf applied to the full area of the AHSM-HS roof. This
load includes the effects of snow and ice loads plus miscellaneous conduits, ladders, lights, etc. that may
be added to the roof. The weight of the 32PTH2 DSC is applied to the AHSM-HS support rail as a live
load.

B.3.1.2.2.2.2 Normal Operational Handling Loads
AHSM-HS loading/unloading loads are applied to AHSM-HS support rail and the cask docking
embedments on the front wall as the 32PTH2 DSC is pushed out of, or pulled into, the OS200PC TC.
Normal operating handling loads on the AHSM-HS are the result of 32PTH2 DSC transfer operations.
Normal operation assumes the 32PTH2 DSC is sliding over the AHSM-HS support rail due to a hydraulic
ram force of up to 110,000 lbs (insertion) or 80,000 lbs (extraction) applied at the grapple ring and
resisted by an axial load of 55,000 lbs (insertion) and 40,000 lbs (extraction) in each of the AHSM-HS
support rails and AHSM-HS embedments. The weight of the 32PTH2 DSC is applied to the AHSM-HS
support rail as a distributed load for this case.

B.3 .1.2.2.3

Off-Normal Operational Loads

B.3.1.2.2.3.1 Off-Normal Operational Handling Loads
Off-normal operation handling loads are the result of a 32PTH2 DSC getting stuck or jammed during
transfer into or out of the AHSM-HS. The design basis off-normal operating load is due to a hydraulic
ram force of 110,000 lbs during 32PTH2 DSC insertion and 80,000 lbs during 32PTH2 DSC retrieval,
applied at the grapple ring. The ram axial load applied at the center line of the 32PTH2 DSC is applied as
a concentrated load to the AHSM-HS support rail at the mid-point of the rail. In addition, half of the
loaded weight of the 32PTH2 DSC is applied as a concentrated load mid-span of the AHSM-HS support
rail.

B.3.1.2.2.3.2 Off-Normal Thermal Loads
The off-normal thermal loads include the design basis 32PTH2 DSC internal heat load, plus the effects of
off-normal ambient conditions defined in Section B.3.1.2.2.1.6.

ANUH-01.0150

B.3.1-11
Appendix B is newly added in Revision 7 by Amendment 3.

Advanced NUHOMS® System Updated Final Safety Analysis Report

B.3.1.2.2.4

Rev. 7, 08/16

Accident Operational Loads

B.3.1.2.2.4.1 Accident Thermal Loads
The postulated accident thermal event occurs due to blockage of either the air inlet or outlet vents under
off-normal ambient temperatures defined in Section B.3.1.2.2.1.6.

B.3.1.2.2.4.2 Fire and Explosion Overpressure
Pressure drops initiated by externally initiated fires and explosions are assumed to be bounded by the
design basis tornado generated missile and wind loads. A hypothetical fire accident is evaluated based on
a fuel fire, the source of fuel being a ruptured fuel tank on the 32PTH2 DSC transporter tow vehicle or
any other source of combustible fuel. The bounding capacity of combustible fuel is assumed to be 300
gallons and the bounding hypothetical fire is an engulfing fire. In addition, the postulated fire can only
occur during transfer operations when personnel will be present to quickly extinguish the fire.

B.3.1.2.2.5

Design Load Combinations

In accordance with ANSI 57.9, [B3.4] the design basis concrete loads are multiplied by load factors and
combined in load combinations to simulate the most adverse load conditions considering credible
variations in magnitude and direction. The nominal ultimate concrete strength is reduced by the strength
reduction factors provided in Table B.3.1-9 to obtain the design strength of concrete.
The load combinations specified in reference ANSI 57.9, [B3.4] are used for combining normal operating,
off-normal and accident loads for the AHSM-HS. All seven load combinations specified are considered
and governing combinations are selected for detailed design and analysis. The resulting AHSM-HS load
combinations and the appropriate load factors are presented in Table B.3.1-10. The corresponding
structural design criteria for the AHSM-HS module and AHSM-HS support structure are summarized in
Table B.3.1-11 and Table B.3.1-12, respectively.
The overturning and sliding load combinations and factors of safety for the tornado and flood loading
cases are provided in Table B.3.1-13. For the Design Basis Earthquake, the analysis presented in Chapter
B.11 shows that an AHSM-HS array may slide up to a maximum of 66 inches without any significant
tipping. This guarantees the safe retrieval of all stored 32PTH2 DSCs.

B.3.1.2.3

Exceptions to the ASME Code for the 32PTH2 DSC

The confinement boundary of the NUHOMS® 32PTH2 DSC consists of the 32PTH2 DSC shell, the inner
top cover plate, the inner bottom cover plate, (or the bottom forging), the siphon and vent block, the
siphon/vent port cover plates, and associated welds. Even though the ASME B&PV code is not strictly
applicable to the 32PTH2 DSC, it is Transnuclear's (TN's) intent to follow Section III, Subsection NB of
the Code as closely as possible for design and construction of the confinement vessel. The 32PTH2 DSC
may, however, be fabricated by other than N-stamp holders and materials may be supplied by other than
ASME Certificate Holders. Thus the requirements ofNCA are not imposed. TN's quality assurance
requirements, which are based on 10 CPR 72 Subpart G and NQA-1 are imposed in lieu of the
requirements ofNCA-3800. The UFSAR is prepared in place of the ASME design and stress reports.
Surveillances are performed by TN and utility personnel rather than by an Authorized Nuclear Inspector
(ANI). The basket is designed, fabricated and inspected in accordance with the ASME Code Subsection
NG.
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The poison plates and aluminum heat transfer plates are not considered for structural integrity. Therefore,
these materials are not required to be Code materials. The quality assurance requirements of NQA-1 are
imposed in lieu ofNCA-3800. The basket is not Code stamped. Therefore, the requirements ofNCA are
not imposed. Fabrication and inspection surveillances are performed by TN and utility personnel rather
than by an ANI.
A complete list of the alternatives to the ASME Code and corresponding justification for the 32PTH2
DSC shell and basket is provided in Table B.3.1-14 and Table B.3.1-15, respectively.
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Table B.3.1-1
Codes and Standards for the Fabrication and Construction of Principal
Components
Component
32PTH2 DSC

AH SM-HS

Code of Construction
ASME Code, Section 111; 2010, ANSI,
NUREG, ISGs
-ACI 318-08( 1>
- ACI 349-06(1>
-AWS 01.1-04
- AWS 01 .6-07
- AISC 131h Edition

Note:

1.

ANUH-01.0150
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Table B.3.1-2
Summary of Stress Criteria for Subsection NB Pressure Boundary Components
(Part 1 of 2)

Service Level

Stress Category

References

Notes

(1)

Pressure Test

Pm:::; 0.67Su
Pm +Pb :::; l.35Sy

NB-3226

(2)

0.67 Sy <Pm:::; 0.90Sy

Pm +Pi, ::o;(l.35Sy-l.2Pm)
pm:=:; l.OSm
Design
[NB-3221]

PL:::; l.5Sm
Pm (or PL)+ Pb :::; l.5Sm
FP:::; l.OSY _or _l.5SY
O", + 0"2 + 0"3 :::;

NB-3221.1, NB-3221.2, NB3221.3, NB-3227.1 and
NB-3227.4

4Sm

External Pressure: NB-3133
pm:::; l.OSm

Level A
[NB-3222]

PL:=:; l.5Sm
Pm (or PL)+ Pi, :::; l.5Sm
Pm (orPJ+Pi,+Q::;3.0Sm
FP :::; l.OSY _or_ I.5SY

NB-3222, NB-3227.1, and
NB-3227.4

Notes
1&2

NB-3223, NB-3227.1, and
NB-3227.4

Notes
1&3

4Sm
External Pressure: NB-3133
pm:::; l.OSm
0"1 + 0"2 + 0"3 :::;

PL:::; l.5Sm
LevelB
[NB-3223]

Pm (or PL)+ Pi,:::; l.5Sm
Pm (or Pi)+ Pi,+ Q:::; 3.0Sm
FP :::; l.OSY _or _l.5Sy
0"1 +0-2 +0-3 ::;4sm
External Pressure: NB-3133

Pm:::; max(l.2Sm, l.OSY)
PL:::; max(1.8Sm, l.5SY)
LevelC
[NB-3224]

Pm (or PL)+Pi, ::;max(1.8Sm,l.5SY)
Pm (or Pi)+Pb +Q::;note4

NB-3224, NB-3227.1,
NB-3227.4 and NB-3224.3

FP ::;I.OSY_or _l.5SY

a, + 0"2 +

0"3 :::;

4.8Sm

External Pressure: 1.20*NB-3133
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Table B.3.1-2
Summary of Stress Criteria for Subsection NB Pressure Boundary Components
(Part 2 of2)
References

Service Level
Stress Category
Carbon Steel Components (e.g., top shield plug)
Pm::; 0.7Su
Lev~I

D
Elastic Analysis
[NB-3225, App. F]

Pm (or PL)+ Pb ::; 1.0Su
Pm +Pb +Q::; note 4
FP::; note 5

NB-3225, F-1331.1
& F-1331.5(b)

External Pressure= 1.5 * NB-3133
Pm::; 0.7Su
Level D
Plastic Analysis
[NB-3225, App. F]

Pm (or PL )+Pb::; 0.9Su
Pm +Pb +Q::; note 4
FP::; note 5

NB-3225,F-1341.2
&F-1331.5(b)

External Pressure = 1.5 * NB-3133
Austenitic Steel Components (e.g., DSC Shell including cover plates)
Pm ::;min(2.4Sm,0.7Su)
Level D
Elastic Analysis
[NB-3225, App. F]

Pm (or PL ) +Pb ::; min(3.6Sm, 1.0Su)
Pm +Pb +Q::; note 4
FP ::; note 5

NB-3225, F-1331.1
& F-1331.5(b)

External Pressure= 1.5 * NB-3133
Pm ::;max(0.7Su,Sy +(Su -Sy)/3)

Level D
Plastic Analysis
[NB-3225, App. F]

Pm (or PL )+Pb ::;0.9Su

NB-3225, F -1341.2

Pm + Pb + Q ::; note 4

FP::; note 5

& F-1331.5(b)

External Pressure= 1.5 * NB-3133
Notes:
1.

This 3Sm limit may be exceeded provided the criteria of NB-3228.5 are satisfied.

2.

There are no specific limits on primary stresses for Level A events. However, the stresses due to primary loads during
normal service must be computed and combined with the effects of other loadings in satisfying other limits. See NB-3222.1.

3.

The 10% increase in allowables from NB-3223(a) may be applicable for load combinations for which the internal pressure
exceeds the design pressure.

4.

Evaluation of secondary stresses not required for Level C and D events.

5.

Evaluation of bearing stresses not required for Level D events.
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Table B.3.1-3 (a)
Allowable Weld Stresses for Non Pressure Boundary Partial Penetration and Fillet
Welds
Service Level

Note:

Allowable Stress

Basis

Level A

Fw=0.30Su (weld metal)
Fw=0.40Sy (base metal)

Table NF-3324.S(a)-1

Level B

Fw=0.40Su (weld metal)
Fw=0.53Sy (base metal)

Table NF-3324.S(a)-1 and
Table NF-3522(b)-1 (K = 1.33)

Level C

Fw=0.45Su (weld metal)
Fw=0.60Sy (base metal)

Table NF-3324.S(a)-1 and
Table NF-3522(b)-1

LevelD

Fw=0.60Su (weld metal)
Fw=0.80Sy (base metal)

Table NF-3324.S(a)-1 and F-1334

Level D allowables are determined as two times bigger than Level A allowables per Reference [83.5], F-1334 for Type 304
base material.

Table B.3.1-3 (b)
Allowable Weld Stresses for Pressure Boundary Partial Penetration Welds
Service Level

Stress Region I Category

Stress Criteria

Primary Membrane + Bending
Stress, Pm + Pb

Pm+ Pb= 0.8 [1.5 SmJ

Primary + Secondary Stress, P+Q

Pm+ Pb+ Q = 0.8 [3.0 SmJ

Level C

Primary Membrane Stress, Pm or
Primary Local Stress, PL

0.8 [Max (1.8Sm, 1.5Sy)]

Level D
(Elastic)

Primary/Local Membrane + Bending
Stress, PrrlPL +Pb

0.8 [Min (3.6 Sm, Su)]

LevelD
(Elastic I
Plastic)

Primary Stress Intensity, P

0.8 [0.9 Sul

Level A/
Level B

Note: A joint efficiency factor of 0.8 for pressure boundary welds is used per [83.5].
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Table B.3.1-4
Summary of Stress Criteria for Subsection NG Components
(e.g., Fuel Compartment, Transition Rails)
Stress Category<5>

References

Design
[NG-3221]

Pm $1.0Sm
Pm +Pb;<;:; 1.5Sm

NG-3221.1

·Level A
[NG-3222]

Pm $1.0Sm
Pm +Pb $1.5Sm
Pm +Pb +Q $ 3.0Sm (note 4)

NG-3222.1, NG- 3221.2

Pm$1.0Sm

NG- 3223(a), NG- 3222.1, NG-3221.1

Pm+ Pb $1.5Sm
Pm+ Pb+ Q $ 3.0Sm (note 4)

NG-3223(a) NG-3222.1,NG-3221.2

Service Level

LevelB
[NG-3223] 11 >

NG-3221.2

LevelC
Elastic Analysis
[NG-3224]

Pm $1.5Sm
Pm+ Pb ;<;:; 2.25Sm
Pm +Pb +Q ;<;:;note 2

LevelD
Elastic Analysis
[NG-3225, App. F]

Pm$ min(2.4Sm, 0.7Su)
Pm +Pb $ min(3.6Sm, 1.0Su)
Pm +Pb +Q;<;;note2

Level D
Plastic Analysis
[NG-3225, App. F]

Notes

Pm $ max(o. ?Su, Sy + 1/3(Su - Sy))
Pm+ Pb$ 0.9Su

NG-3222.1, NG-3221.1
Note 6

NG-3222.2

NG-3223(a), NG-3222.2

Notes
1&6

NG - 3224.1(a)(1)
NG - 3224.1 (a)(2)
Figure NG - 3224 - 1

Notes
2&3

NG- 3225, F -1440, F -1331.1(a)
NG - 3225, F -1440, F -1331.1 (c)

NG- 3225, F -1440, F -1341.1(a)
NG - 3225, F -1440, F -1341.2(c)

Pm + Pb + Q $ note 2

Notes:
1.

There are no pressure loads on the basket; therefore, the 10% increase permitted by NG-3223(a) for pressures exceeding
the design pressure are not included.

2.

Evaluation of secondary stresses is not required for Level C and D events.

3.

Criteria listed are for elastic analyses, other analysis methods permitted by NG-3224.1, are acceptable if performed in
accordance with the appropriate paragraph of NG-3224.1.

4.

This limit may be exceeded provided the requirements of NG-3228.3 are satisfied. See NG-3222.2 and NG-3228.3.

5.

As appropriate, the special stress limits of NG-3227 should be applied.

6.

In accordance with NG-3222 and Note 9 of Figure NG-3221-1, the Limit Analysis revisions of NG-3228 may be used.
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Table B.3.1-5
32PTH2 DSC Load Combinations and Service Levels
(Part 1 of 4)
Load Case

Horizontal OW
DSC
Fuel

Vertical OW
DSC
Fuel

External
Pressure

Internal Pressure

Lifting
Loads

Thermal
Condition

Other
Loads

Service
Level

Non-Operational Load Cases
N0-1 Fab. Pressure Testing
N0-2 Fab. Leak Testina
N0-3 DSC Uprighting
N0-4 DSC Vertical Lift
Fuel Loading Load Cases

x
x
x

FL-1 DSC/Cask Filling
FL-2 DSC/Cask Fillina
FL-3 DSC/Cask Xfer
FL-4 Fuel Loadina
FL-5 Xfer to Decon
FL-6 Inner Cover elate Weldina
FL-7 Fuel Deck Seismic Loadina
Draining/Drying Load Cases

---

DD-1 DSC Slowdown/Pressure
Test
DD-2 Vacuum Drying
DD-3 Helium Backfill/ Leak Test
DD-4 Final Helium Backfill
DD-5 Outer Cover Plate Weld
Transfer Trailer Loading
TL-1
TL-2
TL-3
TL-4

Vertical Xfer to Trailer
Vertical Xfer to Trailer
Laydown
Lavdown

ANUH-01.0150

--

--

--

--

---

--

--

x

--

----

---x
x
x
x

---

--

17 - 19 psig <17l
0 psig

--

---

---

70
70
70
70

--

Hydrostatic
Hydrostatic
Hydrostatic
Hydrostatic
Hydrostatic
Hydrostatic
Hydrostatic

120
120
120
120
120
120
120

Hydrostatic

120 °F Cask

14.7 psig

-----

----

--

--

Cask
Cask
Cask
Cask
Cask
Cask
Cask

--

--

Cask

x

--

--

Cask

x

Hydrostatic+ 20< 14l
osia
0 psia

Cask
Cask
Cask

x
x
x

15 osia
3.5 osia
3.5 osia

Hydrostatic+
14.7osia
Hydrostatic
Hydrostatic
Hydrostatic

Cask
Cask
--

x
x

15
15
15
15

-----

--

--

---

--

---

---

Cask
Cask

--

x
x

--

---

Hvdrostatic
Hydrostatic
Hydrostatic
Hydrostatic
Hvdrostatic
Hydrostatic

psig
osia
psi g
osia

°F
°F
°F
°F

°F
°F
°F
°F
°F
°F
°F

-x
x

Cask
Cask
Cask
Cask
Cask
Cask
Cask

x
x
--

155 kip axial
15
155 kio axial < l
---

Test
Test
A
A

x
x

A
A
A
A
A
A
D

----

-----

--

Note 10

---

B

120 F Cask

---

120 °F Cask
120 °F Cask
120 °F Cask

----

----

B
B
B

0 °F Cask
120 °F Cask
0 °F Cask
104 °F Cask

----

---

A
A
A
A
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Table B.3.1-5
32PTH2 DSC Load Combinations and Service Levels
(Part 2 of 4)
Load Case
DSC

Horizontal DW
Fuel

Vertical DW
DSC
Fuel

Internal
Pressure

External
Pressure

Handling
Loads

Thermal
Condition

Other
Loads

Service
Level

Transfer To/From ISFSI
TR-1 Axial Load - Cold

Cask

x

--

--

15.0 psig

--

0 °F Cask

1g Axial

--

TR-2 Transverse Load - Cold

Cask

----

---

----

O °F Cask
O °F Cask
O °F Cask

1g Transverse

--

A

Cask
Cask

x
x
x

15.0 psig

TR-3 Vertical Load - Cold
TR-4 Oblique Load - Cold

---

A
A

TR-5
TR-6
TR-7
TR-8

Cask
Cask
Cask
Cask

x
x
x
x

--

--

----

104
104
104
104

--

----

1g Vertical
Y.gAxial
+ % g Trans
+ % g Vert.
1a Axial
1a Trans.
1a Vertical
Y.gAxial
+ % g Trans
+%a Vert.

A
A
A
A

TR-9 25g Corner Drop

Note 1

Note
1

TR-10 75g Side Drop

Note 1

Cask

Axial Load - Hot
Transverse Load - Hot
Vertical Load - Hot
Oblique Load - Hot

TR-11 Top or Bottom End Drops
TR-12 - Transfer Cask Post
Drop Accident - Loss of Neutron
Shield, Loss of Sunshade, Loss
of Coolina Air
AHSM-HS LOADING
LD-1 Normal Loading - Cold
LD-2 Normal Loadina - Hot
LD-3 Normal Loadina - Hot
LD-4 Off-Normal Loading - Cold
LD-5 Off-Normal Loading - Hot
LD-6 Off-Normal Loading - Ho
LD-7 Accident Loading 11 ' 1

ANUH-01.0150

--

15.0 osig
15.0 psig

----

15.0
15.0
15.0
15.0

osia
osia
osia
psig

Note
1

Note 1

20 psig

--

117 °F«1
Cask

Note
1

--

--

20 psig

--

117°FH
Cask

x

--

--

140 psig

--

----

15.0
15.0
15.0
20.0
20.0
20.0
20.0

Cask/AH SM-HS
Cask/AH SM-HS
Cask/AH SM-HS
Cask/AH SM-HS
Cask/AH SM-HS
Cask/AHSM-HS
Cask/AHSM-HS

x
x
x
x
x
x
x

---

---

---

----

--

psig
psig
psig
psig
psia
psia
psia

--

Note 12
--

°F
°F
°F
°F

Cask
Cask
Cask
Cask

A

---25g
Corner
Droo
75g
Side
Droo

D

D

104 °F«1
Cask

--

100%
Failed
Fuel-

D

--

O °F Cask
104 °F Cask
117 °F
0 °F Cask
104 °F Cask
117 °F
117 °F

+110 Kip
+110 Kip
+110 Kip
+110 Kip
+110 Kip
+110Kip
+110 Kip

--

--

A
A
A
B
B
B
CID

-----

--
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Table B.3.1-5
32PTH2 DSC Load Combinations and Service Levels
(Part 3 of 4)
Horizontal DW
DSC

AHSM-HS STORAGE
AHSM-HS1 Off-Normal
AHSM-HS-2 Normal Storage
AHSM-HS-3 Off-Normal
AHSM-HS-4 Off-Normal Temp. + Failed
Fuel
AHSM-HS-5 Blocked Vent Storage
AHSM-HS-6 8.V. + 10% Failed Fuel
Storage
AHSM-HS-7 Earthquake Loading - Cold
AHSM-HS-8 Earthquake Loading - Hot
AHSM-HS-7A Earthquake Loading Cold
AHSM-HS-8A Earthquake Loading - Hot
AHSM-HS-9 Flood Load (50' H20) - Cold
AHSM-HS-10 Flood Load (50' H20) - Hot

Fuel

Vertical DW
DSC

Thermal Condition

Handling
Loads

--

-40° F AHSM-HS
0 °FAHSM-HS
117 °F AHSM-HS
117 °F AHSM-HS

80 Kip! 15>
80 Kip! 15>

AH SM-HS
AH SM-HS

x
x
x
x

AH SM-HS
AHSM-HS

x
x

---

---

140.0 psig
140.0 psig

---

AH SM-HS
AH SM-HS
AH SM-HS

x
x
x

---

---

20.0 psig
20.0 psig
20.0 psig

---

AH SM-HS
AH SM-HS
AH SM-HS

x
x
x

AH SM-HS
AH SM-HS

Horizontal OW

---

--

--

--

--

--

--

20.0
15.0
20.0
20.0

---

--

--

Vertical OW

DSC
AH SM-HS
AH SM-HS

Fuel

DSC

Fuel

UL-1 Normal Unloadina - Cold
UL-2 Normal Unloading - Hot

x
x

--

--

--

--

UL-4 Off-Normal Unloading·- Cold
UL-5 Off-Normal Unloadina - Hot

AH SM-HS
AH SM-HS

x
x

---

--

UL-8 Accident Unloading - FF/Hot

AH SM-HS

x

--

--

Horizontal DW

--

Vertical DW

AHSM-HS UNLOADING I REFLOOD
DSC

ANUH-01.0150

External
Pressure

--

I

I

Fuel

--

DSC
Cask

Other
Loads

Service
Leve1! 5>

--

8
A
8

Fuel

AHSM-HS UNLOADING

RF-1 32PTH2 DSC Reflood

Internal
Pressure

I

I

psig
psig
psig
psig

--

---

117 °F AHSMHS/BV!4 >
117°FAHSMHS/BV!4 >
-40 °F AHSM-HS
117 °F AHSM-HS
-40 °F AHSM-HS

---

80 Kip''"I
80 Kip! 15>

10% FF

c

80 Kip''U/
80 Kip! 15>

-100% FF

D
D

80 Kipl' 01
80 Kip! 15>
80 Kip! 15>
15

c
c
EQ High

D

117 °F AHSM-HS
0 °F AHSM-HS
104 °F AHSM-HS

80 Kip! >
80 Kipl' 01
80 Kip! 15>

EQ Hiah
Floodl01
Flood!3>

c
c

External
Pressure

Thermal Condition

Handling
Loads

Other
Loads

Service
Level

15.0 psia
15.0 psig

--

0 °F AHSM-HS
104 °F AHSM-HS

-80 Kip
-80 Kip

--

--

--

A
A

20.0 psig
20.0 psia

---

-40 °F AHSM-HS
117 °F AHSM-HS

-80 Kip
-80 Kip

10% FF
10% FF

8
8

20.0 psi~/
140.0 psig 5>! 7>
Note 9

--

117 °F AHSM-HS

-110Kip

100% FF

CID

Internal
Pressure! 13>

External
Pressure

Thermal Condition

Handling
Loads

Other
Loads

Service
Level

140.0 psi g
(max)

Hydrostatic

117 °F Cask

--

--

D

20.0 psig
O psig
O psia
Internal
Pressure

22 psig
22 psia

D

Fuel

x
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Table B.3.1-5
32PTH2 DSC Load Combinations and Service Levels
(Part 4 of 4)
Notes: Table 8.3.1.5 Summary of 32PTH2 DSC Load Combinations Notes:

1.

75g drop acceleration includes gravity effects. Therefore, it is not necessary to add an additional 1.0g load.

2.

For Level D events, stress allowables are based considering the maximum temperature of the component (Thermal stresses are not limited for level D events and maximum
temperatures give minimum allowables) or the actual temperature distribution (basket).

3.

Flood load is an external pressure equivalent to 50 feet of water.

4.

BV AH SM-HS Vents are blocked. The BV accident pressure, based on the blocked vent temperature condition and 10% failed rods, is bounded by the transfer case post
drop accident pressure.

=

5.

Not used

6.

As described in Section B.3.1.2.1.3.2, this pressure assumes 10% release of the fuel cover gas and 30% of the fission gas. Since unloading requires the AHSM-HS door to be
removed, the pressure and temperatures are based on the normal (unblocked vent) condition.

7.

As described in Section B.3.1.2.1.3.2, this pressure assumes 100% release of the fuel cover gas and 30% of the fission gas. Although unloading requires the AH SM-HS door to
be removed, the pressure and temperatures are conservatively based on the accident transfer condition.

8.

Secondary stresses, including thermal stresses, need not be considered for Levels C and D load combinations.

9.

Level C load combination is with off-normal 20.0 psig internal pressure. Level D load combination is with accident pressure of 140.0 psig.

10.

Fuel deck for standard seismic loads are assumed enveloped by handling loads.

11.

Load Cases UL-8 envelop loading cases where the insertion loading of 110 kips is considered with an off-normal pressure (for Level C) and accident pressure (for Level D) (the
internal pressure is assumed to be 0 psig when evaluating the effects of the insertion force).

12.

The top end drop and bottom end drop are not credible events for the Advanced NUHOMS® System when the 32PTHS DSC is in horizontal position on the skid, therefore
these drop analyses are not required. However, 75g end drops (for Part 71 conditions) and the 75g side drop, to conservatively envelop the effects of a 25g corner drop, are
examined.

13.

Reflood pressure is limited to 20 psig. For analysis purposes a 140 psig pressure is considered.

14.

The blowdown pressure is 20 psig; Pressure test of 17-19 psig, with no hydrostatic.

15.

DSC Shell stability is evaluated for 155 kip axial compressive load with internal vacuum during leak test.

16.

Following initial loading, each of the two 32PTH2 DSC seismic restraints are torqued to 40,000 lbs.

17.

The test pressure is set between 17 to 19 psig, which bounds the 1.1 x 32PTH2 DSC design pressure of 15 psig. However, structural evaluations shall use 23 psig.
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Table B.3.1-6
32PTH2 DSC Internal Pressure Loads
Operating Condition 111
"Normal Pressure"
(1 % rods ruptured for
storage/transfer conditions)
"Off-Normal" Pressure
(10% rods ruptured)
"Accident" Pressure
(100% rods ruptured)

Internal Pressure

ASME Service Level

15 psig

A

20 psig

B

140 psig

D

Notes:
(1)

ANUH-01.0150

Conditions (percentage of rods damaged) are from Section 4.0.V.5.c of NUREG-1536 [83.8].
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Table B.3.1-7
32PTH2 DSC External Pressure Loads
Operating Condition
Fuel Loading and Draining &
Drying Cases
Vacuum Drying
Accident Flood

External Pressure

ASME Service Level

Hydrostatic<1>

B

14.7 psig +
Hydrostatic <1>
22 psig<2 >

B

c

Notes:
(1)

Hydrostatic pressure is maximum static head of water in the transfer cask annulus.

(2)

External pressure of 22 psig is due to 50-foot of static head of water.
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Table B.3.1-8
32PTH2 DSC Thermal Conditions

Transfer Cask (Fuel Building)
Transfer Cask
AH SM-HS

Minimum
Ambient
Temperature
0 °F
0 °F
0 °F

Maximum
Ambient
Temperature
120 °F
104 °F
104 °F

Transfer Cask

0°F

117 °F

-40 °F

117 °F

-40 °F

117 °F

Transfer Cask

0°F

117 °F

AH SM-HS

-40 °F

117 °F

AHSM-HS (Blocked inlet and
outlet vents)

n/a

117 °F

Operating
Conditions

32PTH2 DSC
Location

Normal

Off-Normal

Accident

ANUH-01.0150

AHSM-HS with 50% Blockage of
Inlet Vents
AH SM-HS
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Table B.3.1-9
AHSM-HS Ultimate Strength Reduction Factors

ANUH-01.0150

Type of Stress

Reduction Factor

Tension-controlled
Compression-controlled
Shear
Torsion
Bearing

0.90
0.65
0.75
0.75
0.65
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Table B.3.1-10
AHSM-HS Concrete Structure - Load Combinations
Number

Load Combination

Event

1

U > 1.4 D+1.7(L + R0 )

Normal

2

U > 1.05 D + 1.275 (L + T 0 + W)

Off-Normal - Wind

3

U > 1.05 D + 1.275 (L + T0 + Ra)

Off-Normal - Handling

4

U > D + L + T0 + E

Accident - Earthquake

5

U > D + L + To + Wt

Accident - Tornado

6

U > D + L + T 0 + FL

Accident - Flood

7

U > D + L +Ta

Accident - Thermal

The load combinations presented in Table B.3.1-10, Table B.3.1-11 and Table B.3.1-13 use the following notation:
S

Required steel allowable design (ASD) strength

Sv

Required steel ASD shear strength

u.

Required steel plastic strength

U

Required concrete strength

O/S

Overturning and Sliding Resistance

D

Dead Load. Where the structural effects of creep and/or shrinkage in concrete may be significant,
they are included with the dead load.

L

Live Load

Ro

Normal Handing Load

T0

Normal Thermal Load

W

Wind Load. The tornado wind load is conservatively used for normal and off-normal events.

W1

Tornado Wind Load including tornado generated missile loads.

Ra

Off-Normal Handling Load

E

Earthquake Load

Ta

Enveloped of Off-Normal and Accident Thermal Loads

FL

Flood Load

The AHSM-HS is an above ground structure that is founded on a separate basemat, and as such the AHSM-HS is not
subjected to lateral soil pressures (H) or soil reaction loads (G).
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Table B.3.1-11
AHSM-HS Support Structure - Load Combinations
(Allowable Stress Design)
Number

Load Combination

Event

1

S>D+L+Ra

Normal

2

1.33Svor1.3S or> D + L + W

Off-Normal - Wind

3

1.38 > D + L +Ta+ Ra

Off-Normal - Handling

4

(1.SS or 1.4 Sv) > D + L +Ta+ W

Off-Normal - Wind with
Thermal

5

(1.6S or 1.4 Sv) > D + L +Ta+ E

Accident - Earthquake

6

(1.6S or 1.4 Sv) > D + L +Ta+ W1

Accident - Tornado

7

(1.6S or 1.4 Sv)> D + L +Ta+ FL

Accident - Flood

8

(1.7S or 1.4Sv) > D + L + Ta

Accident - Thermal

Notation used in the above combinations is defined in Table B.3.1-10.
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Table B.3.1-12
Structural Design Criteria for AHSM-HS Support Structure
Stress Type

Stress Value

Tensile
Compressive
Bending
Shear
Interaction

(See
(See
(See
(See
(See

Note 1)
Note 2)
Note 3)
Note 4)
Note 5)

Notes:
1.

Equation 02-2 of AISC Manual Reference [83.11] is used as appropriate.

2.

Equation E3-1, E3-2 and E3-3 of AISC Manual Reference [83.11] are used as appropriate.

3.

Equations F2-1, F2-2, and F2-3 of AISC Manual Reference [83.11] are used as appropriate.

4.

Equation G2-1 of AISC Manual Reference [83.11] is used as appropriate.

5.

Equations H1-1a and H1-1b of AISC Manual Reference [83.11] are used as appropriate.
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Table B.3.1-13
Overturning and Sliding - Load Combinations
Number

Load Combination

Event

1

O/S > 1.5 D

Normal and Off-Normal

2

O/S > 1.1 (D + W1)

Accident- Tornado.

3

O/S > 1.1 (D + FL)

Accident - Flood

Notation used in the above combinations is defined in Table B.3.1-10.
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Table B.3.1-14
Alternatives to the ASME Code for the NUHOMS® 32PTH2 DSC Confinement
Boundary (32PTH2 DSC Shell Assembly)
(Part 1 of 2)
Reference
ASME Code
Section/Article
NGA

NCA-1140

NB-1100

NB-2130

NB-4121

Code Requirement

Alternatives, Justification & Compensatory
Measures

All

Not compliant with NGA. Quality Assurance is provided
according to 10 CFR Part 72 Subpart G in lieu of NCA-4000.

Use of Code editions and
addenda

Code edition and addenda other than those specified in
Section B.2.2.7.2 may be used for construction, but in no case
earlier than 3 years before that specified in the Section
B.2.2.7.2 table.
Materials produced and certified in accordance with ASME
Section II material specification from Code Editions and
Addenda other than those specified in Section B.2.2.7.2 may
be used, so long as the materials meet all the requirements of
Article 2000 of the applicable Subsection of the Section 111
Edition and Addenda used for construction.

Requirements for Code
Stamping of
Components, Code
reports and certificates,
etc.
Material must be supplied
by ASME approved
material suppliers.
Material Certification by
Certificate Holder

Code Stamping is not required. As Code Stamping is not
required, the fabricator is not required to hold an ASME "N" or
"NPT" stamp, or to be ASME Certified.
Material is certified to meet all ASME Code criteria but is not
eligible for certification or Code Stamping if a non-ASME
fabricator is used. As the fabricator is not required to be ASME
certified, material certification to NB-2130 is not possible.
Material traceability and certification are maintained in
accordance with TN's NRG approved QA program.

NB-4243 and NB5230

Category C weld joints in
vessels and similar weld
joints in other
components shall be full
penetration joints. These
welds shall be examined
by UT or RT and either
PT or MT.

The shell to the outer top cover weld, the shell to the inner top
cover/shield plug weld (including optional design configurations
for the inner top cover as described in the 32PTH2 DSC
drawings), the siphon/vent cover welds, and the vent and
siphon block welds to the shell are all partial penetration welds.
As an alternative to the NOE requirements of NB-5230, for
Category C welds, all of these closure welds are multi-layer
welds and receive a root and final PT examination, except for
the shell to the outer top cover weld. The shell to the outer top
cover weld will be a multi-layer weld and receive multi-level PT
examination in accordance with the guidance provided in
ISG-15 for NOE. The multi-level PT examination provides
reasonable assurance that flaws of interest will be identified.
The PT examination is done by qualified personnel, in
accordance with Section V and the acceptance standards of
Section Ill, Subsection NB-5000. All of these welds are
designed to meet the guidance provided in ISG-15 for stress
reduction factor.

NB-1132

Attachments with a
pressure retaining
function, including
stiffeners, shall be
considered part of the
component.

Bottom shield plug and outer bottom cover plate are outside
code jurisdiction; these components together are much larger
than required to provide stiffening for the inner bottom cover
plate; the weld that retains the outer bottom cover plate and
with it the bottom shield plug is subject to root and final PT
examination.
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Table B.3.1-14
Alternatives to the ASME Code for the NUHOMS® 32PTH2 DSC Confinement
Boundary
(32PTH2 DSC Shell Assembly)
(Part 2 of2)
Reference
ASME Code
Section/Article

Code Requirement

Alternatives, Justification & Compensatory
Measures

All pressure retaining
components and
completed systems shall
be pressure tested. The
preferred method shall be
hydrostatic test.

The NUHOMS® 32PTH2 DSC is not a complete vessel until the
top closure is welded following placement of fuel assemblies
within the DSC. Due to the inaccessibility of the shell and lower
end closure welds following fuel loading and top closure
welding, as an alternative, the pressure testing of the DSC is
performed in two parts. The DSC shell and inner bottom
plate/forging (including all longitudinal and circumferential
welds), are pressure tested and examined at the fabrication
facility.
The shell to the inner top cover/shield plug closure weld
(including optional design configurations for the inner top cover
as described in the 32PTH2 DSC drawings) is pressure tested
and examined for leakage in accordance with NB-6300 in the
field.
The siphon/vent cover welds are not pressure tested; these
welds and the shell to the inner top cover/shield plug closure
weld (including Optional design configurations for the inner top
cover as described in the 32PTH2 DSC drawings) are helium
leak tested after the pressure test.
Per NB-6324 the examination for leakage shall be done at a
pressure equal to the greater of the design pressure or threefourths of the test pressure. As an alternative, if the
examination for leakage of these field welds, following the
pressure test, is performed using helium leak detection
techniques, the examination pressure may be reduced to ;::1.5
psig. This is acceptable given the significantly greater
sensitivity of the helium leak detection method.

NB-7000

Overpressure Protection

No overpressure protection is provided for the NU HOMS®
DSCs. The function of the DSC is to contain radioactive
materials under normal, off-normal and hypothetical accident
conditions postulated to occur during transportation and
storage. The DSC is designed to withstand the maximum
possible internal pressure considering 100% fuel rod failure at
maximum accident temperature.

NB-8000

Requirements for
nameplates, stamping &
reports per NCA-8000.

The NUHOMS® DSC nameplate provides the information
required by 10 CFR Part 71, 49 CFR Part 173 and 10 CFR
Part 72 as appropriate. Code stamping is not required for the
DSC. QA data packages are prepared in accordance with the
requirements of TN's approved QA program.

NB-5520

NDE Personnel must be
qualified to a specific
edition of SNT-TC-1A.

Permit use of the Recommended Practice SNT-TC-1A to
include up to the most recent 2011 edition.

NB-6100
and 6200
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Table B.3.1-15
Alternatives to the ASME Code for the NUHOMS® 32PTH2 DSC Basket Assembly
(32PTH2 DSC Basket Assembly)
(Part 1 of2)

Reference
ASME Code
Section/Article

Code Requirement

Alternatives, Justification & Compensatory
Measures

All

Not compliant with NCA. Quality Assurance is provided
according to 10 CFR Part 72 Subpart G in lieu of NCA-4000.

NCA-1140

Use of Code editions and
addenda

Code edition and addenda other than those specified in
Section B.2.2.7.2 may be used for construction, but in no case
earlier than 3 years before that specified in the Section
B.2.2.7.2 table.
Materials produced and certified in accordance with ASME
Section II material specification from Code Editions and
Addenda other than those specified in Section B.2.2.7.2 may
be used, so long as the materials meet all the requirements of
Article 2000 of the applicable Subsection of the Section Ill
Edition and Addenda used for construction.

NG-1100

Requirements for Code
Stamping of Components,
Code reports and
certificates, etc.

Code Stamping is not required. As Code Stamping is not
required, the fabricator is not required to hold an ASME "N" or
"NPT" stamp, or to be ASME Certified.

NG-2000

Use of ASME Material

Some baskets include neutron absorber and aluminum plates
that are not ASME Code Class 1 material. They are used for
criticality safety and heat transfer, and are only credited in the
structural analysis with supporting their own weight and
transmitting bearing loads through their thickness. Material
properties in the ASME Code for Type 6061 aluminum are
limited to 400 °F to preclude the potential for annealing out the
hardening properties. Annealed properties (as published by the
Aluminum Association and the American Society of Metals) are
conservatively assumed for the aluminum transition rails for
use above the Code temperature limits.

NG-2130

Material must be supplied
by ASME approved
material suppliers.

NG-4121

Material Certification by
Certificate Holder

NG-8000

Requirements for
nameplates, stamping &
reports per NCA-8000.

NCA

ANUH-01.0150

Material is certified to meet all ASME Code criteria but is not
eligible for certification or Code Stamping if a non-ASME
fabricator is used. As the fabricator is not required to be ASME
certified, material certification to NG-2130 is not possible.
Material traceability and certification are maintained in
accordance with TN's NRC approved QA program.
The NUHOMS® DSC nameplate provides the information
required by 10 CFR Part 71, 49 CFR Part 173 and 10 CFR
Part 72 as appropriate. Code stamping is not required for the
DSC. QA data packages are prepared in accordance with the
requirements of TN's approved QA program.
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Table B.3.1-15
Alternatives to the ASME Code for the NUHOMS® 32PTH2 DSC Basket Assembly
(32PTH2 DSC Basket Assembly)
(Part 2 of2)
Reference
ASMECode
Section/Article

Code Requirement

NG-3000/ Section
II, Part D, Table 2A

Maximum temperature
limit for Type 304 plate
material is 800 °F.

NG-3352

Table NG-3352-1 lists
the permissible welded
joints.

NG-5520

ANUH-01.0150

NDE personnel must be
qualified to a specific
edition of SNT-TC-1A.

Alternatives, Justification & Compensatory
Measures
Not compliant with ASME Section II Part D Table 2A material
temperature limit for Type 304 steel for the postulated transfer
accident case (117 °F, loss of sunshade, loss of neutron shield)
and blocked vent accident (117 °F, 40 hr). The calculated
maximum steady state temperatures for transfer accident case
and blocked vent accident case are less than 1000 °F. The
only primary stresses in the basket grid are deadweight
stresses. The ASME Code allows use of SA240 Type 304
stainless steel to temperatures up to 1000 °F, as shown in
ASME Code, Section II, Part D, Table 1A. In the temperature
range of interest (near 800 °F), the Sm values for SA240 Type
304 shown in ASME Code, Section II Part D, Table 2A are
identical to the allowable S values for the same material shown
in Section B, Part D, Table 1A. The recovery actions following
these accident scenarios are as described in the UFSAR.
The fusion welds between the stainless steel insert plates and
the stainless fuel compartment tube are not included in Table
NG-3352-1. These welds are qualified by testing. The
required minimum tested capacity of the welded connection (at
each side of the tube) shall be 35 kips (at room temperature).
The capacity shall be demonstrated by qualification and
production testing. Testing shall be performed using, or
corrected to, the lowest tensile strength of material used in the
basket assembly or to minimum specified tensile strength.
Testing may be performed on individual welds, or on weld
patterns representative of one wall of the tube.
ASME Code Section IX does not provide tests for qualification
of these type of welds. Therefore, these welds are qualified
using Section IX to the degree applicable together with the
testing described here.
The welds will be visually inspected to confirm that they are
located over the insert plates, in lieu of the visual acceptance
criteria of NG-5260which are not appropriate for this type of
weld.
A joint efficiency (quality) factor of 1.0 is utilized for the fuel
compartment longitudinal seam welds. Table NG-3352-1
permits a joint efficiency (quality) factor of 0.5 to be used for full
penetration weld examined by ASME Section V visual
examination (VT). For the 32PTH2 DSC, the compartment
seam weld is thin and the weld will be made in one pass. Both
surfaces of weld (inside and outside) will be fully examined by
VT and therefore a factor of 2 x 0.5=1.0, will be used in the
analysis. This is justified as both surfaces of the single weld
pass/layer will be fully examined, and the stainless steel
material that comprises the fuel compartment tubes is very
ductile.
Permit use of the Recommended Practice SNT-TC-1A to
include up to the most recent 2011 edition.
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~~
OUTER TOP COVER PLATE
INNER TOP COVER PLATE

Figure B.3.1-1
Advanced NUHOMS® System 32PTH2 DSC Shell Assembly
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OPTIONAL TEST PORT PLUG
(LOCATED OVER VENT PORT)

CONFINEMENT BOUNDARY WELO
OUTER TOP COVER PLATE

SIPHON & VENT PORT
COVER PLATE
SIPHON PORT
(VENT PORT SIMILAR)

SIPHON AND
VENT BLOCK

DSC SHELL
SIPHON TUBE
F6763A

LIFTING LUG
INNER BOTTOM
COVER

CONFINEMENT BOUNDARY WELD

GRAPPLE RING SUPPORT
GRAPPLE RING

KEY
- - - - - - CONFINEMENT BOUNDARY
- -

-
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-

-

-

REDUNDANT SEALING

Figure B.3.1-2
Advanced NUHOMS® System 32PTH2 DSC Confinement I Pressure Boundary
Location
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F650~

TOP END

BOTTOM END

Figure B.3.1-3
Advanced NUHOMS® System 32PTH2 DSC Basket (Side View)
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TRANSITION RAIL

F6806

A ..
TOP END

BOTTOM END

LIFTING LUG

SIPHON &VENT BLOCK

SECTION A-A
TOP END VIEW

Figure B.3.1-4
Advanced NUHOMS® System 32PTH2 DSC Canister Basket & Shell
(Side and Top End View)
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Figure B.3.1-5
AHSM-HS - Longitudinal Section
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Figure B.3.1-6
AHSM-HS - Cross Section
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Figure B.3.1-7
AHSM-HS Support Structure
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Weights and Centers of Gravity

The weight and center of gravity ofa 32PTH2 DSC loaded with CE 16x16 class fuel assemblies,
are listed in Table B.3.2-1. The total weight of the 32PTH2 DSC includes the shell assembly, the
internal basket assembly and the fuel. Table B.3.2-1 also gives an upper bound (loaded AHSMHS) and lower bound (unloaded AHSM-HS) nominal weight and center of gravity for the
AHSM-HS.
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Table B.3.2-1
Weights and Centers of Gravity of the 32PTH2 DSC
Component
DSC Shell
Top Closure <3 >
Bottom Closure <4>

7,650
10,400

Basket Assembly
Basket Assembly Transition Rails

32PTH2
DSC

Water in DSC cavity with no fuel assembly

13,300
15,900
10,400

CE 16x16 class fuel assembly

49,800
106,000
99.7 inches<2>

Center of Gravity Dry

Unloaded
AH SM-HS

8,420
16,400

Water in DSC cavity with 32 loaded fuel
assemblies<4 >
TOTAL Dry
Loaded
AH SM-HS

Weight
{lbs)

Nominal Weight

437,000
115.6 inches<1>

Center of Gravity
Nominal Weight

331,000
120.5 inches<1>

Center of Gravity

Notes:
1)

Coordinate Datum Reference is taken at the lower left front corner of AHSM-HS (see
Figure B.3.2-2).

2)

Coordinate Datum Reference is taken at the bottom center of the 32PTH2 DSC cylindrical shell
(see Figure B.3.2-1 ).

3)

Top closure includes top shield plug, inner top cover and outer top cover plates.

4)

Bottom closure includes bottom shield plug, inner bottom cover, outer bottom cover, bottom shield
plug outer casing plates and grapple ring assembly.
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C.G. Loaded 32PTH2

99.7

Figure B.3.2-1
Schematic Location of Center of Gravity of the 32PTH2 DSC
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Mechanical Properties of Materials

32PTH2 DSC Material Properties

The materials used for fabrication of the 32PTH2 DSC are stainless, carbon steel, aluminum and MMC.
The 32PTH2 DSC shell and inner top cover plate are fabricated from SA-240 Type 316 and Type 304
stainless steel, respectively. The inner bottom cover plate is fabricated from SA-182 Type F316 stainless
steel. The properties for the SA-240 Type 316/ 304 and SA-182 Type F316 material are taken from the
ASME Code Section II Part D [B3.21] and are listed in Table B.3.3-1 and Table B.3.3-3, respectively.
The outer top cover plate and outer bottom cover plate are non-code components and are fabricated from
ASTM A240 Type 316. The ASTM A240 Type 316 material is identical to ASME SA-240 Type 316.
The top and bottom shield plugs are fabricated from ASTM A36 carbon steel. The ASTM A36 material
properties are listed in Table B.3.3-2. Fabrication options allow the bottom shell assembly to be fabricated
from three different options as shown in the drawings provided in Section B.1.5.2.
The fuel compartment tubes in the 32PTH2 DSC Basket assembly are fabricated from SA-240 Type 304
stainless steel. The properties of this material are from ASME Code Section II, Part D [B3.21] and are
listed in Table B.3.3-3.
The aluminum transition rails use sections of Type 6061 aluminum. Analysis properties are taken from
[B3.22] for annealed aluminum. Use of properties for annealed material ensures that no credit is taken for
enhanced properties obtained by heat treatment. The selection of properties for annealed material is based
on the possibility that the maximum temperature in the rails may exceed the temperatures for which
strength properties are provided (for aluminum) in the ASME Code (see Table B.3.3-5).
For the stress analyses of the 32PTH2 DSC, material properties for the steel materials are taken from
Table B.3.3-1 through Table B.3.3-5. For elastic-plastic analyses, the plastic slope of the steel is taken as
0.05E (5% of the elastic modulus at temperature). Properties for the aluminum rails are taken directly
from Table B.3.3-4 [B3.22]. For elastic-plastic analyses, the plastic slope of the aluminum is taken as
0.01E (1 % of the elastic modulus at temperature). This approximates elastic-perfectly plastic properties
while providing a small stiffness to enhance analytical stability.

B.3.3.1.1

Radiation Effects on 32PTH2 DSC Materials

Gamma radiation has no significant effect on metals. The effect of fast neutron irradiation of metals is a
function of the integrated fast neutron fluence, which is on the order of lxl0 15 n/cm2 inside the 32PTH2
DSC after 60 years. Studies on fast neutron damage in stainless steel, and low alloy steels rarely evaluate
damage below 10 17 n/cm2 because it is not significant [B3.23]. Extrapolation of the data available down to
the 10 15 range confirms that there will be no measurable neutron damage to any of the 32PTH2 DSC
metallic components.

B.3.3.1.2

Welding Material

Welding processes, welders and welding materials used for the welding of the 32PTH2 DSC components
meet the requirements of the appropriate ASME Section III subsections and Section IX. Non-Code welds
meet the provisions of Section IX of the ASME Code or Dl.6 [B3.26]. Weld filler metal material
properties meet the requirements of Section II of the ASME Code or associated A WS requirements.
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Brittle Fracture

Brittle fracture is not a concern for the stainless steel components.
B.3.3.2

OS200FC TC Material Properties

The OS200FC TC material properties are the same as those for the OS200FC TC described in the
Standardized NUHOMS® System UFSAR under CoC 1004, Appendix U, Section U.1.2.1.3 [B3.l].
B.3.3.3

AHSM-HS Material Properties

The temperature dependent material properties for concrete and reinforcing steel are taken from [B3.27]
and are provided in Table B.3.3-6 and Table B.3.3-7, respectively. The material properties used for the
Type 304 stainless steel used for the heat shield support plate and the rail assembly extension plates are
provided in Table B.3.3-2.
B.3.3.3.1

Radiation Effects on AHSM-HS Concrete

The accumulated neutron flux over a 60 year service life of the AHSM-HS is estimated to be 2.27E14
n/cm2 • From the study by Hilsdorf, Kropp, and Koch [B3.28], the compressive strength and modulus of
elasticity of concrete is not affected by a neutron flux of this magnitude.
The gamma energy flux deposited in the AHSM-HS concrete is 9.78E10 MeV/cm2-sec. or l.57E-2
watt/cm2 • According to ANSI/ANS-6.4-1977 [B3.29], the temperature rise in concrete due to this level of
radiation is negligible. Thus, radiation effects on concrete strength are not evaluated further for the
AHSM-HS design.
B.3.3.4

Materials Durability

The materials used in the fabrication of the NUHOMS® 32PTH2 DSC are shown in Table B.3.3-1
through Table B.3.3-5. Essentially all of the materials meet the appropriate requirements of the ASME
Code, ACI Code, and appropriate ASTM Standards. The durability of the 32PTH2 DSC shell assembly
and basket assembly stainless steel components and the AHSM-HS steel components is well beyond the
design life of the applicable components. The aluminum material used in the basket is only relied upon
for its thermal conductivity and bearing strength properties. The poison material selected for criticality
control of the NUHOMS® 32PTH2 system has been tested and is currently in use for similar applications.
Additionally, the NUHOMS® 32PTH2 basket assembly resides in an inert helium gas environment for the
majority of the design life. The specifications controlling the mix of concrete, specified minimum
concrete strength requirements, and fabrication control ensure durability of the materials for this
application. Therefore, the materials used in the NUHOMS® 32PTH2 system will maintain the required
properties for the design life of the system.
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Table B.3.3-1
Material Properties - SA-240 316 & SA-182 F316
(Nominal Composition: 16Cr-12Ni-2Mo)-ASME BPVC, Section II, Part D, 2010- [B3.21]
Temp
(oF)

-20
70
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000

E
(103 ksi)

Sm
(ksi)

Sy
(ksi)

Su
(ksi)

20.0

30.0

75.0
75.0
75.0

28.3
20.0
27.5

20.0

27.0

20.0

30.0
27.4
25.9
24.6
23.4

26.4

19.3

21.4

71.9

25.9

18.0

20.0

71.8

25.3

17.0
16.6
16.3
16.1
15.9

18.9
18.5
18.2
17.9
17.7
17.5
17.3
17.1
17.0

71.8
71.8
71.8
71.5
70.8
69.7
68.3
66.5
64.3

24.8
24.1
23.5
22.8

ANUH-01.0150

aAVG

(10-s 0F1)

75.0
72.9·

8.5
8.6
8.8
8.9
9.1
9.2
9.4
9.5
9.6
9.7
9.8
9.9
9.9
10.0
10.0
10.1
10.2
10.2
10.3
10.3

p
3
(lb./in )

0.284
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K
(Btu/hr-ft-°F)

D
(ft /hr)

8.2
8.3
8.6
8.8
9.1
9.3
9.5
9.8
10.0
10.2
10.5
10.7
10.9
11.2
11.4
11.6
11.9
12.1
12.3
12.5

0.139
0.140
0.142
0.145
0.147
0.150
0.152
0.155
0.157
0.160
0.162
0.165
0.167
0.170
0.172
0.175
0.177
0.180
0.182
0.184
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Table B.3.3-2
Material Properties - A36
(Carbon Steel with C < 0.30%)-ASME BPVC, Section II, Part D, 2010 [B3.21]
Temp
(oF)

-20
70
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000

E

3

(10 ksi)

Sm
(ksi)

Sy
(ksi)

Su
(ksi)

19.3

36.0

58.0

29.4
19.3
28.8

19.3

28.3

19.3

36.0
33.8
33.0
32.4
31.8

27.9

19.3

30.8

58.0

27.3

19.3

29.3

58.0

26.5

18.4
17.8
17.3

27.6
26.7
25.8
24.9
24.1
23.4
22.8
22.1
21.4

58.0
58.0
58.0
57.3
53.3
48.5
43.3
38.0
33.4

25.5
24.2
22.5
20.4

ANUH-01.0150

58.0
58.0
58.0

aAVG

(10-s 0F1)

6.4
6.5
6.6
6.7
6.8
6.9
7.0
7.1
7.2
7.3
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.9
8.0
8.1

p
(lb./in 3 )

0.280
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K
(Btu/hr-ft-°F)

D
(ft /hr)

34.9
34.7
34.2
33.7
33.0
32.3
31.6
30.9
30.1
29.4
28.7
28.0
27.3
26.6
26.0
25.3
24.6
23.8
23.1
22.4

0.700
0.676
0.641
0.611
0.585
0.560
0.537
0.516
0.495
0.474
0.454
0.433
0.414
0.394
0.375
0.356
0.337
0.318
0.301
0.283
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Table B.3.3-3
Material Properties-SA-240/SA-479 304 & SA-182 F304
(Nominal Composition: 18Cr-8Ni) -ASME BPVC, Section II, Part D, 2010 [B3.21]
Temp
(oF)

-20
70
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000

E
(10 3 ksi)

Sm
(ksi)

Sy
(ksi)

Su
(ksi)

20.0

30.0

75.0

OAVG

(10·60F1)

28.3
20.0
27.5

20.0

27.0

20.0

30.0
26.7
25.0
23.6
22.4

26.4

18.6

20.7

64.0

25.9

17.5

19.4

63.4

25.3

16.6
16.2
15.8
15.5
15.2

18.4
18.0
17.6
17.2
16.9
16.5
16.2
15.9
15.5

63.4
63.4
63.4
63.3
62.8
62.0
60.8
59.3
57.4

24.8
24.1
23.5
22.8

ANUH-01.0150

75.0
71.0
66.2

8.5
8.6
8.8
8.9
9.1
9.2
9.4
9.5
9.6
9.7
9.8
9.9
9.9
10.0
10.0
10.1
10.2
10.2
10.3
10.3

p
3
(lb./in )

0.290
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K
(Btu/hr-ft-°F)

D
(ft2/hr)

8.6
8.7
9.0
9.3
9.6
9.8
10.1
10.4
10.6
10.9
11.1
11.3
11.6
11.8
12.0
12.3
12.5
12.7
12.9
13.1

0.151
0.152
0.154
0.156
0.158
0.160
0.162
0.165
0.167
0.169
0.172
0.174
0.177
0.179
0.182
0.184
0.186
0.189
0.191
0.194
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Table B.3.3-4
Material Properties for Type 6061 Aluminum
Properties of Aluminum Alloys [B3.22]

ANUH-01.0150

Temp
(of)

Su 6061-0
(ksi)

Sy 6061-0
(ksi)

E
(ksi)

75
212
300
350
400
450
500
600
700
800
900
1000

18.0
18.0
15.0
12.0
10.0
8.5
7.0
5.0
3.6
2.8
2.2
1.6

8.0
8.0
8.0
8.0
7.5
6.0
5.5
4.2
3.0
2.2
1.6
1.2

9,900
9,500
9,100
8,900
8,600
8,300
7,900
6,800
5,500

---

-----
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Table B.3.3-5
Material Properties for Type 1100 Aluminum
Aluminum Alloy A91100 (Aluminum 1100) - ASME BPVC,
Section II, Part D, 2010 [B3.21]
Temp
(oF)

-20
70
100
150
200
250
300
350
400
450
500
550
600

ANUH-01.0150

E

OAVG

(10 ksi)

(10-s 0F1)

10.0

12.1
12.4
12.7
13.0
13.1
13.3
13.4
13.6
13.8
13.9
14.1
14.2

3

9.6
9.2
8.7
8.1

p
3
(lb./in )

0.098

K
(Btu/hr-ft-°F)

D
(ft2/hr)

133.1
131.8
130.0
128.5
127.3
126.2
125.3
124.5

3.671
3.606
3.505
3.418
3.347
3.285
3.227
3.170
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Table B.3.3-6
Concrete Material Properties at Temperature
Concrete data obtained from Handbook of Concrete Engineering
Temp
(oF)

fc'
(ksi) 111

100
200
300
400
500

5.0
5.0
5.0
4.5
4.5

Modulus of
Elasticit~

aAVG
(10-s F1)111

4.0
3.6
3.3
3.0
2.9

5.5
5.5
5.5
5.5
5.5

(10 ksi) 11
3

Notes
(1)

Reference [83.27]

(2)

Reference [83.1 O]
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Densi~

(lb/ft3 )

150

)
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Table B.3.3-7
Reinforcing Steel Material Properties at Temperature
ASTM A615 Grade 60 Reinforcing Steel
Temp
(of)

Yield

Modulus of

Stren~th

Elastici~

100
200
300
400
500

60.0
57.0
54.0
51.0
51.0

(ksi)

11

3

(10 ksi)

29.0
28.4
27.8
27.3
27.0

11

Densi1i¥:
(lb/ft3 ) )

490

Notes
(1) Reference [83.27]
(2) Reference [83.10]
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B.3.4 General Standards for 32PTH2 DSC and AHSM-HS
B.3.4.1

Chemical and Galvanic Reactions

The materials of the 32PTH2 DSC shell and basket assemblies and AHSM-HS have been
reviewed to determine whether chemical, galvanic or other reactions among the materials,
contents and environment might occur during any phase of loading, unloading, handling or
storage. This review is summarized below:
The 32PTH2 DSC and AHSM-HS are exposed to the following environments:
•

During loading and unloading, the 32PTH2 DSC is placed inside the OS200FC TC. The
annulus between the cask and 32PTH2 DSC is filled with demineralized water and an
inflatable seal is used to cover the annulus between the 32PTH2 DSC and cask. The
exterior of the 32PTH2 DSC will not be exposed to pool water.

•

The space between the top of the 32PTH2 DSC and inside the OS200FC TC is sealed to
prevent contamination. For PWR plants the pool water is borated. This affects the
interior surfaces of the 32PTH2 DSC, the shield plug, and the basket. The OS200FC TC
and 32PTH2 DSC are kept in the spent fuel pool for a short period of time, typically
about 6 hours to load or unload fuel, and 2 hours to lift the loaded OS200FC TC/32PTH2
DSC out of the spent fuel pool.

•

During storage, the interior of the 32PTH2 DSC is exposed to an inert helium
environment. The helium environment does not support the occurrence of chemical or
galvanic reactions because both moisture and oxygen must be present for a reaction to
occur. The 32PTH2 DSC is thoroughly dried before storage by a vacuum drying process.
It is then backfilled with helium, thus stopping corrosion. Since the 32PTH2 DSC is
vacuum dried, galvanic corrosion is also precluded as no water is present at the point of
contact between dissimilar metals.

•

During storage, the exterior of the 32PTH2 DSC is protected by the concrete AHSM-HS.
The AHSM-HS is vented, so the exterior of the 32PTH2 DSC is exposed to the
atmosphere. The 32PTH2 DSC shell and cover plates are fabricated from austenitic
stainless steel and are resistant to corrosion.

•

The support steel in the AHSM-HS that is in contact with the 32PTH2 DSC is also
stainless steel.

The 32PTH2 DSC materials are shown in the Parts List on drawings in Chapter B.1, Section
B.1.5.2 The 32PTH2 DSC shell material is SA-240 Type 316 Stainless Steel. The top and bottom
shield plug material is A36 carbon steel. The carbon steel top shield plug is coated with a
corrosion resistant electroless nickel coating. The carbon steel bottom shield plug is sealed
within the shell and inner and outer bottom cover plates and, thus, it does not come in contact
with the external environment.

ANUH-01.0150

B.3.4-1
Appendix B is newly added in Revision 7 by Amendment 3.

Advanced NUHOMS® System Updated Final Safety Analysis Report

Rev. 7, 08/16

The basket fuel compartment structure is composed of tube assemblies made from Type 304
stainless steel. Sandwiched between the tube assemblies are plates of Type 1100 aluminum and
neutron absorbing materials composed of Boron Carbide/Aluminum Metal Matrix composite
(MMC) plates. These plates are not fastened to the fuel compartment tube structure but are
captured along the axial length of the basket by stainless steel insert plates (straps) that are
welded to the fuel compartment tubes.
There are aluminum transition rails that provide the transition between the fuel compartment
structure and the 32PTH2 DSC shell. The aluminum transition rails are made of Type 6061
aluminum. The transition rails are attached to the grid structure using corrosion resistant
fasteners.
Potential sources of chemical or galvanic reactions are the interaction between the aluminum,
aluminum-based neutron poison and stainless steel within the basket and the pool water.
Additionally, an interaction exists with the stainless steel top and bottom plates and the top shield
plug.
B.3.4.1.1

Behavior of Aluminum in Borated Water

Aluminum is used for many applications in spent fuel pools. In order to understand the corrosion
resistance of aluminum within the normal operating conditions of spent fuel storage pools, a
discussion of each of the types of corrosion is addressed separately. None of these corrosion
mechanisms is expected to occur in the short time period that the cask is submerged in the spent
fuel pool.
B.3.4.1.1.1

General Corrosion

General corrosion is a uniform attack of the metal over the entire surfaces exposed to the
corrosive media. The severity of general corrosion of aluminum depends upon the chemical
nature and temperature of the electrolyte and can range from superficial etching and staining to
dissolution of the metal. Figure B.3.4-1 shows a potential-pH diagram for aluminum in high
purity water at 77 °F and 140 °F. The potential for aluminum coupled with stainless steel and the
limits of pH for PWR pools are shown in the diagram to be well within the passivation domain at
both temperatures. The passivated surface of aluminum (hydrated oxide of aluminum) affords
protection against corrosion in the domain shown because the coating is insoluble, non-porous
and adherent to the surface of the aluminum. The protective surface formed on the aluminum is
known to be stable up to 275 °F and in a pH range of 4.5 to 8.5.
The water aluminum reactions are self-limiting because the surface of the aluminum becomes
passive by the formation of a protective and impervious coating making further reaction
impossible until the coating is removed by mechanical or chemical means.
The ability of aluminum to resist corrosion from boron ions is evident from the wide usage of
aluminum in the handling of borax and in the manufacture of boric acid. Aluminum storage racks
with BORAL® plates (aluminum 1100 exterior layer) in contact with 800 ppm borated water
showed only small amounts of pitting after 17 years in the pool at the Yankee Rowe Power Plant.
These racks maintained their structural integrity.
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During immersion in the spent fuel pool, the 32PTH2 DSC basket temperatures are close to the
water temperature, which is typically near 80 °F, and the pH range is typically 4.0 to 6.5. Based
on the above discussion, general corrosion is not expected on the aluminum after the protective
coating has been formed.
B.3.4.1.1.2

Galvanic Corrosion

Galvanic corrosion is a type of corrosion which could cause degradation of dissimilar metals
exposed to a corrosive environment for a long period of time.
Galvanic corrosion is associated with the current of a galvanic cell consisting of two dissimilar
conductors in an electrolyte. The two dissimilar conductors of interest in this discussion are
aluminum and stainless steel in borated water. There is little galvanic corrosion in borated water
since the water conductivity is very low. There is also less galvanic current flow between the
aluminum-stainless steel couple than the potential difference on stainless steel which is known as
polarization. It is because of this polarization characteristic that stainless steel is compatible with
aluminum in all but severe marine, or high chloride, environmental conditions [B3.30].
B.3.4.1.1.3

Pitting Corrosion

Pitting corrosion is the forming of small sharp cavities in a metal surface. The first step in the
development of corrosion pits is a local destruction of the protective oxide film. Pitting will not
occur on commercially pure aluminum when the water is kept sufficiently pure, even when the
aluminum is in electrical contact with stainless steel. Pitting and other forms of localized
corrosion occur under conditions like those that cause stress corrosion, and are subject to an
induction time which is similarly affected by temperature and the concentration of oxygen and
chlorides. As with stress corrosion, at the low temperatures and low chloride concentrations of a
spent fuel pool, the induction time for initiation of localized corrosion will be greater than the
time that the 32PTH2 DSC internal components are exposed to the aqueous environment.
B.3.4.1.1.4

Crevice Corrosion

Crevice corrosion is the corrosion of a metal that is caused by the concentration of dissolved
salts, metal ions, oxygen or other gases in crevices or pockets remote from the principal fluid
stream, with a resultant build-up of differential galvanic cells that ultimately cause pitting.
Crevice corrosion could occur in the basket grid assembly plates around the stainless steel welds.
However, due to the short time in the spent fuel pool, this type of corrosion is expected to be
insignificant.
B.3.4.1.1.5

Intergranular Corrosion

Intergranular corrosion is corrosion occurring preferentially at grain boundaries or closely
adjacent regions without appreciable attack of the grains or crystals of the metal itself.
Intergranular corrosion does not occur with commercially pure aluminum and other common
work hardened aluminum alloys.
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Stress Corrosion

Stress corrosion is failure of the metal by cracking under the combined action of corrosion and
stresses approaching the yield stress of the metal. During spent fuel pool operations, the
32PTH2 DSC is upright and there is negligible load on the basket assembly. The stresses on the
basket are small, well below the yield stress of the basket materials.
B.3.4.1.2

Behavior of Austenitic Stainless Steel in Borated Water

The fuel compartment structure is made from Type 304 stainless steel tubes and the transition
rails that support the fuel compartments are made from aluminum Type 6061 and welded Type
304 stainless steel plates. Stainless steel does not exhibit general corrosion when immersed in
borated water. Galvanic attack can occur between the aluminum in contact with the stainless
steel in the water. However, the attack is mitigated by the passivity of the aluminum and the
stainless steel in the short time the pool water is in the 32PTH2 DSC. Also the low conductivity
of the pool water tends to minimize galvanic reactions.
Stress corrosion cracking in the Type 304 stainless steel welds of the basket is also not expected
to occur, since the baskets are not highly stressed during normal operations. There may be some
residual fabrication stresses as a result of welding of the stainless steel plates together.
Of the corrosive agents that could initiate stress corrosion cracking in the stainless steel basket
welds, only the combination of chloride ions with dissolved oxygen occurs in spent fuel pool
water. Although stress corrosion cracking can take place at very low chloride concentrations and
at low temperatures such as those in spent fuel pools (less than 10 ppb and 160 °F, respectively),
the effect of low chloride concentration and low temperature greatly increases the induction time.
That is, the time period during which the corrodent is breaking down the passive oxide film on
the stainless steel surface is increased. Below 60 °C (140 °F), stress corrosion cracking of
austenitic stainless steel does not occur at all. At 100 °C (212 °F), chloride concentration on the
order of 15% is required to initiate stress corrosion cracking [B3.31]. At 288 °C (550 °F), with
tensile stress at 100% of yield in PWR water that contains 100 ppm 0 2, time to crack is about 40
days in sensitized 304 stainless steel [B3.32]. Thus, the combination oflow chlorides, low
temperature and short time of exposure to the corrosive environment eliminates the possibility of
stress corrosion cracking in the basket and 32PTH2 DSC welds.
The chloride content of all expendable materials which come in contact with the basket materials
are restricted and water used for cleaning the baskets should be selected for its compatibility with
the spent fuel pool water chemistry, and the basket material is restricted to 1.0 ppm chloride.
B.3.4.1.3

Behavior of Aluminum Based Neutron Poison in Borated Water

To investigate the use of borated aluminum in a spent fuel pool, tests were performed by Eagle
Picher to evaluate its dimensional stability, corrosion resistance and neutron capture ability.
These studies showed that borated aluminum performed well in a spent fuel pool environment
[B3.33].
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The 1100 series aluminum component is a ductile metal having a high resistance to corrosion. Its
corrosion resistance is provided by the buildup of a protective oxide film on the metal surface
when exposed to a water or moisture environment. As stated above, for aluminum, once a stable
film develops, the corrosion process is arrested at the surface of the metal. The film remains
stable over a pH range of 4.5 to 8.5.
Tests were performed by Eagle Picher which concluded that borated aluminum exhibits a strong
corrosion resistance at room temperature in either reactor grade deionized water or in 2000 ppm
borated water. The behavior is only slightly different than 1100 series aluminum; hence,
satisfactory long-term usage in these environments is expected. Neutron irradiation up to
10 17 n/cm2 level did not cause any measurable dimensional changes or any other damage to the
material.
At high temperature, the borated aluminum still exhibits high corrosion resistance in the pure
water environment. However, at temperatures of 80 °C, in 2000 ppm borated water, local pitting
corrosion has been observed. At 100 °C and room temperature, the pitting attack was less than at
80 °C. In all cases, passivation occurs limiting the pit depth.
From tests on pure aluminum, it was found that borated aluminum was more resistant to uniform
corrosion attack than pure aluminum. Local pitting corrosion can occur over time, causing
localized damage to the borated aluminum.
There are no chemical, galvanic or other reactions that could reduce the areal density of boron in
the 32PTH2 DSC neutron poison plates.
B.3.4.1.4

Electroless Nickel Plated Carbon Steel

The carbon steel top shield plug of the 32PTH2 DSC is plated with electro less nickel. This
coating is identical to the coating used on the 24PT1-DSC and 24PT4-DSC systems. It has been
evaluated for potential galvanic reactions in Transnuclear's response to NRC Bulletin 96-04
[B3.34]. In PWR pools, the reported corrosion rates are insignificant and are expected to result in
a negligible rate of reaction for the NUHOMS® PWR systems.
B.3.4.1.5

Lubricants and Cleaning Agents

Lubricants and cleaning agents used on the NUHOMS® 32PTH2 DSC should be selected for
compatibility with the spent fuel pool water chemistry and the 32PTH2 DSC materials. Neverseez or Neolube (or equivalent) is used to coat the threads and bolt shoulders of the closure bolts
on the OS200FC TC. The lubricant should be selected for its ability to maintain lubricity under
long-term storage conditions.
The 32PTH2 DSC is cleaned in accordance with approved procedures to remove cleaning
residues prior to shipment to the storage site. The basket is also cleaned prior to installation in
the 32PTH2 DSC. The cleaning agents and lubricants have no significant effect on the 32PTH2
DSC materials and their safety related functions.
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Hydrogen Generation

During the initial passivation state, small amounts of hydrogen gas may be generated in the
32PTH2 DSC. The passivation stage may occur prior to submersion of the OS200FC TC into the
spent fuel pool. Any amounts of hydrogen generated in the 32PTH2 DSC will be insignificant
and will not result in a flammable gas mixture within the 32PTH2 DSC.
The small amount of hydrogen which may be generated during 32PTH2 DSC operations does
not result in a safety hazard. In order for concentrations of hydrogen in the cask to reach
flammability levels, most of the 32PTH2 DSC would have to be filled with water for the
hydrogen generation to occur, and the lid would have to be in place with both the vent and drain
ports closed. This does not occur during 32PTH2 DSC loading or unloading operations.
Monitoring of the hydrogen concentration before and during welding operations is performed to
ensure that the hydrogen concentration does not exceed 2.4%, which is well below the ignition
limit of 4%. If the hydrogen concentration exceeds 2.4%, welding operations are suspended and
the 32PTH2 DSC is purged.
B.3.4.1.7

Effect of Galvanic Reactions on the Performance of the System

There are no significant reactions that could reduce the overall integrity of the 32PTH2 DSC or
its contents during storage. The 32PTH2 DSC and fuel cladding thermal properties are provided
in Chapter B.4. The surface emissivity of the fuel compartment tube is 0.46, which is typical for
non-polished stainless steel surfaces. If the stainless steel is oxidized, this value would increase,
improving heat transfer. The fuel rod emissivity value used is 0.80, which is a typical value for
oxidized Zircaloy. Therefore, the passivation reactions would not reduce the thermal properties
of the component cask materials or the fuel cladding.
There are no reactions that would cause binding of the mechanical surfaces or the fuel to basket
compartment boxes due to galvanic or chemical reactions.
There is no significant degradation of any safety components caused directly by the effects of the
reactions or by the effects of the reactions combined with the effects of long term exposure of the
materials to neutron or gamma radiation, high temperatures, or other possible conditions.
Any load-bearing AHSM-HS support structure components and associated load bearing welds
shall be fabricated as stainless steel, or as weathering steel, defined as carbon steel with a
minimum 0.20 percent copper content. Additionally, load bearing welds for such weathering
steel may be made with weld material bearing 1 percent or more nickel as an alternate to the
copper-bearing weld material.
B.3.4.2

Positive Closure

Positive closure is provided by the redundant closure welds consisting of the inner top cover
plate to shell weld, the outer top cover plate to shell weld, and the leak tightness 32PTH2 DSC
shell assembly.
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Lifting Devices

B.3.4.3

The evaluations for the OS200FC TC trunnions presented in UFSAR under CoC 1004, Appendix
U, Section U.3.6.1.6 [B3.1] is based on a critical lift weight of250,000 lb. The maximum critical
lift weight with 32PTH2 DSC is below 250,000 lbs.
B.3.4.4
B.3.4.4.1

Summary of Pressures and Temperatures

Temperatures and pressures for the 32PTH2 DSC and basket are calculated in Chapter B.4.
Section B.4.4 provides the thermal evaluation of the AHSM-HS loaded with a 32PTH2 DSC.
Section B.4.5 provides the thermal evaluation of the OS200FC TC loaded with a 32PTH2 DSC.
Section B.4.6 provides the thermal evaluation of the 32PTH2 DSC. Section B.4.6 also provides
the maximum pressures during normal, off-normal and accident conditions which are used in the
evaluations presented later in this chapter. Section B.4.8 provides the thermal evaluation for fuel
loading/unloading conditions, including vacuum drying operations.
Tables B.4.6-14 and Table B.4.6-15 summarize the maximum fuel cladding temperatures for
normal, off-normal and accident conditions. Tables B.4.6-16 and Table B.4.6-17 summarize the
32PTH2 DSC maximum component temperatures for normal, off-normal and accident
conditions. Table B.4.7-1 summarizes the maximum 32PTH2 DSC cavity pressures for normal,
off-normal, and accident conditions. Section B.4.8 summarizes fuel cladding and basket
component temperatures for vacuum drying conditions.
B.3.4.4.2

Differential Thermal Expansion

Clearances are provided between the various components of the 32PTH2 DSC to accommodate
differential thermal expansion and to minimize thermal stress. In the radial direction clearance is
provided between the basket outer diameter and 32PTH2 DSC cavity inside diameter, and
between the poison/aluminum plates and the interfacing basket components. In the axial
direction clearances are provided between the 32PTH2 DSC cavity and all the basket parts
(support tubes, transition rails). Additionally, the connections between the transition rails and the
fuel support tubes are designed to permit relative axial growth.
The thermal analyses of the basket for the handling/transfer conditions are described in Section
B.4. The thermal analyses are performed to determine the basket/32PTH2 DSC temperatures and
thermal expansion for -40 °F ambient, 0 °F ambient, 117 °F ambient and vacuum drying
conditions. The temperatures are used to evaluate the effects of axial and radial thermal
expansion in the basket/32PTH2 DSC components.
In order to prevent thermal stress, adequate clearance is provided between the following
components:
•

Fuel Assemblies and 32PTH2 DSC Cavity (Section B.3.4.4.2.1)

•

Basket Rails and 32PTH2 DSC Shell (Section B.3.4.4.2.2)

•

Basket and 32PTH2 DSC Shell Ends (Section B.3.4.4.2.3)
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•

Transfer Cask cavity and 32PTH2 DSC shell (Section B.3.4.4.2.4)

•

AHSM-HS support structure and AHSM-HS cavity (Section B.3.4.4.2.5)

To verify that adequate clearance exists, the thermal expansion of different components are
calculated and tabulated in the following sections.
Fuel Assembly and 32PTH2 DSC Cavity

B.3.4.4.2.1

This section verifies that there is adequate clearance within the 32PTH2 DSC cavity for thermal
expansion of irradiated CE 16x16 class fuel assemblies in axial direction. The length of the CE
16x16 class fuel assembly is 176.8" and the minimum 32PTH2 DSC cavity length of 178.65 in.
is considered in this analysis.
The maximum average temperature for the fuel assembly occurs during normal hot, vertical
steady-state transfer operations of 32PTH2 DSC with 31.2 kW heat load. The maximum fuel
cladding average temperature, TFuel,Avg = 609 °F is selected to determine the maximum length of
hot irradiated CE 16x16 class fuel assembly within 32PTH2 DSC cavity.
The hot irradiated CE 16x16 class fuel assembly length including irradiation growth is
determined as:
LFuel,Total,Hot

= LFuel,Hot + LFuel,lrrad

Where,
LFuel,Hot = Total hot length of the CE 16x16 class fuel assembly (in),
LFuel,Irrad = CE 16x16 class fuel assembly irradiation growth= 0.738 in.
The total hot length of the CE 16x16 class fuel assembly without irradiation growth is:
L

_ L

Fuel,Hot -

Fuel,Total,Co/d

+ (L Fue/,Active,Cold x

/1LFuel,Active)

L

+ ( aFuel,End x L Fuel,End,Co/d

X (T

Fuel,Avg

-70))

0

=176.8+(150x1.40£-03) + (9.91£-06 x 26.8 x (609-70))
= 177.153 in
Where,
MFuel,Active

= Linear Axial Strain due to Zirconium based alloy thermal expansion

Lo

=

6

[4.44XJ0- X(TFuel,Avg

+ 459.67)/J.8-J.24XJ0-

3

]

= 1.40£-03,

LFuel,Total,Cold

Maximum length of the CE 16x16 class fuel assembly= 176.8 in,

LFuel,Active,Cold

Length of the active fuel region= 150 in,
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Length of CE 16x16 class fuel assembly end fittings,
LFuel,Total,Cold - LFuel,Active,Cold = 176.8 - 150 = 26.8 in,

CX.Fuel,End

Thermal expansion coefficient for CE 16x16 class fuel assembly end
fittings
9.91E-06 in/in-°F,

TFuel,Avg

Average temperature of CE 16x16 class fuel assembly= 609 °F.

Therefore, the total hot irradiated CE 16x16 class fuel assembly length including irradiation
growth is:
LFuel,Total,Hot

=

+ LFue/,Irrad
= 177.153 + 0.738

LFue/,Hot

= 177.891 in.

The minimum length of the 32PTH2 DSC cavity at room temperature, Lnsc,cavity,Cold =178.65 in.
This minimum length (Lnsc,cavity,Coid) is greater than the maximum hot irradiated CE 16x16 class
fuel assembly length, LFuel,Total,Hot = 177.891 in within 32PTH2 DSC cavity for all normal/offnormal storage and transfer conditions.
Therefore, sufficient clearance exists within the 32PTH2 DSC for free thermal expansion of the
CE 16x16 class fuel assemblies.
B.3.4.4.2.2

Diametrical Gap between Basket assembly and 32PTH2 DSC Shell

This section verifies that there is adequate clearance between the basket assembly and the
32PTH2 DSC shell for thermal expansion of the basket assembly in the radial direction.
The hot diametrical gap between the basket assembly and the 32PTH2 DSC shell is a function of
the temperature difference and the coefficient of thermal expansion of the various components
that make up the basket assembly and shell.
The maximum average temperature difference, at the hottest cross-section between the fuel
compartment and 32PTH2 DSC shell, occurs for normal transfer operations with the 32PTH2
DSC in OS200FC TC in vertical orientation and water in OS200FC TC/32PTH2 DSC annulus.
The minimum average temperature difference occurs for normal transfer operations with the
32PTH2 DSC in OS200FC TC in vertical orientation with no water in OS200FC TC/32PTH2
DSC annulus.
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The hot gap is directly proportional to the average temperature difference between the various
components of the basket assembly and 32PTH2 DSC shell for any one material but since the
basket and 32PTH2 DSC shell are made up of materials with a different coefficient of thermal
expansion values, a) with maximum average temperature difference between the fuel
compartment and 32PTH2 DSC shell and b) with minimum average temperature difference
between the fuel compartment and 32PTH2 DSC shell are considered to determine the bounding
hot gap ..
The minimum diametrical cold gap between the basket assembly and 32PTH2 DSC shell
(DMin,Gap) is 0.25 inch. Based on the minimum diametrical cold gap between the basket assembly
and 32PTH2 DSC shell, the maximum diameter of the basket assembly (ODB,Max) is:
ODB, Max =

Dosc,ID, Cold - DMin,Gap
68.50-0.25
68.25 in.

Where,
Dose,rn , cold= Nominal internal diameter of the 32PTH2 DSC shell.
To maximize the thermal expansion of the basket assembly, nominal width of the stainless steel
basket (Lss,B) of 56.644 in, and maximum width of the aluminum transition rails (LRan) are
considered. The maximum width of the aluminum transitional rail is:
LRail

(ODB, Max - Lss,B) I 2
68.25 - 56.644) I 2
5.803 in.

B.3.4.4.2.2.1

Diametrical Gap with Maximum Average Temperature Difference

The outer diameter of the hot basket assembly is:
ODB,Ho =

ODB,Max + [Lss,B x ass,B (Tavg,B-Trer)] + LRail x [aAl,O (Tavg,RO Trer)+ <XAJ,180 (Tavg,Rl80 - Tref)]
68.25 + [56.644 x 9.55E-06 (423-70)] + 5.803 x [1.33E-05 (286-70)
+ 1.33E-05 (286-70)]
68.474 in.

Where,
Tavg,B
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T avg,RO

Average transition rail temperature at the hottest cross section at 0°
orientation = 286 °F,

Tavg,RlSO =

Average transition rail temperature at the hottest cross section at
180° orientation = 286 °F'

<Xss,B

Thermal expansion coefficient for fuel compartment= 9.55E-06
in/in- 0 f,

<XA1

Thermal expansion coefficient for transition rails = l .33E-05 in/in-

op.
The inner diameter of the hot 32PTH2 DSC shell is:
Dosc,ID,Cold [l + <Xosc,Avg (Tosc,Avg - 70)]

Dosc,ID,Hot
=

68.50 [1 + 8.94E-06 (213-70)]
68.588 in.

Where,
T osc,Avg =

Average 32PTH2 DSC shell temperature at the hottest cross section
= 213 °F,

<Xosc,Avg =

Thermal expansion coefficient for 32PTH2 DSC shell= 8.94E-06
in/in- 0 f

The diametrical hot gap between the basket assembly and 32PTH2 DSC shell inner surface is:
DMin,Gap, Hot

Dosc,ID,Hot - ODB, Max
68.588 - 68.474
0.114 in.

B.3.4.4.2.2.2 Diametrical Gap with Minimum Average Temperature Difference
The outer diameter of the hot basket assembly is:
ODBHot
'

ODB,Max + [Lss,B X <Xss,B (Tavg,B -Tref)] + LRail X [<XAI,O (Tavg,RoTref)+ <XA!,180 (Tavg,Rl80 -Tref)]
68.25 + [56.644 x 9.91E-06 (612-70)] + 5.803 x [l.39E-05 (512-70)
+ 1.39E-05 (512-70)]
68.626 in.
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Where,
T avg,B

Average fuel compartment temperature at the hottest cross section =
612 °F,

T avg,RO

Average transition rail temperature at the hottest cross section at 0°
orientation= 512 °F,

T avg,R180

Average transition rail temperature at the hottest cross section at
180° orientation= 512 °F,

ass,B

=

aA1

Thermal expansion coefficient for fuel compartment= 9.91E-06
in/in-°F,
Thermal expansion coefficient for transition rails = l .39E-05 in/in-

op,
The inner diameter of the hot 32PTH2 DSC shell is:
DDsc,ID,Hot

DDsC,ID,Cold [1 + UDSC,Avg (TDsC,Avg - 70)]
68.50 [1+ 9.63E-06 (465-70)]
68.761 in.

Where,
T DSC,Avg =

Average 32PTH2 DSC shell temperature at the hottest cross section
= 465 °F,

aDsc,Avg =

Thermal expansion coefficient for 32PTH2 DSC shell= 9.63E-06
in/in-°F.

The diametrical hot gap between the basket assembly and 32PTH2 DSC shell inner surface is:
DMin,Gap, Hot = DDsC,ID,Hot - ODs, Max
= 68.761 - 68.626
=

0.135 in.

As seen from the two load cases considered above, the minimum diametrical hot gap between the
basket assembly and 32PTH2 DSC shell inner surface is 0.114 in and therefore sufficient
clearance exists within the 32PTH2 DSC for free thermal expansion of the basket assembly in
the radial direction.
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Axial Gap between Basket and 32PTH2 DSC End Assemblies

This section verifies that there is adequate clearance within the 32PTH2 DSC cavity for thermal
expansion of the basket assembly in the axial direction. The maximum average temperature at
the hottest cross-section of the 32PTH2 DSC is for the fuel compartment within the basket
assembly and occurs during normal hot, vertical steady-state transfer operations.
The fuel compartment average temperature (TBasket,Avg) at the hottest cross-section of the 32PTH2
DSC is 612 °F is selected to determine the maximum length of basket assembly within 32PTH2
DSC cavity. The fuel compartment average temperature determined at the hottest cross-section
of the 32PTH2 DSC is conservatively applied for the entire length of the basket assembly as it
maximizes the thermal expansion.
The hot basket assembly length is determined as:
L Basket,Hot

= LBasket,Cold x (1 +aBasket x (TBasket,Avg -

70))

= 177.15x (1 +9.91£-06 x(612-70))
= 177.15

in.

Where,
LBasket,Cold

Maximum length of the basket = 177 .15 in,

ClBasket

Thermal expansion coefficient for basket (fuel compartment)
9.92E-06 in/in-°F,

TBasket,Avg

Avg. temperature of fuel compartment at the hottest cross-section of
the 32PTH2 DSC= 612 °F.

The minimum length of the 32PTH2 DSC cavity at room temperature (Lnsc,cavity,Cold) is 178.65
in. This minimum length (Lnsc,cavity,Cold) is greater than the maximum basket assembly length
(LBasket,Hot) of 178.10 in. for all normal/off-normal storage and transfer conditions.
Therefore, sufficient clearance exists within the 32PTH2 DSC for free thermal expansion of the
basket assembly.
B.3.4.4.2.4

Axial Gap between the OS200FC TC Cavity and 32PTH2 DSC Shell

This section verifies that there is adequate clearance within the OS200FC TC cavity for thermal
expansion of the 32PTH2 DSC. The maximum average temperature of the 32PTH2 DSC shell
occurs during normal hot, vertical steady-state transfer operations. The 32PTH2 DSC shell
average temperature (Tnsc,Avg) is 454 °F is selected to determine the maximum length of
32PTH2 DSC within OS200FC TC cavity.
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The hot length of the 32PTH2 DSC is determined as:
LDSC,Hot

= LDSC,Co/d x (1 +aDSC x (TDSC,Avg -

70))

= 198.50 x (1+9.61£-06 x (454-70))
= 199.232

in.

Where,
LDsc,cold =

Maximum length of the 32PTH2 DSC= 198.50 in,

<XDsc

Thermal expansion coefficient for 32PTH2 DSC shell= 9.61E-06
in/in- 0 P,

TDsC,Avg = Average temperature of32PTH2 DSC shell= 454 °P.
The minimum length of the OS200PC TC cavity at room temperature (Lrc,cavity,Cold) is 199 .25 in.
This minimum length (LDsc,cavity,Cold) is greater than the maximum hot 32PTH2 DSC length
(LDsc,Hot) of 199.232 in for all normal/off-normal transfer conditions.
Therefore, sufficient clearance exists within OS200PC TC cavity for free thermal expansion of
the 32PTH2 DSC.
B.3.4.4.2.5

Axial Gap between the AHSM-HS Support Rail and AHSM-HS Cavity

This section verifies that there is adequate clearance within the AHSM-HS cavity for thermal
expansion of the support rails. The maximum temperature for the support rails is for off-normal
hot storage conditions. The maximum support rail temperature (TAHsM-HS,Raii) at the hottest crosssection of the 32PTH2 DSC is 353 °P which is selected to determine the maximum length of
support rail within AHSM-HS cavity.
The maximum support rail temperature is conservatively applied as the average temperature as it
maximizes the thermal expansion.
The hot AHSM-HS support rail length is determined as:
LAHSM-HS,Rai/,Hot

= LAHSM-HS,Rai/,Co/d

x (1 + aAHSM-HS,Rail x (TAHSM-HS,Rail -70))

= 192.00 x (1 +9.36£-06 x (353-70))
= 192.51

in.

Where,
LAHSM-HS,Rail,Cold =
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<XAHSM-HS, Rail

Thermal expansion coefficient for AHSM-HS support rail= 9.36E06 in/in-°F,

TAHsM-HS,Rail

Maximum AHSM-HS support rail temperature= 353 °F.

The length of the AHSM-HS cavity at room temperature (LAHsM-HS,Cavity,Cotd) is 194 in. This
minimum length (LAHsM-HS,Cavity,Cotd) is greater than the maximum hot support rail length (LAHSMHS,Rail,Hot) of 192.51 in for all normal/off-normal storage conditions.
Therefore sufficient clearance exists within AHSM-HS cavity for free thermal expansion of the
support rail.
B.3.4.4.3

Stress Calculations

The stress analyses have been performed using the acceptance criteria and load combinations
presented in Section B.3.1.2. The structural analyses for the 32PTH2 DSC and the AHSM-HS
are summarized in Sections B.3.6. l and B.3.6.2, respectively.
The stress analyses for the 32PTH2 DSC are summarized in Section B.3.6.1.1 for the shell
assembly and Section B.3.6.1.2 for the basket assembly components. Table B.3.1-5 lists the
detailed load combinations for the 32PTH2 DSC. Finite element models of the shell and the
basket assembly have been developed, and detailed computer analyses have been performed
using the ANSYS [B3 .19] computer program. The shell assembly, fuel compartments, support
plates and aluminum rails have been analyzed using a combination of ANSYS finite element
models and hand calculations.
The structural analyses of the AHSM-HS are summarized in Section B.3.6.2. Table B.3.6-23 is a
summary of the AHSM-HS design loading criteria. Table B.3.6-25 and Table B.3.6-26
summarize the load combinations for the AHSM-HS and AHSM-HS support structure,
respectively.
B.3.4.4.3.l

32PTH2 DSC Shell Assembly

Table B.3.6-5 summarizes the maximum stress intensities in the 32PTH2 DSC shell assembly
components for the controlling load combinations for normal and off-normal operating
conditions (ASME Service Levels A and B). Similarly, Table B.3.6-6 and Table B.3.6-7
summarize the maximum stress intensities in the 32PTH2 DSC shell assembly components for
the controlling accident conditions (ASME Service Level C and Level D). All calculated stresses
in the 32PTH2 DSC confinement boundary assembly meet code allowables and are acceptable.
B.3.4.4.3.2

Basket Assembly

The basket assembly stress analyses results for the transfer loads and storage are summarized in
Table B.3.6-11 and Table B.3.6-13, respectively. The basket assembly stress analyses results for
the transfer thermal and storage thermal loads are summarized in Table B.3.6-12 and Table
B.3.6-14, respectively. The basket assembly stress analyses results for the end drop load is
summarized in Table B.3.6-15. For end drops the maximum stress ratio is 0.18.
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The analyses presented in Section B.3.6 demonstrate that even in the extreme unlikely
hypothetical accident scenarios, there is sufficient margin to ensure that the basket components
perform their intended function.
B.3.4.4.3.3

AHSM-HS

The combined force and moment demands for all the AHSM-HS components are listed in Table
B.3.6-28. The force and moment demands for the support structure are listed in Table B.3.6-30.
B.3.4.4.3.4

Comparison with Allowable Stresses

The stresses for each of the major components of the 32PTH2 DSC are compared to their
allowables in Table B.3.6-11 through Table B.3.6-15. The demand/capacity ratios of the AHSMHS concrete components are listed in Table B.3.6-29. The demand/capacity ratios of all the
support structure components are listed in Table B.3.6-31 and Table B.3.6-32.
B.3.4.5

Cold

The AHSM-HS and 32PTH2 DSC have been designed for operation at ambient temperatures as
low as -40 °F. The permanent AHSM-HS and 32PTH2 DSC shielding materials are all solids, so
there is no concern over freezing.
The SA-240 Type 304/316 stainless steel is not subject to brittle fracture for the range of
operating temperatures of the 32PTH2 DSC.
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POTENTIAL VERSUS pH DIAGRAM FOR ALUMINUM-WATER SYSTEM
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Figure B.3.4-1
Potential Versus pH Diagram for Aluminum-Water System
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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 CPR 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 16x16 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.
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B.3.6 Supplemental Data
This section presents the structural analyses of the 32PTH2 DSC and AHSM-HS modules. On-site
transfer of a loaded 32PTH2 DSC will be performed utilizing the NRC approved NUHOMS® OS200FC
Transfer Cask (TC) and, therefore, the transfer system is not part of this application. The OS200FC TC
safety analyses contained in Reference [B3.1], Appendix U, Section U.3.6.1.5, envelope the 32PTH2
DSC payload configuration.
Structural analyses of the 32PTH2 DSC are summarized in Section B.3.6.1. Structural analyses of the
AHSM-HS are summarized in Section B.3.6.2.

B.3.6.l

32PTH2 DSC Structural Analysis

For purposes of the structural analysis, the 32PTH2 DSC is divided into the 32PTH2 DSC shell assembly
and the internal basket assembly. The 32PTH2 DSC shell assembly is shown in Figure B.3.1-1. The
internal basket assembly is shown in Figure B.3.1-3. The 32PTH2 DSC shell assembly and the basket
assembly are described in detail in Section B.3.1.1.1. Section B.3.6.1.1 presents the structural analysis of
the 32PTH2 DSC shell assembly and Section B.3.6.1.2 presents the structural analysis of the 32PTH2
DSC basket assembly.

B.3.6.1.1

32PTH2 DSC Shell Assembly Structural Analysis

The 32PTH2 DSC shell assembly is analyzed for the normal, off-normal, and postulated accident load
conditions specified in Section B.3 .1.2.1.3, utilizing finite element models and/or hand calculations and
closed-form classical engineering solutions. The finite element models are developed using the ANSYS
[B3 .19] computer program.
The nominal thickness for the cylindrical shell is 0.625 inches. Stress analyses conservatively use
minimum shell thickness 0.55 inches. The corrosion allowance of 1/16" is applied to all external surfaces
of the DSC including the shell, top and bottom outer closure plates, and both surfaces of the grapple ring.

B.3.6.1.1.1
(A)

ANSYS Model of the 32PTH2 DSC Shell Assembly

Overview

The 32PTH2 DSC shell assembly stresses due to mechanical loads are analyzed using two ANSYS
[B3.19] finite element (FE) models:
•

2D axisymmetric model of the 32PTH2 DSC shell assembly (Figure B.3.6-1).

•

3D 180-degree symmetry model of the 32PTH2 DSC shell assembly (Figure B.3.6-2).

In the 2D FE model, the 4-node axisymmetric PLANE42 elements are used to define the 32PTH2 DSC
Cylindrical Shell, Outer Top Cover Plate, Outer Top Shield Plug, Support Ring, Inner Top Cover Plate,
Inner Bottom Cover Plate, Bottom Shield Plug, Outer Bottom Cover Plate, Grapple Ring and Grapple
Ring Support.
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Welded connections between the Outer Top Cover Plate and the DSC Cylindrical Shell, the Outer Bottom
Cover Plate and the DSC Cylindrical Shell, as well as the Inner Bottom Cover Plate and the DSC
Cylindrical Shell are modeled using PLANE42 elements. Welded connections between the inner top
cover plate and the 32PTH2 DSC cylindrical shell, as well as the support ring and DSC Cylindrical Shell
are modeled using couplings. Contact between component adjacent surfaces is represented by
CONTAl 71 and TARGE169 contact pairs.
The 2D model is used for the analysis of the vertical deadweight load, vertical transfer/handling loads, top
and bottom end drop loads, and internal/external pressure loads.
The 3D model is defined to analyze loads that are symmetrical in one plane only. These load conditions
include: pull on the grapple ring, side drop, horizontal deadweight, seismic in the horizontal
configuration, and the horizontal transfer/handling loads. The 3D model is defined by 8-node SOLID45
brick elements. Similar to the 2D model, contact between adjacent surfaces is represented by
CONTAl 73 and TARGEl 70 contact pairs.
All components with surfaces exposed to corrosion, including the DSC shell, top and bottom outer
closure plates, and both surfaces of the grapple ring have dimensions conservatively reduced/modified by
1/16 inch to account for possible corrosion. Specifically, stress analyses conservatively use the minimum
shell thickness of 0.55 inches.
Since a 3D structural model for thermal stress analysis is impractical due to its large size, thermal loads
are analyzed by means of a separate 2D axisymmetric model, while the effect of azimuthal variation of
thermal load is compensated by an imbedded conservatism of the thermal stress assessment.
The DSC component stress results are post-processed using the ANSYS LPATH and PRSECT commands
to linearize the stress distribution through the analyzed component sections. Stress linearization for DSC
components is performed for all possible qualified paths.
In the case of the elastic analysis methodology, the stress path evaluation in ANSYS brings an
information about an average stress intensity across the path (Pm I PL), as well as maximum linearized
stress at classification path surface, Pm/ PL+ Pb. In the case of plastic analysis methodology, ANSYS
macro is set to provide an information about the membrane stress for the path (classified conservatively as
Pm stress), as well as the maximum total stress intensity (classified conservatively as the primary stress)
for the classification path, obtained from the category of total (not linearized) path stresses in the ANSYS
PRSECT command results.
Conservatively no distinction is assumed between paths located at the gross or local discontinuities and at
the areas remote from these discontinuities. Therefore, all path averaged stresses (including general
primary stress intensities, Pm• and local primary stress intensities, PL) are classified conservatively and
reported as Pm stresses and assessed against Pm stress allowable. In order to simplify stress evaluation,
all membrane plus bending stresses reported from ANSYS model paths are classified as the primary
membrane and bending stresses, Pm+ Pb, and are assessed against the Pm+ Pb stress allowable.
When the automated method of stress screening identifies the Pm+ Pb component overstress in the area of
gross or local structural discontinuity, an additional detail evaluation of such area is performed to identify
and exclude the secondary bending and peak stresses from the evaluation, and to identify, assess and
report in the Pm+ Pb stress results only the primary stress component of the membrane plus bending
stresses.
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Material Properties

The mechanical properties of structural materials used for the 32PTH2 DSC Shell Assembly components
are shown in Table B.3.3-1 through Table B.3.3-5 as a function of temperature. The materials are
identified by reference to ASME Code and corresponding ASTM specifications. Material properties for
steel materials are taken :from Reference [B3.21]. For all mechanical loads and all DSC shell components,
the material properties are evaluated at the temperature 500 °F. This temperature bounds temperatures
obtained :from the thermal heat transfer analyses documented in Chapter B.4.

B.3.6.1.1.2
(A)

Applicable Loads and Load Combinations

Loads Applied to the 32PTH2 DSC Shell Assembly Finite Element Models

The magnitude and distribution of the design loads used for the 32PTH2 DSC analysis are as follows:
(i)

Deadweight

The deadweight load includes the self-weight of the 32PTH2 DSC (including the basket
assembly) and the stored fuel. The weight is accounted for by specifying the corresponding
material density factored by the appropriate inertial acceleration load (e.g., lg for deadweight;
75g for side drop).
The deadweight is analyzed for three basic configurations: the 32PTH2 DSC in a vertical position
represented by one 2D model, the 32PTH2 DSC in a horizontal position in the OS200FC TC, and
in the AHSM-HS represented by the 3D model. The OS200FC TC and AHSM-HS models differ
·
in the boundary conditions representing Support Rails.
For the vertical deadweight analysis, the weight of the 32PTH2 DSC internals (basket and fuel
assemblies) is accounted for by applying an equivalent uniform pressure on the Inner Bottom
Cover Plate. For the vertical deadweight analysis, the bounding total weight of basket and fuel
assemblies is conservatively assumed equal to 120 kips.
For a horizontal deadweight load case, to model an interaction between the 32PTH2 DSC and the
OS200FC TC, the inertia load for DSC internals is accounted for by projecting an equivalent
uniform pressure onto the OS200FC TC inner Support Rail due to the basket structure being
significantly stiffer than DSC shell. For the horizontal deadweight analysis, the bounding total
weight of basket and fuel assemblies is assumed to equal 80 kips.
Linear elastic material model is used in evaluations.
(ii) Handling and Transfer
Two kinds of handling loads are considered in the design of the 32PTH2 DSC shell assembly.
These are:
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(a) Transfer/handling loads equal to: ± 1.0g axial load, ± 1.0g transverse load, ± 1.0g
vertical load, applied as individual load cases; and ± 1/2g axial ± 1/2g transverse ± 1/2g
vertical, with all three components applied simultaneously. The stress results of the
horizontal and vertical deadweight analysis are scaled using appropriate factors to obtain
stress results for these transfer load cases.
(b) Insertion/retrieval loads of the 32PTH2 DSC into/out of the AHSM-HS. The normal, offnormal, and accident condition insertion load is 110 kips, applied to the center area of the
32PTH2 DSC Outer Bottom Cover Plate. The load is applied as a pressure load over a 10
inch diameter circle. The resisting load is the friction force between the rails and the
DSC shell.
To unload the 32PTH2 DSC from the AHSM-HS, the normal and off-normal retrieval loads are
80 kips and the accident retrieval load is 110 kips. The retrieval load is imposed over two 6.5"
sections of the grapple ring representing the grapple "teeth".
Linear elastic material model is used in evaluations.
(iii) Pressure
Per Table B.3.1-6, the design internal pressures are 15 psig for the normal condition, 20 psig for
the off-normal condition and 140 psig for the accident condition. These pressures are applied to
the interior surfaces of the pressure boundary components. The 32PTH2 DSC internal pressure
confinement boundaries are shown in Figure B.3.1-2. In addition to these internal pressures, the
32PTH2 DSC is also analyzed for the maximum permissible blowdown pressure of 20 psig and
the fabrication pressure test of 23 psig.
The 22 psi external pressure due to flood load and canister vacuum during drying operations ar<;:
applied to the external surfaces of the 32PTH2 DSC axisymmetric model.
Linear elastic material model is used in evaluations, except for cases with input internal pressure
120 psig or 140 psig (Service Level D). For cases with input internal pressure 120 psig or 140
psig, an elastic-plastic bilinear kinematic hardening material model (BKIN) is used in the
analyses with strain hardening modulus 5% of Young's modulus for steel materials.
(iv) Temperature
The thermal stress analysis of the 32PTH2 DSC in the AHSM-HS is performed for the thermal
load cases listed in Table B.3.6-1 (detailed information about thermal loads is presented in
Chapter B.4, Section B.4.4).
The thermal stress analysis of the 32PTH2 DSC in the OS200FC TC is performed for the thermal
load cases listed in Table B.3.6-2 (detail information about thermal loads is presented in Chapter
B.4, Section B.4.5).
Temperature and general temperature distributions for these load cases are based on results
presented in Chapter B.4.
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(v) Drop Loads
A 75g side drop and a 25g comer drop (at 30° from horizontal) are postulated for the 32PTH2
DSC during transfer operations. The 25g comer drop is bounded by the combination of the 75g
horizontal drop and the end drops (top end drop and bottom end drop).
DSC stability (buckling) is analyzed for a postulated end drop.

(B)

Load Combinations

The 32PTH2 DSC load combinations are detailed in Table B.3.1-5.

B.3.6.1.1.3

32PTH2 DSC Deadweight Load Analysis

Deadweight load analyses of the 32PTH2 DSC are performed for both vertical and horizontal orientations
of the 32PTH2 DSC. In the vertical orientation, the 32PTH2 DSC shell supports its own weight and the
weight of the top end components. The weight of the fuel is uniformly distributed over the inner surface
of the Inner Bottom Cover Plate component.
When in the horizontal orientation, the 32PTH2 DSC is either in the OS200FC TC or in the AHSM-HS.
In the horizontal orientation, the 32PTH2 DSC shell assembly end components and the internal basket
assembly bear against the 32PTH2 DSC shell. The 32PTH2 DSC shell assembly is supported by two 3"
wide support rails spaced symmetrically at ±12° and ±38° (in the TC) and± 35° (in the AHSM-HS) from
the DSC vertical centerline.
The 32PTH2 DSC shell assembly components are evaluated for primary membrane, membrane plus
bending, and primary plus secondary stress intensities. Table B.3.6-3 contains maximum stress results for
deadweight loads for normal and off-normal conditions.

B.3.6.1.1.4

32PTH2 DSC Pressure Load Analysis

The 32PTH2 DSC shell assembly is analyzed for the normal, off-normal and accident condition pressures
listed in Table B.3.1-6.
In addition to internal pressure loads, the 32PTH2 DSC is also evaluated for internal and external
hydrostatic pressures which may occur during fuel loading operations. Operations which may subject the
32PTH2 DSC shell to "external" pressure include the vacuum drying load cases. Criteria for external
pressure and axial compression are provided in subparagraphs NB-3133.3 and NB-3133.6 of Reference
[B3.5], respectively. These criteria are applicable to the fabrication leak test load, vacuum drying load
and flood load.
Table B.3.6-3 contains maximum stress results for internal pressure loads for normal and off-normal
conditions.
Stability of the 32PTH2 DSC shell under concurrent axial load and external pressure is evaluated using
the following interaction equation:
Ci AXIAL

B
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where:

a AXIAL

=

Applied Axial Stress

p

=

Applied External Pressure

EXT

B

= Allowable Axial Compression Stress

Pa

=

Allowable External Pressure

The 32PTH2 DSC shell stability is evaluated for loads involving significant external pressure and/or axial
load. Axial stress and external pressure are compared against stress limits for fabrication leak test load,
vacuum drying load, flood and end drop loads. Results are summarized in Section B.3.6.1.1.7 (C).

B.3.6.1.1.5

32PTH2 DSC Thermal Load Analysis

Chapter B.4 presents the thermal analysis of the 32PTH2 DSC. The Chapter B.4 temperature
distributions are imposed onto the ANSYS models described in Section B.3.6.1.1.1 to evaluate thermal
stresses.
Nodal temperatures from thermal analyses are transferred, by means of the body force interpolation
command BFINT to the 2D structural model in five azimuthal sections at angles 0°, 45°, 90°, 135° and
180°. The mapping procedure includes measures to envelope uncertainties of the temperature mapping
and to ensure conservatism of thermal loads described in Chapter B.4. In addition, the circumferential
thermal gradient is assessed to generate only minor contribution to thermal stresses, and it is accounted
for by the conservatism attained by adding the component maximum stress intensities from thermal runs
and from structural runs regardless of their spatial location.
Temperatures in the grapple assembly are based on the temperature in the DSC outer bottom cover plate
at the average radius location of the grapple support ring.
Stresses resulting from thermal gradients are classified as secondary stresses and are evaluated for Service
Level A and B conditions.
Table B.3.6-3 contains the maximum thermal stress results for normal and off-normal conditions.

B.3.6.1.1.6

32PTH2 DSC Operational and Transfer/Handling Load Analysis

Transfer/handling loads are the inertial loads acting on the loaded 32PTH2 DSC due to on-site handling
and transfer operations between the fuel handling/loading area and the ISFSI. The inertial conditions
during transfer are described in Section B.3.6.1.1.2 (A)(ii). The fuel and basket assembly are assumed to
bear against the inner bottom (or top) plates during axial handling loads.
Table B.3.6-3 contains the maximum stress results for handling loads for normal and off-normal
conditions.

B.3.6.1.1.7

32PTH2 DSC Drop Analyses

Drop loads are applied as the equivalent static loads corresponding to the postulated drop accelerations.
A 75g side drop and a 25g comer drop (at 30° from horizontal) are postulated for the 32PTH2 DSC
during transfer operations. Analyses of 75g bottom and 75g top end drop, when combined with 75g side
drop, envelop the comer drop results.
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The drop loads are applied using the "ACEL" command of ANSYS to the 32PTH2 DSC models
(axisymmetric model for top and bottom end drops, (Figure B.3.6-1), and three dimensional model,
(Figure B.3.6-2), for the side drop). An elastic-plastic bilinear kinematic hardening material model
(BK.IN) is used in the analyses with strain hardening modulus 5% of Young's modulus for steel materials.

(A)

Side Drop Analyses

The side drop analysis of the 32PTH2 DSC shell assembly is addressed by considering two postulated
scenarios and using bounding stresses for these two cases. The two analyzed scenario are:
1. The basket assembly and fuel loading applied on the DSC shell as a uniform pressure load
directly over the OS200FC TC Support Rails, for the load case of side drop onto rails. The load
path for the side drop in this case is identica.l to that described in Section B.3 .6.1.1.3 for
deadweight in the horizontal position. The pressure is determined based on the bounding
magnitude of basket and fuel assembly weight of 80 kips.
2. The basket assembly and fuel loading are applied on the DSC shell as a cosine function pressure
load over the length of the basket assembly and an arc length of 90 degrees (45 degrees for the
symmetric model) for the load case with the impact occurring away from the OS200FC TC
Support Rails. The pressure is determined based on the bounding magnitude of basket and fuel
assembly weight of 80 kips.
Table B.3.6-4 contains maximum stress results for 32PTH2 DSC basket side drop loads, for accident
conditions.

(B)

Vertical End Drop Analysis

The axisymmetric model shown in Figure B.3.6-1 is used for the vertical drop evaluations.
For the 75g bottom and top end drops, the weight of basket and fuel assemblies weight is conservatively
taken as the total load of 120 kips (bounding magnitude of basket and fuel assemblies weight) multiplied
by 75. The inertia load of the basket assembly and fuel is applied as equivalent uniform pressure acting on
the DSC contact surface with the basket assembly. In addition to pressure representing the payload inertia
load, the conservative internal pressure of 30 psig is added.
Table B.3.6-4 contains the maximum stress results for 32PTH2 DSC basket end drop loads, for accident
conditions.

(C)

Stability Analysis

The structural stability of the 32PTH2 DSC shell for a postulated vertical end drop impact is also
evaluated by running a 2D axis symmetric bottom end drop analysis, since the first buckling mode is
axisymmetric. Nonlinear material properties are assumed at a uniform temperature of 500 °F with a strain
modulus of 1% of the elastic modulus. Stability for the end drop is demonstrated by performing an
ANSYS non-linear analysis of a bottom end drop of the axisymmetric model. The DSC shell remained
stable up to an inertia load of 138g.
32PTH2 DSC shell stability is evaluated for fabrication leak test load, vacuum drying load, flood and end
drop loads using interaction equation specified in Section B.3 .6.1.1.4. The interaction ratio for fabrication
leak test load is 0.38; the interaction ratio for vacuum drying load is 0.52 and the interaction ratio for
flood load is 0.44.

ANUH-01.0150

B.3.6-7
Appendix B is newly added in Revision 7 by Amendment 3.

Advanced NUHOMS® System Updated Final Safety Analysis Report

B.3.6.1.1.8

Rev. 7, 08/16

32PTH2 DSC Fatigue Analysis

The 32PTH2 DSC shell has been evaluated for fatigue in accordance with the rules of subparagraph NB3222.4 of Reference [B3.5] to show that a detailed fatigue evaluation is not required.
B.3.6.1.1.9

Summary Discussion of 32PTH2 DSC Shell Assembly Analyses

The calculated stresses for each load case are combined in accordance with the load combinations
presented in Table B.3.1-5. The maximum calculated 32PTH2 DSC shell assembly stress intensities for
normal, off-normal and accident load combinations are shown in Table B.3.6-5 through Table B.3.6-7.
The tables also contain the ASME code stress intensity limits. Results show that ASME code stress
criteria are satisfied.
The structural stability evaluation of the DSC shell demonstrates that the 32PTH2 design remains stable
up to 138g inertia load magnitude (design load is 75g). Therefore, the design is qualified for buckling,
with a safety factor against buckling 1.92 (138/75).
B.3 .6.1.1.10

Summary Discussion of Partial Penetration Closure Welds Analyses

The weld stresses for the 32PTH2 DSC partial penetration welds are summarized in Table B.3.6-8. All
welds satisfy structural requirements.
Since the Outer Top Cover Plate (OTCP) to shell weld is performed using the GTA W (Nonflux process),
according to ASME Code Sec XI, Division 1, Fig C-4210-1, the maximum allowable flaw depth is
calculated using Limit Load criteria.
Results show that the requirements for welding and weld inspections of the OTCP to shell weld should be
based on limiting the weld critical depth for surface and subsurface flaws to the following values: surface
crack- 0.29 inch, subsurface crack- 0.29 inch.
B.3.6.1.2

32PTH2 DSC Basket Assembly Structural Analysis

Stresses in the 32PTH2 DSC basket assembly are determined using a combination of hand calculations,
three dimensional ANSYS [B3.19], and LS-DYNA [B3.42] finite element models. An ANSYS model is
used in storage and transfer load evaluations. An LS-DYNA model is used in accident side drop
evaluations.
B.3.6.1.2.1

ANSYS Model of 32PTH2 DSC Basket Assembly

The ANSYS three-dimensional finite element model of the 32PTH2 basket is constructed using shell
(SHELL43) elements and solid (SOLID45) elements. The stainless steel plates that make up the fuel
compartment grid, the aluminum transition rails, the aluminum plates separating transition rails from
compartment grid, and the DSC shell are included in the model. For conservatism, the strength of the
aluminum and poison plates within the basket grid are not explicitly modeled in the finite element model.
However, their weights are accounted for by increasing the density of the compartment plate material.
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Because of the large number of plates in the basket and the large length of the basket, certain modeling
approximations are necessary in the basket model. Since a fuel compartment grid involves a series of
15.0 inch long identical segments in the axial direction and since the peripheral transition rails
continuously support the fuel compartment grid along the entire basket length during a side drop, only a
15.0 inch long portion of the basket and rails is modeled. At the two cut faces of the model, symmetry
boundary conditions are applied (UZ = ROTX = ROTY = 0).
Gap elements (CONTAl 78) are used to simulate: (1) an interaction between the 32PTH2 DSC basket
transitional rails and the inner surface of the 32PTH2 DSC, (2) an interaction between the outside of the
32PTH2 DSC and the inner surface of the OS200FC TC, (3) an interaction between fuel compartments,
and (4) an interaction between fuel compartments and support plates. Each gap element contains two
nodes; one on each side of the interface.
The gap nodes, specified at the inner surface of the OS200FC cask, are restrained in the x, y and z
directions. The gap size for each gap element is determined by the difference between the radius of the
32PTH2 DSC basket transition rails and the radius of the inner surface of the 32PTH2 shell; or by the
difference between the radius of the outer surface of the 32PTH2 DSC shell and the inside radius of the
OS200FC TC. ANSYS analyses use the linear elastic material model.
The basket assembly model is shown in Figure B.3.6-3.
Component maximum primary membrane stresses, Pm, and component maximum primary membrane plus
bending stresses, Pm+ Pb, reported in stress results, are derived directly from SHELL43 element results by
means of ANSYS command PLNSOL. When the peak stress at the discontinuity caused overstress, the
standard stress screening procedure is revised to discount the discontinuity effect. The load combination
results are obtained by combining the component maximum stress intensities from the individual load
case results, irrespective of their location within the component.

(A)

Material Properties

The mechanical properties of structural materials used for the 32PTH2 DSC basket, transition rails and
canister are shown in Table B.3.3-1 through Table B.3.3-5 as a function of temperature. The materials are
identified by the reference to corresponding ASME Code specifications or ASTM specifications. Material
properties for the steel SA-240 Type 304 and SA-240 Type 316 are taken from Reference [B3.21].
Material properties for Type 6061 Aluminum (annealed) are taken from Reference [B3.22].
For stress analyses of mechanical loads, material properties are taken at 750 °F for the basket fuel
compartments and basket support plates, at 550 °F for the transition rails, and at 500 °F for the 32PTH2
DSC shell. These temperatures bound temperatures from the thermal heat transfer analyses documented in
Chapter B.4.
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LS-DYNA Model of32PTH2 DSC Basket Assembly

Overview

A three-dimensional finite element model of the 32PTH2 DSC shell and the internal basket assembly
(consisting of the basket fuel compartments, aluminum transition rails, support plates, and fuel
assemblies)- all inside the OS200FC TC and the underlying concrete and soil is constructed using the
LS-DYNA computer program [B3.42]. The geometry of the 32PTH2 DSC basket portion of the LSDYNA models is based on the AN SYS model, described above in Section B.3 .6.1.2.1, used for the
storage and transfer load cases. LS-DYNA is used for the accident side drop load cases because of its
robust contact algorithms able to adequately model the interaction among the various components of the
model under side drop conditions.
The LS-DYNA finite element model is shown in Figure B.3.6-7 and Figure B.3.6-8.
For conservatism, the stiffness of the aluminum and poison plates is neglected by excluding them from
the finite element model. However, their weight is accounted for by adjusting the densities of the adjacent
stainless steel compartments. Since a fuel compartment grid involves a series of 15.0 inch long identical
segments in the axial direction, for the same reasons as described above in Section B.3 .6.1.2.1 with regard
to ANSYS model, only a 15.0 inch long portion of the basket and cask is modeled in LS-DYNA model
and symmetry boundary conditions are applied at the two cut faces of the model. For 180° side drop on
rails, two pairs of3" wide rails are assumed at±l2° and±38° distance from vertical centerline of the
basket.
Automatic surface-to-surface contact definitions in LS-DYNA are used to model the interaction between
the various components of the basket. Shell thicknesses for all 32PTH2 basket and DSC components are
specified by means of the LS-DYNA command "Section_Shell". All appropriate components of the
basket, DSC shell, transfer cask, and concrete are modeled to be initially in contact.
A radial gap exists between the 32PTH2 DSC shell and the OS200FC TC. The initial gap size depends on
the azimuth angle. The 32PTH2 DSC shell and transfer cask are modeled to be initially in contact at the
side drop predefined azimuth angle (0°, 30°, 45° and 180°). Therefore, for each predefined drop
orientation, the initial locations of model components are adjusted to create an initial point of contact
between the transition rails and the DSC shell, and the DSC shell and the Transfer Cask.
Nominal dimensions of the 32PTH2 DSC basket and the bounding weight of fuel assemblies are assumed
in the model.
The stiffness of the fuel assemblies is not taken into account in analyses. A very low Young's modulus
(185 psi) is assigned for the fuel assembly component to eliminate the effect of fuel assembly stiffness
onto the results.
Strain rate effects on material properties are not considered.
Assumed strain hardening moduli are 5% of Young's modulus for plastic response of SA-240 Type 304
and SA-240 Type 316 steel materials for stress analysis, and 1% for buckling analysis. The assumed
strain hardening modulus for the plastic response of Aluminum 6061 is 1% of Young's Modulus.
The weight/inch of the OS200FC TC inner shell, lead, outer shell and cylindrical shell are taken into
account in the combined transfer cask weight/inch arrangement in the model.
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Material Properties

The mechanical properties of structural materials used for the basket, rails and DSC shell assembly are
shown in Table B.3.3-1 through Table B.3.3-5 as a function of temperature. The materials are identified
by reference to corresponding ASME Code specifications and ASTM specifications. The material
properties for the steel SA-240 Type 304 and SA-240 Type 316 are taken from Reference [B3.21]. The
material properties for Type 6061 Aluminum (annealed) are taken from Reference [B3.22].
Material properties use assumed temperatures for the modeled components. The basket temperature is
assumed to vary from 700 °P and 600 °P between the inner and outer portions, respectively. The
temperature of the aluminum rails is assumed to be 500 °P and the canister shell temperature is assumed
to be 500 °P. A temperature of 350 °P is used for the transfer cask. These temperatures bound
temperatures obtained from the thermal heat transfer analyses, documented in Chapter B.4.
The LS-DYNA model parts are defined as elastic or elastic-plastic. The model part weights and mass
densities are shown in Table B.3.6-17. The OS200PC TC shell material is modeled as linear elastic. The
32PTH2 DSC basket assembly materials are modeled as elastic-plastic. Cask is modeled using solid
elements, DSC shell is modeled with shell elements, basket with shell elements, and rails with solid
elements. Since References [B3.50] and [B3.51] demonstrate that the stiffness of the soil has little impact
on the peak accelerations predicted in the cask, the same elastic soil model as in Reference [B3.50] is
used for the analyses. This soil model is summarized below:

E= 6,000 psi
v = 0.45

p = 2.0368x 10-4 lb sec2/in4 = 136 lb/ft3
Material Law 16 in LS-DYNA, Reference [B3.42], is used for the concrete. All properties are the same as
those used in Reference [B3.50] and are summarized as follows:
Yield stress versus pressure:

p

(}max=

ao + - - - a, +a 2 P

p

v = 0.22
ao = 2000 psi
a 1 = 0.418

a2=8.35x10- 5 psr
b 1 =O
ao1=

0.0 psi.

a11=

0.385
2

p = 2.09675x10-4 lb. sec. I in
ANUH-01.0150

4

B.3.6-11
Appendix B is newly added in Revision 7 by Amendment 3.

Rev. 7, 08/16

Advanced NUHOMS® System Updated Final Safety Analysis Report

The yield stress versus pressure curve is defined by:

The scale factor TJ used is taken from Reference [B3.50], as shown in the Table B.3.6-18.
The pressure-volume behavior of the concrete is modeled with the tabulated pressure versus volumetric
strain relationship in Table B.3.6-19 using the Equation of State feature in LS-DYNA [B3.42]. An
unloading bulk modulus of 700,000 psi is assumed to be constant at any volumetric strain, as was
assumed in Reference [B3.50].
The material properties used for the reinforcing bar are as follows:
E

30x10 6 psi

=

v= 0.3

Sy= 30,000 psi
Tangent Modulus, Er= 30x 104 psi

B.3 .6.1.2.3

Applicable Loads and Load Combinations

The following three categories of 32PTH2 DSC basket loads are addressed in the following analyses:
Transfer Load Evaluation

•
•
•
•

Deadweight (Horizontal)
Deadweight (Vertical)
Transfer/Handling Loads
Thermal Loads

Accident Drop Loads
Evaluation

Storage Load Evaluation

•
•
•

Deadweight
Seismic Loads
Thermal Loads

•
•

Side Drop Loads
End Drop Loads

Storage loads are addressed in B.3.6.1.2.4. Transfer loads are addressed in B.3.6.1.2.5. Accident drop
loads are Level D loads and are addressed in B.3.6.1.2.6.
The detailed load combinations for the 32PTH2 DSC are presented in Table B.3.1-5. Selected basket
assembly transfer loads are presented in Table B.3.6-9. Basket assembly storage loads are presented in
Table B.3.6-10.

B.3 .6.1.2.4

32PTH2 DSC Basket Assembly Transfer Load Analysis

The ANSYS code was employed to compute the transfer load stresses in the 32PTH2 DSC basket. The
loads are presented in the following sections.

ANUH-01.0150

B.3.6-12
Appendix B is newly added in Revision 7 by Amendment 3.

Advanced NUHOMS® System Updated Final Safety Analysis Report

(A)

Rev. 7, 08/16

Deadweight (Horizontal)

The loaded 32PTH2 DSC is placed inside the transfer cask during on-site transfer. The loaded DSC is
supported by four transfer cask rails, 3" wide x 0.12" thick, which are welded to the transfer cask at ±12°
and at ±38° on each side of the DSC vertical centerline. Contact between the outer surface of the 32PTH2
DSC and the inner surface of the transfer cask is modeled using gap elements around the entire
circumference of the DSC's outer surface. The gap elements at the two inner transfer cask rail locations
are set to be initially closed. Between the two inner transfer cask rails, the initial gaps are set to be 0.12".
The remaining initial gaps are calculated using an ANSYS macro.
A row of DSC nodes at one of the transfer cask rail-locations is held in the circumferential direction to
avoid rigid-body motion of the model. The lg deadweight load of the fuel assemblies is applied as
pressure on the horizontal panels of the basket.
The pressure for a lg acceleration is calculated as follows:
pressure on horizontal panels

=(fuel wt. per inch x acceleration)/(panel span)
= (1550 lb x 1) I (150.0" x 8.29")
= 1.25 psi.

The inertia load due to basket assembly (including basket transition rails) and 32PTH2 DSC deadweight
is simulated by applying lg acceleration in the vertical direction.
Stress analyses are performed using the ANSYS model for the basket assembly to compute the stresses
due to horizontal deadweight. Nonlinear analyses are necessary due to the gap elements used in the
model. The total load is gradually applied in small sub-steps. The automatic time stepping program option
(AUTOTS) is activated. This option lets the program select the actual size of the load sub-step to obtain a
converged solution. Linear elastic material model is used in evaluations. Stress results for the horizontal
deadweight load are presented in Table B.3.6-11.

(B)

Deadweight (Vertical)

During vertical loading of the 32PTH2 DSC, the weight of the fuel assemblies and basket are supported
by the Inner Bottom Cover Plate (IBCP) and transferred to the bottom of the cask. Therefore, the fuel
assemblies react directly against the bottom of the cask and not through the basket structure as in the case
of lateral loading. Only the deadweight of the basket and rail assembly causes an axial compressive stress
in the basket components during vertical loading. Axial compressive stresses are computed individually
for the basket and transition rails using hand calculations. Stress results for the vertical deadweight load
are presented in Table B.3.6-11 and Table B.3.6-12.

(C)

Transfer/Handling Loads

The transfer/handling loads include: ± l .Og axial load, ± l .Og transverse load, ± l .Og vertical load,
applied as individual load cases, and± l/2g axial ± 1/2g transverse ± 1/2g vertical, with all three
components applied simultaneously. In calculations, individual handling loads identified above are
combined with the deadweight load. Load combinations that include transfer/ handling loads are
presented in Table B.3.6-9.
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Nonlinear analyses are necessary due to the gap elements used in the basket model. The total load is
gradually applied in small sub-steps. The automatic time stepping program option (AUTOTS) is
activated. This option permits the program to select the actual size of the load sub-step to obtain a
converged solution. The inertia load is simulated by applying the appropriate acceleration in the vertical
and transverse (horizontal) directions. Linear elastic material model is used in evaluations.
Where not modeled, the weight of the aluminum plates is accounted for by increasing the basket and rail
densities. Since only a 15.0" length of the basket is modeled, the acceleration in the axial direction is
increased to account for the entire fuel assembly length. Thus, for the load combination ± l .Og transverse
load plus deadweight (bounding load), the applied accelerations are as follows:
Acceleration applied in transverse direction

lg.

Acceleration applied in vertical direction

lg.

In addition, vertical and transverse loads from the fuel assemblies are applied as pressures on the
horizontal and vertical panels of the basket. The pressures applied on the horizontal and vertical faces of
the fuel compartments for the bounding load transfer/handling load combination (1.0g transverse load
plus deadweight load) are calculated below:
pressure on horizontal panels

=(fuel wt. per inch x acceleration)/(panel span)
= (1550 lb x 1) I (150.0" x 8.29")
= 1.25 psi.

pressure on vertical panels

= (fuel wt. per inch x acceleration)/(panel span)
= (1550 lb x 1) I (150.0" x 8.29")
= 1.25 psi.

Figure B.3 .6-4 shows boundary conditions and pressure loads for the bounding load combination of 1.0g
transverse load plus 1.0g deadweight.
To simulate the axial stress due to an axial acceleration, one side of the basket is restrained in the axial zdirection. Similarly, a row of canister nodes at one of the transfer cask rail locations is held in the
circumferential direction to avoid rigid-body motion of the model. The gap element conditions described
for the deadweight (horizontal) analysis are used for the transfer/handling load analyses.
Since only a 15" length of the 32PTH2 DSC basket assembly is modeled, the acceleration in the axial
direction is amplified to account for the effect of the entire 177.15" fuel assembly length. For example:
for a l.Og axial load, modeled acceleration applied in the axial direction= lg x 177.15"/15" = 11.81g.

(D)

Thermal Loads

A 3D ANSYS model of the basket is used for the thermal stress analysis. The thermal stress analysis
model is generated by modifying the model used for the deadweight analyses. The transition rails, DSC
shell and contact elements are removed from the deadweight analysis model, as they have no effect on the
basket thermal stresses. Nodal temperature distributions of the basket are obtained from the thermal heat
transfer analyses documented in Chapter B.4.
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Two thermal load cases show the highest thermal gradients for the basket thermal analysis: the case with
a 32.0 kW heat load, with 117 °F ambient temperature, off-normal-hot conditions (Table B.3.6-2, Case
T3), and the case with a 37.2 kW heat load, 120 °F ambient temperature, for normal-hot conditions (Table
B.3.6-2, case Tl l).
Nodal temperature distributions in the basket from the thermal analyses are mapped to the structural
model and applied as a thermal load. The mapping procedure includes measures to increase temperature
distribution gradients and secure conservatism of thermal loads described in Chapter B.4. Finally, stress
calculations for the mapped thermal loads are conducted to compute the thermal stresses.
An example of the thermal load distribution in the 32PTH2 DSC basket after temperature mapping to the
structural model is presented in Figure B.3.6-6 (top part). The original temperature distribution (before
mapping), obtained in thermal analysis evaluations discussed in Chapter B.4, is presented in Figure
B.3.6-6 (bottom part). Thermal stresses calculated for transfer conditions are summarized in Table
B.3.6-12.

(E)

Evaluation of Results for Transfer Loads

Transfer condition stresses are summarized in Table B.3.6-11. ANSYS plots showing typical analysis
results for the 32PTH2 DSC basket for transfer/handling stresses are provided in Figure B.3.6-5. The
results summarized in Table B.3.6-11 show that the ASME code stress criteria are met.
The shear force on the fusion welds are screened for all load combinations to assess the minimum shear
capacity of the fusion welds required to secure basket assembly integrity. The maximum shear force in
the fusion welds due to the analyzed transfer loads is 5.3 kip-force.

B.3 .6.1.2.5
(A)

32PTH2 DSC Basket Assembly Storage Loads Analyses

Deadweight

During storage, the loaded 32PTH2 DSC rests on two 3" wide rails inside the AHSM-HS. The AHSM-HS
rails are oriented at ±35° on either side of the DSC's vertical centerline. Contacts with the outer surface of
the canister and the AHSM-HS rails are modeled using gap elements at the AHSM-HS rail locations.
These gap elements are set to be initially closed. Contact between the peripheral basket rails and the
inside surface of the canister shell is modeled using gap elements around the entire circumference of the
canister's inner surface. These gap elements are set to be initially closed at the bottom, and the remaining
initial gaps are suitably calculated using an ANSYS macro program.
A row of canister nodes at one of the AHSM-HS rail locations is held in the circumferential direction to
avoid rigid-body motion of the model. The lg deadweight load of the fuel assemblies is applied as
pressure on the horizontal panels of the basket. The pressure for the 1g acceleration is calculated as
follows:
pressure on horizontal panels

=(fuel wt. per inch x acceleration)/(panel span)
= (1550 lb x 1) I (150.0" x 8.29")
= 1.25 psi.

The inertia load due to basket, rails and canister deadweight is simulated by applying the lg acceleration
in the vertical direction. The weight of not modeled aluminum plates is accounted for by increasing the
basket and rail densities.
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Stress analyses are conducted in ANSYS to compute the stresses in the basket models. Nonlinear analyses
are necessary due to the gap elements used in the model. The total load is gradually applied in small substeps. The automatic time stepping program option (AUTOTS) is activated. This option lets the program
select the actual size of the load sub-step to obtain a converged solution. Linear elastic material model is
used in evaluations. Stress results for the deadweight load are presented in Table B.3.6-13.

(B)

Seismic Load

The seismic criteria for the AHSM-HS are based on the NRC Regulatory Guide 1.60 [B3.9] response
spectra, anchored to a 1.5g ZPA in horizontal direction and l.Og ZPA in vertical direction, as described in
Section. B.3.1.2.2.1.4.
For the 32PTH2 DSC shell and basket assembly, the seismic criteria are conservatively established at 6g
inertia load for horizontal components, and 6g inertia load for the vertical component of the load. The
resulting stresses for the 32PTH2 DSC and basket assembly due to (6g-Vertical) + (6g-Transverse) + (6gAxial) seismic load are obtained by means of the SRSS method (based on the component maximum
stresses, irrespective of maximum stress location) and are evaluated against ASME Code Service Level D
stress limits.
ANSYS analyses are conducted individually for the vertical and axial seismic load components only. For
32PTH2 DSC supported by a pair of the AHSM-HS Support Rails, spaced symmetrically at ±35° angles
from the DSC vertical centerline, vertical component of seismic load creates higher maximum stresses
than the transverse component. Therefore, in the resulting SRSS combination, the bounding stresses for
vertical component are conservatively used in lieu of stresses for the transverse component. Since the
SRSS combination is based on the component maximum stresses, irrespective of maximum stress
location, and the use of 6g magnitude of seismic load in the evaluation exceeds realistic magnitudes of
seismic loads for stored 32PTH2 DSC, the method ensures conservatism in the 32PTH2 DSC basket
assembly structural qualification.
Because only a 15" length of the basket is modeled, the seismic acceleration in the axial direction is
amplified appropriately to account for the entire 177 .15" fuel assembly length. For a 6.0g axial load, the
modeled acceleration applied in the axial direction= lg x 177.15"/15" = 70.86g.
To simulate the stresses due to the axial acceleration, one side of the basket was restrained in the axial
direction. A row of 32PTH2 DSC nodes at one of the AHSM-HS rail locations is held in the
circumferential direction to avoid rigid-body motion of the model. The same gap element settings used for
the deadweight analysis are used for the seismic load analysis.
For the vertical 6g-inertia load, weight loads from the fuel assemblies are applied as pressures acting on
the horizontal panels of the basket only. The pressures on the horizontal panels are calculated using the
acceleration values, as described below:
pressure on horizontal panels

= (fuel wt. per inch x acceleration)/(panel span)
= (1550 lb x 6) I (150.0" x 8.29")
=7.5psi.

Stress results for the seismic load are presented in Table B.3.6-13.
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Thermal Loads

A 3D ANSYS model of the basket is used for the thermal stress analysis. The thermal stress analysis
model is generated by modifying the model used for the deadweight analyses. The transition rails, DSC
shell and contact elements are removed from the deadweight analysis model, as they have no effect on the
basket thermal stresses.
Nodal temperature distributions of the basket are obtained from the thermal heat transfer analyses
documented in Chapter B.4. Two thermal load cases show the highest thermal gradients for basket
thermal analysis: the case with a 32.0 kW heat load, with 117 °F ambient temperature, off-normal-hot
conditions (Table B.3.6-1, Case S3) and the case with a 37.2 kW heat load, -40 °F ambient temperature,
for off-normal-cold conditions (Table B.3.6-1, case S6).
Nodal temperature distributions in the basket from the thermal analyses are mapped to the structural
model and applied as a thermal load. The mapping procedure includes measures to increase temperature
distribution gradients and ensure conservatism of thermal loads as described in Chapter B.4. Finally,
stress calculations with mapped temperatures are conducted to compute the induced thermal stresses. The
transition rails are attached to the periphery basket compartments with bolts in slotted holes to allow
thermal expansion, and, therefore, do not constrain free thermal growth of the basket. Sufficient radial
and axial clearances are provided between the 32PTH2 DSC basket and the 32PTH2 DSC shell to allow
for thermal expansion. Thus, no thermal stresses can develop due to constrained thermal expansion.
However, due to the axial temperature gradients (hotter at the center of the basket and cooler top and
bottom ends) thermal stresses in the basket can develop an unequal lateral thermal expansion at the center
compared to the top and bottom end. The thermal analysis described herein addresses this condition.
These stresses do not exceed 6.0 ksi. Thermal stresses calculated for storage are summarized in Table
B.3.6-14.

(D)

Evaluation of Results

Storage condition load cases stresses are summarized in Table B.3.6-13 and show that the basket stress
criteria are met. Shear forces of fusion welds are screened for all load combinations to assess the
minimum shear capacity of fusion welds required to secure basket assembly integrity. The maximum
shear force in the fusion welds due to the analyzed storage loads is 5.0 kip-force.

B.3.6.1.2.6

32PTH2 DSC Basket Assembly Drop Analysis

The boundary conditions and initial loading conditions are shown in Figure B.3.6-8. Non-reflecting
boundaries are applied to the bottom and sides of the soil (bottom, left side, right side) to prevent artificial
stress waves from reflecting back into the model. The axial z-symmetry boundary condition is applied to
the whole model.
In addition, gravity and an initial velocity of 248 in/s corresponding to a drop height of 80 inches are
applied to the DSC/TC model in the negative y-direction drop (Figure B.3.6-8).
The stress analyses are performed for the 80 inch side drop event for 0°, 30°, 45° and 180° orientations.
For each orientation, the model is appropriately rotated and the initial position of model components is
adjusted to ensure point contact at the impact angle of the basket transition rails with the DSC shell and
the DSC shell with the Transfer Cask.
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Side Drop

The stress analyses of the 32PTH2 DSC basket assembly are performed for various side drop orientations
(0°, 30°, 45°, 180°). The analyses are performed imposing an initial velocity of 248 in/s, corresponding
to a drop height of 80 inches. Localized peak stress occurs at the comer (Figure B.3.6-20(a)) of the fuel
compartment, due to the support plates. For the failure of the basket fuel compartment to occur, the entire
section must fail, not just a local one-element area. Furthermore, the maximum shear stress decreases
sharply as the distance from the comer increases. Thus, the shear stresses are averaged along the length of
the fuel compartment tube (Figure B.3.6-20(b)), (i.e., the shear stresses from each element in the first row
from the comer are averaged). The calculated averaged stress intensities are compared against the
allowable stress intensities. To obtain stress intensities, the calculated averaged maximum shear stresses
'tmax are multiplied by the factor 2.0 (a, - CJ3 = 2x'tmax ).
The shell elements used in the LS-DYNA analysis have five integration points. The membrane stress is
extracted by plotting the stress at the mid plane and the membrane plus bending stress is extracted by
plotting the stress at the outer fiber. The maximum shear stresses and stress intensities for the basket and
DSC shell are summarized and compared against the allowable stresses intensities in Table B.3.6-20. The
30° and 45° side drops are the limiting cases. LS-DYNA stress results for the 30° side drop onto the cask
rails are shown in Figure B.3.6-9.
Since the plastic deformation occurs in the basket during the 80 inch drop event, relative deflections of
compartment walls are calculated to assess the effect of compartment deformation on criticality. The 30°
drop orientation produces the maximum plastic strain. Figure B.3.6-10 shows the effective plastic strain
time history for the 30° drop orientation. The critical inner and outer compartments for that 30°
orientation are shown in Figure B.3 .6-11. The average relative deflections due to deformation of fuel
compartment walls, measured as the change of shell element middle surfaces distance, are calculated for
these critical compartments.
The maximum positive relative deflections and maximum negative relative deflections of compartments
walls are assessed in Table B.3.6-22. The assessed maximum positive relative deflection for the
compartment walls due to an 80" side drop is +0.12 inches. The assessed maximum negative relative
deflection for the compartment walls (compartment shrinks after deformation) due to an 80" side drop
is -0.096 inches (Table B.3.6-22).
The shear force on the fusion welds is screened for all of the side drop load cases to assess the minimum
shear capacity of fusion welds required to secure basket assembly integrity. The maximum shear force in
the fusion welds due to the analyzed drop loads is 14.6 kip-force (Table B.3.6-21).
The LS-DYNA 80" side drop evaluations included verification of structural integrity of the 32PTH2 DSC
basket with empty slots. These evaluations assumed that empty slots must be positioned in the outer part
of the 32PTH2 DSC basket grid, in locations allocated to damaged fuel, symmetrically toward 0°-180°,
and 90°-270° basket axes. Locations of the dummy assemblies (un-irradiated, stainless steel encased
structures that approximate the weight and center of gravity of a fuel assembly) can be arbitrarily placed
since their presence does not require additional evaluations.
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Buckling

An additional analysis is performed to establish that the basket assembly has an adequate margin of safety
against side drop buckling. The same model as described above is used assuming a 1.5 increase in the
drop height (1.5 x 80 = 120 inches) and applying a velocity corresponding to a drop height of 120 inches.
In addition, a strain hardening modulus is assumed to be 1% of Young's modulus for the plastic response
of SA-240 Type 304 steel and 1% for Aluminum 6061.
The results demonstrate that the maximum basket deflection reaches its peak value, and then reduces to a
stable value. Furthermore, the maximum effective plastic strain is 14.8%, which is well below the general
elongation limit of 40% for the SA-240 Type 304/316 materials (Reference [B3 .21 ], Part A, Table 2),
yielding factor of safety 2. 7. Such results imply that the basket maintains its structural integrity for the
120 inch drop design basis. Therefore, it can be concluded that the 32PTH2 DSC basket
assembly/OS200FC TC will maintain structural integrity during the side drop event for accident
conditions.

(C)

End Drop

Since the 75g side drop and 75g top and bottom end drops conservatively bound a 25g comer drop, the
comer drop case (TR9) is not analyzed. Vertical end drops are non-mechanistic for the 32PTH2 DSC
system since all operations within a plant are performed using the single failure proof cranes and lifting
devices designed to ANSI N14.6. During transfer operations the cask is only handled horizontally with no
lifting operation performed. The postulated 75g bottom and top end drops are evaluated for transportation
(10 CFR Part 71) purposes and to demonstrate qualification of the 25g comer drop. The stresses in the
32PTH2 basket fuel compartments and transition rails are evaluated for a 75g end drop by hand
calculation.
During an end drop, the fuel assemblies and basket are forced against the top or bottom of the cask.
Therefore, the fuel assemblies react directly against the top or bottom of the cask and not through the
basket structure as in the case of lateral loading. Only the deadweight of the basket causes axial
compressive stress during a vertical drop.
Axial compressive stresses are computed for the basket plates only, since the transition rails at the stud
connections are slotted, preventing significant load transfer in the cask axial direction. For the basket
assembly, only the fuel compartments are assumed to carry the weight of the assembly.
Maximum calculated stresses for the 75g end drop are provided in Table B.3.6-15.

(D)

Evaluation of Results

LS-DYNA results for the basket assembly side drop evaluations are summarized in Table B.3.6-20. The
results summarized in Table B.3.6-20 show that the basket stress criteria are met. The buckling
assessment shows that the basket maintains its structural integrity for a 120 inch drop for all side drop
orientations.
The maximum shear force in the fusion welds calculated during a side drop event is 14.6 kip-force (Table
B.3.6-21).
Per Appendix F, Section F-1342 (c) [B3.2], the minimum capacity of fusion welds is determined as
follows:
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Minimum_Capacity_of _Fusion Weld= l.43Fshear -f
u

With a calculated maximum shear force from the analysis Fshear= 14.6 kip-force, tensile strength at test
temperature S~ =75 ksi, and tensile strength at analysis temperature Su =63.4 ksi, the minimum capacity
of the fusion welds is 24.7 kip-force.

B.3.6.1.2.7

Summary Discussion of Basket Assembly Stress Analyses

Table B.3.6-11 and Table B.3.6-13 summarize results from the transfer and storage loads evaluation.
Table B.3.6-20 summarizes results for the side drop evaluations. Table B.3.6-15 summarizes results for
end drop evaluations. The results show that ASME code criteria are satisfied for all these loads.
Evaluations show that fusion welds need to provide a minimum shear capacity of24.7 kip-force and is
governed by the accident side drop cases.

B.3.6.1.2.8

Creep Effect Evaluation for 32PTH2 DSC Long Term Storage

An analysis of the creep strain effect due to long term storage of the 32PTH2 DSC is carried out for the
basket assembly aluminum components. In the creep strain analysis, the basis for maximum allowable
stress for all basket materials is the 100% of the average stress that produces a cumulative 1% strain in
555,000 hours for 1100 Aluminum material. The criterion bounds the ASME code requirement for the
stress not to exceed 100% of the average stress that leads to the creep deformation rate 0.01%/1000 hrs.
Aluminum 1100 is used in the creep strain effect analysis since the Aluminum 1100 stress limits are
determined in Reference [B3.52] to bound stress limits for Aluminum Type 6061. This validates the
NUHOMS® 32PTH2 DSC basket assembly design as structurally adequate for long-term storage loads
and determines that creep strain effect is negligible. The stress ratio in creep evaluation is 4.1 % of the
allowable. Creep evaluation results are summarized in Table B.3.6-16.

B.3.6.2

Structural Analysis of the AHSM-HS

B.3.6.2.1

Introduction to the AHSM-HS

The reinforced concrete, 32PTH2 DSC support structure, structural welds, miscellaneous components and
embedments of the AHSM-HS are important to safety. Consequently, they are designed and analyzed to
perform their intended functions under the extreme environmental and natural phenomena specified in 10
CFR 72.122 [B3.3],
Table B.3.6-23 summarizes the design loads for the AHSM-HS system components. The table also
presents the applicable codes and standards for development of these loads. The extreme environmental
and natural phenomena design criteria discussed below comply with the requirements of 10 CFR 72.122
[B3.3] and ANSI-57.9 [B3.4].
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Dead load includes the self-weight of the AHSM-HS concrete structure, and the DSC support structure.
The 32PTH2 DSC weight is considered as a live load rather than a dead load for the DSC support
structure evaluation. For the AHSM-HS analysis, the dead load is varied by+ 5% ifthat produces a more
adverse loading condition, regardless of the load combination factor applied. Creep and shrinkage reduce
the thermal stresses. Therefore, for the evaluation of the concrete structure, creep and shrinkage forces are
conservatively neglected.

B.3.6.2.2.2

Live Loads (LL)

Live loads include a roof design basis snow and ice load of 110 psf conservatively derived from ASCE 705 [B3. l 7]. For the purpose of this analysis, a total live load of 200 psf (which includes snow and ice
load) is used to envelope all postulated live loading, including such items as ladders, handrails, conduits,
etc. added for personnel protection. In addition, the normal handling loads (RO), and off-normal handling
loads (RA), and the 32PTH2 DSC weight are treated as live loads for the concrete component evaluation.
In accordance with ANSI-57.9 [B3.4], the live load is varied between 0% and 100% of the estimated load
to simulate the most adverse conditions for the structure.

B.3.6.2.2.3

Normal Operating Thermal Loads (TN)

Normal thermal loads are the thermally induced stresses for the temperature gradients resulting from the
32PTH2 DSC heat load and solar insolation onto the AHSM-HS. To evaluate the effects of thermal loads
on the AHSM-HS, heat transfer analyses for a range of normal ambient temperatures are performed in
Chapter B.4 with a 32PTH2 DSC heat load of up to 37.2 kW. The temperature distribution for the
controlling thermal condition (the zoning configuration, heat load and ambient condition which cause
maximum temperature and gradients in the concrete components) is used in the analysis for concrete and
steel components evaluation.

B.3.6.2.2.4

Tornado Generated Loads CWT)

The most severe tornado generated wind and missile loads selected as the design basis bound those
specified by NRC Regulatory Guide 1. 7 6 [B3 .14] and NUREG-0800 [B3 .16]. The extreme design basis
wind loads are less severe than tornado generated wind loads and, therefore, do not need to be addressed.
The design basis tornado (DBT) wind intensities used for the AHSM-HS design are obtained from NRC
Regulatory Guide 1. 76 [B3 .15]. Region I intensities are utilized since they result in the most severe
loading parameters. For this region, the maximum wind speed is 360 mph, the rotational speed is 290
mph and the maximum translational speed is 70 mph. The radius of the maximum rotational speed is 150
ft, the pressure drop across the tornado is 3 psi and the rate of pressure drop is 2 psi per second [B3 .15].
The maximum wind speed used of 360 mph provides substantial conservatism relative to the maximum
wind speed of 230 mph prescribed in current regulatory guidance in NRC Regulatory Guide 1.76
Revision 1 [B3.14].
Tornado loads are generated for three separate loading phenomena:
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•

Pressure or suction forces created by drag as air impinges and flows past the AHSM-HS. These
pressure or suction forces are due to tornado generated wind with maximum wind speed of 360
mph.

•

Pressure or suction forces created by drag due to tornado generated pressure drop or differential
pressure load of 3 psi.

•

Impact, penetration and spalling forces created by tornado-generated missiles impinging on the
AHSM-HS.

The DBT velocity pressure is computed based on the following equation specified in ASCE 7-05 [B3 .17]
and NUREG-0800 [B3.16}.

Where:
The parametric values are obtained from [B3. I 7] and [B3.16] as follows:
Exposure coefficient,

Kz = 0.9 for Height 20 feet and assuming generalized Exposure Level C

Topographic factor,

Kzt = 1.0 assuming all the conditions of 6.5. 7 .1 [B3 .17] are not met

Directionality factor,

Kd = 1.0 conservatively assumed

Importance coefficient, I = 1.15 as the most conservative value per Table 6-1 of [B3 .17]
Since the generic design basis AHSM-HS dimensions are relatively small compared to the 150 ft
rotational radius of the DBT, the velocity value of combined rotational and translational wind velocity of
360 mph is conservatively used in the above equation to compute the DBT velocity pressure of 344 psf.
The calculated DBT velocity pressure is converted to a design wind pressure (p) by multiplying this value
by the appropriate pressure coefficient (Cp) and gust effect factor (G). Eq. 6-17 of [B3. l 7] for main windforce resisting systems of rigid buildings, shown below, is used to determine the design pressures.

The external pressure coefficient (GCp) and internal pressure coefficient (GCpi) are given in Fig. 6-5 and
6-6, respectively, of [B3.17]. The coefficients and design pressure are listed in Table B.3.6-24, along with
the values actually used in the evaluations.
The determination of impact forces created by DBT generated missiles for the AHSM-HS is consistent
with that presented in Section 3.6.2.2.4 and bounds the criteria provided by NUREG-0800, Section
3.5.1.4, III.4 [B3.16]. Accordingly, four types of missiles are postulated:
1. Utility wooden pole, 13.5" diameter, 35' long, Weight= 1500 lbs, Impact velocity= 294 fps.
2.

Armor piercing artillery shell 8" diameter, Weight= 276 lbs, Impact velocity= 185 fps.

3.

Steel pipe, 12" diameter, Schedule 40, 30 ft long, Weight= 1500 lbs, Impact velocity= 205 fps.

4.

Automobile traveling through the air not more than 25 ft above the ground and having contact
area of 20 sq. ft, Weight= 4000 lbs, Impact Horizontal Velocity= 195 fps.
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Normal Handling Loads (RO)

The most significant normal operational loading condition for the AHSM-HS components is the sliding
forces due to insertion of the 32PTH2 DSC from the OS200FC TC into the AHSM-HS. Friction forces
are developed between the sliding surfaces of the 32PTH2 DSC, the OS200FC TC and the DSC support
rails. Normal operation assumes the canister is sliding over the DSC support structure due to a hydraulic
ram force of up to 110,000 lbs (insertion) or 80,000 lbs (extraction) applied to the 32PTH2 DSC grapple
ring. It is assumed that the 110 kips and 80 kips are resisted by an axial load (55 kips and 40 kips,
respectively) in each DSC support rail and the AHSM-HS lower door embedments. In addition, the
32PTH2 DSC weight is applied as a distributed load on both the DSC support rails.
The concrete module is evaluated for a 110 kip and 80 kip 32PTH2 DSC insertion and retrieval load,
respectively, applied as a live load.

B.3.6.2.2.6

Off-Normal Operating Thermal Loads (TO)

The off-normal operating thermal loads correspond to an ambient temperature range from -40 °F to
117 °F. To evaluate the effects of thermal loads on the AHSM-HS, heat transfer analyses for off-normal
conditions are performed in Chapter B.4. Conservatively, off-normal thermal conditions are categorized
as Normal for the purpose of stress analysis of the AHSM-HS.

B.3.6.2.2.7

Off-Normal Handling Loads (RA)

The off-normal handling load case assumes that the OS200FC TC is not accurately aligned with respect to
the AHSM-HS support rails. Therefore, the 32PTH2 DSC becomes jammed during a transfer operation
causing the hydraulic pressure in the ram to increase. The ram force at the grapple ring of the 32PTH2
DSC is limited to a maximum load of 110 kips during insertion or 80 kips during retrieval. Therefore, for
the DSC steel support structure, the off-normal jammed canister load (RA) is defined as an axial load on
one rail of 110 kips during insertion or 80 kips during retrieval, plus a vertical load of one quarter of the
32PTH2 DSC weight (on each DSC support rail) at the most critical location distributed over a 4.5"
length of the rail assembly surface. For the AHSM-HS, the maximum 110 kips load during insertion and
80 kips load during retrieval are applied as live loads.

B.3.6.2.2.8

Earthquake Loads (EQ)

The design basis seismic load is given by the NRC Regulatory Guide 1.60 [B3.9] response spectra
anchored to a horizontal zero period acceleration (ZPA) of 1.5g and vertical acceleration of 1.0g. A
damping value of 4% of critical damping is conservatively used as per [B3.13].

B.3.6.2.2.9

Flood Loads (FL)

The AHSM-HS is designed for a flood height of 50 feet and water velocity of 15 fps per reference [B3.3].
The module is evaluated for the effects of a water current of 15 fps impinging on the side of a submerged
AHSM-HS. Under 50 feet of water, the inside of the module is rapidly filled with water. Therefore, the
·AHSM-HS components are not evaluated for the 50 feet static head of water.

B.3.6.2.2.10

Accident Condition Thermal Loads (TA)

For the accident thermal event, both of the inlet and outlet vents are postulated to be blocked with an
extreme ambient temperature of 11 7 °F. This condition is identified as the blocked vent condition. The
temperature distribution for the 117 °F case is used to qualify the concrete components.
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Load Combinations for Concrete Component Evaluation

The required strength, U, for critical sections of the AHSM-HS concrete components are calculated in
accordance with the requirements of ANSI 57.9 [B3.4] and Chapter 9 of ACI 349 [B3.10], including the
strength reduction factors defined in ACI 349, Section 9.3.
The concrete design loads are multiplied by load factors and combined to simulate the most adverse load
conditions. The load combinations described in Table B.3.6-25 are used to evaluate the concrete
components.

B.3.6.2.2.12

Load Combinations for DSC Support Structure Evaluation

The required steel strength, S, and required shear strength, Sv for critical sections of the DSC steel support
structure are calculated in accordance with the requirements of AISC Allowable Stress Design (ASD)
method [B3.11]. For the DSC steel structure components the normal (TN), off-normal (TO) and accident
(TA) thermal cases cause additional stresses. However, the DSC steel support structure is protected from
design wind load (WW), Tornado wind and missile impact loads (WT) and Flood loads (FL) by the
concrete components of the AHSM-HS. Therefore, these loads do not cause stresses in the DSC steel
support structure. Accordingly, the load combinations shown in Table B.3.6-26 are used for qualification
of the steel components.

B.3.6.2.3

Stress Analysis

B.3.6.2.3.1

Finite Element Model of the AHSM-HS Concrete and DSC Steel Structure for
Mechanical Load Analysis

The structural analysis of an individual AHSM-HS provides a conservative estimate of the response of the
AHSM-HS structural components under the postulated static and dynamic loads for any AHSM-HS array
configuration. The frame and shear wall action of the AHSM-HS concrete components are considered the
primary structural system resisting the loads. The analytical model is evaluated for normal operating, offnormal, and postulated accident loads acting on the AHSM-HS.
A three-dimensional ANSYS finite element model of the AHSM-HS, including all the concrete
components, is developed. The eight-node brick element (ANSYS element type SOLID45) is used to
model the concrete structure. At least four layers of brick elements are used to model each concrete
component thickness. Each node of the eight-node brick element has three translational degrees of
freedom. The DSC support structure analytical model is incorporated into the AHSM-HS analytical
model. The 32PTH2 DSC is modeled using the beam elements (ANSYS element type BEAM4). The rails
and the cross members of the DSC support structure are modeled using beam elements with appropriate
stiffness. The mass of the 32PTH2 DSC is lumped at the nodes representing the 32PTH2 DSC using
lumped mass elements (ANSYS element type MASS21). A plot of the ANSYS model is shown in Figure
B.3.6-12.
The various normal, off-normal and accident loads were applied to the analytical model and internal
forces and moments were computed by performing a linear elastic finite element analysis.
The node coupling option of ANSYS is used to represent the appropriate connections between the
different concrete components of the AHSM-HS model. The connections of the DSC support structure to
the concrete structure are modeled using rigid elements. Conservatively, fixed base analyses are
performed, thus maximizing the AHSM-HS design forces and moments.
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Finite Element Model of the DSC Support Structure Rail Assembly

Stress analyses of the DSC support structure rail assembly (Figure B.3.6-19) are performed using two
three-dimensional finite element models. The first model (Model 1) was developed for stress evaluations
of all load cases, except for the seismic load cases and included the support rails, cross-braces, extension
plates and hold-down embedments. The mass of the components is increased by 5%. The rail assembly
was modeled using shell elements (ANSYS element type SHELL181) and each node of the four-node
shell element has six degrees of freedom. Model 1 can be seen in Figure B.3.6-13.
The second model (Model 2) was created for load cases involving the seismic loading of the 32PTH2
DSC and includes the 32PTH2 DSC, rails, cross-braces, extension plates and hold-down embedments.
The 32PTH2 DSC was modeled only as a cylindrical shell with end plates representing the end-shield
assembly. The 32PTH2 DSC model captures the global stiffness and mass characteristics of the 32PTH2
DSC. The mass of the components is increased by 5%. The rail assembly and the 32PTH2 DSC was
modeled using shell elements (ANSYS element type SHELL181); each node of the four-node shell
element has six degrees of freedom. Model 2 can be seen in Figure B.3.6-14.

B.3.6.2.3.3

Finite Element Model of the AHSM-HS Concrete Structure for Thermal Stress
Analysis

Thermal stress analyses of the AHSM-HS are performed using a three-dimensional finite element model,
which includes only the concrete components. The connections of the door and the DSC support structure
rails to the AHSM-HS concrete structure are designed such that free thermal growth is permitted in these
members when the AHSM-HS is subjected to thermal loads. Because of the free thermal growth, the
door and the DSC support structure do not induce thermal stresses in the concrete components of the
AHSM-HS. Therefore, the analytical model of the AHSM-HS for thermal stress analysis of the concrete
components does not include the DSC support structure or the AHSM-HS door. The roof unit and the
base unit are modeled as uncoupled components.
The finite element model used for the thermal load analysis is the same as described in Section
B.3.6.2.3.1 except for the boundary conditions at the base. The model base is restrained at one set of end
nodes (in axial and lateral directions) and friction forces are applied at the base, in the axial and lateral
directions at the opposite set of end nodes to capture the effects due to thermal expansion/contraction.
The nodes at the base are restrained in the vertical direction.

B.3.6.2.4

AHSM-HS Analysis Results

The Advanced NUHOMS® System has the flexibility of arranging modules in arrays of single or double
module rows. A minimum of three adjacent AHSM-HSs are tied together to each other with module-tomodule ties located at the roof and at the base. The exact number of AHSM-HSs in an array is dependent
on plant specific needs. In order to qualify the design for a range of Advanced NUHOMS® System ISFSI
applications, a single free standing AHSM-HS is conservatively evaluated. The AHSM-HS structural
analysis includes an evaluation of normal operating, off-normal and postulatetl accident loads for the
AHSM-HS. The structural analysis of an individual module provides a conservative methodology for
evaluating the response of the AHSM-HS structural components under various static and dynamic loads
for any form of AHSM-HS array.
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Evaluation of Concrete Structure

The ultimate strength method is used to evaluate forces for the design of the AHSM-HS reinforced
concrete structure. For purposes of concrete design evaluation the AHSM-HS is broken down into a
number of components, as shown on Figure B.3.6-15, Figure B.3.6-16, and Figure B.3.6-17. Internal
forces and moments in each of these components are calculated and reinforcement is provided to meet the
minimum flexural and shear reinforcement requirements of ACI 349 [B3.10]. The available design
strength exceeds that required for the factored design loads specified in Section B.3.6.2.2. AHSM-HS
construction details such as construction joints and reinforcement bar splices will be detailed on the
construction drawings.
The normal operating, off-normal and accident loads are applied to the analytical models described in
Section B.3.6.2.3 and the AHSM-HS internal axial and shear forces and bending moments calculated by
performing a linear elastic finite element analysis. A single free-standing AHSM-HS provides the
governing case for load combinations that include extreme environmental and natural phenomenon events
such as tornado wind loads, and flooding conditions. The postulated response investigated for each of
these cases includes the potential for sliding or overturning of the single free-standing AHSM-HS which
envelopes that of an AHSM-HS array.
For the dead weight analysis, the weight of the AHSM-HS plus the 32PTH2 DSC support structure
weights are applied to the analytical model shown in Figure B.3.6-12, which represents a single free
standing AHSM-HS. A uniform load of200 psf and 32PTH2 DSC weight is applied to the analytical
model as a live load.
The following relationships from the ACI code are used to compute capacities of the concrete
components:
<!>

Strength reduction factor

As

Area of reinforcing steel in tension

Ast =

Total area of the reinforcing steel

Ag

Gross area of concrete section

fy

Yield strength of reinforcing steel

(

Compressive strength of concrete

d

Distance of the top fiber of concrete from the center of the rebar

b

Width of the section= 12"

T

Depth of the section

Ultimate Moment Capacity (Mu)
Mu =

<j>

Mn= <j>

As fy (d-a/2)

where a= (As fy)/(0.85(b)
Ultimate Tension Capacity (Pru)
Pru

<!>Ast fy

<!>

0.9

Ast =

2As (The reinforcement in two opposite faces are assumed to be same)
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Ultimate Compression Capacity (Pcu)
Pcu

=

Ast =

<J>Pn = 0.8<j>[0.85( (Ag - Ast)+ fyAst]
2As, <j> = 0.65

Ultimate In-Plane Shear Capacity (Vui)
Vui

=

<j>

<j> Ag (2".ffc' + Pnfy)
0.75, Pn = (2AsfbT)

Ultimate Out-Plane Shear Capacity (Vu0 )
Vuo =

<j> 2 '\/( (bd)

<1>

0.75

The computed shear and moment capacities for the concrete components of the AHSM-HS, based on the
preceding equations from ACI 349 [B3.10], are provided in Table B.3.6-27. The capacities calculated in
Table B.3.6-27 for the accident condition consider a 10% reduction in compressive strength of the
concrete and an 8.1 % reduction in yield strength of the reinforcing rebar materials due to concrete
temperatures exceeding 400 °F.
The load combination results for each component are presented in Table B.3.6-28. The notations for
components of forces and moments and the concrete component planes in which capacities are computed
are shown in Figure B.3.6-18.
For all thermal conditions, the results ofload combinations (factored to include the ACI Code load
factors) are compared with the flexure and shear strength capacities for the various AHSM-HS concrete
sections (calculated using the ultimate strength method of the ACI code). The results of the analyses are
shown in Table B.3.6-28 and the demand/capacity ratios for the AHSM-HS bending and shear values are
shown in Table B.3.6-29. All load combination results are below the computed section capacities.

B.3.6.2.4.2

Evaluation of DSC Support Structure

The DSC support rails, rail stiffener plates, extension plates and cross members (Figure B.3.6-18) of the
DSC support structure are evaluated using the allowable stress design method of the AISC Manual of
Steel Construction [B3 .11]. The load combination results for each of these components are provided in
Table B.3.6-30.
The DSC support rail stress evaluation results are presented in Table B.3 .6-31 in terms of stress/interaction
ratios to allowable values for each applicable load combination. Similarly, the cross-member and
extension plate stress results are presented in Table B.3.6-32.

B.3.6.2.4.3

Evaluation of AHSM-HS Shield Door

The dead weight, tornado wind, differential pressure and flood loads cause insignificant stresses in the
door compared to stresses due to missile impact and seismic loads. Therefore, the door is evaluated for
the missile impact and seismic loads. For the missile impact evaluation, the computed maximum ductility
ratio for the door is less than the allowable, which is obtained for the 12 inch diameter Sch. 40 steel pipe
missile. For the seismic evaluation, flexural demand is less than the allowable.
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Evaluation of the AHSM-HS Heat Shields

The AHSM-HS incorporates a top heat shield and two side heat shields. The heat shields consist of U.S.
standard 12 gage uncoated hot or cold rolled sheets of stainless steel material. The top heat shield is
attached to the concrete by stainless steel studs. The natural frequency of a typical stud is conservatively
estimated to be 17.6 Hz. The maximum interaction ratio for the stud is computed to be 0.526. The
natural frequency of the stainless steel top heat shield is estimated to be 13.4 Hz. The maximum bending
stress in the top heat shield is computed to be 9 .9 ksi, which is less than the allowable stress of 20.1 ksi.
The side heat shields are also attached to the concrete by stainless steel studs. The maximum interaction
ratio for the stud is computed to be 0.208. The natural frequency of the stainless steel side heat shield is
estimated to be 29.3 Hz. The maximum stress in the side heat shield is computed to be 4.0 ksi, which is
less than the allowable stress of 20.1 ksi.

B.3.6.2.4.5

Evaluation of AHSM-HS Keys and Ties

To provide stability for an AHSM-HS array during a design basis seismic event, the AHSM-HSs are tied
together in a minimum array size of three AHSM-HSs plus shield walls. The AHSM-HSs are tied
together using tie beams at the roof and tie rods at the bottom of the base unit. The top tie beams resist
AHSM-HS separation due to out of phase tipping and relative sliding between the AHSM-HSs in the
transverse direction. The bottom ties resist the relative sliding between AHSM-HSs. The top tie beams
and the bottom ties are designed to accommodate a 5% accidental torsional load due to seismic excitation.
The roof attachment to the base unit includes two shear keys. In addition to resisting seismic shear, these
keys are designed to handle the shear due to missile impact on the front face of the roof. The roof is
attached to the base unit by sixteen 1-1/4" bolts with a group of four bolts at each comer. The design of
the roof-to-base ties is based on an amplified seismic acceleration of2.25g for the transverse (flexible)
direction and l .5g and 1.0g for the rigid longitudinal and vertical directions, respectively. The applied
2.25g acceleration results from conservatively applying an amplification factor of 1.5 to the AHSM-HS
design basis horizontal acceleration of l.5g. Similarly, the design of the roof-to-base keys is based on an
amplified seismic acceleration of 2.25g for the transverse direction and 1.5g for the longitudinal direction.
The module-to-module connection consists of shear keys in the bottom portion of the base unit's side
walls. In addition to a l.5g acceleration applied to the loaded base unit mass, these shear keys are also
designed using a 2.25g seismic acceleration applied to the roof mass. The in-phase tipping between the
AHSM-HSs is resisted by the horizontal shear key and the relative sliding between the modules in the
longitudinal direction is resisted by the vertical shear key. All shear keys are designed using the shearfriction criteria ofreference [B3.10]. TableB.3.6-33 provides a comparison of forces resisted by the keys
and the ties and their capacities. Table B.3.6-34 provides a demand/capacity summary for the ties. The
applied force for all keys and ties is always less than the capacity.

B.3.6.2.4.6

Evaluation of the Transition Wall between AHSM and AHSM-HS Arrays

The AHSM-HS is designed to be placed next to the AHSM in an array ifrequired at a given ISFSI. In
such cases, a transition wall is designed to be placed between an existing AHSM module arrays and
AHSM-HS modules. When an existing array is expanded using the AHSM-HS modules, the loading
considered on the transition wall is the same loading that would be applied from the adjacent AHSMHS/AHSM modules on either side of the transition wall plus the self-inertial loading of the transition
wall. The maximum bending moment about the horizontal axis is 36 kip-in/in and the maximum bending
moment about the vertical axis is 46 kip-in/in which is less than the allowable strength of 64 kip-in/in.
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Table B.3.6-1
Thermal Load Cases Analyzed for Storage Loads
Load Case

Condition

S3
S4
SS
SSA
S6

Normal, Hot
Off-Normal, Hot
Off-Normal, Hot
Off-Normal, Hot
Off-Normal, Cold

Heat Load
(kW)
37.2
3S.2
32.0
31.2
37.2

Ambient Temp

(HLZC#1)
(HLZC#2)
(HLZC#3)
(HLZC#4)
(HLZC#1)

Note: See Chapter 8.4, Section B.4.4 for a detailed description of cases.
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(of)
117
117
117
117
-40
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Table B.3.6-2
Thermal Load Cases Analyzed for Transfer Loads
Load Case

Condition

Orientation

T3
T5
T5A
T6
T7
TB
T11
T12

Off-Normal, Hot
Normal, Hot
Normal, Hot
Normal, Hot
Off-Normal, Hot
Off-Normal, Hot
Normal, Hot
Normal, Hot

Horizontal
Vertical
Vertical
Vertical
Horizontal
Horizontal
Vertical
Vertical

Heat Load
(kW)
32.0
32.0
31.2
37.2
37.2
37.2
37.2
32.0

(HLZC#3)
(HLZC#3)
(HLZC#4)
(HLZC#1)
(HLZC#1)
(HLZC#1)
(HLZC#1)
(HLZC#3)

Note: See Chapter B.4, Section B.4.5 for a detailed description of cases.
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Ambient Temp
(of)
117
120
120
120
120
120
117
117
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Table B.3.6-3
32PTH2 DSC Stresses for Normal and Off-Normal Loads
DSC
Components
DSC
Cylindrical
Shell
Inner Bottom
Cover Plate
Outer Bottom
Cover Plate
Inner Top
Cover Plate
Outer Top
Cover Plate
Note:

Stress (ksi)
Stress type

Deadweight <3>

Internal
Pressure <5>

2.3
3.4
21.9
0.5
0.8
14.2
0.4
0.8
20.6
1.4
2.8
14.1
0.5
0.8
12.6

4.5
6.7
25.1
0.5
1.1
14.5
0.2
0.5
20.3
0.3
3.6
15.0
0.4
3.3
15.2

Primary Membrane
Membrane + Bending
Primary + Secondary
Primary Membrane
Membrane + Bending
Primary + Secondary
Primary Membrane
Membrane + Bending
Primary + Secondary
Primary Membrane
Membrane + Bending
Primary + Secondary
Primary Membrane
Membrane + Bending
Primary + Secondary

Thermal

1. Values shown are maxima irrespective of location.
2. Envelope of normal and off-normal ambient temperature conditions.
3. Maximum of horizontal deadweight and vertical deadweight load cases .
4. Maximum of horizontal deadweight, vertical deadweight, 80 kips pull and 11 O kips push.
5. Off-Normal Pressure case with 20 psi internal pressure.
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1

<>

13.1
18.5
18.5
12.9
13.4
13.4
16.4
19.8
39.6
9.5
11.4
11.4
10.9
11.8
11.8

2

<>

Handling

14.3
32.4
50.9
0.7
2.6
16.0
8.8
38.0
57.8
1.4
2.8
14.1
0.5
0.8
12.6

4

<>
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Table B.3.6-4
32PTH2 DSC Enveloping Results for Drop Accident Loads
DSC Components

Stress type

DSC Cylindrical Shell
Inner Bottom Cover Plate
Outer Bottom Cover Plate
Inner Top Cover Plate
Outer Top Cover Plate

Primary Membrane
Membrane + Bending
Primary Membrane
Membrane + Bending
Primary Membrane
Membrane + Bending
Primary Membrane
Membrane + Bending
Primary Membrane
Membrane + Bending

Note: 1. Values shown are maxima irrespective of location.
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Stress (ksi)

1
<>

End Drop

Side Drop

12.3
16.9
6.0
21.0
8.3
7.0
2.8
6.9
2.8
3.0

32.2
50.1
23.3
24.8
14.1
19.9
24.1
32.3
11.5
32.8
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Table B.3.6-5
32PTH2 DSC Enveloping Load Combination Results for Normal and Off-Normal
Load Case
(ASME Service Levels A&B)
DSC
Components
DSC Cylindrical
Shell
Inner Bottom
Cover Plate
Outer Bottom
Cover Plate
Inner Top Cover
Plate
Outer Top
Cover Plate

ANUH-01.0150

Stress type

Controlling
Load
Combination

Primary Membrane
Membrane + Bending
Primary + Secondary
Primary Membrane
Membrane + Bending
Primary + Secondary
Primary Membrane
Membrane + Bending
Primary + Secondary
Primary Membrane
Membrane + Bending
Primary + Secondary
Primary Membrane
Membrane + Bending
Primary + Secondary

UL-5
UL-5
UL-5
TR-8
N0-1
LD-5
UL-5
UL-5
UL-5
TR-5
DD-1
DD-1
TR-8
TR-8
TR-8

Stress (ksi)
Calculate
d
11.9
22.6
35.6
1.5
6.2
16.4
6.6
25.5
29.6
2.2
7.2
18.6
1.1
4.4
16.3
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Allowable
19.3
29.0
54.0
17.5
26.3
52.5
19.3
29.0
57.9
17.5
26.3
52.5
18.0
27.0
54.0
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Table B.3.6-6
32PTH2 DSC Enveloping Load Combination Results for Accident Loads
(ASME Service Levels C)
DSC
Components
DSC Cylindrical
Shell
Inner Bottom
Cover Plate
Outer Bottom
Cover Plate
Inner Top Cover
Plate
Outer Top
Cover Plate

ANUH-01.0150

Stress type
Primary Membrane
Membrane + Bending
Primary Membrane
Membrane + Bending
Primary Membrane
Membrane + Bending
Primary Membrane
Membrane + Bending
Primary Membrane
Membrane + Bending

Controlling
Load
Combination
UL-8
UL-8
AHSM-HS8
UL-8
UL-8
UL-8
AHSM-HS8
AHSM-HS8
AHSM-HS8
AHSM-HS8

Stress {ksi)
Calculated

Allowable

15.8
36.5
1.5
2.7
9.0
38.4
1.9
6.0
1.1
5.0

43.2
64.8
21.0
63.0
43.2
64.8
21.0
31.5
21.6
32.4
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Table B.3.6-7
32PTH2 DSC Enveloping Load Combination Results for Accident Loads
(ASME Service Levels D)
DSC
Components
DSC Cylindrical
Shell
Inner Bottom
Cover Plate
Outer Bottom
Cover Plate
Inner Top Cover
Plate
Outer Top
Cover Plate

ANUH-01.0150

Stress type

Controlling
Load
Combination

Calculated

Allowable

UL-8
UL-8
TR-10
TR-10
TR-10
UL-8
TR-10
TR-10
TR-10
TR-10

32.6
53.4
23.3
24.8
14.1
38.9
24.1
32.3
11.5
32.8

43.2
64.8
44.4
57.1
50.3
64.8
44.4
57.1
50.3
64.6

Primary Membrane
Membrane + Bending
Primary Membrane
Membrane + Bending
Primary Membrane
Membrane + Bending
Primary Membrane
Membrane + Bending
Primary Membrane
Membrane + Bending

Stress (ksi)
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Table B.3.6-8
Partial Penetration Welds - Stress Summary

Weld Location
Outer Top Cover Plate to DSC Shell Weld
Inner Top Cover Plate to DSC Shell Weld
Support Ring to DSC Shell Weld
Outer Bottom Cover Plate to DSC Shell
Weld

Controlling
Load Case
TR10
TR10
TR10
UL-8

Allowable
Stress (ksi)

Weld
Stress
Ratio

21.3
14.8

51.6
50.4
15.5

0.91
0.42
0.96

37.5

43.1

0.87

Weld
Stress (ksi)
46.7

(l)

Note:
1.

The reported stress excludes local peak stress due to geometric discontinuity at the weld root locations and is obtained by
linearization.
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Table B.3.6-9
32PTH2 DSC Basket Assembly Transfer Loads

Loading

Deadweight (DWV)
Deadweight (DW)

Basket
Assembly
Orientation
Vertica1<1>
Horizonta1<2 >

Service Level

A
A

Deadweight
+Handling Loads

Horizonta1<2 >

A

Thermal (0 °F amb.)
Thermal (117 °F amb.)
Thermal (Vacuum Dry)

Horizonta1<2 >
Horizonta1<2 >
Vertica1< 1>

A
A
A

Deadweight
+Handling Loads
+Thermal (117 °F)

Horizonta1<2 >

A

Vertica1< 1>

A

Deadweight
+Thermal (Vacuum Dry)

Load

1g Down
1g Down
1g Axial + 1g Down (DW)
1g Trans. + 1g Down (OW)
1g Vertical + 1g Down (OW)
0.5g Axial + 0.5g Trans. +
+0.5g Vertical+ 1g Down (OW)
Thermal (0 °F amb.)
Thermal (117 °F amb.)
Thermal (Vacuum Dry)
1g Axial + 1g Down (DW) +
+Thermal (117 °F)
1g Trans. + 1g Down (OW) +
+Thermal (117 °F)
1g Vertical + 1g Down (DW) +
+Thermal (117 °F)
0.5g Axial + 0.5g Trans. +
+0.5g Vertical+ 1g Down (DW) +
+Thermal (117 °F)
1g Down (DWV) + Thermal
(Vacuum Dry)

Notes:
1.

DSC supported at bottom.

2.

DSC supported at NUHOMS® OS200FC TC rails.
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Table B.3.6-10
32PTH2 DSC Basket Assembly Storage Loads
Loading
Deadweight (DW)

ANUH-01.0150

Service Level
A

Seismic Load

D

Thermal (-40 °F amb.}
Thermal (117 °F amb.}

A
A

Load
1g Down
6g Axial
+6g Trans.
+6g Vertical
Thermal (-40 °F amb.)
Thermal (117 °F amb.)
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Table B.3.6-11
32PTH2 DSC Basket Transfer Loads - Summary of Analysis Results
Transfer Loading

Deadweight
(Horizontal)

Deadweight +
+Handling Load

Deadweight
(Vertical)
Deadweight +
+Handling Load
+Thermal
Deadweight
(Vertical)
+Thermal
(Vacuum Drying)

Service
Level

A

A

A

A

A

Pm

Stress
(ksi)
3.27

Allowable
(ksi)
15.5

Stress
Ratio
0.21

Pm+Pb

10.1

23.3

0.44

Pm

0.66

18.0

0.04

Pm+Pb

3.55

27.0

0.13

Bearing

1.59

4.9

0.33

Pm

11.712>

15.5

0.75

Pm+Pb

21.5 12>

23.3

0.93

Pm

1.72

18.0

0.10

Pm+Pb

11.6

27.0

0.43

Bearing

2.33

4.9

0.48

Pm

0.02

15.5

0.001

Pm+Pb

0.0

23.3

0.00

Pm+Pb+Q

·45.7

46.5

0.98

Pm+Pb+Q

22.0

46.5

0.47

Component<1l

Stress
Classification

Basket
SA-240 Type 304
(750 °F)
DSC Cylindrical Shell
SA-240 Type 316
(500 °F)
Transition Rails
Aluminum (550 °F)
Basket
SA-240 Type 304
(750 °F)
DSC Cylindrical Shell
SA-240 Type 316
(500 °F)
Transition Rails
Aluminum (550 °F)
Basket
SA-240 Type 304
(750 °F)
Basket
SA-240 Type 304
(750 °F)
Basket
SA-240 Type 304
(750 °F)

Note:
1.

Basket data includes Basket Fuel Compartment and S\support Plates stress results.

2.

Very localized high stresses due the axial contact between vertical and horizontal Support Plates have been ignored.
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Table B.3.6-12
Thermal Stress Summary for 32PTH2 DSC Basket (Transfer)
Transfer Loading

Maximum Stress
{Membrane Plus Bending)

Thermal
(117 °F ambient)
Thermal
(Vacuum Drying)

ANUH-01.0150

24.19 ksi
21.94 ksi
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Table B.3.6-13
32PTH2 DSC Basket Storage Loads - Summary of Analysis Results
Transfer
Loading

Deadweight
(Horizontal)

Seismic
Load

Note: 1.

Service
Level

A

D

Stress
Ratio

2.2

Allowabl
e (ksi)
15.5

Pm+Pb

5.7

23.3

0.25

Pm

0.9

18.0

0.05

Pm+Pb

4.6

27.0

0.17

Bearing

0.8

4.9

0.17

Pm

13.2

37.2

0.35

Pm+Pb

24.5

55.8

0.44

Pm

7.2

43.2

0.17

Pm+Pb

17.5

64.8

0.27

Component! 1>

Stress
Classification

Stress
(ksi)

Basket
SA-240 Type 304
(750 °F)
DSC Cylindrical Shell
SA-240 Type 316
(500 °F)
Transition Rails
Aluminum 6061 (550 °F)
Basket
SA-240 Type 304
(750 °F)
DSC Cylindrical Shell
SA-240 Type 316
(500 °F)

Pm

Basket data includes basket Fuel Compartments and Support Plates stress results.
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Table B.3.6-14
Thermal Stress Summary for 32PTH2 DSC Basket (Storage)
Storage Loading

Maximum Stress
(Membrane Plus Bending)

Thermal
(-40 °F ambient)
Thermal
(117 °F ambient)
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22.79 ksi
23.94 ksi
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Table B.3.6-15
75g End Drop Maximum Stresses in 32PTH2 DSC Basket
Basket
Component

75g Inertial
Load (lbs)

Cross
Section
Area (in 2 )

Calculated
Component
Stress (ksi)

Allowable
Membrane
Stress (ksi)

Stress Ratio

Fuel
Compartments

75g x 16,500 =
1,237,500

187.59

6.59

37.2

0.18
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Table B.3.6-16
32PTH2 DSC Basket Assembly Aluminum Creep Effect Assessment

Component

Service
Level

Stress
Class

R90 Transition Rails
Aluminum Plates

A
A

Bearing
Bearing

ANUH-01.0150

Average
Stress
(psi)
25.4
10.5

Allowable
Stress
(psi)
758
254
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Table B.3.6-17
Material Properties and Weights of 32PTH2 DSC Basket Assemblies/Cask
(LS-DYNA)
Components
Al Rail
Cask<4 >
Fuel Assembly
DSC Shell
Fuel Compartment Tube
Basket Support Plate

Material Property

Weight (lb) I inch

Elastic_plastic
Elastic
Elastic
Elastic_plastic
Elastic_plastic

75.58< 1>
528.27< 1>
281.46< 1>
38.55< 1>
82.54< 1·2)

Elastic_plastic

Note 6

Mass density
2
(lb*s /in 4 )
2.5677e-4<3>
1.0048e-3<3>
3.0595e-4<3>
7.3497e-4<3l
10.098e-4<3 >
7.5052E-4<5l

Notes:
1.

Weight/inch is calculated by dividing the weight by the length of each component.

2.

The weight of fuel compartment tubes is adjusted to take the weight of aluminum and poison plates into account.

3.

The mass densities are calculated based on the corresponding weights.

4.

The weight/inch of inner shell, lead, outer shell and cylindrical shell are considered to compute the cask weight/inch.

5.

The density of SA240 Type 304 material is used for basket support plate.

6.

The weight/inch for the basket support plate is determined by the mass density.
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Table B.3.6-18
Effective Plastic Strain vs. Scale Factor for Concrete Material [B3.50]
(LS-DYNA)

ANUH-01.0150

Effective
Plastic Strain

Scale Factor, 11

0
0.00094
0.00296
0.00837
0.01317
0.0234
0.04034
1.0

0
0.289
0.465
0.629
0.774
0.893
1.0
1.0
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Table B.3.6-19
Pressures vs. Volumetric Strain for Concrete Material [B3.50]
(LS-DYNA)
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Volumetric Strain, £

Pressure (psi)

0
-0.006
-0.0075
-0.01
-0.012
-0.02
-0.038
-0.06
-0.0755
-0.097

0
4,600
5,400
6,200
6,600
7,800
10,000
12,600
15,000
18,700
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Table B.3.6-20
Summary of Maximum Stress Intensities for 32PTH2 DSC Shell and Basket
Assembly

Loading

oo

'
Side Drop

Component

Basket
DSC
Cylindrical
Shell
Basket

30°,
Side Drop

DSC
Cylindrical
Shell
Basket

45°,
Side Drop

DSC
Cylindrical
Shell
Basket

180°,
Side Drop

ANUH-01.0150

DSC
Cylindrical
Shell

Surface

Max. Shear
Stress
(ksi)

Stress
Intensity
(ksi)

Stress
Classification

Allow.
Stress
Intensity
(ksi)

Pm
PL+ Pb
Pm

9.81
20.85
9.73

19.62
41.70
19.46

Pm
PL+ Pb
Pm

44.4
57.1
44.4

PL+ Pb

14.11

PL+ Pb

57.1

Pm
PL+ Pb
Pm

11.83
22.14

28.22
23.66
44.28

44.4
57.1

5.41

10.82

Pm
PL+ Pb
Pm

PL+ Pb

15.91

31.82

PL+ Pb

57.1

Pm
PL+ Pb

10.86

21.72

44.4

22.25

44.50

Pm
PL+ Pb

Pm

7.50

15.00

Pm

44.4

PL+ Pb

17.50

35.00

PL+ Pb

57.1

Pm
PL+ Pb

10.92

21.84

44.4

20.84

41.68

Pm
PL+ Pb

Pm

10.74

21.48

Pm

44.4

PL+ Pb

15.27

30.54

PL+ Pb

57.1
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Table B.3.6-21
Maximum Calculated Shear Force of Fusion Welds
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Loading

Maximum Shear Force (lb)

0°, Side Drop

14,626

30°, Side Drop

11,686

45°, Side Drop

13,561

180°, Side Drop

14,345
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Table B.3.6-22
Relative Deflection for 30° Drop Orientation (inch)

Compartment
location<1l

Direction

Deformed
Compartment
Size, d (in)

Initial
Compartment
Size, d 0 (in)

Relative
Deformation
d-do (in)

1
1
2
2

x
y
x
y

8.848
8.859
8.957
8.742

8.838
8.838
8.838
8.838

0.011
0.021
0.120
-0.096

Notes:
1.

Figure B.3.6-11 identifies critical cell locations in the basket for 30° orientation.
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Table B.3.6-23
Summary of AHSM-HS Design Loading
Design Load Type
Dead load

Live loads

Off-normal operating
temperatures
Design basis wind
load

Load
Notation
DW

LL

TO/TN

WW

Normal handling load
(along 32PTH2 DSC
axis)

RO

Off-normal handling
load (along 32PTH2
DSC axis)

RA

Design Parameters
Includes 160 pcf concrete structure, and 490 pcf steel
support structure
Design load of 200 psf, which includes snow and ice
load (110 psf). This load case also includes normal
and off-normal handling loads on the concrete
module. 32PTH2 DSC weight is treated as a live
load.
32PTH2 DSC with spent fuel rejecting 32 to 37.2 kW
of decay heat. Ambient air temperatures -40 °F and
107°F
Reference temperature = 70 °F
Enveloped by tornado generated wind load (WT).
For the concrete module this load is applied as a live
load. For the steel support structure the magnitude of
this load is the maximum ram load of 110 kips applied
to both rails. The concrete module is evaluated for
110 kips 32PTH2 DSC insertion load and 80 kip
32PTH2 DSC retrieval load applied as a live load.
The 32PTH2 DSC weight is applied as a distributed
load.
For the concrete module this load is applied as a live
load. For the steel support structure the magnitude of
this load is 110 kips (32PTH2 DSC insertion) and 80
kips (32PTH2 DSC retrieval) applied to one rail plus a
vertical load of one fourth of the 32PTH2 DSC weight
applied to each rail as a concentrated load at the
mid-span of the rail.
Horizontal ground acceleration of 1.5g with Reg.
Guide 1.60. spectra at 4% damping and vertical
ground acceleration of 1.0g (2/3 of horizontal). The
horizontal ground acceleration is amplified to 2.25g for
the design of the roof to base keys/connections.
Maximum water height of 50' and maximum velocity of
water 15'/sec

Applicable
Codes
ANSI/ANS 57.91984 [83.4]
ANSI/ANS 57.91984 [4]
ASCE 7-05
[83.17]
ANSI/ANS 57.91984 [83.4]
ASCE 7-05
[83.17]

ASCE 7-05
[83.17]

ANSI/ANS 57.91984 [83.4]

EQ

Flood load

FL

Accident condition
temperature (40 hr.)

TA

Same as off-normal condition with ambient temp.
117 °F and AHSM-HS vents blocked for 40 hrs.
Reference temperature = 70 °F

ANSI 57.9-1984
[83.4]

WT

Maximum wind speed of 360 mph, and a pressure
drop of 3 psi

ASCE 7-05
[83.17]
NRC Reg. Guide
1.76 [83.15]

WM

(a)
(b)
(c)
(d)

Design basis tornado
missile load

ANUH-01.0150

Utility Pole, Wt=1500 lbs., V = 294 fps
Steel Rod, Wt=276 lbs., V = 185 fps
Steel Pipe, Wt=1500 lbs., V = 205 fps
Automobile, Wt=4000 lbs., V = 195 fps
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72.48

NRC Regulatory
Guide 1.60 and
1.61.
[83.9, 83.13]

Seismic load

Design basis tornado
wind load
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Table B.3.6-24
Design Pressures for Tornado Wind Loading

Wall
Orientation 111

Velocity
Pressure
(psf)

External
Pressure
Coefficient121

Internal
Pressure
Coefficient131

Max/Min Design
Pressure (psf) 141

Max/Min
Design
Pressure
(psf) 151

Front
Left
Rear
Right
Top

344
344
344
344
344

+0.68
-0.60
-0.43
-0.60
-1.11

± 0.18
± 0.18
± 0.18
± 0.18
± 0.18

296
-268
-208
-268
-442

+397
-357
-208
-357
-442

Notes:
(1)

Wind direction assumed to be from front. Wind loads from other directions may be found by rotating Table values to desired
wind direction.

(2)

The values are calculated using the external pressure coefficients from Figure 6-6 of [83.17] times the gust effect factor
(0.85) from Section 6.5.8.1 of [83.17].

(3)

Internal Pressure coefficient from Figure 6-5 of [83.17].

(4)

These values are computed based on Eq. 6-17 of [83.17] using a conservative velocity pressure of 344 psf.

(5)

Conservatively, these values are used.
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Table B.3.6-25
AHSM-HS Concrete Load Combinations
No.
C1C
C2C
C3C
C4C

Combination
Identifier

csc

COMB1C
COMB2C
COMB3C
COMB4C
COMBSC

C6C
C7C

COMB6C
COMB7C

Load Combination
U > 1.4*DW+1.7*(LL+RO)
U > 1.05*DW+1.275*(LL+TN+WW)
U > 1.0S*DW + 1.275*(LL+TN+RA)
U > DW+LL+TN+EQ
U > DW+LL+TN+WT(1 >
U > DW+LL+TN+FL(1l
U > DW+LL+MAX(TO and TA)

Notes:
(1)

Load Combinations C5C and C6C are not explicitly evaluated as they are shown to be bounded by the C4C seismic load
combinations.
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Table B.3.6-26
AHSM-HS Support Steel Structure Load Combinations
No.

Identifier

C1S
C3S

COMB1S
COMB3S
COMBSS
COM BBS

css
CBS

Load Combination
S > OW+ TN+fi 4l
1.38 > OW+TN+RA< 1l· <2l
(1.68 or 1.4Sv) > OW+LL+TN+Ea< 3l
3
(1.78or1.4Sv) > OW+LL+MAX (TO and TA)+P l

Notes:

72 . 4 8

(1)

These load combinations represent normal and off-normal handling conditions.

(2)

32PTH2 DSC weight is included as a direct load on the rail during handling.

(3)

32PTH2 DSC weight is included as live load (LL) for this condition; the 32PTH2 DSC spans between end supports

(4)

Pis equal to seismic restraint Pre-load.
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Table B.3.6-27
Factored Capacities of Concrete Components of the AHSM-HS
Component( 2)

Thermal
Condition

Rear Wall Lower

(30")

Off-Normal
Accidental

Rear Wall Upper

Off-Normal

(12")

Accidental

Front Wall Lower

Off-Normal

(54")

Accidental

Front Wall Upper

Off-Normal

(42")

Accidental

RighULeft Side Wall
Lower

<p

Mu1

(1)

<p

1
Mu2( >

<p

Vuo1

(1)

<p

Vuo2

(1)

<p

Vui(1l

(kips-in/ft)

(kips-in/ft)

(kips/ft)

(kips/ft)

(kips/ft)

Off-Normal

2170
1993
449
412
3799
3490
2305
2117
687

2096
1925
432
397
3760
3454
2291
2105
690

37
35
14
13
65
62
50
48
28

35
33
13
12
64
61
49
46
29

181
167
105
97
203
188
160
149
86

(24")

Accidental

631

634

27

27

80

RighULeft Side Wall
Upper

Off-Normal

380

384

15

16

77

(14")

Accidental

349

352

15

15

71

Roof

Off-Normal

(44")

Accidental

2423
2226

2409
2213

53
50

52
49

163
151

Notes:

1.

= Factored moment capacity in plane 1
cpMu2 = Factored moment capacity in plane 2
cpVuo 1 = Factored out of plane shear capacity in plane 1
cpVuo2 = Factored out of plane shear capacity in plane 2
cpMu1

cpVui

2.

=Factored of ultimate in plane shear capacities in planes 1 and 2 (Figure B.3.6-18)

For purposes of design evaluation, the AHSM-HS is broken down into components. Location of each component is shown
in Figure B.3.6-15 through Figure B.3.6-17. Alternate rebar size and placement may be used which provides equivalent
concrete section properties.
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Table B.3.6-28
Highest Combined Shear Forces/Moments
Component111
Rear Wall
Lower
Rear Wall
Upper
Front Wall
Lower
Front Wall
Upper
Right Side Wall
Lower
Right Side Wall
Upper
Left Side Wall
Lower
Left Side Wall
Upper
Roof

Load
Combination
C1C thru C4C
C7C
C1C thru C4C
C7C
C1C thru C4C
C7C
C1C thru C4C
C7C
C1C thru C4C
C7C
C1C thru C4C
C7C
C1C thru C4C
C7C
C1C thru C4C
C?C
C1C thru C4C
C?C

Mu1 121
(Kips-in/ft)
238.7
250.0
44.2
75.8
706.6
850.3
708.7
797.4
199.2
117.9
123.9
215.6
291.1
218.8
132.6
249.4
89.2
110.6

Mu2121
(Kips-in/ft)
425.5
259.3

55.7
103.0
815.3
694.2
1477.6
2017.6
268.9
377.0
93.4
166.8
424.7
388.2
64.2
131.1
753.6
683.8

Vuo1

(2)

Vuo2

(2)

(Kips/ft)
16.5
11.9
6.5
5.4

(Kips/ft)
7.8
11.5
6.8
5.1

-

-

-

-

17.8
14.3
4.4
1.0
8.6
8.9
4.7
4.0
8.4
11.3
13.1
5.5

41.7
18.8
9.2
3.1
11.2
13.6
9.0
10.4
11.0
12.8
21.2
12.9

Vui

(Kips/ft)
46.7
13.5
20.9
11.1
105.5
11.7
134.2
28.1
32.8
17.9
19.9
32.9
38.3
43.7
24.9
35.3
11.4
11.3

Notes:

1.

For purposes of design evaluation, the AHSM-HS is broken down into components. Location of each component is shown
in Figure B.3.6-15 through Figure B.3.6-17.

2.

Mu1 and Mu2 correspond to M1 and Mz and Vuo1 and Vuo2 correspond to Vo1 and Va2 as shown in Figure B.3.6-18.
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Table B.3.6-29
Demand/Capacity Ratios of Concrete Components of AHSM-HS (Moment and
Shear)
Component!1>

Load
Combination

121
Mu1 /

Mu2!2>1

Vuo1( 2)/

Vuo2 121/

Vu/

'PMu1

'PMu2

'PVuo1

'PVuo2

'PVu;

Rear Wall
Lower

C1C thru C4C
C7C
C1C thru C4C
C7C
C1C thru C4C
C7C
C1C thru C4C
C7C

0.11
0.13
0.10
0.18
0.19
0.24
0.31
0.38

0.20
0.13
0.13
0.26
0.22
0.20
0.65
0.96

0.45
0.34
0.48
0.42

0.22
0.35
0.54
0.43

0.26
0.08
0.20
0.11

0.00
0.00

0.52
0.06

0.35

0.00
0.00
0.85

0.30

0.40

0.84
0.19

Right Side Wall
Lower

C1C th,ru C4C

0.29

0.39

0.16

0.32

0.38

C7C

0.59
0.24

0.04
0.56

0.11
0.69

0.22
0.26

Right Side Wall
Upper

C1C thru C4C

0.19
0.33
0.62
0.42

0.47
0.62

0.61

0.89

0.46

0.17

0.31

0.44

0.35
0.35

0.61
0.17

0.15
0.55

0.38
0.68

0.55
0.32

0.71
0.04
0.05

0.37
0.31
0.31

0.77

0.84

0.25

0.41

0.49
0.07

0.11

0.26

0.07

Rear Wall
Upper
Front Wall
Lower
Front Wall
Upper

C7C
Left Side Wall
Lower

C1C thru C4C

Left Side Wall
Upper

C1C thru C4C

C7C

C7C
Roof

C1C thru C4C
C7C

Notes:

1.

For purposes of design evaluation, the AHSM-HS is broken down into components. Location of each component is shown
in Figure B.3.6-15 through Figure B.3.6-17.

2.

Mu1 and Mu2 correspond to M1 and Mz and Vuo1 and Vuo2 correspond to Vo1 and Vo2 as shown in Figure B.3.6-18.
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Table B.3.6-30
Force and Moment Demands in the Support Structure Components
Force and Moment Components
Component

Load Comb.

C1S
C3S
Rail
C5S
c8s
C1S
CrossBrace

C3S
C5S
C8S
C1S

Extension
Plate

C3S
C5S
C8S

ANUH-01.0150

Comp
Ten
Comp
Ten
Comp
Ten
Comp
Ten
Comp
Ten
Comp
Ten
Comp
Ten
Comp
Ten
Comp
Ten
Comp
Ten
Comp
Ten
Comp
Ten

Fx
(kip)

Fy
(kip)

Fz
(kip)

Mx
(kip-in)

My
(kip-in)

Mz
(kip-in)

3
3
3

37
50

28
29
18
19
8
8
4
4

1375
1134
1850
1421
362
362
281
281

23
18

135
100
129
77
125
125
19
19

7

-

2
2
2

0.4
0.4

40
55
80
110
103
90
40
40

80
110
90
90
40
40

-

3
3

3
2

3
3
0.6
0.6

5
6
4
2
1
1
1
19
19
12
9
38
8
19
19

0.4
0.3
0.4
0.3
0.4
0.4
0.1
0.1
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15
13
13
5
5
0.5
0.3
0.4
0.3
0.07
0.07
0.07
0.07
83
83
75
59
109
57
83
83

-

138
113
124
102
134
134
31
31
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Table B.3.6-31
Rail Component, Results of Evaluation
Load Comb.

C1S
C3S

css
CBS

ANUH-01.0150

Comp
Ten
Comp
Ten
Comp
Ten
Comp
Ten

Interaction
Ratio

Shear Ratio
X-direction

Z-direction

0.03

0.68
0.69
0.34
0.35
0.13
0.13
0.067
0.067

0.76
0.64
0.78
0.70
0.25
0.25
0.13
0.13

0.03
0.02
0.02

0.10
0.10
0.005
0.005
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Table B.3.6-32
Extension Plates and Cross Brace, Results of Evaluation

Load Comb.

C1S
C3S

css
CBS

ANUH-01.0150

Comp

Ten
Comp

Ten
Comp

Ten
Comp

Ten

Extension Plates Interaction
Ratio

Cross Brace
Demand/Capacity Ratio

0.84
0.84
0.96
0.93
0.99
0.71
0.57
0.56

0.46
0.35
0.33
0.21
0.07
0.05
0.03
0.03
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Table B.3.6-33
Computed Forces and Capacities of Shear Keys
Shear Key
Roof Front Shear Key
Roof Rear Shear Key
(Side/Frontal)
Base Unit Side Shear Key

ANUH-01.0150

Demand
(kips)

Capacity
(kips)

Demand/Capacity

Transverse: 246
Longitudinal: 185
Transverse: 200
Longitudinal: 463
Resultant: 1114

255
446
255
511
1410

0.96
0.41
0.78
0.91
0.79
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Table B.3.6-34
Demand/Capacity Ratios of Ties
Demand/Capacity Ratio

Ties
Tie Between Roof and Base Unit
Bottom Tie Between Modules (Back-Back)
Top Tie Between Modules (Back-Back)
Bottom Tie Between Modules (Side-Side)
Top Tie Between Modules (Side-Side)

ANUH-01.0150

Tension

Shear

0.46
0.92
0.84
0.75
0.94

0.66
NIA
NIA
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(a) Top End Close-up View

(b) Bottom End Close-up View

Figure B.3.6-1
32PTH2 DSC Shell Assembly Axisymmetric - 2D Analysis Analytical Model
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:m

ANSYS MODEL -TOP END

ANSYS MODEL

JD ANSYS MODEL - BOTTOM END

Figure B.3.6-2
32PTH2 DSC Shell Assembly - 30 ANSYS Model
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CANIST ER SHELL

R-90 ALUM INUM
RAILS

BASKET FUEL
COMPARTMENTS

(b) Basket Fuel Co mpartments

(a) Basket Assembl y

CEllTER BASKET SUPPORT
PLATES (VERTICAL)

OUTER BASKET SUPPORT PLATES

CEllTER BASKET SUPP ORT
PLATES ( HORJZOllTAL)

COMPARTMEllT WALL

DRY SHI EL DED CA HIST ER

(c) Basket Assembl y showing the location of Support Plates

Figure B.3.6-3
32PTH2 DSC Basket Assembly Model
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Figure B.3.6-4
Loads and Boundary Conditions for 32PTH2 DSC Basket Handling Load
(Bounding Case)
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Figure B.3.6-5
NUHOMS® 32PTH2 Stress Res ults, DW +Handling Load, Pm (top), Pm+ Pb
(bottom) [psi]
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Figure B.3.6-6
32PTH2 DSC Basket Assembly Thermal Loads (Case T3)
a) ANSYS Structural Model (top) b) From Thermal Analyses in Chapter B.4 (bottom)
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Figure B.3.6-7
LS-DYNA Model of 32PTH2 DSC Basket Side Drops
(a) The entire model excluding concrete and soil, (b) The 32PTH2 DSC basket, and
(c) The local view
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Gravity and initial velocity are
applied in negative y-direction to
the basket assembly/cask

Soil
Non-reflecting boundary conditions
are applied to the soil bottom and
two side surfaces

v

x

Z-symmetry boundary conditions is applied to the entire model

Figure B.3.6-8
LS-DY NA Initial and Boundary Conditions in 32PTH2 DSC Basket Side Drop
Evalu ations
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SCE BASKET 30DEG SIDE DROP- STRESS ANALYSIS
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39640 ,39638 ,39636

0.01
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min=O
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Time

(a) Averaged (0.5 Pm) [psi]
SCE BASKET 30DEG SIOE DROP- STRESS ANALYSIS

25 ------------------------~
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(b) Averaged (O .S(PL + Pb)) [psi]

Figure B.3.6-9
NUHOMS®32PTH2 30 degrees Side Drop, Basket
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SCE BASKET JODEG SIDE DROP- STRESS ANALYSIS
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Figure B.3.6-10
NUHOMS®32PTH2 30 degrees 80 Inch Side Drop, Basket, Effective Plastic Strain
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Figure B.3.6-11
·
Location with Highest Plastic Deformation
Side Drop, 300 Orientation)
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Figure B.3.6-12
ANSYS Model of the AHSM-HS
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Figure B.3.6-13
AN SYS Model of the Support Structure (Model 1)
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Figure B.3.6-14
ANSYS Model of the 32PTH2 DSC and the Support Structure (Model 2)
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Figure B.3.6-15
Concrete Components in the Lower Base Main Block
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Figure B.3.6-16
Concrete Components in the Upper Base Main Block
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Figure B.3.6-17
Concrete Components of the Roof
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Figure B.3.6-18
Symbolic Notations of Force and Moment Capacities of AHSM-HS
(Also for Computed Forces and Moments)
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Figure B.3.6-19
Components of AHSM-HS Support Structure
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a) NUHOMS®32PTH2 30deg Side Drop, Basket, Peak Stress psi

b) Element Set Used to Calculate Average Stress

Figure B.3.6-20
NUHOMS® 32PTH2 Peak Stress Ave ragin g
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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.
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B.4.1 Discussion
B.4.Ll

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:
•

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.

•

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 ISf SI 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.

•

Maximum fuel cladding temperature limit of 570 °C ( 105 8 °f) is applicable to storage or
transfer accidents and off-normal storage conditions per [B4.3] or [B4.4].

•

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.

B.4.1.2

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
allowable temperatures are presented and comparisons are made with calculated temperatures as
the basis for acceptance.
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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 ofNUHOMS®
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
32PTH1 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
OS200FC TC. However, ANSYS computer code is used in this chapter for the analysis of the
OS200FC TC. In the case that air circulation through the TC/DSC annulus is used as a recovery
option, the thermal evaluation of the OS200FC TC is performed via a CFD model using ANSYS
FLUENT computer code, Version 14.0 [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.
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Table B.4.1-1
Component Maximum and Minimum Temperatures in NUHOMS® 32PTH2
System (Storage or Transfer) for Normal Conditions
Component

AHSM-HS Concrete
AHSM-HS Heat Shield
AHSM-HS Support Rail
DSC Shell
DSC Top Shield Plug
DSC Bottom Shield
Plug
DSC Transition Rail
Fuel Compartment
Fuel Cladding

Storage< 1>
T max (°F)

Transfer I Shortterm< 2>
T max (°F)

Storage I Transfer< 3>
T min (°F)

<274
<249
<353
<421
<282

NIA
N/A
N/A

300 [84.3]

467
456

0
0
0
0
0

<317

469

0

---

<493
<704
<727

529
702
725

0
0
0

-----

Limit

(oF)(4)

-------

---

752 [84.3]

(1)

The maximum component temperatures for normal storage conditions are bounded by the off-normal storage conditions.
See Table B.4.1-2.

(2)

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.

(3)

For the minimum normal ambient temperature of 0 °F, the resulting component temperatures will approach 0 °F if no credit is
taken for the decay heat load.

(4)

The components without an explicit temperature limit perform their intended safety function within the operating range.
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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
Storage I Transfer131
T min (°F)

Storage< 1>
T max (°F)

Transfer< 2>
T max (°F)

AHSM-HS Concrete

276

N/A

AHSM-HS Heat Shield

257

N/A

AHSM-HS Support Rail

356

N/A

DSC Shell

425

473

DSC Top Shield Plug

286

431

IO
-40 IO
-40 IO
-40 IO
-40 I 0

DSC Bottom Shield
Plug

320

441

-40

IO

---

DSC Transition Rail

497

529

-40 I 0

Fuel Compartment

707

700

-40 I 0

-----

Fuel Cladding

730

730

-40 I 0

Component

-40

Limit (°F)(S)
300 [84.3]

---------

1058 I 752<4 >
[84.3]

(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 AH SM-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 temperature 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.

(5)

The components without an explicit temperature limit perform their intended safety function within the operating range.
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Table B.4.1-3
Component Maximum Temperatures in the NUHOMS® 32PTH2 System
(Storage and Transfer) for Accident Conditions
Component
AHSM-HS Concrete <3 >
AHSM-HS Heat Shield
AHSM-HS Support Rail
DSC Shell
DSC Top Shield Plug
DSC Bottom Shield
Plug
DSC Transition Rail
Fuel Compartment
Fuel Cladding

Storage<1>
Tmax ( 0 f)

408
482
553
612
420

Transfer< 2>
Tmax ( 0 f)
N/A
N/A
N/A

Limit (0 f) 141

350 [84.28]

---

615
552

-------

409

564

---

656
839
857

676
869
887

----1058 [84.3]

(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 ACl-349 (84.28]. Testing will
be performed, as allowed by ACl-349, to demonstrate that the concrete compressive strength is greater than that assumed
in structural analyses of Chapter B.2.

(4)

The components without an explicit temperature limit perform their intended safety function within the operating range.
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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
k

temperature
=

thermal conductivity

Cp

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
(°F)
165
256
348
441
535
630
726
823
920
1018

k Transverse

(Btu/hr-in-°F)
0.0192
0.0223
0.0260
0.0304
0.0354
0.0411
0.0474
0.0544
0.0623
0.0714

T
(oF)

(Btu/hr-in-°F)

200
300
400
500
600
800

0.063
0.066
0.070
0.073
0.076
0.082

kAxial

T
(oF)
80
260
692
1502

Cp
(Btu/lbm-°F)
0.058
0.065
0.072
0.078

p
(lbm/in

3

)

0.1268

b. Irradiated U0 2 (Fuel Pellet)
See Section B.4.9.1 for discussion of irradiated U0 2 thermal conductivity.
T
(oF)

k (65 GWd/MTU)
(Btu/hr-in-°F)

80
260
440
620
800
980
1160
1340

0.186
0.172
0.159
0.146
0.134
0.125
0.116
0.109

ANUH-01.0150

T
(K)
300
400
640
1090

Cp
(J/kg-K)
(Eq. 4.2 from [B4.32])
235.4
265.8
295.2
314.5

T
(oF)

Cp
(Btu/lbm-°F)

80
260
692
1502

0.056
0.063
0.071
0.075
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3

(lbm/in )
[B4.31]
0.396
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c. Zircaloy-4 (Fuel Cladding) [B4.5]
T
(K)

k
(W/m-K)

366
422
478
533
589
700

13.600
14.324
15.020
15.694

T

Cµ

T

(K)

(J/kg-K)

(oF)

300
400

281
302
331
375

200
300
400

640
1090

k
(Btu/hr-in-°F)

T

Cµ

(oF)

(Btu/1bm-°F)

0.655
0.690
0.723
0.756

80
260
692
1502

0.067
0.072
0.079
0.090

500
600
800

16.354

0.787
0.851

811

17.664
19.013

1000

0.916

922

20.466

1200

0.985

d. SA-240, Type 304, ASTMA240, Type 304, 18Cr-8Ni [B4.10]
T

k

Cµ

(Btu/hr-in-°F)

(Btu/lbm-° F)

0.717
0.725
0.775
0.817
0.867
0.908
0.942

0.114
0.114
0.119
0.122
0.126
0.129
0.130

p

(oF)
70
100
200
300
400
500
600

(lb/in

3

)

0.290
[B4.13]

e. SA-240, Type 316, ASTM A240, Type 316, 16Cr-12Ni-2Mo [B4.10]
T
(°F)
70
100
200
300
400
500
600
700
800
900
1000

ANUH-01.0150

k

Cµ

(Btu/hr-in-°F)

(Btu/lbm-°F)

0.683
0.692
0.733
0.775
0.817
0.850
0.892
0.933
0.967
1.008
1.042

0.120
0.121
0.124
0.126
0.129
0.130
0.132
0.134
0.135
0.137
0.138

p
(lb/in

3

)

0.284
[B4.13]
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p
(1bm/in

3

0.237

)
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f.

SA-240, Type XM19, ASTM A240, Type XM19, 22Cr-13Ni-5Mn [B4.10]
T
(oF)
70
100
150
200
300
400
(1)

p
(lb/in

3

)

0.284< 1>
[84.13]

k

Cp

(Btu/hr-in-°F)
0.533
0.550
0.575
0.592
0.642
0.684

(Btu/lbm-°F)
0.113
0.116
0.119
0.120
0.125
0.127

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

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

70
100
200
300
400
500
600
700
800
900
1000

p
(lb/in

3

)

0.280
[84.13]

k

Cp

(Btu/hr-in-°F)
2.908
2.892
2.808
2.692
2.575
2.450
2.333
2.217
2.108
1.983
1.867

(Btu/lbm-°F)
0.103
0.106
0.114
0.119
0.124
0.128
0.134
0.140
0.147
0.155
0.164

k

Cp

(Btu/hr-in-°F)

(Btu/lbm-°F)

8.008
8.075
8.167
8.250
8.317
8.383
8.442
8.492

0.213
0.215
0.218
0.221
0.223
0.226
0.228
0.230

h. Aluminum 6061 [B4.10]
T
(oF)

70
100
150
200
250
300
350
400

ANUH-01.0150

p
(lb/in

3

)

0.098
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i.

Aluminum 1100 [B4.10]
T
(oF)

70
100
150
200
250
300
350
400

J.

Rev. 7, 08/16

p
(lb/in 3 )

0.098

k
(Btu/hr-in-°F)
11.092
10.983
10.833
10.708
10.608
10.517
10.442
10.375

Cp
(Btu/lbm-°F)
0.214
0.216
0.219
0.222
0.225
0.227
0.229
0.232

Neutron Absorber Thermal Conductivity (see Section B.4.3)

k. Lead [B4.12]
T
(oF)

-100
-10
80
260
440
620

p
3

(lb/in )
0.413
0.411
0.409
0.406
0.402
0.398

Cp

k
(Btu/hr-in-°F)
1.767
1.733
1.700
1.637
1.579
1.512

(Btu/lbm-°F)
0.030
0.030
0.031
0.032
0.033
0.034

k
(Btu/hr-in-°F)
0.0407

(Btu/lbm-°F)
0.145

1. Neutron Shield Material NS-3 [B4.21]
T
(oF)

--

p
3

(lb/in )
0.0637

Cp

m. Concrete (data from [B4.22], Appendix P, Section B.4.2)
T
(oF)
70
1382

K

Cp

(Btu/hr-in-°F)
0.0958
0.0479

(Btu/lbm-°F)

p
(lb/in

3

)

0.084

0.22

n. Soil (data from [B4.22], Appendix P, Section P.4.2)
T
(oF)

-ANUH-01.0150

K

Cp

(Btu/hr-in-°F)
0.0144

(Btu/lbm-°F)
0.191

p
3

(lb/in )
0.0578
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o. Water [B4.14]
T

p

(Btu/lbm-° F)
1.003
0.999
0.998
0.998
0.998

0.0313
0.0318

0.999
1.000

170

0.0322

1.002

188

0.0325

1.004

206

0.0327

1.006

224
242

0.0329

1.009

0.0330

1.012

260

0.0331
0.0331

1.017
1.028

(oF)

(lb/in

)

44
62
80
98
116
134
152

0.033 (1)

296
(1)

Cµ

k
(Btu/hr-in-°F)
0.0280
0.0288
0.0295
0.0302
0.0308

3

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

p. Helium Thermal Conductivity [B4.11]
T
(K)
300

k
(W/m-K)
0.1499

400
500

0.1795
0.2115

600

0.2466
0.3073

T
(oF)

k
(Btu/hr-in-°F)

80
260
440

0.0072
0.0086
0.0102

620

0.0119

800
1000

0.3622

980
1340

0.0148
0.0174

1050

0.3757

1430

0.0181

The above data are calculated based on the following polynomial function from [B4.11].
k=

L Ci T;

for conductivity in (W/m-K) and Tin (K)

co
C1
C2
C3
C4

ANUH-01.0150

For 300 < T < 500 K
-7.761491E-03
8.66192033E-04
-1.5559338E-06
1.40150565E-09
O.OE+OO

for 500< T < 1050 K

co
C1
C2
C3
C4

-9.0656E-02
9.37593087E-04
-9.13347535E-07
5.55037072E-10
-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=

L Ci Ti

for conductivity in (W/m-K) and Tin (K)

co
C1
C2
C3
C4

cs

For 250 < T < 1050 K
-2.276501 OE-03
1.2598485E-04
-1.4815235E-07
1. 7355064E-10
-1.0666570E-13
2.4 766304E-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]:
cP = LAi Ti for specific heat in (kJ/kg-K) and Tin (K)

AO
A1
A2
A3
A4

µ=

LB

i

Ti

For 250 < T < 1050 K
0.103409E+1
-0.2848870E-3
0.7816818E-6
-0.4970786E-9
0.1077024E-12

for viscosity (N/m2)x 106 and T in (K)
For 250 < T < 600 K
-9.8601 E-1
BO
9.080125E-2
81
-1.17635575E-4
82
1.2349703E-7
83
-5.7971299E-11
84

BO
81
82
83
84

For 600 < T < 1050 K
4.8856745
5.43232E-2
-2.4261775E-5
7.9306E-9
-1.10398E-12

p=P/RT

for density (kg/m3) with P=lOl.3 kPa; R = 0.287040 kJ/kg-K; T =air temp in (K)

Pr = c P µI k

Prandtl number

ANUH-01.0150
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Surface Properties
Material
Zircaloy based Fuel Cladding
Stainless steel

Emissivity (e)
0.8
0.3 <1>
0.46

Rolled steel surfaces
Concrete

Solar Absorptivity (a)

-----

(Z)

0.587

3

0.587
1.0

0.587

<>

0.9

(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

References
[84.5]
[84.16]
[84.22], Appendix P,
Section P.4.2
[84.8]
[84.15]

Emissivity of rolled stainless steel plates is 0.587 as considered in [B4.8] consistent with data in
Chapter 4, Section 4.2 G) 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. l 7] 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 0.5 87 is used for the exposed
stainless steel surfaces.
The solar absorptivity of the concrete surface is 0.73 - 0.91at300K [B4.15]. For conservatism a
solar absorptivity of 1 is considered for the concrete surface.
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Specifications for Neutron Absorber Thermal Conductivity

The 32PTH2 basket design allows for use of a neutron absorber plate (poison plate) with a
thickness of 0.3 7 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:
•

A poison plate with a thickness 0.20 inches and a thermal conductivity of 130 W/m-K
(6.3 Btu/hr-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 total, min = (k poison

X

t poison + k All 100

X t All 100) /

t total

= [(6.3 Btu I hr - in-°F x 0.2 in)+ (11.10 Btu I hr - in-°F x 0.17 in)] I 0.37 in.
=8.5Btu/hr-in-°F

(177 W/m-K)

Where:
ktotal, min= Minimum thermal conductivity of neutron absorber within 32PTH2 DSC (Btu/hrin-0F),
ttotal

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,

kAlllOO = Conductivity of Al 1100 at 70 °F = 11.1 Btu/hr-in-°F (see Section B.4.2(i)),
tAlllOO

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 kpoison· The kpoison resulting from this equation
will be used as the minimum required conductivity to qualify the poison plate.
kpoison =

ANUH-01.0150

k total min
,

X

t total - k Al
t .
poison

X

t Al
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Where:
kpoison

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

tpoison

Thickness of poison plate, in,

ktotaJ,min, = Minimum thermal conductivity of neutron absorber within 32PTH2 DSC
8.5 Btu/hr-in-°F or 177 W/m-K,
t1otal

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

kA1

Conductivity of aluminum sheet I plate at the corresponding temperature, Btu/hrin-0F or W/m-K,

tA1

Thickness of the aluminum sheet I 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. Offnormal 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 S 1) with a maximum ambient temperature of 104 °F.
The off-normal storage conditions (Load Cases S3, S4, S5, and SSA) 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 tomados.
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 11 7 °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.4.4.3

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 AHSMHS 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 AHSMHS 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-toback 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.4.4.3.2

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 MATRIX50 super elements. Radiation between the DSC
shell, heat shields, and AHSM-HS walls is modeled using the ANSYS /AUX12 methodology.
The SHELL57 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 SHELL57 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 AHSMHS 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 °P is assumed at a depth of 10 feet below the ISFSI pad for hot
conditions. The soil temperature for the cold condition (0 °P 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 ofinsolation 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

lnsolation (gcal/cm 2)

Averaged over 24 hr (Btu/hr-in 2 )

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:
Heat generation rate= (
Q 2 ) = 0.196 Btu/hr-in3
7t/4Di Lb
Where:

Q

decay heat load =37.2 kW (to convert from kW to Btu/hr multiply by 3412.3)

Di

inner DSC diameter= 68.5"

Lb

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 AHSMHSs. 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.4.4.3.3

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 is 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
conservatism. The analysis considers only the thermal conductivity of air within the AHSM-HS
cavity.
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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 AHSMHS 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 halfsymmetry 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=O", y=l 78", and z=206". The temperature sensor location at point "S" in Figure
B.4.4-9 has coordinates ofX'=-24", Y'=3", and Z'=-48". This corresponds to the ANSYS model
coordinates ofx=-24", y=181", z=158".
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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,
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 °P ambient
conditions (Tsensor@ ohr) is 219 °P and the sensor temperature after 40 hours of blocked vent
accident conditions (Tsensor@40hrs) is 303 °P. These temperatures correspond to maximum
AHSM-HS concrete temperatures of 274 °P at 0 hour and 408 °P at 40 hours, respectively.
Table B.4.4-4 also lists the sensor temperature rise at point "s" during blocked vent accident
conditions (~ Tsensor) as calculated below:
~ Tsensor = T sensor -Tsensor @Ohr

Where
Tsensor

Transient sensor temperature after blocked vent accident conditions, 0 P,

Tsensor@Ohr = 219 °P listed in Table B.4.4-4.
The maximum sensor temperature at point "s" after 24 hours of vent blockage is 272 °P and the
sensor temperature rise at point "s" is 52 °P 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
Operation

Load
Case
No.
S1
S2
S3
S3A<3 >

Storage

S4

Condition

Model

Normal, Hot
Normal, Cold
Steady-State
Off-Normal,
Hot

SS
SSA
S6

Off-Normal,
Cold

S7

Accident<4 >

Transient for
40 hr

Heat Load< 1>
(kW)
37.2
37.2
37.2
37.2

Tamb

(2)

(oF)

lnsolation

104

Yes
No
Yes

(HLZC#1)
(HLZC#1)
(HLZC#1)
(HLZC#1)

0
117
117

35.2 (HLZC#2)

117

Yes

32.0 (HLZC#3)
31.2 (HLZC#4)

117
117

Yes
Yes

37.2 (HLZC#1)

-40

No

37.2 (HLZC#1)

117

Yes

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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Table B.4.4-2
Summary of Air-Flow Calculation Results

(1)

Load Case
No.< 1>

Tamb

Heat load

(oF)

(kW)

S1
S2
S3
S3A
S4
SS
SSA
S6

104
0
117
117
117
117
117
-40

37.2
37.2
37.2
37.2
3S.2
32.0
31.2
37.2

Mass
Flow Rate
(lbm/s)

Total Loss
Coefficient
(ff4)

1.623
2.000
1.S9S
1.431
1.S69
1.S2S
1.S14
2.213

0.1017
0.0997
0.1019
0.1381
0.1020
0.1021
0.1022
0.0988

Texit

(oF)

(oF)

(oF)

142
37
1S3
1S8
1S1
148
148
-7

187
73
199
209
19S
190
188
26

90
73
92
102
88
82
81
66

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#

51/52

53A <3l

53

56

57

Components

Normal Hot/
Normal Cold
Tmax (°F)

Off-Normal
Hot< 1l
Tmax (°F)

Off-Normal
Hot
Tmax (°F)

Off-Normal
Cold
Tmax (°F)

Blocked Vent
@40 Hours
Tmax (°F)

<274

276

274

117

408 (Z)

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

Concrete

1
<>

(1)

The maximum allowable concrete temperature is 300 °F for normal/off-normal conditions [84.3].

(2)

The maximum concrete temperature for accident conditions is above the 350 °F limit given in ACl-349 [84.28]. Testing will
be performed to demonstrate that the concrete compressive strength is greater than that assumed in structural analyses.

(3)

This load case considers a 50% blockage of the AHSM-HS inlet vents.
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Table B.4.4-4
Concrete Temperature at the Temperature Sensor
Blocked Vent Accident Condition for 37.2 kW Heat Load

ANUH-01.0150

(2)

(1)

Time

T concrete max

(hr)

(oF)

(oF)

(oF)

0
2
4
6
8
10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40

274
283
293
302
311
319
326
333
339
345
350
356
361
366
371
376
380
385
393
400
408

219
223
228
233
237
242
246
251
255
259
264
268
272
276
280
284
287
291
295
299
303

0
4
8
13
18
22
27
31
36
40
44
48
52
56
60
64
68
72
76
80
83

Tsensor

11Tsensor

(1)

L'i.Tsensor 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 L'i.Tsensor= Tsensor-Tsensor@Ohr·

(2)

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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Figure B.4.4-2
Convection Boundary Conditions in AHSM-HS Model
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Figure B.4.4-3
Heat Load, lnsolation , 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
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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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Figure B.4.4-6
AHSM-HS with 32PTH2 DSC, Temperature Profiles for
Off-Normal Cold Condition, 37.2 kW (Load Case S6)

ANUH -01.0150

5

Pwr NO .

B.4.4-16
Appendix B is newly added in Revision 7 by Amendment 3.

Advanced NUHOMS® System Updated Final Safety Analysis Report

Rev. 7, 08/ 16

/IN
/\N

PI.OT NO.

PLOT NO.

133. 042186 . 25 239 . 457292 . 664345. 872399 . 079452. 287505 494558. 701;11 . 909
t.errp!rature pro fi l e
AHSM-HS c oncrete t e mperature pro fi l e

AHSM-HS

/W

/W

PI.Or NO .

PI.Or NO.

350 . 721379 742408 763437 . 784466 . 805495 826524 847553 . 868582 . 88~11 . 909
05C terrperature pro f ile

35
4
65 968
80 796
395 624
410 45
313 38l
388.21
·
403 . 03a
· ~11 . 866
L l 358 .55l ·
Top heat shield terrperature profile

/\N
PLOT NO .

/W
PLOT NO.

266 .593298 . 39g330 . 205362 . 011393 . 817425 . 622457 . 428489 . 234521. 04 552 . 846
329 943346 . 886363 . 83 380 . nl91 . 717414 . 66 431. 604448. 547465 . 4 9~82 . 434
Support stru::ture t.erq:erature profile
Side heat shield tenpera b.lre prof ile

Figure B.4.4-7
AHSM-HS with 32PTH2 DSC, Temperature Profiles for Blocked Vent @ 40
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Figure B.4.4-8
AHSM-HS with 32PTH2 DSC, Component Temperature History for
Accident Blocked Vent Condition, 37.2 kW
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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 :S 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 set$ 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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Ambient Temperature Specification

Operations involving the OS200PC TC will occur within the fuel handling facility and outdoors.
Ambient temperatures in the range of 0 to 120 °P are considered for operations within the fuel
handling facility.
Ambient temperatures in the range of 0 to 104 °P are considered as normal, outdoor transfer
conditions, while an ambient temperature of 117 °P 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 °P and
107 °P correspond to the normal and off-normal hot storage ambient temperatures of 104 °P and
117 °P, respectively. No averaging is considered for the ambient temperature inside the fuel
building. Instead, the maximum temperature of 120 °P is considered for the analysis.
B.4.5.2

Description of Loading Cases for Transfer of32PTH2 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 OS200PC 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 OS200PC 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:
•

Hot refers to the highest ambient temperature with insolation

•

Cold refers to lowest ambient temperature without insolation

•

Horizontal refers to transfer operation outside of the fuel building

•

Vertical refers to operations occurring within the fuel building

•

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

•

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 Tl, T2, and T4). This approach is acceptable since the ambient
temperature for Load Case T3 represents the highest ambient temperature for all these load
cases.
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Load Case TSA (Normal Hot, Vertical, Steady-State) is used to determine the bounding
maximum temperatures for normal loading conditions when the OS200PC 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 TS, 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 ::::; 3 7.2 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 OS200PC TC in vertical orientation, with water
in the TC/DSC annulus and a 120 °P ambient temperature within the fuel building. The initial
conditions are determined using Load Case Tl 1with37.2 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 OS200PC 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 °P (daily average ambient temperature of
107 °P) is considered for this load case.
Due to large thermal inertia of the OS200PC 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 OS200PC TC, which are exposed to fire, there are no adverse effects on the
performance of the OS200PC 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 TlO 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 transferring
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 airflow 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 AHSMHS 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 TlO 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.4.5.3

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. For all cases except for Load Case
T8, 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 to evaluate the maximum fuel cladding temperatures. For Load Case T8, the maximum
fuel cladding temperature is determined within an integrated model of the TC, DSC, basket and
fuel assemblies. ·
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.

ANUH-01.0150

B.4.5-4
Appendix B is newly added in Revision 7 by Amendment 3.

Advanced NUHOMS® System Updated Final Safety Analysis Report

Rev. 7, 08/16

Two models are developed to analyze the thermal performance of the OS200FC TC with the
32PTH2DSC.
•

For the OS200FC TC without air circulation, which includes the accident conditions, a
half-symmetric 3D ANSYS finite element 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.

•

For the OS200FC TC with air circulation, a steady state thermal evaluation is performed
using a half-symmetric 3D ANSYS FLUENT CFD model of the TC, DSC, basket and
fuel assemblies to determine the maximum component temperatures. This model is
described in Section B.4.5.3.1.

The OS200FC TC model with air circulation is used for Load Case T8 (Off-Normal Hot, SteadyState, Air Circulation) with the maximum heat load of 37.2 kW as listed in Table B.4.5-1.
In addition to the CFD model, an ANSYS finite element model of the OS200FC TC is developed
using the FLUIDl 16 and LINK34 elements to imitate the CFD model in calculation of the DSC
shell temperatures. For ease of reference, this model is assigned as ANSYS air circulation model
in this evaluation. The ANSYS air circulation model is only used to provide initial conditions for
Load Case TIO or to provide DSC shell temperatures as criteria to reach steady state conditions
in continuation of Load Case T7. The ANSYS air circulation model is described in Section
B.4.5.3.2.1. Based on discussion provided in Section B.4.5.4.3, the use of the ANSYS air
circulation model is limited to the two cases described above and shall not be used for any other
thermal evaluation of the OS200FC TC with air circulation.
B.4.5.3.1

Description of the ANSYS FLUENT CFD Model

The model for the OS200FC TC is created in SolidWorks CAD computer code based on the
nominal dimensions of the TC, DSC and basket. The fuel assemblies are modeled as
homogenized regions within the fuel compartments. The CAD model is then imported into
ICEM meshing software.
The CFD model used to simulate the thermal response of the OS200FC TC represents a 180°
segment of the cask. The use of a 180° model permits the accurate simulation of the temperature
distribution within the cask when the cask is in the horizontal orientation and the axis of the DSC
is eccentric to that of the cask. Figure B.4.5-11 presents a view of the CFD model of the cask
with the DSC assembly and fuel assemblies.
The model uses 4,195,932 hexahedral elements and 4,329,789 nodes to define the complete CFD
model. Figure B.4.5-12 presents a perspective view of the CFD model for the cask body and for
the 32PTH2 DSC and basket with fuel assemblies.
An airflow rate of 450 cfm with a daily average temperature of 107 °F is considered for this
evaluation, which results in a mass flow rate of 0.12085 kg/s for the half symmetric model. This
mass flow rate is specified as the inlet boundary condition and pressure outlet boundary
condition is specified at the cask lid slots. All surfaces are defined as walls except for interfaces
and symmetry. The symmetry surface is defined as asymmetry boundary condition.
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The maximum fuel assembly length in the 32PTH2 DSC is 176.8" with 150.0" active fuel length.
The position of the active fuel in the 32PTH2 DSC model starts 4.0" from the bottom end of the
32PTH2 DSC cavity. The fuel assembly beyond the active fuel region is modeled as helium.
This results in a reduction in the axial heat transfer within the 32PTH2 DSC and higher
maximum fuel cladding temperature. No convection is considered within the DSC cavity.
The decay heat load is applied as heat generation over the elements representing homogenized
fuel assemblies. The heat generation rate used in this analysis is calculated as follows.

qm =(--f-xPFJxcF
a La

Where,
• IH

q

Decay heat load per FA, kW (Multiply by 3412.3 to convert to Btu/hr),
= Width of the fuel compartment= 8.65",

a

La

Active fuel length= 150",

PF

Peaking Factor (see Section B.4.6.4 for distribution of peaking factor),

CF

correction factor= 1.025 assumed for 32PTH2 DSC

The base heat generation rate is multiplied by peaking factors along the axial fuel length to
represent the axial decay heat profile. The correction factor of 1.016 computed in Section B.4.6.4
is increased to 1.025 to ensure that a heat load of 37.2 kW is generated within the fuel
assemblies. The heat generation within the fuel assembles is implemented using a user defined
function.
The insolance is applied as a heat flux over the TC outer surfaces using average insolance 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.
Surface
Material

Shape

lnsolance
over 12 hrs
[84.2]
2
(gcal/cm )

Stainless Steel

Curved
Flat vertical

400
200

Solar
Absorptivity 111

0.587
0.587

(1)

See Section B.4.2(r) for surface properties.

(2)

Solar absorptivity of stainless steel is taken equal to its emissivity.
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The TC outer surfaces were split into horizontal and vertical surfaces in order to define insolance
separately. The horizontal surfaces were split into two halves, upper and lower. On the upper half
insolance, convection and radiation boundary conditions are applied while on the lower half only
convection and radiation boundary conditions are applied. The net heat transfer due to
convection, radiation and solar insolance on the outer surfaces of the TC is modeled using a user
defined function. Figure B.4.5-13 shows the different surfaces used for insolance, convection,
and radiation boundary conditions.
The basket plates were separated into horizontal and vertical basket plates within the meshing
tool ICBM CPD. The effective conductivities of homogenized basket plates are calculated using
an ANSYS model of the plates.
The Discrete Ordinates (DO) Radiation is used as the radiation model for this analysis since the
DO model is capable of considering symmetric boundary conditions and computational cost is
moderate for typical angular discretization, and memory requirements are modest.
Realizable k-s model is used as the turbulence model for the current simulation. SIMPLEC
scheme is used for pressure velocity coupling and second order discretization method is used to
discretize the pressure. Second order upwind scheme is used to discretize the remaining
parameters such as density, momentum, turbulent kinetic energy, turbulent dissipation rate,
energy and discrete ordinates.
The ANSYS FLUENT CPD model of the OS200FC TC with air circulation is used only for
evaluation of Load Case T8 as listed in Table B.4.5-1.
B.4.5.3.2

OS200FC TC ANSYS Finite Element Model Description

The half-symmetric, three-dimensional finite element model of OS200FC TC loaded with
32PTH2 DSC 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. SURF 152
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 SHELL57
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 of0.75" 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 tum results in higher fuel cladding temperature.
The volumetric heat generation rate is calculated as:

q
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qm

Volumetric heat generation rate (Btu/hr-in3)

Q

decay heat load (Btu/hr) (to convert from kW multiply by 3412.3)

Di

32PTH2 DSC inner diameter (in)

Lb

Length of basket assembly (in)

The applied decay heat values in the model are listed below.
Heat Load
(kW)

Heat Load
(Btu/hr)

Di
(in)

(in)

37.2
32.0
31.2

126938
109194
106464

68.5

177.15

Volumetric Heat
Generation
(Btu/hr-in 3 )

Lb

0.1944
0.1673
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.
Surface
Material

Stainless Steel

Shape

lnsolance
over 12 hrs
[84.2]
2
(gcal/cm )

Solar
Absorptivity 111

Total solar heat flux
averaged over 24 hrs
(Btu/hr-in 2 )

Curved
Flat vertical

400
200

0.587 <2l
0.587 <2l

0.250
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 centerline 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-in2-°F identical to that used in the
TC model described in [B4.22], Appendix U, Section U.4.5.2.
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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 monitored and replenished as noted in Sections B.8.1.1.3 and
B.8.1.1.4. 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 Tl 1 and T12 listed in
Table B.4.5-1) for initial conditions with 37.2 and 32.0 kW decay heat loads.
For load cases where the TC is in the vertical orientation (Load Cases T5, T5A, T6, Tl 1, and
T12 described in Table B.4.5-1), in the ANSYS model, the top and bottom TC exterior surfaces
are modeled as adiabatic surfaces with only the vertical exterior cylindrical surfaces dissipating
heat to the ambient.
Due to differences between 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.
The OS200FC TC finite element ANSYS model is used for all load cases listed in Table B.4.5-1
except Load Case T8.
B.4.5.3.2.1

OS200FC TC ANSYS Air Circulation Model

In the ANSYS air circulation model, the air circulation through the annulus of the TC/DSC is
modeled using the FLUIDl 16 and LINK34 elements. The FLUID I 16 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 FLUIDl 16 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.
Based on the mass flow rates obtained for each of the annular segments from 0° to 150° using
FLUIDl 16 elements, 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 coefficients 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 are taken
from equations 7, 43, 44, 45, 57, and 57a in Chapter 7 of [B4.12].
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The ANSYS air circulation model is only used to provide initial conditions for Load Case Tl 0 or
to provide DSC shell temperatures used as criteria to reach steady state conditions in
continuation of Load Case T7. The ANSYS air circulation model is compared to the CFD model
in Section B.4.5.4.3 to demonstrate its limited applicability for the above two cases. The use of
the ANSYS air circulation model is limited to the two cases described above. Any other thermal
evaluation of the OS200FC TC with air circulation shall be evaluated using the ANSYS
FLUENT CFD model described in Section B.4.5.3.1.
B.4.5.3.3

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. Effective
conductivities are calculated for individual segments based on the methodology described in
[B4.30], Chapter 4, Section 4.9.l 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.
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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.4.5.4

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. 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 I 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 :S 31.2
kW (HLZC #4) assigned as Load Case TSA and for off-normal transfer conditions for heat loads
:S 32.0 kW (HLZCs #3 and #4) assigned as Load 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 :S 32.0 kW (HLZC #3), based on the transient thermal analysis a
maximum duration of 75 hours is allowed for the vertical loading operations (Load Case TS)
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 7 5 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 :S 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 :S 32.0 kW (HLZC #3). This
conservatism does not apply to horizontal transfer operation for heat loads :S 31.2 kW (HLZC
#4). Therefore, the transfer operations for heat loads :S 31.2 kW (HLZC #4) require no time limit.
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Normal I Off-Normal Transfer Conditions without Air Circulation for Heat Loads
> 32.0 kW and< 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 (Load 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. 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 3 6 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.4.5.4.3

Normal I 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)
using an ANSYS FLUENT CPD model 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 peak fuel cladding and basket assembly
component temperatures are directly determined in the CFD model used for evaluation of Load
Case T8. These values are reported in Section B.4.6. To determine the discretization error of the
CFD model, a grid convergence study is performed as described in Section B.4.5.4.3.1. This
study shows that the calculated maximum cladding temperature, including the discretization
error, remain well below the allowable limits.
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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 TlO) 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 I2 hours is available to complete the transfer of the DSC to the AHSM-HS
or to re-establish the air circulation.
The initial temperatures for the DSC shell and TC components for this load case are determined
using the ANSYS air circulation model described in Section B.4.5.3.2.1. To demonstrate that
using these temperatures as initial conditions is valid, the results from the ANSYS FLUENT
CPD model are compared with the results from the ANSYS air circulation model performed for
Load Case T8 in Table B.4.5-I2. As seen in Table B.4.5-I2, the maximum DSC shell
temperature predicted by the CPD model is only 2 °F higher than the value predicted by the
ANSYS air circulation model. The maximum TC component temperatures predicted by the CFD
model are at most 8 °F higher than the values predicted by the ANSYS air circulation model.
Since the heat capacity of the system remains the same, the temperature increase or heat up rate
observed once the air circulation is turned off would be the same with the only difference being
the temperature difference at the initial conditions. To conservatively bound the effect of the
lower initial conditions, the maximum temperature differences described above are added to the
respective component temperatures. The resulting temperatures are shown in Table B.4.5-7. The
fact that the values resulting from the ANSYS air circulation model are used only as initial
condition for Load Case TIO, and Load Case TIO does not use air circulation to determine the
time limit to complete the transfer of the DSC to the AHSM-HS, the maximum duration of I2
hours determined using this approach to maintain the maximum fuel cladding temperature below
the allowable limit of 752 °F is reasonable. As noted in Section B.4.5.3.2.1, due to the
uncertainties involved in the ANSYS air circulation model, any future thermal evaluation of the
OS200FC TC with air circulation shall be performed using the ANSYS FLUENT CPD model
described in Section B.4.5.3.1.
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.
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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
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.
The transient analysis described above is performed using the ANSYS air circulation model. As
discussed for Load Case TlO, the DSC shell temperature predicted by the ANSYS air circulation
model is in good agreement with the DSC shell temperature predicted by the CFD model. Since
the subject transient run uses the maximum DSC shell temperature to determine the duration
required for the 32PTH2 DSC to reach the steady-state conditions include adequate accuracy. As
noted previously, due to the uncertainties involved in ANSYS air circulation model, any future
thermal evaluation of the OS200FC TC with air circulation shall be evaluated using the ANSYS
FLUENT CFD model described in Section B.4.5.3.1.
B.4.5.4.3.1

Grid Convergence Study for the OS200FC TC CFD Model

The discretization error of the integrated CFD model representing the OS200FC TC, 32PTH2
DSC, basket, and fuel assemblies is performed using the methodology outlined in the ASME
V&V 20-2009 [B4.33]. The steps used in this methodology are described in Section B.4.6.7.1.1.
Table B.4.5-9 shows the number of elements in the four different grid sizes considered for this
evaluation along with the representative cell size (h) and the refinement factors (r). Table B.4.510 gives maximum fuel cladding temperatures for each level of grid. It can be observed that the
maximum temperature is the same for all levels of grid refinement.
Table B.4.5-11 presents the results of the five steps specified in Section 5 of the ASME V & V
20-2009 [B4.33] and summarizes the grid convergence index of set# 1 and set# 2.
As seen from Table B.4.5-11, the order of accuracy (p) for Set# 1is13.84, which is much higher
than the second order discretization scheme utilized in the FLUENT CFD described in Section
B.4.5.3.1. This is because the Richardson extrapolation method does not work when 8 21 = <1> 2 -<1> 1
or 8 32 = <1> 3 -<1>2 is close to zero as noted in [B4.36]. In the current evaluation, the temperature
difference for Grid# 1 and Grid# 2 of Set# 1 is 832 = 0.03 and is close to zero. Therefore, the
GCI is not computed for this set.
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However, the GCI is computed for Set# 2 with a fourth grid which is further refined. As seen
from Table B.4.5-11, for this set the GCI is 9.86 °F. Based on the information regarding GCI
from [B4.35],
" ... the GCI is a measure of the percentage the computed value is away from the
value of the asymptotic numerical value. It indicates an error band on how far the
solution is from the asymptotic value. It indicates how much the solution would
change with a further refinement of the grid. A small value of GCI indicates that
the computation is within the asymptotic range ... "
Therefore, this small value of GCI indicates that the computed maximum fuel cladding is close
to the asymptotic value and therefore the computed results are within the asymptotic range.
·:.·

Further, as seen from Table B.4.5-11, an observed order of accuracy (p) for Set# 2 is calculated
to be 0.6, which is lower than the theoretical order of accuracy. This might be due to the slight
difference in·the refinement factors and due to the small differencrs in the temperature with
inete.asi:ng. grid refinement. Additional refinement of the grids might successfully improve the
· ord~f"·ofiiccuracy, however the finest grid currently used has slightly greater than 9 million
elements and refining further with a minimum refinement factor (h) of 1.3 will cause the next
grid to have at least 22 million elements. This level of refinement is computationally prohibitive
and is not needed since the maximum temperatures decrease with increasing refinement.
Figure B.4.5-14 shows the maximum fuel cladding temperature as a function of the number of
elements. As seen from the Figure B.4.5-14, the maximum fuel cladding temperatures resulting
from the various grids display monotonic convergence. As it can be observed, the change in the
maximum temperature is insignificant with the increase in refinement of the grid. Figure B.4.515 shows the grid density of the models used for the grid convergence study. To illustrate the
grid density only a slice of the CFD model is selected for these depictions.
.B.4.5.4.4

Accident Conditions

·As noted in Section B.4.5.2, the loss of neutron shield and loss of air circulation is bounding for
th.e 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.
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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
Operation

Load Case
No.
T1 <3 >
T2 <3>

T3
T4 <3 >

Transfer

TSA
TS
T6
T7
TS
T9
T10 <4 >
T11
T12

Condition

Orientation

Normal, Hot
Normal, Cold
Off-Normal, Hot
Off-Normal, Cold

Horizontal

Normal, Hot

Vertical

Off-Normal, Hot
Off-Normal, Hot
Accident
Off-Normal, Hot

Horizontal

Normal, Hot

Vertical

Heat Load

1
<>

(2)

Airflow
(cfm)

lnsolation

32.0 (HLZC#3)

104
0
117
0

0

Yes
No
Yes
No

Steady-State
Transient
Transient
Transient
Steady-State
Steady-State
Transient

31.2 (HLZC#4)
32.0 (HLZC#3)
37 .2 (HLZC#1)

120

0

No

37.2 (HLZC#1)

117

0
450
0
0

Yes

Steady-State
{Initial Conditions)<5 >

37.2 (HLZC#1)
32.0 (HLZC#3)

120

0

No

Model

Tamb

(kW)

(oF)

Steady-State

(1)

The four heat load zone configurations (HLZCs) are described in Chapter 8.2, Figures 8.2.1-1.

(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 8.4.5.2 for justification).

(4)

Initial temperatures for this load case are taken from steady-state results of Load Case TB. At time t=O, 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=O 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 allowable limit in (84.3].

ANUH-01.0150

B.4.5-17
Appendix B is newly added in Revision 7 by Amendment 3.

Advanced NUHOMS® System Updated Final Safety Analysis Report

Table B.4.5-2
Not Used
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Table B.4.5-3
Not Used
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Table B.4.5-4
Maximum Temperatures of OS200FC TC with 32PTH2 DSC~ 32.0 kW,
Without Air Circulation
Normal Hot,
Vertical SteadyState
Load Case T5A

Off-Normal Hot,
Normal Hot,
Horizontal
Vertical Transient
Steady-State Load
Load Case TS
Case T3

Max.
Allowable
(oF)

Heat Load

31.2 kW

32.0 kW

32.0 kW

Time

No time limit

75 hrs

No time limit<3 l

Component

T max (°F)

T max (°F)

T max (°F)

DSC Cylindrical Shell
Inner Liner
Gamma Shield
Structural Shell
Neutron Shield, Max. I
Avg.
Neutron Shield Outer
Skin
Bulk Average NS-3
Closure Lid
Top Forging
Bottom Forging

466
314
312
273

448
297
295
258

473
336
330
278

269 I 258

254 I 242

273 I 251

259

245

261

---

277
293
277
296

251
253
255
263

200
237
292
252

250 I 300 <1l

----620 [B4.13]

----/ 290

(Z)

-------

(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.

(3)

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 s 32.0 kW (HLZC
#3) for conservatism.
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Table B.4.5-5
Maximum Temperatures ofOS200FC TC with 32PTH2 DSC@37.2 kW,
Without Air Circulation
Normal Hot,
Vertical Transient
Load Case T6

Off-Normal Hot,
Horizontal
Transient
Load Case T7

Time

36 hrs

36 hrs

Component

T max (°F)
440
283
281
243
2401227
231
226
223
236
233

T max (°F)
448
312
305
254
249 / 226
239
181
212
259
225

DSC Cylindrical Shell
Inner Liner
Gamma Shield
Structural Shell
Neutron Shield, Max. I Avg.
Neutron Shield Outer Skin
Bulk Average NS-3
Closure Lid
Top Forging
Bottom Forging

Max.
Allowable

(oF)

----620 [B4.13]

----/ 290

(Z)

--250 / 300

(l)

-------

(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.

ANUH-01.0150

B.4.5-21
Appendix B is newly added in Revision 7 by Amendment 3.

Advanced NUHOMS® System Updated Final Safety Analysis Report

Rev. 7, 08/16

Table B.4.5-6
Maximum Temperatures ofOS200FC TC with 32PTH2 DSC @37.2 kW,
With Air Circulation
Off-Normal Hot, Horizontal,
Steady-State with Air
Circulation
Load Case TS
Time

No time limit

Component

T max (°F)

DSC Cylindrical Shell
Inner Liner
Gamma Shield
Structural Shell
Neutron Shield, Max. I Avg.
Neutron Shield Outer Skin
Air, Inlet I Exit
Bulk Average NS-3
Closure Lid
Top Forging
Bottom Forging

408
338
331
279
274 I< 274
263
107 I 259
211
252
263
166

Max. Allowable

(oF)

----620 [B4.13]

----/ 290

(Z)

----250 I 300

1

<>

-------

(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.4.5-7
Maximum Temperatures of OS200FC TC with 32PTH2 DSC @ 37.2 kW,
Air Circulation Turned Off I Air Circulation Failure during Transfer
Operations
Air Circulation turned-off or
Air Circulation failure during
transfer operation
Load Case T10
Time

12 hrs

Component

T max (°F)
446
339
333
281
276 / 239
265
193
242
287
220

DSC Cylindrical Shell
Inner Liner
Gamma Shield
Structural Shell
Neutron Shield, Max. I Avg.
Neutron Shield Outer Skin
Bulk Average NS-3
Closure Lid
Top Forging
Bottom Forging

Max. Allowable

(oF)

----620 [B4.13]

----/ 290

(Z)

--250 / 300 (1)

-------

(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
Load Case T9
Time

No time limit

Component

T max (°F)
615
524
519
494
--310
255
320
407
346

DSC Cylindrical Shell
Inner Liner
Gamma Shield
Structural Shell
Neutron Shield, Max. I Avg.
Neutron Shield Outer Skin
Bulk Average NS-3
Closure Lid
Top Forging
Bottom Forging
(1)

For NS-3, 1,300 °F is the temperature limit for accident conditions as noted in Section 8.4.5.

ANUH-01.0150

B.4.5-24
Appendix B is newly added in Revision 7 by Amendment 3.

Max. Allowable

(oF)

----620 [B4.13]

------1 300
I

-----

---

1
<>
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Table B.4.5-9
Grid Sizes and Refinement Factors for CFD model

ANUH-01.0150

Set# 1
(Grid # 1,2,3)

Set#2
(Grid # 2,3,4)

N1

4196112 (Grid# 3)

9218858 (Grid #4)

N2

1925705 (Grid # 2)

4196112 (Grid #3)

N3

876515 (Grid # 1)

1925705 (Grid #2)

h1

0.45

0.34

h2

0.58

0.45

h3

0.76

0.58

r21

1.296

1.299

r32

1.3

1.296
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Table B.4.5-10
Maximum Fuel Cladding Temperatures

¢>1 (°F)
¢>2 (°F)
¢>3 (°F)
<t>Avg

(oF)

E21= ¢>2 - ¢>1 (°F)
E31= ¢>3 - ¢>2 (°F)

ANUH-01.0150

Set# 1
(Grid # 1,2,3)
710.660
711.764
711.798
711.407
1.10
0.03

Set#2
(Grid # 2,3,4)
709.285
710.660
711.764
710.67
1.38
1.10
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Table B.4.5-11
Discretization Error of the CFD Model
Uncertainty in Maximum Fuel Cladding
Set# 1

Set#2

Grid# 1, 2,3

Grid #2,3,4

N1

4196112

9218858

N2

1925705

4196112

N3

876515

1925705

h1

0.55

0.42

h2

0.71

0.55

h3

0.92

0.71

r21

1.29

1.31

r32

1.30

1.29

¢1

(°F)

710.660

709.285

¢2

(°F)

711.764

710.660

¢3

(°F)

711.798

711.764

(°F)

711.407

710.570

E21=¢2_¢1

1.10

1.38

£32:¢3.¢2

0.03
13.84

1.10
0.60
701.40
1.38
1.25
9.86
9.86

¢Avg

p
(oF)

¢21ext

e21a

Fs

GCl

21

Unum

ANUH-01.0150

Fine

(°F)

------
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Table B.4.5-12
Component Temperature Comparison (Load Case # T8)
ANSYSAir
Circulation
Model

AN SYS
FLUENT CFO
Model

Time

No Time Limit

No Time Limit

Component

Tmax

Tmax

Difference

Max. Allowable

(oF)

(oF)

(oF)

(oF)

Fuel Cladding

693

711

18

752 [B4.3]

Fuel Compartment

668

685

17

Basket Rails

467

490

23

DSC Cylindrical Shell

406

408

2

Inner Liner

330

338

8

---------

Gamma Shield

324

331

7

620 [B4.13]

Structural Shell

273

279

6

---

Neutron Shield, Max.
Neutron Shield Outer Skin
Bulk Average NS-3

268
257
207

274
263
211

6
6
4

290

Closure Lid

252

252

0

(Z)

--250 I 300

1
<>

---

(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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Figure B.4.5-1
Not Used
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Neutron Shield Sections 2 to 13

Neutron Shield
Section 17
Structural
shell

Bottom
N S3

Cask
lid

Gamma
shield
Neutron Shield
Section 1

Homogenized fuel
basket

Neutron Shield Sections 14 to 16

Figure B.4.5-2
Fi nite Element Model of the OS200FC TC with the 32PTH2 DSC
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Helium Gap
DSC Shell

Helium Gap

DSC top end plates
Homogenized Basket
assembly
DSC bottom end
plates

Figure B.4.5-3
OS200FC TC Finite Element Model, Components
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ANSYS 10 . 0Al
APR 28 2011
12:50:56
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QMAX=.194436
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c::::J
c::::J
c::::J
c::::J

-
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. 043208
.064812
.086416
. 10802
.129624
.151228
. 1 72832
.194436

Uniform Volunrtric Heat Generation Applied
ThroughoutHomogenizedBasketRegioo

Insolance boundary
conditions
ANSYS 10.0Al
APR 15 20 11
16:14:03
HFLU
.125234
C J .139149
. 153064
CJ .166979
CJ . 1 80894
CJ .194809
.208724
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. 250469

-

Radiation and convection
botm.dary conditions
AN SYS 10 . 0Al
APR 4 2011
09:21 : 34
CONV-HCOE

-

c::::J
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c:::::J
c:::::J
-

Figure B.4.5-4
OS200FC TC Boundary Conditions
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J\N

12 2011
10:49:39

JUL

PLOT NO .
3
NODAL SOIIITION

STEP=l
SUB =4
TJ}IE=l
TE!VlP

SMN
SMX
CJ
CJ
CJ
CJ
CJ
CJ
CJ
-

=239 .575
=313 .528
239.575
247.793
255 .01
254 .227
272.444
280 . 551
288.878
297.095
305.311
313 .528

OS200FC TC
1\1\1

JUL 12 2011
10:49: 38
Piill NO.
1
NODAL SOUITION

STEP=l
SUB =4
TI1'1E=l
TEl\llP

TEF0=15 .194
Sf:>.'.Il.\I =416. 6
S!YJX =492.602
416.6
D
425.045
D
433.489
D
441 . 934
D
450.379
D
458.823
D
467 .268
D
475 . 712
484.157
492.602

32PTH2 DSC Shell Assembly
Figure B.4.5-5
Temperature Distribution for OS200FC TC with 32PTH2 DSC @ 31.2 kW,
Normal Hot, Vertical Steady-State (Load Case T5A)
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APR 28 2011
08 :59 :22
PLOT NO .
3
NODAL SOIIJTION
TIME=36

J\N
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SJ.VJX

CJ
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OS200FC TC
J\N

APR 28 2011
08:59:22
PLOT NO .
1
NODAL SOIIJTION
TIME=36
TEMP

SMN =261. 294
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CJ 282 . 089
CJ 302 . 884
CJ 323 . 68
CJ 344 . 475
CJ 365 .27
CJ 386 . 066
CJ 4206.861
4 7. 657
448.452

32PTH2 DSC Shell Assembly

Figure B.4.5-6
Temperature Distribution for OS200FC TC with 32PTH2 DSC @ 37.2 kW,
Without Air Circulation, Off-Normal Hot, Horizontal Transient Operations
at 36 hrs (Load Case T7)
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Figure B.4.5-7
Temperature Distribution for OS200FC TC with 32PTH2 DSC @ 37.2 kW,
with Air Circulation, Off-Normal Hot, Horizontal Steady-State Operations
(Load Case TS)
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Figure B.4.5-8
Maximum DSC Shell Temperature versus Time with Air Circulation starting
at End of Time limit for Load Case T7 with 37.2 kW and 117 °F Ambient
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Figure B.4.5-9
Temperature Distribution for OS200FC TC with 32PTH2 DSC @ 37.2 kW,
Accident Loss of Neutron Shield with Loss of Air Circulation Accident
Condition, Horizonta l (Load Case T9)
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I

Select the HLZC Applicable for the DSC

I

'

l

,,
HLZC # 1 & HLZC # 2
(> 32.0 kW and ::; 37 .2 kW)

i

,,

"

I

HLZC # 4
(:5 31 .2 kW)

HLZC # 3
(>31 .2 kW and ::; 32.0 kW)

Time Limit: 36 hours

'.

I

I

Time Limit: 75 hours

I

I

No Time Limits

,,
For All Tra nsfer Operations with Time limits

Start of Time Limit: Initiation of Drainage of the TC/DSC Annulus .
End of Time Limit: Complete Insertion of th e DSC from the TC to the AHSM -HS .
Corrective Action
If the operation cannot be completed within the time limit noted above, the following
corrective actions can be performed :
a. Fill the TC/DSC annulus with water if the TC is in a vertical orientation or
b. Initiate air circulation system if the TC is in a horizontal orientation.

•

The time limit specified above can be restarted if the corrective action in
Step "a" is completed .

•

If the corrective action in Step "b" is performed , a time limit of 12 hours is
ava ilable once the air circulation system is turned off to complete the
insertion of the DSC from the TC to the AHSM -HS.

Figu re B.4.5-10
Time Limits for Transfer of 32PTH2 DSC in OS200FC TC
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Neu t ron Shield Sections 14 to 16
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Figure B.4.5-11
CFD Model of the OS200FC TC with the 32PTH2 DSC
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OS200FC TC

He liu m Gap
Tra nsit io n Ra il s

32PTH2 DSC

Figure B.4.5-12
Detail of CFO Model of the OS200FC TC with the 32PTH2 DSC
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Insolance bowidary
conditions

Radiation and com·ection
boundary conditions

Figure B.4.5-13
Boundary Conditions of the OS200FC TC CFO Model
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Model Grid Density Used for Grid Convergence Study
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B.4.6 Thermal Evaluation of 32PTH2 DSC
The 32PTH2 DSC is designed to store 32 intact (or up to 16 damaged and remaining intact) fuel
assemblies. Up to 16 damaged fuel assemblies (DFA) can be placed in cells located at the outer
edge of the 32PTH2 basket assembly (Zone 3) as shown in Chapter B.2, Figures B.2.1-1.
The design of the 32PTH2 DSC is very similar to the 32PTH1 DSC described in [B4.22],
Appendix U. The 32PTH1 DSC was evaluated based on a finite element model described in
[B4.22], Appendix U, Section U.4.6. Due to similarities between the 32PTH1 and 32PTH2
DSCs, the 32PTH2 DSC is evaluated in this section using the same methodologies used to
evaluate the 32PTH1 DSC in [B4.22].
For Load Case T8 described in Section B.4.5, the maximum temperatures of the fuel cladding
and basket components are determined using an integrated CFD model of the TC, DSC, basket
and fuel assemblies. The CFD model for Load Case T8 is described in Section B.4.5.3.1. The
results of the integrated CFD model for the fuel cladding and basket components are presented in
this section.
B.4.6.1

Ambient Temperature Specification and Load Cases

The ambient temperatures for storage and transfer conditions are specified in Sections B.4.4.1
and B.4.5.1, respectively.
The load cases considered for evaluation of the NUHOMS® 32PTH2 system for storage and
transfer conditions are described in Sections B.4.4.2 and B.4.5.2, respectively.
B.4.6.2

Thermal Analysis of 32PTH2 DSC

The purpose of the 32PTH2 DSC thermal analysis is to determine the maximum temperatures of
the fuel cladding and the basket components. As noted in Section B.4.4.3 and B.4.5.3, the DSC
shell temperatures determined in the AHSM-HS and OS200FC TC thermal analyses are used as
boundary conditions in the 32PTH2 DSC model to evaluate the maximum temperature under
normal, off-normal, and accident conditions.
The thermal analysis of the NUHOMS® 32PTH2 DSC is based on a finite element model
developed using the ANSYS computer code [B4.26]. The methodology used is identical to that
used for the 32PTH1 DSC model described in Appendix U, Section U.4.6.
B.4.6.2.1

Description of the ANSYS Model of32PTH2 DSC

A three-dimensional model representing the 32PTH2 DSC and basket is developed using
ANSYS computer code [B4.26]. This model represents a longitudinally full-length, one-half
(180°) cross section of the 32PTH2 DSC as shown in Figure B.4.6-1 through Figure B.4.6-4. The
32PTH2 DSC model comprises the shell assembly (including the shell, top/bottom cover plates,
and shield plug plates), the basket assembly (including fuel compartments, aluminum and
neutron absorber basket plates, and transition rails) and the homogenized fuel assemblies. All of
these DSC components are modeled using SOLID70 elements. The following assumptions are
considered for the 32PTH2 DSC model:
ANUH-01.0150
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•

The fuel assemblies contained in the DSC basket are intact fuel assemblies. Since the
damaged fuel assemblies are loaded in the outermost fuel compartment cells, they do not
affect the maximum temperatures or the maximum temperature gradients in this
evaluation. A sensitivity analysis is conducted to capture the effects of the damaged fuel
assemblies on the thermal performance of the 32PTH2 DSC, in which the damaged fuel
assemblies become rubble. This sensitivity analysis is discussed in Section B.4.6.8.

•

No convection is considered within the canister cavity.

•

Only helium conduction is considered from the basket upper surface to the canister top
shield plug.

•

Radiation is considered only implicitly between the fuel rods and the fuel compartment
walls in the calculation of effective fuel conductivity. No other radiation heat exchange is
considered within the DSC model.

•

Based on fuel assembly characteristics provided in Chapter A.3, Table A.3.5-2, an active
fuel length of 150.0 inches is considered for CE 16x16 class fuel assemblies in 32PTH2
DSC. The position of the active fuel in the 32PTH2 DSC model is assumed to begin 4.0
inches from the bottom end of the 32PTH2 DSC cavity. The fuel assembly beyond the
active fuel region is modeled as helium. Lower conductivity at fuel assembly ends results
in higher maximum fuel cladding temperature and is therefore conservative.

The following gaps are considered in the 32PTH2 DSC model at thermal equilibrium:
Radial Gaps
•

A diametrical hot gap of 0.30" is considered between the basket assembly outer surface
and the 32PTH2 DSC shell inner surface (see Figure B.4.6-3). This assumption is
justified in Section B.4.6.3.1.

•

A diametrical hot gap of 0.30" is considered between the shield plugs and the 32PTH2
DSC inner surface (see Figure B.4.6-4). The assumed gap is larger than the fabrication
cold gap considered between these components and is therefore conservative.

•

A total gap of 0.01" is considered between the stainless steel basket support plates and
the fuel compartments in the cross section of the basket assembly. This gap is used in the
calculation of the effective thermal conductivity as described in Section B.4.6.5. The
basket support plates are welded to the compartment plates. For conservatism, no credit is
taken for the weld spots. Instead a uniform gap of 0.01" is considered between these
components, which is similar to a gap between adjacent plates without welds. The gap
between adjacent plates is justified in Section B.4.6.3.2.

•

A total gap of 0.01" is considered between the fuel compartment and paired poison/center
basket plates. This gap is used in the calculation of the effective thermal conductivity as
described in Section B.4.6.5. This gap is larger than the cold gap of 0.005" in the 32PTH2
basket assembly and is therefore conservative.
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•

A contact gap of 0.005" is considered between the fuel compartment and the outer basket
support plates I outer basket plates. This gap is used in calculation of the effective
thermal conductivity as described in B.4.6.5. The outer basket support plates are welded
to the compartment plates. For conservatism, no credit is taken for the weld spots. Instead
a uniform gap of 0.01" is considered between these components, which is similar to a gap
between adjacent plates without welds. The gap between adjacent plates is justified in
Section B.4.6.3.2.

•

A contact gap of 0.01" is considered between the outer support basket/outer basket plates
and the transition rails (see Figure B.4.6-3). The rails are bolted to the outer basket
support plates at multiple locations. For conservatism, no credit is taken for the bolted
joints. Instead, a uniform gap of 0.01" is considered between the rails and the adjacent
basket components, which is similar to a gap between adjacent plates without bolts. The
gap between adjacent plates is justified in Section B.4.6.3.2.

•

A uniform gap of0.125" is considered between the various segments of the R90
transition rails in the cross section of the basket assembly (see Figure B.4.6-3). This gap
is larger than the fabrication gap and is therefore conservative.

Axial Gaps
•

A nominal cold gap of 0.07" is considered between the support basket plates and the
paired poison/center basket plates. In the 32PTH2 DSC ANSYS model, a 0.01" gap is
assumed on the bottom and 0.06" gap is assumed on the top (see Figure B.4.6-4). These
gaps together are equal to the total cold gap and are therefore conservative.

•

An axial air gap of 0.01" representing contact gap is considered between shield plugs and
32PTH2 DSC top/bottom cover plates (see Figure B.4.6-4). This assumption is justified
in Section B.4.6.3.2.

•

A gap of 0.130" is considered between the paired poison/center basket plates within the
intersecting slots (see Figure B.4.6-4). These gaps are equal to the cold gaps and are
therefore conservative.

•

An axial gap of 0.49" between the bottom of the basket assembly and the 32PTH2 DSC
inner bottom cover plate, and a gap of 1.01" between the top of the basket assembly and
the 32PTH2 DSC top shield plug plate are considered (see Figure B.4.6-4). Since gaseous
conduction is the only heat transfer mechanism considered, these gaps reduce the heat
dissipation in the axial direction and increase the heat dissipation in the radial direction.
This maximizes the fuel cladding temperature and is therefore conservative.

•

The width of the intersection slot within the 32PTH2 outer/center basket plates is 0.75".
However, a width of 1.0" is assumed in the 32PTH2 DSC model (see Figure B.4.6-4).
This is larger than the cold gap and is therefore conservative.

The major component dimensions in the 32PTH2 DSC model are based on nominal sizes of the
32PTH2 DSC and basket assembly. Due to the above conservative assumptions, small dimension
differences between the modeling and nominal sizes have an insignificant effect on thermal
analysis results.
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Decay heat load is applied as heat generation over the elements representing homogenized fuel
assemblies.
The heat generation rate used in this analysis is calculated as follows.

q"' = (~xPFJxcF
a La

Where,
q

Decay heat load per fuel assembly, kW (Multiply by 3412.3 to convert to Btu/hr),

a

Width of the fuel compartment= 8.65",

La

Active fuel length = 150",

PF

Peaking Factor (see Section B.4.6.4 for distribution of peaking factor),

CF

correction factor= 1.016 assumed for 32PTH2 DSC (see Section B.4.6.4).

The base heat generation rates used in 32PTH2 DSC model are listed below.
Heat Load in the Model
(kW)

0.8
0.9
1.0
1.3
1.5

q"' value without PF
(Btu/hr-in 3 )

0.243
0.274
0.304
0.395
0.456

The base heat generation rate is multiplied by peaking factors along the axial fuel length to
represent the axial decay heat profile. The peaking factors for burnup higher than 30 GWd/MTU
from Table 3 of [B4.6] are converted to match the regions defined for the fuel assembly in the
finite element model. Section B.4.6.4 describes the conversion method and lists the peaking
factors used in the 32PTH2 DSC model.
The heat generating rates for the elements representing the active fuel are calculated based on the
HLZC for the 32PTH2 DSC as shown in Chapter B.2, Figure B.2.1-1.
The DSC shell temperatures determined in the AHSM-HS and OS200FC TC thermal analyses
for various load cases are used as boundary conditions in the 32PTH2 DSC model.
Typical boundary conditions used in the 32PTH2 DSC model are shown in Figure B.4.6-5. The
effective thermal conductivities for the basket plates are calculated in Section B.4.6.5. The other
material properties used in the 32PTH2 DSC model are listed in Section B.4.2.
The effective properties for the homogenized 32PTH2 basket used in AHSM-HS and OS200FC
TC models are calculated in Section B.4.6.6. Mesh sensitivity of the model is discussed in
Section B.4.6.7.
ANUH-01.0150
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B.4.6.3

Justification of Gaps Assumed in 32PTH2 DSC Model

B.4.6.3.1

Hot Gap Between Basket Assembly and 32PTH2 DSC Shell
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A nominal diametrical cold (fabrication) gap of 0.375" is considered between the basket
assembly and the 32PTH2 DSC shell. The nominal 32PTH2 DSC inner diameter (ID) is 68.5".
The nominal basket assembly outer diameter (OD) is then 68.125".
The average temperatures for the basket assembly, transition rails, and shell at the hottest cross
section are retrieved from the 32PTH2 DSC model to calculate the nominal hot gap size at
thermal equilibrium. The hot dimensions of the basket assembly OD and 32PTH2 DSC ID are
calculated as follows.
The outer diameter of the hot basket assembly is:
ODB,hot = ODB + [Lss,B x ass,B (Tavg,B -Tref)] +
LRail x [aAl,O (Tavg,RO -Trer)+ aAI,180 (Tavg,R180 -Tref)]
Where:
ODB,hot = Hot OD of the basket assembly,
ODB

= Nominal cold OD of the basket assembly
68.5" - 0.375" = 68.125",

Lss,B

width of basket assembly at 0-180 direction
12 x fuel compartment thickness (0.187'') +
6 x compartment width (8.65'') +
5 x center basket plate thickness (3/8'') +
2 x outer basket plate thickness (5/16'')
12*0.187+6*8.65+5*3/8+2*5/16"" 56.644",
Width of transition rail= (ODB -Lss,B)/2"" 5.741",

ass,B

Average coefficient of thermal expansion for SA-240 Type 304 steel, in/in-°F,
interpolated using data in [B4.1 OJ),
Average aluminum coefficient of thermal expansion, in/in-°F (interpolated using
data in [B4.10],

Tavg,B

Average basket assembly temperature at the hottest cross section, °F,

Tavg,RO

Average transition rail temperature at the hottest cross section at 0 degree
orientation, °F'

T avg,RI 80 = Average transition rail temperature at the hottest cross section at 180 degree
orientation, op'
Tref

ANUH-01.0150
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The inner diameter of the hot 32PTH2 DSC shell is:
IDcAN, hot = IDcAN [ 1 + ass, CAN (Tavg, CAN - Tref)]
Where:
IDcAN,hot

Hot ID of 32PTH2 DSC shell,

IDcAN

Cold ID of 32PTH2 DSC shell = 68.5",

ass, CAN

Average coefficient of thermal expansion for SA-240 Type 316 steel, in/in-°F
(interpolated using data in [B4.1 O],

Tavg, CAN

Average 32PTH2 DSC shell temperature at hottest cross section, °F,

Tref

Reference temperature = 70 °F [B4.1 O].

The diametrical hot gap between the basket assembly and 32PTH2 DSC inner shell (Ghot) is:
Ghot = IDcAN' hot - ODB ,hot .
The hot gap between the 32PTH2 DSC shell and basket assembly is calculated for the maximum
heat load of 37.2 kW and listed in the following table.

Diametrical Hot Gaps in 32PTH2 DSC
37.2 kW (HLZC#1) Heat Load, Off-Normal Storage@ 117 °F Ambient (Load Case 53)
Component
Basket assembly width
Transition rail @ 0°
Transition rail@ 180°
Basket OD
DSC shell ID
Gap

Cold dimension

Temp

ax10·5

AL

Hot dimension

(in)
56.644
5.7405
5.7405
68.125
68.50
0.375

(°F)
593
471
462

(in/in/ °F)
9.886
13.842
13.824

(in)
0.293
0.032
0.031

(in)
56.937
5.772
5.772
68.481
68.721
0.240

---

---

---

409

9.518

0.221

---

---

---

Since the above calculated hot gap of 0.240" is smaller than the uniform diametrical gap of 0.30"
assumed in the 32PTH2 DSC model, the assumed gap is conservative.
B.4.6.3.2

Gaps Between Adjacent Plates

The gaps between two adjacent plates are related to the flatness and roughness tolerances of the
plates, the contact pressure, and the conductivity of the interface gas. The micro gaps related to
these tolerances are non-uniform and provide interference contact at some areas and gaps on the
other areas. The calculation of the theoretical thermal contact resistance (Rj) between two
adjacent plates is described in Appendix A, Section A.3.6.7.2 of [B4.24]. A very small contact
pressure of 10-6 psi is assumed to give a negligible contact conductance and thereby theoretical
thermal contact resistance (Rj) is mainly determined by gap conductance. The values of thermal
contact resistance for air and helium contact gaps are estimated in Appendix A, Section A.3.6.7.2
and Section A.3.6.7.4 of [B4.24], respectively.
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The equivalent thermal resistance (Rj, model) for a gap size (G) between the two adjacent plates is:
Rj, model = G / kg
Where
kg

Thermal conductivity of the interface gas, W/m-K,

G

The gap size between two adjacent plates, m.

Thermal contact resistances ofRj and Rj, model between two adjacent plates are calculated for
32PTH2 DSC components and summarized in the following table:
Thermal Contact Resistances between Adjacent Plates
Contact Gap Assumed
in the DSC Model

0.01" air gap for DSC top/bottom
cover plates
0.005" helium gap for stainless
steel basket support plates
0.01" helium gap between outer
basket plate and transition rail

k

(1)

R12>
J

(W/m-K)

(m2·k/W)

R~model
(m -k/W)

Rj, model /Rj

0.031

2.?E-3

8.2E-3

3.0

6.2E-4

1.5

0.204

4.2E-4
1.2E-3

3.0

g

(1)

The thermal conductivity values of air at 200 °F and helium at 400 °F are considered.

(2)

The thermal contact resistance values calculated in Appendix A, Section A.3.6.7.2 and Section A.3.6.7.4 of [84.24] are
considered.

As shown in the above table, the calculated thermal contact resistances (Rj, model) for the 32PTH2
DSC model are higher than the corresponding theoretical thermal contact resistance (Rj). Further,
it should be noted that no contact pressure was considered between the adjacent plates in
determining Rj- This assumption implies that no friction exists between the adjacent plates within
the basket assembly, which adds to the conservatism considered in the 32PTH2 DSC model.
Therefore, the assumed sizes of the gaps used in the 32PTH2 DSC model are conservative.
In addition a sensitivity analysis is performed in which the gap sizes between the adjacent plates
in the basket are doubled from 0.005" to 0.01". The result of this analysis shows that the
maximum fuel cladding temperature increases only by 8 °F and remains below the allowable
limits. Considering the margins to the limits, it shows that adequate conservatism is considered
for the gap sizes between the plates in the basket. It should be noted that the presence of large
gaps between the basket plates is unrealistic as would result in an oversized basket that exceeds
the size of the DSC shell.
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Axial Decay Heat Profile for Fuel Assemblies

B.4.6.4

The axial decay heat profile for fuel assemblies considered in the 32PTH2 DSC is based on a
typical axial bumup distribution of PWR fuel assemblies with bumup range higher than 30
GWd/MTU as listed in Table 3 of [B4.6] and is shown in Table B.4.6-1 for reference. The
maximum fuel assembly average bumup allowed in the 32PTH2 DSC is 62.5 GWd/MTU, which
is considerably higher than 30 GWd/MTU considered in [B4.6]. The discussion in [B4.6] shows
that at a higher bumup, the heat flux shape tends to flatten with a reduction in the maximum
axial peaking factor in the middle region, and the flux shape becomes more pronounced in the
fuel end regions. Therefore, the application of a decay heat profile resulting for a lower bumup
(30 GWd/MTU) spent fuel assembly to a higher bumup spent fuel assembly (up to 62.5
GWd/MTU for fuel assemblies in 32PTH2 DSC) is conservative.
The active fuel length of the homogenized fuel assemblies in the 32PTH2 DSC model is divided
into 20 sections. The peaking factors from Table 3 of [B4.6] are converted as follows to match
the 20 regions defined for the active fuel length.
•

An average height is calculated for each peaking factor section of defined in Table 3 of
[B4.6].

•

An average height is calculated for each section of active fuel length defined in the model
of 32PTH2 DSC.

•

The peaking factor for each section in the DSC model is calculated by interpolation
between the peaking factors in Table 3 of [B4.6] using the average heights.

The peaking factors for fuel assemblies in the 32PTH2 DSC model are listed in Table B.4.6-2
and illustrated in Figure B.4.6-6.
As seen in Table B.4.6-2, the normalized area under peaking factor curve is smaller than 1.0. To
avoid any degradation of decay heat load, a correction factor of 1.016 calculated as follows is
used when applying the peaking factors.
. d
d C
Area under Axial Heat Profile = 0.984,
Noma11ze Area un er urve = - - - - - - - - - - Active Fuel Length
Active fuel length= 150",
.
Correct10n Factor =
B.4.6.5

1
= 1 O16
·
Normalized Area under Curve

Effective Thermal Conductivity for Plates and Gaps within 32PTH2 DSC Basket
Assembly

To simplify the 32PTH2 DSC model, various plates and the associated gaps are homogenized as
one material using effective conductivities. The following plates along with the gaps are
considered as homogenized materials in the 32PTH2 DSC model:
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a. 0.37" (3/8'') thick paired aluminum center basket plates and poison plates along with two
0.005" gaps. The gaps account for the contact resistance between the fuel compartments and
the paired aluminum poison plates on either side.
b. 0.37" (3/8'') thick center basket support plate with two 0.005" gaps. The gaps account for the
contact resistance between the fuel compartments and center basket support plates on either
side.
c. 0.3125" (5/16'') thick outer basket support plate with 0.005" gap. The gap accounts for the
contact resistance between the fuel compartments and outer basket support plates.
d. 0.30" thick outer basket plate with 0.005" gap. The gap accounts for the contact resistance
between the fuel compartments and outer basket plates. Further, this is conservative since the
0.3125" (5/16'') thick outer basket plates are modeled with 0.30" thickness.
The paired plates build up parallel thermal resistances along their length and serial thermal
resistances across their thickness. The gaps considered between the paired plates and their
adjacent basket plates at the cross-section account for the contact resistance between the plates.
For plates oriented in the 0°-180°, the effective conductivities calculated across the plates in the
ANSYS model are applied in the x direction (kacross = kxx) and the effective conductivities
calculated along the plates are applied in the y and z direction (ka1ong = kyy and kzz).
For plates oriented in the 90°-270°, the effective conductivities calculated across the plates in the
ANSYS model are applied in they direction (kacross = kyy) and the effective conductivities
calculated along the plates are applied in the x and z direction (ka1ong = kxx andkzz).
The effective conductivities calculated are based on the total thickness of the model (tmodei) for
each homogenized region and account for either an increase or decrease in the total thicknesses
of various individual plates and gaps that make up the homogenized region.
The effective conductivities of the paired plates are calculated as follows:
kalong

=

k

=

across

I

k plate · t plate + n · k gap · t gap
t
along the length (parallel resistances)
model

tmodel
k
"' plate
n . gap
k

~--+---

tplate

across the thickness (serial resistances)

t gap

where,
kplate

=

conductivity of poison plate or basket plates or basket support plates (Btu/hr-in-°F),

tplate

thickness of poison plate or basket plates or basket support plates (in),

kgap

conductivity of helium gap (Btu/hr-in-°F),
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tgap

thickness of the helium gap (in),

n

number of gaps.

The calculated effective conductivity values for the various combinations listed from a through d
above are shown in Table B.4.6-3 through Table B.4.6-6.
Effective Basket Assembly Thermal Properties for 32PTH2 DSC

B.4.6.6

The 32PTH2 basket assembly effective density, specific heat and thermal conductivity are
calculated for use in the various thermal analyses of the 32PTH2 DSC. The calculation of these
effective thermal properties is based on the DSC components' weight data provided in Chapter
B.3, Section B.3.2 and nominal dimensions of the 32PTH2 DSC provided on drawings shown in
Chapter B .1, Section B.1.5 .2.
B.4.6.6.1

Effective Density and Specific Heat

The basket assembly effective density Peffbasket, and specific heat Cp effbasket are calculated as
weight average, using the equations listed below:

P effbasket
cpeffbasket = 0.95.

= 0.95 ·

L wi = 0.95 · wsteel + w Al + wpoison + w fuel
2

Vbasket

L basket · TC • D basket / 4

L"wi . cpi = 0.95. wsteel . cpsteel + w Al . cpAl + wpoison . cppoison + w fuel . cpfuel
wsteel + w Al + w poison + w fuel

L.J wi

Where
weight of the basket assembly components,
TC I 4

Vbasket

total volume of the basket in the model =

Lbasket

basket assembly length (177.15''),

Dbasket

basket assembly OD (68.125''),

Cpi

specific heat of the basket assembly components.

· D basket

2
•

Lbasket

The specific heat and density values for various materials used are listed in Section B.4.2. The
following assumptions are used in the calculation of the basket assembly effective density and
specific heat:
•

Specific heat of SA 240, Type 304 and Aluminum 6061 are considered for stainless steel
and aluminum components, respectively.

•

For poison material Cp and p values are conservatively assumed equal to those for
Aluminum 6061.

•

For aluminum at T > 400 °F, specific heat (cp) value is conservatively assumed equal to
value at 400 °F.

•

Helium is conservatively not included in density and specific heat calculations.
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Based on Table B.3.2-1 in Section B.3.2, the total weights of the stainless steel components (fuel
compartments, center/outer basket support plates) and aluminum components (center/outer
basket plates, poison plates and transition rails) within the 32PTH2 DSC are 12,700 lbs and
17,000 lbs, respectively. However, for conservatism, the total weights of the stainless steel plates
and aluminum/poison plates/ aluminum transition rails within the 32PTH2 DSC assumed in this
calculation are 12,500 lbs and 16,500 lbs. This is conservative since assuming lower weights
reduces the effective density and specific heat of the 32PTH2 DSC basket assembly.
The effective density for the 32PTH2 DSC basket assembly is summarized in Table B.4.6-7. The
effective specific heats for 32PTH2 DSC basket assembly are summarized in Table B.4.6-8.
B.4.6.6.2

Effective Thermal Conductivity

To determine the effective thermal conductivity a slice of the 32PTH2 DSC model is used
without the DSC shell. The length of the slice model is twice the length of the paired poison
plate and center basket plates, center basket support plates and the axial gaps between them.
B.4.6.6.2. l

Axial Effective Thermal Conductivity

To calculate the axial effective conductivity of the basket assembly, constant temperature
boundary conditions are applied at the top and bottom of the slice models. No heat generation is
considered for the homogenized fuel assembly in these cases. The axial effective conductivity is
calculated using the equation listed below.

k

basket axl
'

=

Qaxt.
Aslice ·

L
~T

0 95

· ·

Where:
Qaxl

Amount of heat leaving the upper face of the slice model - reaction solution of the
uppermost nodes (Btu/hr),

L

= Length of the model= 30",

As1ice

= Surface area of the upper (or bottom) face of the basket assembly slice model= 1822
2
2
in (=n/8 X Dbasket ),

~T

(T2 -T 1) =Temperature difference between upper and lower faces of the model (°F),

T2

Constant temperature applied on the upper face of the model (°F),

T1

Constant temperature applied on the lower face of the model (°F).

Only 95% of the estimated axial effective conductivity is considered for conservatism.
In determining the temperature dependent axial effective conductivities an average temperature
T avg =(T 1 + T2)/2, is used for the basket assembly temperature. The axial effective conductivities
for 32PTH2 DSC basket assembly are listed in Table B.4.6-9.
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Radial Effective Thermal Conductivity

The basket assembly slice model is also used to calculate the transverse effective conductivity of
the basket. For this purpose, constant temperature boundary conditions are applied on the
outermost radial nodes of the slice model and heat generating conditions are applied over the fuel
elements.
The heat generation rates for the slice model of the 32PTH2 basket are calculated based on the
HLZC # 3 shown in Chapter B.2, Figure B.2.1-1 with a total heat load of 32 kW and a peaking
factor of 1.2 for PWR assemblies. The heat generation boundary conditions are applied using the
same methodology as described in Section B.4.6.2.1.
The following equation is given in [B4.18] for long solid cylinders with uniformly distributed
heat sources.

Where:
T0

Temperature at the outer surface of the cylinder (°F),

T

Maximum temperature of cylinder (°F),

q

Heat generation rate (Btu/hr-in\

ro

Outer radius = Dbasket /2 = 34.0625",

r

Inner radius = for slice model,

k

Thermal Conductivity (Btu/hr-in-°F).

The above equation is rearranged to calculate the transverse effective conductivity of the basket
assembly as follows.
q.

= Qrad
v'

kbasket rad
'

=

Qrad . r~ . 0.95 = 0.95. Qrad

4·V-~T

2n·L·~T

With
Qraa = Amount of heat leaving the periphery of the slice model - reaction solution of the
outermost nodes (Btu/hr),
L

Length of the slice model= 30",

V

Volume of the slice model= (nr02L)/2,
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ilT = (Tmax -T0 ) =Difference between maximum and the outer surface temperatures (°F).
Since the surface area of the fuel assemblies at the basket cross section is much larger than the
other components, assuming a uniform heat generation is a reasonable approximation to
calculate the radial effective conductivity.
Only 95% of the estimated radial effective conductivity is considered for conservatism.

In determining the temperature dependent transverse effective conductivities an average
temperature T avg= (Tmax+T 0 )/2, is used for the basket assembly temperature.
The transverse effective conductivities of 32PTH2 DSC basket assembly are listed in Table
B.4.6-10.
B.4.6.7

Mesh Sensitivity of 32PTH2 DSC Model

In general, the resultant temperature from a finite element model might vary when the mesh
density is increased or decreased. On the other hand, increasing the mesh density requires more
computer memory and consumes more computation time, particularly for various thermal
evaluations, whereas using a lower mesh density might not adequately capture the temperature
contours and the maximum temperatures.
To determine the appropriate mesh density for the full 32PTH2 DSC model, a 30" slice threedimensional finite element model of the 32PTH2 DSC is developed using ANSYS version 10.0
[B4.26]. The length of the slice model is twice the length of the paired poison plate and center
basket plates, center basket support plates and the axial gaps between those plates. The
dimensions used for the 32PTH2 DSC slice model are the same as those used in the 32PTH2
DSC model described in Section B.4.6.2.1.
The 32PTH2 DSC slice model is modified to create various mesh densities in both the axial and
radial directions to determine the appropriate mesh density. A mesh density is considered
acceptable for use in thermal analyses when the resultant temperature changes are insignificant
(:::;1 °F) with changes in mesh sizing in both radial and axial directions.
The slice model contains the DSC shell, aluminum transition rails, outer basket plates,
center/outer basket support plates, paired poison plate I center basket plates and homogenized
fuel assemblies. Only SOLID70 elements are used in the 32PTH2 DSC slice model.
For the mesh sensitivity analysis of 32PTH2 DSC model, a fixed temperature of 400 °F on the
outer surface of the DSC shell and a decay heat of 32 kW with HLZC # 3 are selected as
boundary conditions. A peaking factor of 1.2 is considered to apply the heat generation rate on
the homogenized fuel assemblies. Decay heat load is applied as heat generation boundary
condition over the elements representing the homogenized fuel assemblies in the mesh sensitivity
analysis. The heat generation rate used in this analysis is calculated as follows.

q"' =

ANUH-01.0150

(+-x
a La

PFJ = 0.3648 Btu I hr - in

3
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Where,

q"'

Heat generation rate (Btu/hr-in3)

q

Decay heat load per FA = 1 kW
(Multiply by 3412.3 to convert to Btu/hr),

a

Width of the homogenized fuel assembly= 8.65",

La

Length of active fuel region= 150",

PF

Peaking Factor= 1.2.

The material properties used in the 32PTH2 DSC slice model are the same as those for the
32PTH2 DSC model.
A two-step evaluation is performed to determine the proper mesh density. In the first step, the
mesh density of the model is increased gradually in the radial direction (cross section of the
32PTH2 DSC) until the changes of the maximum component temperatures were limited to ±1 °F.
Three models (see Table B.4.6-11) were developed for the mesh density analysis in the radial
direction. The lowest mesh density at which the changes of the maximum component
temperatures are limited to ±1 °F is considered as the threshold mesh density.
The threshold mesh density from the first step is chosen to increase the mesh density in the axial
direction in the second step. The mesh density in the axial direction is considered sufficient
when the changes of the maximum component temperatures were limited to ± 1 °F. Three
additional models (see Table B.4.6-11) were developed for the mesh density analysis in the axial
direction.
Figure B.4.6-7 and Figure B.4.6-8 illustrate the mesh density of various models developed for
this calculation in the radial and axial directions, respectively. The numbers of the elements for
the models used in the mesh density analysis are summarized in Table B.4.6-11 for radial and
axial directions.
The maximum 32PTH2 DSC component temperatures resulting from the models are summarized
in Table B.4.6-1-2 formesh sensitivity analysts irnhe radial direction. As seen in Table-B.4.6-12,
the changes in the maximum component temperatures are within ± 1 °F for model
"32PTH2_Sens_Medium" when the mesh density is further increased. The maximum fuel
cladding temperature change due to increased radial mesh density (Model
"32PTH2_Sens_Fine") is about +0.77 °F and is less that the criteria of ±1 °F. Therefore, in the
radial direction, the mesh density of the model "32PTH2_Sens_Medium" is considered adequate
for the thermal analysis.
Model "32PTH2_Sens_Medium" is selected for the mesh sensitivity analysis in the axial
direction. The resultant maximum 32PTH2 DSC component temperatures and the differences for
various mesh densities are presented in Table B.4.6-12 for axial mesh sensitivity analysis.
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Since the changes between the maximum 32PTH2 DSC components temperatures do not exceed
±1 °F for model "32PTH2_Sens_Medium" when compared to the axially refined models listed in
Table B.4.6-12, the mesh density of this model is considered appropriate for thermal analysis and
used to develop the full-length model of the 32PTH2 DSC described in Section B.4.6.2.1.
B.4.6.7.1

Grid Convergence Study for the NUHOMS® 32PTH2 DSC Finite Element Model

A grid convergence study of the NUHOMS® 32PTH2 DSC ANSYS finite element model is
performed to determine the discretization error of the solution. The discretization error is
determined using the five steps specified in Section 2-4.l of ASME V&V 20-2009 [B4.33]. In
addition to the discretization error, this section computes the observed order of accuracy (p) and
compares it to the theoretical order of accuracy of the ANSYS solution. Four grids are
considered for the study of the ANSYS model.
B.4.6.7.1.1

Methodology of the Grid Convergence Study

The five steps specified in Section 2-4.1 of ASME V&V 20-2009 [B4.33] to determine the
discretization error are described below.
Step 1

The representative grid size (h) based on equation 2-4-2 of ASME V&V 20-2009 [B4.33] is
calculated as:
1/3

h=

_i=_1_ _

N

Where,

N

Number of elements
Volume of the half-symmetric DSC model
7t

r 0 2 L/2=1t

* (34.875)2* 197.9 = 378,089 in3

ro

Outer radius of the 32PTH2 DSC model= 34.875 in

L

Length of the 32PTH2 DSC model= 197.9 in

Based on the above equation, four grids with increasing numbers of elements are considered to
determine the discretization error in this study. The refinement of the grids is performed in such
a way that the refinement factor (r = hcoarselhfine) is approximately 1.3. The sizes of the grids
considered for this evaluation are noted in Table B.4.6-20.
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Using the four grids, two sets of calculations are performed to determine the discretization error.
Each set is comprised of three grids based on the guidelines noted in Step 2 of Section 2-4.1 of
ASME V&V 20-2009 [B4.33]. In Set# 1, Grids# 1, 2 and 3 are considered. In Set# 2, Grids#
2, 3 and 4 are considered. In each set, the lowest number refers to the fine grid and the largest
number refers to the coarse grid.
For each set, the representative cell sizes h 1, h2 andh3 correspond to the fine, intermediate and
coarse meshes of that set. Further for each set, the refinement factors for the intermediate mesh
to fine mesh and for the coarse mesh to intermediate mesh are defined as:

Step2
Using the four grids described in Step 1, the bounding thermal condition for storage is reevaluated for the grid convergence study. Based on the thermal evaluations presented in Section
B.4.4.2, the off-normal storage condition (Load Case# S3) envelops the normal storage
conditions and is chosen for this evaluation. Among the various temperatures obtained, the
maximum fuel cladding temperature is considered as the key simulation variable (<l>) to
determine the discretization error.
For each set, the maximum fuel cladding temperatures, i.e., the key simulation variables, <1> 1, <1> 2
and <1> 3, correspond to the fine, intermediate and coarse meshes of that set.

Step 3
Based on the refinement factors (r) and simulation variables (<I>) determined in Steps 1 and 2, the
observed order of accuracy (p) of the solution is computed based on equations 2-4-5 through 2-47 of ASME V&V 20-2009 [B4.33]. The observed order of accuracy (p) is defined as:

=[

1 ][in E32 + q(p)]
ln(r21 )
c21
Where,
p

q(p) = ln(r21:-s)
r32 -s

s = 1* sign(c32 )
E21

C32

=<A -¢2

E21 =f/J2 -f/J1
<A = Maximum fuel cladding temperature of the i th grid in each set (°F)
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Based on the equations listed above, the observed order of accuracy (p) is computed iteratively.
The observed order of accuracy (p) of the ANSYS model will be compared to the theoretical
order of the ANSYS solution in Section B.4.6.7.1.3.
ANSYS uses the Newton-Raphson method to solve the non-linear problems [B4.26], which is
second order convergent as noted on Page 34 of [B4.34]. Thermal evaluations with temperature
dependent thermal conductivities are considered as nonlinear. This shows that all simulations for
the 32PTH2 DSC are nonlinear in nature. Therefore, an order of accuracy (Pmethod) of 2 is
expected for the ANSYS solution.

Step 4
Using the values determined in Steps 2 and 3, the extrapolated value, based on equation 2-4-8 of
ASME V&V 20-2009 [B4.33] is calculated as:

The discretization error for the fine grid in each set is computed in Step 5 based on the relative
error and the grid convergence index (GCI) between the fine and intermediate meshes in each
set.

Step5
The relative error based on equation 2-4-9 of ASME V&V 20-2009 [B4.33] is computed as:

Using the relative error, the GCI for the fine grid based on equation 2-4-12 of ASME V&V 202009 [B4.33] is computed as:

* 21
GCl21 = Fs ea
fine
p
r21 - 1
Since three grids are used, a factor of safety (Fs) equal to 1.25 is used as noted in Step 5, Section
2-4-1 of [B4.33]. The discretization error is considered equal to the GCI without any error
distribution based on Page 14 of ASME V&V 20-2009 [B4.33]and is computed as:
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Computations for the Grid Convergence Study

As noted in Steps 1and2 of the methodology described in Section B.4.6.7.1.1, Load Case# S3
shown in Table B.4.6-14 is re-evaluated using the four grids listed in Table B.4.6-20 in two sets
of calculations. As shown in Table B.4.6-20, the maximum number of elements for the 32PTH2
DSC model used in this study ranges from 223,080 elements to 2,981,768 elements. Out of the
four grids considered, Grid # 3 with 1,267, 792 is identical to the thermal model used for the
thermal analysis in Section B.4.6.2. Therefore, the maximum fuel cladding temperature for Load
Case # S3 as noted in Table B.4.6-14 is used in this study for Grid # 3.
For the remaining three grids, the ANSYS models are developed to determine the maximum fuel
cladding temperature using the methodology described in Section B.4.6.2. Since the axial mesh
density is altered for these grids, the peaking factors are updated based on the updated axial
segments using the same methodology described in Section B.4.6.4. The peaking factors for Grid
# 4 are not changed since it adds axial segments without altering the existing ones used in
Section B.4.6.4.
Further, since the mesh is altered, the 32PTH2 DSC shell temperatures from the AHSM-HS in
Section B.4.4.3 are mapped to the 32PTH2 DSC model.
The maximum fuel cladding temperatures resulting for each grid size are summarized in Table
B.4.6-21. Using the maximum fuel cladding temperatures listed in Table B.4.6-21, the
discretization error and the observed order of accuracy are computed using Steps 3 through 5
described in Section B.4.6.7.1.1.
B.4.6.7.1.3

Results and Discussion of the Grid Convergence Study

Using the methodology and the computations described in Sections B.4.6.7.1.1 and B.4.6.7.1.2,
the grid convergence study is performed for the 32PTH2 DSC ANSYS finite element model. The
results of the grid convergence study are listed in Table B.4.6-22.
As seen from Table B.4.6-22, the discretization error (Unum) is 6.24 °F for the fine grid in Set# 1
with Grids # 2, 3 and 4. Therefore, the maximum fuel cladding temperature for the fine grid
within Set# 1 including the discretization error is 733.35 °F (<1>1 +Unum= 727.11+6.24).
Similarly as shown in Table B.4.6-22, the discretization error (Unum) is 2.70 °F for the fine grid
in Set# 2 with Grids# 1, 2 and 3. Therefore, the maximum fuel cladding temperature for the fine
grid within Set# 2 including the discretization error is 732.00 °F (<1>1 +Unum= 729.30 + 2.70).
The absolute discretization error for the fine grid in each set decreases with increase in the mesh
refinement. Further, the maximum fuel cladding temperatures for both Set# 1 and Set# 2
including the discretization error, are approximately the same. This shows that the maximum fuel
cladding temperatures determined using Grids # 3 and 4 are close to the asymptotic range of
maximum fuel cladding temperatures with an absolute error of approximately 6 °F for Grid # 3.
In addition, based on the information regarding GCI from [B4.35],

ANUH-01.0150

B.4.6-18
Appendix B is newly added in Revision 7 by Amendment 3.

Advanced NUHOMS® System Updated Final Safety Analysis Report

Rev. 7, 08/16

" ... the GCI is a measure of the percentage the computed value is away from the
value of the asymptotic numerical value. It indicates an error band on how far the
solution is from the asymptotic value. It indicates how much the solution would
change with a further refinement of the grid. A small value of GCI indicates that
the computation is within the asymptotic range ... "
The fine grid GCI is less than 1% for both sets, as shown in Table B.4.6-22. Based on the
discussion in [B4.35], this small value of GCI indicates that the computed maximum fuel
cladding is close to the asymptotic value and therefore the computed results are in the asymptotic
range.
The observed order of accuracy (p) computed for both Set# 1 and Set# 2 is 2.17 and 2.39,
respectively. The small difference in the observed order of accuracy (p) is due to the difference
in the refinement factors between the two sets. The theoretical order of accuracy of the ANSYS
solution is 2 as noted in Step 3 of Section B.4.6.7.1.1. This shows that the theoretical order of the
ANSYS solution and the observed accuracy (p) are comparable.
Figure B.4.6-20, shows the maximum fuel cladding temperature as a function of the number of
elements. As seen from Figure B.4.6-20, the maximum fuel cladding temperature resulting from
the various grids display monotonic convergence. However, the amount of temperature increase
from one grid to the next is reduced with increase in the mesh refinement. Further, as seen from
Table B.4.6-21 and Table B.4.6-22, an increase of2.5 times in the element count from Grid# 3
with approximately 1.2 million elements to Grid # 4 with approximately 3 million elements
results in a maximum fuel cladding temperature increase of 2 °F. This shows that the use of Grid
# 3 to evaluate the thermal performance of the 32PTH2DSC is acceptable.
Further, for all conditions of normal storage, the maximum fuel cladding is less than 727 °F as
noted in Table B.4.6-14 with a margin of 25 °F to the fuel cladding temperature limit of 752 °F
[B4.3]. This margin to the fuel cladding temperature is significantly larger than the maximum
discretization error of 6 °F computed in Table B.4.6-22. Therefore, the thermal evaluation
performed using Grid # 3 remains valid and acceptable.
B.4.6.8

Sensitivity Study for Effects of Damaged Fuel Assemblies

The 32PTH2 DSC is designed to store 32 intact or up to 16 damaged and remaining intact fuel
assemblies. Up to 16 damaged fuel assemblies can place in cells located at the outer edge of the
32PTH2 basket as shown in Chapter B.2, Figure B.2.1-1.
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The cladding of damaged fuel assemblies can experience further damages due to a postulated
drop accident considered during transfer operations in an OS200FC TC. To bound the effect of
these damages, a sensitivity analysis is conducted considering the worst case condition, in which
the damaged fuel assemblies become rubble. Following the rationale in NUREG/CR-6835
[B4.7], it is assumed that the fuel rods do not shatter into very small pieces and the fuel rubble is
not in a tightly compacted mass. Instead, the fuel rubble is assumed to be 50% void by volume.
To provide the maximum heat generation, the fuel rubble is assumed to be contained within the
original active fuel volume, albeit in the lower portion of the original volume. Consistent with
NUREG/CR-6835, the axial-bumup variation in the rubble is also assumed to be uniform. The
heat generation rate used for the fuel rubble is calculated as:

Where,

q"'

Heat generation rate (Btu/hr-in3)

q

Decay heat load per fuel assembly in Zone 3 ofHLZC # 1=1.0 kW,
(Multiply by 3412.3 to convert kW to Btu/hr),

a

Width of the homogenized fuel assembly= 8.65",

La

Active fuel length= 150".

The height of the fuel rubble with the assumption of 50% void by volume is determined based on
the volume of fuel rods. The fuel rubble height (HRubbte) is calculated as follows:
(ODFuelRod)2 X (n)

VRubble

Vuo2,compactl 0.5 = 5166/0.5 = 10331 in
2
2
VRubble I a = 10331/8.65 = 138 in,

HRubble

X

(La)= 0.382

2

V U02, Compact

X

236

X
3

150 = 5166 in

3

,

,

Where
ODFuelRod

= Outer diameter of fuel rods= 0.382 in,

n

= Number of fuel rods = 236,

Vu02, compact

Volume of the fuel rods (in3),

VRubble

Volume of the fuel rubble with 50% void volume (in3).

For the fuel assemblies considered within the 32PTH2 DSC, the fuel rubble height is calculated
as 138" and is summarized in Table B.4.6-13. However, for conservatism, a fuel rubble height of
136.75" is considered in the model.
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The bounding accident condition i.e. loss of neutron shield with loss of air circulation (Load
Case T9, see Table B.4.5-1) is considered for this evaluation to determine the bounding
temperature. In the sensitivity run, the heat generation rate corresponding to the damaged fuel
assemblies is applied uniformly over the fuel rubble height of 136.75" concentrated at the bottom
axial portion of the original active fuel volume with a peaking factor of one. The DSC shell
temperature profile retrieved from the OS200FC TC model for Load Case T9 is applied as
boundary conditions for the 32PTH2 DSC model.
To bound the uncertainty of effective thermal conductivity for the fuel rubble region, helium
conductivity is selected for the elements within the outer 16 fuel compartments that are loaded
with damaged fuel assemblies. The results of the sensitivity study are discussed in Section
B.4.6.9.
B.4.6.9

32PTH2 DSC Thermal Analysis Results

The 32PTH2 DSC components are evaluated herein for normal, off-normal, and accident
conditions of storage and transfer over a range of design basis ambient temperatures. Ambient
temperatures for normal and off-normal storage conditions are assumed to occur for a sufficient
duration such that a steady-state temperature distribution exists within the components.
For Load Case TIO, as stated in Section B.4.5.4.3, to conservatively bound the effect of the
lower initial conditions, the maximum temperature difference for each component from Section
4.5, Table B.4.5-12 is added to the maximum temperatures calculated using the ANSYS finite
element model.
The maximum fuel cladding temperatures during normal, off-normal, and accident conditions of
storage and transfer are listed in Table B.4.6-14 and Table B.4.6-15, respectively. The maximum
temperatures of the basket assembly components are listed in Table B.4.6-16 and Table B.4.6-17
for storage and transfer conditions, respectively.
Figure B.4.6-9 and Figure B.4.6-10 present the typical 32PTH2 DSC temperature distributions
for storage conditions. The time-temperature histories for 32PTH2 DSC components during
transient blocked vent accident conditions are shown in Figure B.4.6-11.
Figure B.4.6-12 through Figure B.4.6-15 present the typical 32PTH2 DSC temperature
distributions for various transfer conditions. The time-temperature histories for 32PTH2 DSC
components during transient transfer conditions are shown in Figure B.4.6-16 through Figure
B.4.6-18.
The average temperatures for the fuel assemblies and the assembly components are listed in
Table B.4.6-18. The average temperatures are used for thermal expansion and DSC internal
pressure calculations.
The maximum component temperatures for a 32PTH2 DSC loaded with damaged fuel
assemblies resulting from the sensitivity analysis described in Section B.4.6.8 for the loss of
neutron shield with loss of air circulation accident condition (Load Case T9 with 16 damaged
fuel assemblies) are compared to the corresponding values for the 32PTH2 DSC with intact only
fuel assemblies in Table B.4.6-19.
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As seen in Table B.4.6-19, the maximum fuel cladding temperature is 900 °F for a 32PTH2 DSC
loaded with damaged fuel assemblies wherein thermal conductivity of rubble is conservatively
considered as helium conductivity. This corresponds to a temperature increase of 13 °F when
compared to the maximum fuel cladding temperature for the 32PTH2 DSC loaded with intact
fuel for Load Case T9. Therefore, considering the large margin of 158 °F for the maximum fuel
cladding temperature to the accident limit of 1058 °F [B4.3], this change does not affect the
thermal performance of the 32PTH2 DSC.
Typical component temperature plots for a 32PTH2 DSC with 16 damaged fuel assemblies for
the loss of neutron shield with loss of air circulation accident condition are shown in Figure
B.4.6-19.
B.4.6.10

Maximum Internal Pressures for the 32PTH2 DSC

Maximum internal pressure within the 32PTH2 DSC is calculated in Section B.4.7. A summary
of the maximum operating pressures for the 32PTH2 DSC is presented in Table B.4.7-1.
B.4.6.11

Evaluation of 32PTH2 DSC Thermal Performance

As presented in Table B.4.6-14 and Table B.4.6-15, the maximum fuel cladding temperatures are
below the allowable fuel temperature limit of752 °F (400 °C) [B4.3] for normal storage and
normal/off-normal transfer conditions. The 50% blockage of the ASHM-HS inlet vents are
considered as an off-normal condition.
The complete blockage of the AHSM-HS inlet and outlet vents during storage and the loss of
liquid neutron shield in combination with failure of the air circulation during transfer are
considered as accident conditions. As shown in Table B.4.6-14 and Table B.4.6-15, the
maximum fuel cladding temperatures remain well below the allowable fuel temperature limit of
1058 °F (570 °C) [B4.3] for off-normal storage and accident conditions.
The time limits required for transfer operation to maintain the fuel cladding temperature below
the allowable limits are discussed in Section B.4.5 and summarized in Figure B.4.5-10.
As presented in Table B.4.7-1, the maximum 32PTH2 DSC internal pressures for normal, offnormal, and accident conditions are 9.4 psig, 18.2 psig, and 124 psig, respectively. These values
are calculated based on bounding transfer and storage conditions as documented in Section
B.4.7. The calculated DSC internal pressures are lower than the design pressure limits of 15 psig
for normal, 20 psig for off-normal, and 140 psig for accident storage and transfer conditions.
Hence, the NUHOMS® 32PTH2 DSC design meets all applicable thermal requirements for
normal, off-normal, and accident conditions.
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Table B.4.6-1
Peaking Factors for a Typical PWR Fuel Assemblies
% of Core Height

[84.6]
0.00
2.78
8.33
13.89
19.44
25.00
30.56
36.11
41.67
47.22
52.78
58.33
63.89
69.44
75.00
80.56
86.11
91.67
97.22
100.00

ANUH-01.0150

Length
(in)

0.00
4.17
12.50
20.84
29.16
37.50
45.84
54.17
62.51
70.83
79.17
87.50
95.84
104.16
112.50
120.84
129.17
137.51
145.83
150.00 .

Peaking Factor

[84.6]
0.000
0.652
0.967
1.074
1.103
1.108
1.106
1.102
1.097
1.094
1.094
1.095
1.096
1.095
1.086
1.059
0.971
0.738
0.462
0.000
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Table B.4.6-2
Peaking Factors for Fuel Assemblies in the 32PTH2 DSC Model
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Table B.4.6-3
Effective Thermal Conductivity for Paired Poison Plate/Aluminu"?- Center
Basket Plates/ Helium Gaps in 32PTH2 Basket
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Table B.4.6-4
Effective Thermal Conductivity for 3/8" Stainless Steel Center Basket
Support Plates/Helium Gaps in 32PTH2 Basket
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Table B.4.6-5
Effective Thermal Conductivity for 5116" Stainless Steel Outer Basket
Support Plates/Helium Gap in 32PTH2 Basket
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Table B.4.6-6
Effective Thermal Conductivity for Aluminum Outer Basket Plates/ Helium
Gap in 32PTH2 Basket
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Table B.4.6-7
Effective Density for 32PTH2 DSC Basket Assembly
Components

Fuel Assembly
Stainless Steel Components
(Fuel Compartments, Center/Outer
Basket Support Plates)
Aluminum Components
(Center/Outer Basket Plates, Poison
Plates and Transition Rails)
Total

Material

Total Weight
(lbm)

---

49600

SS304

12500

Aluminum

16500

Dimension
Dbasket

68.125

in

Lbasket

177.15

in

Vbasket

645720

in

0.116

1bm/in

Pelf basket
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B.4.6-29
Appendix B is newly added in Revision 7 by Amendment 3.

3
3

Rev. 7, 08/16

Advanced NUHOMS® System Updated Final Safety Analysis Report

Table B.4.6-8
Effective Specific Heat for 32PTH2 DSC Basket Assembly

Components

Fuel
Assembly

Fuel
Compartments,
Center/Outer
Basket Support
Plates

Center/Outer
Basket Plates,
Poison Plates
and Transition
Rails

Total

Material

---

Stainless Stee1< 1l

Aluminum< 1l

---

Weight (lbm)
T

49600

12500

16500

78600
Lm.Cp
(Btu/ °F)

Cp elf basket
(Btu/lbm-°F)

7814
7904
8259
8527
8740
8857
8950
9052
9101
9151
9200

0.094
0.096
0.100
0.103
0.106
0.107
0.108
0.109
0.110
0.111
0.111

(oF)

m.Cp
(Btu/ °F)

m.Cp
(Btu/ °F)

m.Cp
(Btu/ °F)

70
100
200
300
400
500
600
700
800
900
1000

2858
2915
3108
3256
3337
3417
3497
3574
3611
3648
3684

1425
1425
1488
1525
1575
1613
1625
1650
1663
1675
1688

3531
3564
3663
3746
3828
3828
3828
3828
3828
3828
3828

(1)

Specific heat values for stainless steel and aluminum are listed in Section 8.4.2.
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Table B.4.6-9
Effective Axial Conductivity for 32PTH2 DSC Basket Assembly
Tavg

Oaxl

kbasket,axl

(oF)

T2
(oF)

(oF)

(Btu/hr)

(Btu/hr-in-°F)

50
150
250
350
450
550
650
750
850
950

150
250
350
450
550
650
750
850
950
1050

100
200
300
400
500
600
700
800
900
1000

13405
13658
13872
14052
14119
14166
14215
14261
14292
14318

2.097
2.136
2.170
2.198
2.208
2.216
2.223
2.230
2.235
2.239

T1
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Table B.4.6-10
Effective Radial Conductivity for 32PTH2 DSC Basket Assembly

ANUH-01.0150

To

TMAX

Tavg

Orad

kbasket,rad

(oF)

(oF)

(oF)

(Btu/hr)

(Btu/hr-in-°F)

0
100
200
300
400
500
600
700
800
900
1000
1100

406
485
563
643
725
808
893
980
1069
1162
1259
1357

203
293
382
471
562
654
747
840
934
1031
1129
1228

13099
13099
13099
13099
13099
13099
13099
13099
13099
13099
13099
13099

0.163
0.172
0.182
0.193
0.203
0.214
0.225
0.236
0.246
0.252
0.255
0.257
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Table B.4.6-11
Mesh Density in the Radial and Axial Directions
Radial Direction
From Z=O to Z=1.75"
Segment
Model Name (ID)
Fuel Assembly
Basket Assembly
Components
Transition Rails and DSC
Shell
For the entire 30" Slice
Model
Total No of Elements

Number of Elements in Cross Section
32PTH2_Sens_Coarse

32PTH2_Sens_Medium

32PTH2_Sens_Fine

3520

5696

8384

1484

1786

2086

540

542

654

---

---

---

127512

184552

255852

Axial Direction
Model Name (ID)

No. of Segments in
Axial Direction

Total No. of Elements

32PTH2- Sens- Medium
32PTH2_Sens_CoarseA
32PTH2- Sens- MediumA
32PTH2_Sens_FineA

23
33
47
61

184552
264792
377128
489464
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Table B.4.6-12
Maximum Component Temperatures for Different Mesh Density in Radial
and Axial Directions
Radial Direction
Model Name (ID)

32PTH2_Sens
- Coarse

Component

32PTH2_Sens
- Medium

32PTH2_Sens
- Fine

Maximum Temperature (°F)

Fuel Cladding
Fuel Compartment
Poison/ Center Basket
Plates
Transition Rail
DSC Shell

726.18
697.86

727.55
699.46

728.32
700.39

695.94

697.40

698.40

484.16
403.74

484.37
403.75

484.55
403.75

AT (°F)

AT (°F)

T 32PTH2 Sens Medium T32PTH; Sen~_Coarse

T32PTH2 Sens Fine T32PTH2_~ens_-;,,edium

1.37
1.60

0.77
0.93

1.46

1.00

0.21
0.01

0.18
0.00

Component

Fuel Cladding
Fuel Compartment
Poison/ Center Basket
Plates
Transition Rail
DSC Shell
Axial Direction
Model Name (ID)

32PTH2_Sens
- Medium

32PTH2_Sens
_CoarseA

727.55
699.46

728.29
700.14

728.62
700.53

728.76
700.70

697.40
484.37
403.75

698.18
484.33
403.75

698.54
484.34
403.74

698.69
484.34
403.74

Component

Fuel Cladding
Fuel Compartment
Poison/ Center
Basket Plates
Transition Rail
DSC Shell

Component

Fuel Cladding
Fuel Compartment
Poison/ Center
Basket Plates
Transition Rail
DSC Shell

ANUH-01.0150

32PTH2_5ens
- MediumA

32PTH2_Sens
- FineA

Maximum Temperature (°F)

AT (°F)

AT (°F)

AT (°F)

T32PTH2_Sens_CoarseA
-T32PTH2 Sens_Medium

T32PTH2 Sens MediumA
-T32PTH~ Sen~ CoarseA

T32PTH2 Sens FineA T32PTH2 ~ens -;,,ediumA

0.74
0.68

0.33
0.39

0.14
0.17

0.78
-0.04
0.00

0.36
0.01
0.01

0.15
0.00
0.00
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Table B.4.6-13
Fuel Assembly Rubble Height in a Fuel Compartment for 32PTH2 DSC
236
150
0.382

No. Fuel Rods
Active Fuel Length, in
Fuel Rod OD, in

vU02, Compact, .3
In
VRubble.

5166

3

in (50% Void Volume)

Fuel Assembly Rubble Length, in

ANUH-01.0150

10331
138
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Table B.4.6-14
Maximum Fuel Cladding Temperatures for Storage Conditions
Load
Case
No.( 1>

Load Case Description

Time
(hr)( 3l

Fuel
Cladding

Limit

(oF)

(oF)
[84.3]
7S2

S1(2 )

Normal Hot Storage, 37.2 kW (HLZC#1)

00

<727

S2(2 )

Normal Cold Storage, 37.2 kW (HLZC#1)

00

<727

S3

Off-normal Hot storage, 37.2 kW (HLZC#1)

00

727

S3A

Off-normal Hot Storage, 37.2 kW (HLZC#1)
and SO% AHSM-HS Inlet Vent Blockage.

00

730

S4

Off-normal Hot Storage, 3S.2 kW (HLZC#2)

00

707

SS

Off-normal Hot Storage, 32.0 kW (HLZC#3)

00

670

SSA

Off-normal Hot Storage, 31.2 kW (HLZC#4)

00

643

S6

Off-normal Cold Storage, 37.2 kW (HLZC#1)

00

613

S7

Accident storage, 37.2 kW (HLZC#1 ), Blocked
Vents, Transient

40

8S7

10S8

(1)

See Table B.4.4-1 for detail descriptions of load cases.

(2)

The results for hot and cold normal storage conditions (Load Cases S1 and S2) are bounded by the results for hot off-normal
storage condition (Load Case S3).

(3)

Symbol of "oo" indicates a steady-state analysis.
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Table B.4.6-15
Maximum Fuel Cladding Temperatures for Transfer Conditions
Fuel
Cladding

Load
Case No.( 1)

Load Case Description

T1( 2l

Normal Hot Transfer, Horizontal, 32.0 kW
(HLZC#3)

00

<730

T2(2l

Normal Cold Transfer, Horizontal, 32.0
kW (HLZC#3)

00

<730

00(4)

730

Time
(hr)( 3l

(oF)

T3

Off-Normal Hot Transfer, Horizontal, 32.0
kW (HLZC#3)

T4(2l

Off-Normal Cold Transfer, Horizontal, 32.0
kW (HLZC#3)

00

<730

TSA

Normal Hot Transfer, Vertical, 31.2 kW
(HLZC#4)

00

725

TS

Normal Hot Transfer, Vertical Transient,
32.0 kW (HLZC#3)

75

718

T6

Normal Hot Transfer, Vertical Transient,
37.2 kW (HLZC#1)

36

715

T7

Off-Normal Hot Transfer, Horizontal
Transient, 37.2 kW (HLZC#1)

36

711

TB

Off-Normal Hot Transfer, Horizontal, Air
Circulation, 37.2 kW (HLZC#1)

00

711

T9

Accident, Loss of Neutron Shield with
Loss of Air Circulation, 37.2 kW (HLZC#1)

00

887

T10

Off-Normal, Air Circulation turned-off for
off-loading DSC to AHSM-HS or Air
Circulation Failure during Transfer
Operation, 37.2 kW (HLZC#1)

12

727

T11

Normal Hot, Vertical, Initial Conditions,
37.2 kW (HLZC#1)

00

572

T12

Normal Hot, Vertical Steady-State, Initial
Conditions, 32.0 kW (HLZC#3)

00

540

Limit

(oF)
[84.3]

752

1058

752

(1)

See Table B.4.5-1 for detail descriptions of load cases.

(2)

The results for normal hot, cold and off-normal cold transfer conditions (Load Cases T1, T2 and T4) are bounded by the
results for hot off-normal storage condition (Load Case T3).

(3)

Symbol of "00 " indicates a steady-state analysis.

(4)

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 :5 32.0 kW (HLZC #3) for conservatism.
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Table B.4.6-16
Maximum 32PTH2 DSC Component Temperatures for Storage Conditions
Load
Case
No.< 1>

Time
(hr)<3 >

s1<2>
s2<2>
S3
S3A
S4
SS
SSA
S6
S7 <3 >

<704
<704
704
707
680
637
616
S84
839

(Of)

Top
Shield
Plug

Bottom
Shield
Plug

(Of)

(Of)

<493
<493
493
497
477
4S1
444
363
6S6

<282
<282
282
286
27S
264
261
126
420

<317
<317
317
320
309
29S
292
178
409

Fuel
Compartment

Transition
Rails

(Of)

<704
<704
704
707
679
637
616
S84
839

DSC
Shell
(Of)

<420
<420
420
42S
408
388
382
292
612

(1)

See Table B.4.4-1 for detail descriptions of load cases.

(2)

The results for hot and cold normal storage conditions (Load Cases 81 and 82) are bounded by the results
for hot off-normal storage condition (Load Case 83).

(3)

The temperatures for Load Case 87 are calculated at 40 hours for blocked vent accident condition.
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Table B.4.6-17
Maximum 32PTH2 DSC Component Temperatures for Transfer Conditions
Load
Case
No.<1 >

T1<2>
T2<2>
T3
T4< 2>
TSA
TS
T6
T7
TS
T9
T10
T11
T12

Time
(hr) 131
00
00
00(4)
00
00

75
36
36
00
00

12
00
00

Fuel
Compartment
(oF)

Transition
Rails
(oF)

Top
Shield
Plug
(oF)

Bottom
Shield
Plug
(oF)

DSC
Shell
(oF)

<700
<700
700
<700
702
691
694
683
685
869
704
540
498

<529
<529
529
<529
529
509
504
506
490
676
523
311
296

<431
<431
431
<431
456
416
377
367
297
552
400
282
272

<441
<441
441
<441
469
429
387
375
233
564
321
264
256

<473
<473
473
<473
467
449
441
449
408
615
445
262
254

(1)

See Table B.4.5-1 for detail descriptions of load cases.

(2)

The results for normal hot, cold and off-normal cold transfer conditions (Load Case T1, T2 and T4,) are
bounded by the results for hot off-normal storage condition (Load Case T3).

(3)

Symbol of "00 " indicates a steady-state analysis.

(4)

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 ands 32.0 kW (HLZC
#3) for conservatism.
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Table B.4.6-18
Average Temperatures of32PTH2 DSC Components for Storage and
Transfer Conditions
Component

Hottest DSC Section (5)

Load
Case
No. 111

Time
(hr) 141

Fuel
Assembly
(oF)

Cavity
Gas
(oF)

DSC
Shell
(oF)

Fuel
Compartment
(oF)

R90
Transition
Rail@ 180°
(oF)

R90
Transition
Rail@0°
(oF)

DSC
Shell
(oF)

S1 <2>

00

<586

<426

<387

<S93

<462

<471

<409

S2 <2>

00

<586

<426

<387

<S93

<462

<471

<409

S3

00

586

426

387

593

462

471

409

S3A

00

590

430

390

597

464

475

412

S4

00

565

413

376

S71

448

456

397

SS

00

531

392

357

S3S

424

432

377

SSA

00

521

386

353

S24

' 418

426

372

S6

00

467

294

249

470

339

337

273

S7

40

726

571

552

742

612

638

S89

T1<

3>

00

<594

<474

<430

<598

<448

<S15

<443

T2<

3>

00

<594

<474

<430

<S98

<448

<S15

<443

T3

00

594

474

430

S98

448

515

443

T4<3>

00

<594

<474

<430

<S98

<448

<515

<443

TSA

00

609

496

454

612

512

512

46S

TS

75

590

471

433

S94

492

492

446

T6

36

591

4S4

421

S97

484

484

438

T7

36

577

438

402

583

423

489

419

440<5>

346

TS

00

546

303

295

566

440<5>

T9

00

751

613

571

764

616

658

597

T10

12

580

4SO

405

604

464

502

42S

T11

00

429

286

215

423

286

286

213

T12

00

397

275

215

391

276

276

213

(1)

See Table B.4.4-1 and Table B.4.5-1 for a description of the load cases.

(2)

The results for hot and cold normal storage conditions (Load Cases S1 and S2) are bounded by the results for hot off-normal
storage condition (Load Case S3).

(3)

The results for hot and cold normal storage conditions (Load Cases S1 and S2) are bounded by the results for hot off-normal
storage condition (Load Case S3).

(4)

Symbol of "oo" indicates a steady-state analysis.

(5)

Average values are based on the hottest 32PTH2 DSC cross section at the maximum fuel cladding temperature.

(6)

The average of all rails at the hottest cross section is considered.
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Table B.4.6-19
Maximum Temperatures for 32PTH2 DSC with Damaged Fuel Assemblies

32PTH2, 37.2 kW,
Load Case T9, Intact Fuel
(see Table B.4.6-15 and Table
B.4.6-17)
32PTH2, 37.2 kW,
Load Case T9,
(16 Intact FAs and 16 Damaged
FAs
as Rubble with Helium Conductivity)
Maximum Difference

ANUH-01.0150

Fuel Cladding
(oF)

Fuel
Compartment
(oF)

Transition
Rails
(oF)

887

869

676

900

883

679

+13

+14

+3
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Table B.4.6-20
Grid Sizes and Refinement ~actors

ANUH-01.0150

Set# 1
(Grid# 1, 2, 3)

Set#2
(Grid# 2, 3, 4)

N1

1267792 (Grid# 3)

2981768 (Grid# 4)

Nz

468732 (Grid # 2)

1267792 (Grid # 3)

N3

223080 (Grid # 1)

468732 (Grid# 2)

h1

0.67

0.5

hz

0.93

0.67

h3

1.19

0.93

rz1

1.39

1.34

r32

1.28

1.39
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Table B.4.6-21
Maximum Fuel Cladding Temperatures

ANUH-01.0150

Set# 1
(Grid# 1, 2, 3)

Set#2
(Grid # 2, 3, 4)

Cl>1 (°F)

727.11 [Table B.4.6-14]

729.30

Cl>2 (°F)

721.94

727.11 [Table B.4.6-14]

Cl>3 (°F)

714.76

721.94

ct>Avg (°F)

721.27

726.12

E21= Cl>2- Cl>1 (°F)

-5.17

-2.19

E32 = ct>3 _ct>z (° F)

-7.18

-5.17
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Table B.4.6-22
Discretization Error of the 32PTH2 DSC Finite Element Model
Uncertainty in Maximum Fuel Cladding
Set# 1
(Grid# 1, 2, 3)

Set#2
(Grid # 2, 3, 4)

N1

1267792

2981768

N2

468732

1267792

N3

223080

468732

h1

0.67

0.5

h2

0.93

0.67

h3

1.19

0.93

r21

1.39

1.34

r32

1.28

1.39

<1>1

(°F)

727.11

729.30

<1>2

(°F)

721.94

727.11

<l>3

(°F)

714.76

721.94

721.27

726.12

£21 = <1>2 - <1>1

-5.17

-2.19

£32 = <l>3 _<l>2

-7.18
2.17
732.10
5.17
1.25
6.24
6.24

-5.17
2.39
731.46
2.19
1.25
2.70
2.70

<l>Avg

(°F)

p
<l>

21

ext (°F)

e21a

Fs
2

GCl \ine
Unum {°F)
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Figure B.4.6-1
Finite Element Model of 32PTH2 DSC - Longitudinal Section
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Figure B.4.6-2
32PTH2 DSC Model - Cross Section
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Figure B.4.6-3
32PTH2 DSC Model - Gaps in the Basket Assembly
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Figure B.4.6-4
32PTH2 DSC Model - Axial Ga ps at DSC Ends
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Figure B.4.6-5
Typical Boundary Conditions for 32PTH2 DSC Model
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Figure B.4.6-6
Peaking Factor Curve for PWR Fuel Assemblies
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Figure B.4.6-7
Mesh Densities of 32PTHT2 DSC Model in Radial Direction
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Mesh Densities of 32PTH2 DSC Model in Axial Direction
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Figure B.4.6-9
Temperature Plots for 32PTH2 DSC
Off-Normal Storage @ 117 °F, 37.2 kW/HLZC#l (Load Case S3)
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Temperature Plots for 32PTH2 DSC
Blocked Vent @ 40 Hour, 117 °F, 37.2 kW/HLZC#l (Load Case S7)
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Time-Temperature Histories for 32PTH2 DSC, Blocked Vent,
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Temperature Distribution for 32PTH2 DSC with 31.2 kW in OS200FC TC,
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Figure B.4.6-13
Temperature Distribution for 32PTH2 DSC with 37.2 kW in OS200FC TC,
without Air Circulation, Off-Normal Hot, Horizontal Transient Operations
at 36 hrs (Load Case T7)
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Figure B.4.6-14
Temperature Distribution for 32PTH2 DSC with 37.2 kW in OS200FC TC,
with Air Circulation , Off-Normal Hot, Horizontal Steady-State Operations
(Load Case TS)
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Figure B.4.6-15
Temperature Distribution for 32PTH2 DSC with 37.2 kW in OS200FC TC,
Accident, Loss of Neutron Shield with Loss of Air Circulation Accident
Condition (Load Case T9)
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Figure B.4.6-16
Temperature Time History for 32PTH2 DSC with 37.2 kW in OS200FC TC,
without Air Circulation, Normal Hot, Vertical Transient Operations (Load
Case T6)
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Figure B.4.6-17
Temperature Time History for 32PTH2 DSC with 37.2 kW in OS200FC TC,
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Figure B.4.6-18
Temperature Time History for 32PTH2 DSC with 37.2 kW in OS200FC TC,
Air Circulation turned off/ Air Circulation Failure during Transfer
Operations (Load Case # TlO)
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B.4.7 Maximum Internal Pressures
The calculation of the maximum internal pressures for the 32PTH2 DSC is described in this
section for normal, off-normal, and accident conditions. The calculations account for the
32PTH2 DSC free volume, the quantities of DSC backfill gas, fuel rod fill gas, and fission
products and the average DSC cavity gas temperature. The internal DSC pressures are then
calculated using ideal gas law (PV=nRT).
( 1.4504*10p

4

p;~a) * (ntotal) * R * Tcavity,avg * (5 / 9K/

0

R)

=~~~~~~~~~~~~~~~~~~~~~

DSC

Vfree_in_cavity *(1.6387*10-5m3 /in3)

Where:
ntotal
R

Total number of moles of gases within 32PTH2 DSC cavity (g-moles ),
= Universal gas constant (8.314 J/g-moles-K),

Tcavity,avg

Average cavity gas temperature in the 32PTH2 DSC cavity (0 R),

Vrree_in_cavity

Free volume in the cavity (in\

Pnsc

32PTH2 DSC internal pressure (psia).

The following assumptions are considered in calculating the maximum internal pressures within
the 32PTH2 DSC:
•

Based on the evaluation presented in Section B.4.8, the bounding initial thermal
condition during and after vacuum drying operations is established with helium in the
32PTH2 DSC and 212 °F water in the TC/DSC annulus. This helium temperature is used
to determine the initial amount of helium within the 32PTH2 DSC cavity. For
conservatism, the lower initial helium backfill temperature is considered based on
thermal analysis results for heat load of 31.2 kW as discussed in Section B.4.7.3.

•

The average temperature of homogenized fuel assemblies within the active fuel region
are considered as the average helium temperature within the active fuel region in the fuel
compartments (Tfree_in_F As).

•

A review of the average fuel cladding temperature (Tfree_in_FAs) and average helium
temperature (Tfree_ out_FAs) for helium outside of the active fuel region computed for
normal storage and transfer operations in Table B.4.6-18 shows that the normal hot,
vertical steady-state transfer operations (Load Case T5A) result in the bounding
temperatures. Therefore, bounding average temperatures from Load Case T5A are used
to compute the bounding average cavity gas temperature for all normal transfer/storage
operations.
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•

A review of the average fuel cladding temperature (Tfree_in_FAs) and average helium
temperature (Tfree_out_FAs) for helium outside of the active fuel region computed for
off-normal storage and transfer operations in Table B.4.6-18 shows that the off-normal
hot, horizontal steady-state transfer operations (Load Case T3) results in the bounding
temperatures. Therefore, bounding average temperatures from Load Case T3 are used to
compute the bounding average cavity gas temperature for all off-normal transfer/storage
operations.

•

A review of the average fuel cladding temperature (T:free_in_FAs) and average helium
temperature (Tfree_out_F As) for helium outside of the active fuel region computed for
accident storage and transfer operations in Table B.4.6-18 shows that the loss of neutron
shield with loss of air circulation accident condition (Load Case T9) results in the
bounding temperatures. Therefore, bounding average temperatures from Load Case T9
are considered to compute the bounding average cavity gas temperature for all accident
conditions during transfer/storage operations.

•

The pressure calculation for intact fuel bounds the damaged fuel since the fuel rod fill gas
and fission gases have already escaped through the damaged fuel assembly cladding in
the pool and will not contribute to the total amount of gases in the 32PTH2 DSC. Further,
the effect of damaged fuel assemblies on thermal performance of the 32PTH2 DSC is
insignificant as justified in Section B.4.6.9.

B.4.7.1

Free DSC Cavity Volume

The volume of helium in the 32PTH2 DSC cavity (Vrree_in_cavity) is equal to volume of water with
loaded fuel assemblies in the 32PTH2 DSC. The weight of water in the 32PTH2 DSC cavity,
loaded with 32 fuel assemblies, is 10,400 lbs and the water density is 0.0361, as provided in
Table B.3.2-1 in Chapter B.3, Section B.3.2.
Vrree_in_cavity= 10,400 I 0.0361 in

3

z

288,000 in

3

.

The volume of helium within the active fuel region of the fuel assemblies in the fuel
compartment (Vrree_in_FAs) is calculated as,
2

Vfree_in_FAs = (n X acorn/ X La) -VFAs=32x8.65 xl50-152,000

z

207,000 in

3

.

Where
n

Number of fuel assemblies = 32,

acomp = Fuel compartment width= 8.65 in,
La

Active fuel length= 150 in, and

VFAs = Total volume of fuel assemblies (in

3
).

The total volume of fuel assemblies in the 32PTH2 DSC cavity is calculated based on the
difference of water weights in the DSC cavity for loaded and unloaded conditions as provided in
Table B.3.2-1 in Chapter B.3, Section B.3.2.
V free_out_FAs= (Wno_FAs - WFAs) / Pwater = (15,900-10,400)/0.0361 ""' 152,000 in
ANUH-01.0150
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With
Wno_FAs = Weight of water without fuel assemblies in the 32PTH2 DSC cavity= 15,900 lbs,
Wno_FAs = Weight of water with 32 fuel assemblies in the 32PTH2 DSC cavity= 10,400 lbs.
The volume of helium outside the active fuel region of the FAs (Vtree_out_FAs) is calculated as:
Vfree_out_FAs = Yrree_in_cavity- Vfree_in_FAs =228,000-207,000 = 81,000 in
B.4.7.2

3

.

Average Cavity Gas Temperatures

Based on the discussion presented in Section B.4.7, the bounding average cavity gas
temperatures (Tcavity,avg) for normal, off-normal, and accident cases occur for transfer operations.
Therefore, transfer operations are considered as bounding events to determine the maximum
32PTH2 DSC internal pressures. The bounding average temperatures for normal, off-normal and
accident operations as noted in Section B.4.7 are selected to calculate the average cavity gas
temperature in the 32PTH2 DSC cavity (Tcavity,avg) as follows:
Tcavity,avg = (T free_in_FAs XVfree_in_FAs + Tfree_out_FAs XVfree_out_FAs) / Vfree_in_cavity
= (Tfree_in_FAs X 207,000 + Tfree_out_Fas X 81,000) / 288,000
Where
Tcavity,avg

Average cavity gas temperature (°F),

Tfree in Fas

Average helium temperature within the active fuel region in the fuel
compartments (°F),

Tfree,out_Fas

Average helium temperature excluding active fuel region in the fuel
compartments (°F).

The volumes of helium in the above equation, Vfree_in_cavity, Vfree_in_Fas and Vfree_out_Fas are
calculated in Section B.4.7.1.
Based on the above equation, the bounding average cavity gas temperatures to calculate
maximum internal pressures are listed below.

Bounding Average Cavity Gas Temperatures for Storage and Transfer Conditions
Operation
Conditions

Ttree

in Fas

Tfree

out Fas

T cavity.avg

(F)

(°Ff

(°F)

T5A

609

496

577

Off-Normal Transfer

T3

594

474

560

Accident Transfer

T9

751

613

712

(1)

391

273

358

Normal Transfer

Helium Backfill
(1)

Bounding Load
Case

Bounding average cavity gas temperature for helium backfill operation is based on thermal analysis results for the heat load
of 31.2 kW (HLZC#4) as discussed in Section B.4.7.3.
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Quantity of Helium Backfill Gas in 32PTH2 DSC

The final backfill pressure for the 32PTH2 DSC is 2.5 ±1.0 psig after vacuum drying. The free
volume of 32PTH2 DSC cavity is assumed to be filled with helium up to a maximum pressure of
3.5 psig (18.2 psia) to maximize the DSC internal pressure.
An analysis is performed using the 32PTH2 DSC model in an OS200FC TC in the vertical
orientation with 31.2 kW and water in the TC/DSC annulus to determine the average fuel
assembly and cavity gas temperatures. For this analysis, a DSC shell temperature of 212 °F is
used. The lower bound of maximum heat load (31.2 kW) is considered to maximize the amount
of helium in the DSC cavity during the backfill operation.
The resulting temperatures from the above analysis provide the necessary inputs to determine the
quantity of helium backfilled into the 32PTH2 DSC cavity in Section B.4.7.2. The average
temperature of the fuel assemblies is 391 °F and the average temperature of the cavity gas
outside the fuel assemblies is 273 °F. Based on the data presented in Section B.4.7.2, an average
helium temperature of 358 °F (818°R) is used for the 32PTH2 DSC cavity for the backfilling
operation. The average helium temperature is used to determine the quantity of helium backfill
gas in the 32PTH2 DSC cavity in accordance with the ideal gas law.

PV

nRT,

n

PVIRT,

R

8.3.14 J/(mol - K).

Where
P

Internal pressure (Pa),

R

Universal gas constant= 8.314 J/(mol-K),

n

Number of moles of gases (g-moles ),

T

Gas temperature (K),

V

Gas volume (m3).

The quantity of helium in the 32PTH2 DSC cavity (nhe,cavity) is:
n

he,cavity
nhe,cavity
B.4.7.4

(18.2 psia )(6894.8 Pa I psi)(288000in 3 )(1.6387x10-5 m 3 I in 3 )
(8.314J /(mol-K)(818 °R)(5 /9K / 0 R)

-~~~~~~~~~~~~~~~~~~~~~~

=157 g -

moles.

Quantity of Fill Gas in Fuel Rods of CE 16x16 Class Fuel Assembly

As shown in Chapter A.4, Table A.4.4-9, the maximum volume of the helium fill gas in a fuel
rod of CE 16x16 class fuel assembly at cold and unirradiated condition is 1.53 in3 and there are
236 fuel rods in a CE 16x16 class fuel assembly with a maximum fill pressure of 395 psig (::::::: 410
psia).
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The fill gas is assumed to be at room temperature (68 °F or 527.67°R). Per the ideal gas law, the
quantity of fuel rod fill gas in 32 assemblies (nhe,rod) is:
nhe,rod

( 410 psia)(6894.8Pa I psi)(32x236x1.53 in 3 )(1.6387x10-5 m 3 I in 3 )
(8.314J /(mol · K)(527 .67°R)(519 KI 0 R)

nhe,rod =219 g-moles.
Ruptured fuel rods will vent fill gas into the 32PTH2 DSC cavity until they come into
equilibrium with the 32PTH2 DSC pressure. Therefore, the plenum volume within the ruptured
rods can be included in the total 32PTH2 DSC internal volume. For 100% ruptured fuel rods, the
additional plenum volume (Vplenum) for 32PTH2 DSC is calculated below:
Vpienum = 236 rods I assembly x 1.53 in 3 I rod x 32 assembly /basket = 11600 in

3

•

Based on NUREG-1536 [B4.3], the maximum fraction of the fuel rods that are assumed to
rupture and release their charge gases for normal, off-normal, and accident operations is 1%,
10%, and 100%, respectively. Table B.4.7-1 summarizes the plenum volume and the amount of
helium gas released from ruptured fuel rods for the 32PTH2 DSC for normal, off-normal, and
accident operations.
B.4.7.5

Total Amount of Fission Gases Released as a Result oflrradiation

The amount of fission gases released into the 24PT4-DSC cavity based on 30% of the total
fission gases for 24 CE 16x16 class fuel assemblies at 60,000 MWd/MTU burnup as a result of
irradiation (including additional gases released from burnable poison rods) is 351.3 g-moles as
listed in Chapter A.4, Table A.4.4-10.
Therefore, the total amount of fission gases (nfission) released into the 32PTH2 DSC cavity based
on 30% of the total fission gases for 32 CE 16x16 class fuel assemblies as a result of irradiation
up to 62,500 MWd/MTU burnup is as follows:
nfission = 351.3 g-moles/24x32x 62,500/ 60,000 = 488 g- moles.
B.4.7.6

Total Amount of Gases within the 32PTH2 DSC Cavity

The maximum pressure in the 32PTH2 DSC cavity is calculated based on the total amount of
gases within the cavity. The total amount of gas in the 32PTH2 DSC cavity is determined as
follows for normal, off-normal, and accident operations.
n total

= n he,cavity + (n he,rod + n fission ) x f

Where
ntotal

Total amount of gases within the 32PTH2 DSC cavity (g-moles),

nhe,cavity = Total amount of helium within the 32PTH2 DSC cavity =157 g-moles listed in
Section B.4.7.3,
ANUH-01.0150
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nhe,rod

Total amount of helium fill gas in fuel rods= 219 g-moles listed in Section
B.4.7.4,

nfission

Total amount of fission gases in fuel rods released into the 32PTH2 DSC cavity=
488 g-moles listed in Section B.4.7.5,

f

Fraction of assumed ruptured rods ( 1% for normal, 10% for off-normal, and 100%
for accident operations)

The total amount of gases within the 32PTH2 DSC cavity for normal, off-normal, and accident
operations are summarized below.
Total Amount of Gases in the 32PTH2 DSC Cavity
Fraction of
Ruptured
Rods (f)

Operating
Conditions

(%)

Normal

1

Off-normal

10

Accident

100

B.4.7.7

Helium
Backfill
(nhe,cavity)
(g-moles)

Fuel Rod
Fill Gas
(nhe,rod)
(g-moles)

Fission
Products
(nfission)
(g-moles)

Total
Gas
(n1ota1)
(g-moles)

157
157
157

2.19
21.9
219

4.88
48.8
488

164
228
864

Maximum 32PTH2 DSC Internal Pressure Calculation

The maximum internal pressures for the 32PTH2 DSC for normal, off-normal, and accident
operations are calculated using the methodology as described in Section B.4.7. The average
cavity gas temperatures are calculated in Section B.4.7.2. The total amounts of gases within the
32PTH2 DSC cavity are obtained from Section B.4.7.6.
The maximum internal pressure for normal operation is calculated as:

p

_
nor

(1.4504· 10-4 psia)(164mol)(8.314J/mol· K)(577°F + 460 °R)
Pa
(288000in 3 +116in 3)(1.6387·10-5 m3 I in 3)(1.8 °RIK)

P nor = 24. I psia (9 .4psig)
The maximum internal pressure for off-normal operation is calculated as:

p off-nor

(1.4504·10- 4 psia)(228mol)(8.314J/mol· K)(560° F + 460 °R)
Pa
= --(-2-88_0_0_0_+_11_6_0_in-3)-(1-.6-3_8_7_·1-ff-5 m3 /-in3-)(_l._8-RIK--)- -

Poff-nor=
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The maximum internal pressure for accident operation is calculated as:
( 1.4504 -10-4 psrn )(864 mol)(8.314J/mol· K)(7 l 2° F + 460 °R)
Pa
Pace =--(2_8_8-00_0_in~3~+~1-16_0_0_in-3-)(_1._6-38_7_·_10-_5_m_3_/_in-3 )_(_1._8_
0RIK--)p ace = 13 8.2 psia (124 psig)
The calculated maximum DSC internal pressures for normal, off-normal, and accident conditions
during transfer/storage operations are summarized in Table B.4.7-1 for 32PTH2 DSC. As seen,
the maximum internal DSC pressures remain below the design pressures considered for the
32PTH2 DSC for all conditions.
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Table B.4.7-1
Maximum Internal Pressures of 32PTH2 DSC for Transfer/ Storage
Operations

Operating
Operations
Normal
Off-normal
Accident

DSC
Cavity
Volume
3
(in )

Helium
Backfill
Amount
(g-moles)

Plenum
Volume
(in 3 )

Fuel Rod
Fill Gas
Amount
(g-moles)

Fission
Products
Amount
(g-moles)

Total Gas
Amount
(g-moles)

Average
Cavity
Gas
(oF)

288000
288000
288000

157
157
157

116
1160
11600

2.19
21.9
219

4.88
48.8
488

164
228
864

577
560
712

Operating
Operations

Calculated Pressure
(psig)

Design Pressure
(psig)

Normal

9.4
18.2
124

15
20
140

Off-normal
Accident
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B.4.8 Thermal Evaluation for Loading/Unloading Conditions
All fuel loading operations occur when the 32PTH2 DSC and OS200FC TC are in the spent fuel
pool. The fuel is always submerged in free-flowing pool water permitting heat dissipation. After
completion of the fuel loading, the TC and DSC are removed from the pool and the DSC is
drained, dried, sealed, and backfilled with helium. These operations occur when the annulus
between the TC and DSC remains filled with water.
The water in the annulus is monitored and replenished with fresh water to prevent boiling and
maintain the water level if excessive evaporation occurs as noted for the fuel loading operation
procedures in Sections B.8.1.1.3 and B.8.1.1.4. Presence of water within the annulus maintains
the maximum DSC shell temperature below the boiling temperature of water in open atmosphere
(212 °F).
Water in the DSC cavity is forced out of the cavity (blowdown operation) before the start of
vacuum drying. Helium is used as the medium to remove water and subsequent vacuum drying
occurs with a helium environment in the DSC cavity. The vacuum drying operation does not
reduce the pressure sufficiently to reduce the thermal conductivity of the helium in the DSC
cavity as discussed in Appendix U, Section U.4.7.1 of the UFSAR for the Standardized
NUHOMS® System [B4.22].
With helium being present during vacuum drying operations and a DSC shell temperature equal
to water boiling temperature of212 °F, the 32PTH2 DSC model described in Section B.4.6.2.1 is
used in a steady-state analysis to determine the maximum fuel cladding temperature for vacuum
drying operations. The maximum fuel cladding temperature for vacuum drying operations in the
32PTH2 DSC is 572 °F and 540 °F for 37.2 kW and 32.0 kW decay heat loads, respectively.
The presence of helium during blowdown and vacuum drying operations eliminates the thermal
cycling of fuel cladding during helium backfilling of the DSCs subsequent to vacuum drying.
Therefore, the thermal cycling limit of 65 °C (117 °F) for short-term operations set by NUREG1536 [B4.3] is satisfied for vacuum drying operation.
The bounding unloading operation considered is the reflood of the 32PTH2 DSCs with water.
For unloading operations, the DSC is filled with the spent fuel pool water through its siphon port.
During this filling operation, the 32PTH2 DSC vent port remains open with effluents routed to
the plant's off-gas monitoring system.
The maximum fuel cladding temperature during the reflooding event is significantly less than the
vacuum drying condition owing to the presence of water/steam in the DSC cavity. Based on the
above rationale, the maximum cladding temperature during unloading operation is bounded by
the maximum fuel cladding temperature for vacuum drying operation.
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Initially, when spent fuel pool water is added to the 32PTH2 DSC cavity containing hot fuel and
basket components, some water will flash to steam causing the internal DSC pressure to rise.
This steam pressure is released through the vent port. The procedures in Chapter B.8, Section
B.8.2 specify that the flow rate of the reflood water will be controlled such that the internal
pressure in the DSC cavity does not exceed the maximum pressure of 20 psig considered for
reflooding operations. This is assured by monitoring the maximum internal pressure in the
32PTH2 DSC cavity during the reflood event. The reflood for the 32PTH2 DSC is considered as
a Service Level D event with a design pressure of 140 psig. The design pressure for the 32PTH2
DSC for this condition is well above the pressure limit of 20 psig. Therefore, there is sufficient
margin in the DSC internal pressure during the reflooding event to assure that the DSC will not
be over pressurized.
The effects of the thermal loads on the fuel cladding during reflooding operations are evaluated
in Appendix U, Section U.4.7.3 of the UFSAR for the Standardized NUHOMS® System [B4.22]
for PWR fuel assemblies. Since the fuel assemblies that are allowed in the 32PTH2 DSC are the
same as those allowed within 32PTH1 DSC, these evaluations remain valid for 32PTH2 DSC.
B.4.8.1

Heatup Analysis

Heatup of the water within the 32PTH2 DSC cavity prior to blowdown and backfilling with
helium occurs as operations are performed to load fuel, decontaminate the cask and drain and dry
the 32PTH2 DSC.
Based on discussions in Chapter 4, Section 4.7.3 for 24PT1-DSC and Chapter A.4, Section
A.4.7.3 for the 24PT4-DSC, prevention of boiling in the DSC is not required due to
consideration of low moderator density (boiling water) in the criticality evaluation, continuous
venting of the DSC cavity prior to blowdown, and welding procedures. The only potential
concern associated with steam generation is the unexpected loss of water within the DSC cavity,
which could result in decreased shielding and hence increased occupational exposure.
Similar to the 24PT1 and 24PT4-DSCs, the criticality analysis of 32PTH2 DSC considers a wide
range of moderator densities to demonstrate that the 32PTH2 DSC meets the criticality limits for
low moderator density. The 32PTH2 DSC cavity remains vented during loading operation and
the welding operations for the 32PTH2 DSC are conducted in the same way as was considered
for the 24PT1 and 24PT4-DSCs.
The potential increase of occupational exposure during loading operation for the 32PTH2 DSC
operation is eliminated since the shielding analysis for the 32PTH2 DSC does not take credit for
the water within the DSC cavity during loading activities such as welding. Therefore, the
calculated occupational dose rates are bounding and the calculation of the time to boil to address
ALARA concerns for the 32PTH2 DSC is not required.
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B.4.9 Fuel Assembly Effective Properties for CE 16x16 Class Fuel Assemblies
The thermal analysis of the 32PTH2 DSC presented in Section B.4.6 models the fuel assemblies
in the 32PTH2 DSC as homogeneous solid regions. To accurately predict the fuel cladding
temperature within each fuel assembly using this type of modeling, the effective thermal
properties of the homogeneous solid region must be determined. The effective thermal
conductivity calculation accounts for the actual geometry of the fuel assembly and the fact that
the heat generation occurs only within the fuel rods. A CE 16x16 spent fuel assembly is selected
as the design basis assembly to calculate the effective thermal properties for fuel assemblies in
32PTH2 DSC. Since the cladding material of CE 16x16 fuel assembly, Zicaloy-4, has a lower
conductivity than other cladding materials (Zirlo™, M5™, etc.), this selection is conservative.
The following assumptions are considered in the calculation of the CE 16x16 fuel assembly
effective properties.
•

Irradiated U0 2 thermal conductivity is considered for fuel pellets.

•

No convection heat transfer is considered within the fuel compartment.

•

The fuel assemblies are centered within a fuel compartment.

•

The axial effective thermal conductivity of the fuel assembly is calculated only based on
fuel cladding material.

•

The helium backfill gas is not included in the effective density and specific heat of the
fuel assembly.

The material properties used for calculation of the fuel assembly effective properties are listed in
Section B.4.2. The methodologies used in this section to evaluate the effective properties of fuel
assemblies are the same as those described in Appendix U, Section U.4.8 of [B4.22].
B.4.9.1

Thermal Conductivity of Irradiated Fuel Pellet

The thermal conductivity data given in [B4. l 9] and [B4.20] indicates changes in the thermal
conductivity of irradiated U0 2 that potentially affects the heat transfer in the CE 16x16 class fuel
assembly.
The average irradiation temperature (Tirr) for a typical fuel pellet is approximately 1300K during
irradiation as shown in [B4.19]. This high temperature changes the characteristics of the U02
pellets so that the thermal conductivity of the pellet decreases after irradiation.
The irradiated U0 2 conductivity is evaluated in [B4.20] for various irradiation temperatures from
680 to 1490K and various bumups from 34 to 94 GWd/MTU. A maximum design basis bumup
of 62.5 GWd/MTU is allowed for fuel assemblies to be stored in the 32PTH2 DSC. A review of
[B4.20] shows that the thermal conductivity of irradiated U02 with 62.5 GWd/MTU and
irradiation temperature of Tirr 2:1300K decreases significantly (more that 50%) compared to unirradiated U02.
The thermal conductivity values of irradiated U02 are inter/extrapolated based on the data in
[B4.20] for a conservative bumup of 65 GWd/MTU and listed below.
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Thermal Conductivity of Irradiated U02

(1)

Burnup
(GWd/MTU)

51

92

65

Interpolated values for 65
GWd/MTU

T
(K)

kuo2
(W/m-K)

kuo2
(W/m-K)

kuo2
(W/m-K)

T
(oF)

kuo2
(Btu/hr-in-°F)

300
400
500
600
700
800
900
1000

4.33 <1>
3.99 <1>
3.65
3.31
3.03
2.79
2.59
2.42

2.95 <1>
2.79 <1>
2.63
2.47
2.33
2.2
2.08
1.98

3.86
3.58
3.30
3.02
2.79
2.59
2.42
2.27

80
260
440
620
800
980
1160
1340

0.186
0.172
0.159
0.146
0.134
0.125
0.116
0.109

Extrapolated based on data from [84.20].

Using irradiated U0 2 thermal conductivity decreases the fuel assembly effective conductivity in
the radial direction. The axial effective thermal conductivity is calculated based on the fuel
cladding material only and does not include the U0 2 fuel pellet thermal conductivity. Therefore,
the axial effective conductivity of the fuel assembly is not impacted by U02 properties.
B.4.9.2

Axial Fuel Assembly Effective Conductivity

The axial fuel assembly effective conductivity, kerraxiab is limited to the cladding conductivity
weighted by its :fractional area as required in Section 4.5.4.2 ofNUREG 1536 [B4.3].
keffaxial = (kzirc)(Azirc/Aeff)
Where
kzirc

Thermal conductivity of Zircaloy-4,

Cross section area of fuel compartment 8.65" x 8.65" = 74.8225 in2,
Azirc = Cross section area of fuel cladding (in2),
Aeff

Azirc

Number of fuel rods x cross sectional area of fuel rod cladding +Number of guide
tubes x cross sectional area Zircaloy-4 in guide tube.

The resulting axial fuel assembly effective conductivity values are listed in Section B.4.2(a).
B.4.9.3

Transverse (Radial) Fuel Assembly Effective Conductivity

The transverse (radial) fuel assembly effective conductivity ·is determined by creating a twodimensional finite element model of the fuel assembly centered within a fuel compartment. The
outer surfaces, representing the fuel compartment walls, are held at a constant temperature, and
heat generating boundary condition is applied to the fuel pellets within the model. The maximum
fuel assembly temperature is then determined. The isotropic effective thermal conductivity of a
heat generating square, such as the fuel assembly, is calculated as described in [B4.9]:
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Qm a'2

Tc -To

)

Where

Qm

heat generation per unit volume of fuel assembly, (Btu!hr·in3),

a'

half width of fuel compartment opening= 8.65" I 2 = 4.325",

Tc

Maximum temperature of fuel assembly, (°F),

To

Compartment wall temperature, (°F).

With

Q

I/I=

Q

4 a ,z La

Q

decay heat load per fuel assembly, (Btu/hr),

La

active fuel length, (in),

Qreact = Reaction solution retrieved from the fuel assembly model, (Btu/hr),
Qreact

Q
=L
a

Rearranging the above equation based on Qreact gives:
keff radial
'

= 0.29468 X

(Qreact )
4·Tc-To

In determining the temperature dependent transverse fuel assembly effective conductivities, an
average temperature, equal to (Tc + T0 )/2, is used for the fuel assembly temperature. The
resulting effect transverse effective fuel conductivity values are listed in Section B.4.2(a).
B.4.9.3.1

Finite Element Model of Fuel Assembly

A two-dimensional, finite element model of a CE 16x16 fuel assembly is modeled using the
ANSYS computer code [B4.26]. PLANE55 elements were used to model components such as
the fuel pellets, fuel cladding, and the helium back fill gas. The gap between the fuel cladding
and the fuel pellets is included in the model. The cross section of the CE 16x16 fuel assembly is
shown in Figure B.4.9-1.
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Heat generated in the fuel pellets dissipates by conduction and radiation to the fuel compartment
walls. Convection is not considered in the model. Radiation between the fuel rods, guide tubes,
and fuel compartment walls is simulated using the radiation super-element processor (AUX12).
LINK.32 elements were used for modeling of radiating surfaces in creating the radiation superelement and were unselected prior to the solution of the model. The fuel compartment walls are
not modeled as a solid entity but using LINK.32 elements. These elements, which are aligned
with the outermost nodes of the model, are given an emissivity of 0.3 for the fuel compartment
walls.
The heat generation applied to the fuel pellets in the model is calculated as follows.

Where:
dhl

heat generation rate (Btu/hr-in\

Q

total decay heat load (Btu/hr),

N

number of assemblies =32,

n

number of fuel rods = 236,

dp

pellet outer diameter= 0.382 in,

La

= active fuel length = 150 in.

The models were run with a series of isothermal boundary conditions applied to the nodes
representing the fuel compartment walls. Typical boundary conditions used in the finite element
model of the fuel assembly are shown in Figure B.4.9-2.
B.4.9.4

Fuel Assembly Effective Density and Specific Heat

Volume average density and weight average specific heat are calculated to determine the
effective density and specific heat for the fuel assembly. The equations to determine the effective
density PeJJ and specific heat Cp eff are shown below.
LPiVi Puoz Vuoz + Pzr4 Vzr4
Perr= V
=
4a 12L a
assembly
LPi vi Cpj
CPeff = '°'P·1
L...i vl.

ANUH-01.0150
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Where:

Pu02 , Pzr4 - density of fuel pellets and cladding,
Vu02, Vzr4 -volume of fuel pellets and cladding (calculated using geometry data from
Chapter A.2, Table A.2.1-3),
Cp uo2 , Cp Zr4 - specific heats of fuel pellet and cladding.
The resulting effective density and specific heat values for a fuel assembly in 32PTH2 DSC are
listed in Section B.4.2(a).
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Guide tube

Fuel com artment walls

B.65"x8.65"

I.

Figure B.4.9-1
Cross-section of CE 16x16 Class Fuel Assembly in a Fuel Compartment

ANUH-01 .0150

B.4.9-6
Appendix B is newly added in Revision 7 by Ame ndment 3.

Rev. 7, 08/ 16

Advanced NUHOMS® System Updated Final Safety Analysis Report

ANSYS 10. OAl
ELEMENTS
HGEN RATES
QMIN=O
QMAX=l.772
0

. 196925
.393849
.590774
.7 87698
.9846 23
1.182
1.378
1.575
1.772

Figure B.4.9-2
Typical Boundary Condition and Heat Generation in Finite Element Model
of Fuel Assembly
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