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1.4 NUHOMS® EOS System Contents 

1.4.1 EOS-37PTH DSC Contents 

The EOS-3 7PTH DSC is designed to store up to 3 7 intact PWR F As with or without 
CCs. Up to eight damaged F As, or up to four compartments with failed fuel may be 
stored in lieu of intact fuel as shown in Figures 1 F and 1 Hof the Technical 
Specifications [1-7]. 

The EOS-37PTH DSC is qualified for storage of Babcock and Wilcox (B&W) 15 x 15 
class, Combustion Engineering (CE) 14 x 14 class, CE 15 x 15 class, CE 16 x 16 
class, Westinghouse (WE) 14 x 14 class, WE 15 x 15 class, and WE 17xl 7 class 
PWR FA designs, as described in Chapter 2. 

The EOS-3 7PTH DSC payload may include CCs that are contained within the FA, 
such as described in Chapter 2. 

Reconstituted assemblies containing up to five replacement irradiated stainless steel 
rods per assembly or an unlimited number of low enriched or natural uranium fuel 
rods or unirradiated non-fuel rods are acceptable for storage in an EOS-37PTH DSC 
as intact F As. 

The EOS-37PTH DSC is also authorized to store FAs containing blended low 
enriched uranium (BLEU) fuel materia() 

The contents of the DSC are stored in an inert atmosphere of helium. 

The maximum allowable planar average initial enrichment of the fuel to be stored is 
5.00 wt.% U-235, and the maximum assembly average burnup is 62,000 MWd/MTU. 
The F As (with or without CCs) must be cooled to meet the decay heat limits specified 
in Figure IA through 1 I of the Technical Specifications [1-7] prior to storage. 

The criticality control features of the EOS-37PTH DSC are designed to maintain the 
neutron multiplication factor k-effective (including uncertainties and calculational · 
bias) at less than 0.95 under normal, off-normal, and accident conditions. 

The gamma and neutron source terms in the SF As are described and tabulated in 
Chapter 6. Chapter 7 covers the criticality safety of the EOS-37PTH DSC and its 
parameters. These parameters include rod pitch, rod outside diameter, material 
densities, moderator ratios, soluble boron content and geometric configurations. The 
maximum pressure buildup in the EOS-37PTH DSC cavity is addressed in Chapter 4. 

1.4.2 EOS-89BTH DSC Contents 

The EOS-89BTH DSC is designed to store up to 89 intact BWR F As with or without 
channels. 
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The EOS-89BTH DSC is qualified for storage of 7x7, 8x8, 9x9, and lOxlO class BWR 
F As of initial design or equivalent reload F As as described in Chapter 2. 

Reconstituted assemblies containing up to five replacement irradiated stainless steel 
rods per assembly or an unlimited number of low enriched or natural uranium fuel 
rods or unirradiated non-fuel rods are acceptable for storage in an EOS-89BTH DSC 
as intact F As. 

The EOS-89BTH DSC is also authorized to store F As containing BLED fuel materi~ 

The contents of the DSC are stored in an inert atmosphere of helium. 

The maximum allowable lattice average initial enrichment of the fuel to be stored is 
4.80 wt.% U-235 and the maximum assembly average burnup is 62,000 MWd/MTU. 
The F As (with or without channels) must be cooled to meet the decay heat limits 
specified in Figure 2 of the Technical Specifications [1-7] prior to storage. 

The criticality control features of the EOS-89BTH DSC are designed to maintain the 
neutron multiplication factor k-effective (including uncertainties and calculational 
bias) at less than 0.95 under normal, off-normal, and accident conditions. 

The gamma and neutron source terms in the SF As are described and tabulated in 
Chapter 6. Chapter 7 covers the criticality safety of the EOS-89BTH DSC and its 
parameters. These parameters include rod pitch, rod outside diameter, material 
densities, moderator ratios, and geometric configurations. The maximum pressure 
buildup in the EOS-89BTH DSC cavity is addressed in Chapter 4. 
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Table 1-2 
System Configurations for the NUHOMs® EOS System and NUHOMs® MATRIX System 

System 
DSC Configuration 

EOS-
37PTH 

EOS-
89BTH 

February 2019 
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SJ 

S2 

S3 

S4 

S5 

S6 

S7 

S8 

S9 

SJO 

Basket E 
Basket Design Type 

Non-Staggered I 

Non-Staggered 2 

Non-Staggered 3 

Staggered 4L 

Staggered 4L 

Staggered 4L 

Non-staggered 5 

Non-staggered 5 

Staggered 4H 

Staggered 4L 

Staggered 4L. 

Non-staggered 5 

Non-staggered 5 

Non-Staggered I 

Non-Staggered 2 

Non-Staggered 3 

Non-Staggered 3 

ivity/ Wind Damaged 
n Storage Module Deflector HLZC Intact /Failed 

High EOS-HSM Yes I Yes No 

High EOS-HSM No 2 Yes No 

High EOS-HSM No 3 Yes No 

Low EOS-HSM Yes 4 Yes No 

Low EOS-HSM Yes 5 Yes No 

Low EOS-HSM Yes 6 Yes Yes 

Low EOS-HSM Yes 4 Yes No 

Low EOS-HSM Yes 5 Yes No 

High HSM-MX NIA 7 Yes No 

Low HSM-MX NIA 8 Yes Yes 

Low HSM-MX NIA 9 Yes No 

Low HSM-MX NIA 8 Yes No 

Low HSM-MX NIA 9 Yes No 

High EOS-HSM Yes I Yes No 

High EOS-HSM No 2 Yes No 

High EOS-HSM No 3 Yes No 

High HSM-MX NIA 3 Yes No 

72-1042 Amendment 1 
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Transfer Cask 

EOS-TCJ 251135 

EOS-TCJ0811251135 

EOS-TCJ 0811251135 

EOS-TC1251135 

EOS-TCJ 251135 

EOS-TCJ251135 

EOS-TCJ251135 

EOS-TCJ 251135 

EOS-TCJ 25/135 

EOS-TCJ251135 

E0S-TC125ll35 

EOS-TC1251135 

EOS-TCJ251135 

EOS-TCJ25 

EOS-TCJ081125 

EOS-TC1081125 

EOS-TCJ081125 
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2.2 Spent Fuel to Be Stored 

The NUHOMS® EOS System is designed to accommodate pressurized water reactor 
(PWR) (14x14, 15x15, 16x16 and 17xl 7 array designs) and boiling water reactor 
(BWR) (7x7, 8x8, 9x9 and lOxlO array designs) fuel typesjhat are available for 
storage. As described in Chapter 1, there are two DSC designs for the 
NUHOMS® EOS System: the EOS-37PTH DSC for PWR fuel and EOS-89BTH DSC 
for BWR fuel. The EOS-37PTH DSC is designed to accommodate up to 37 intact 
PWR F As with uranium dioxide (U02) fuel, zirconium-alloy cladding, and with or 
without control components. The EOS-37PTH DSC is also designed to accommodate 
up to eight damaged F As or up to four failed fuel canisters (FFCs), with the balance 
being intact FAs. The EOS-89BTH DSC is designed to accommodate up to 89 intact 
BWR F As with U02 fuel, zirconium-alloy cladding, and with or without fuel channels. 
Specifications for the fuel to be stored in the NUHOMs® EOS System are provided in 
Technical Specifications (TS) Sections 2.1 and 2.2. 

The cavity length of the DSC is determined for a specific site to match the FA length 
used at that site, including control components (CCs), as applicable. Both DSCs store 
intact, including reconstituted and blended low enriched uranium (BLEU), F As as 
specified in Table 2-2, Table 2-3 and Table 2-4. Any FA that has fuel characteristics 
within the range of Table 2-2, Table 2-3 and Table 2-4 and meets the other limits 
specified for initial enricllll~ burnup and heat loads is accegtable for storage ig_ the 

fUHOMS® EOS System. fJ;,_quivalentfueis manufactured by other vendors-are_~!fi) 
r,._acceptablt;j 

Damaged and failed fuel from the FA classes detailed in Table 2-2 and PWRfuels in 
Table 2-4 are also acceptable for storage in the EOS-37PTH DSC in the appropriate 
compartments, as shown in Figures IF and JH of the Technical Specifications [2-18). 
The potential for fuel reconfiguration for intact, damaged, and failed fuel under 
normal, off-normal, and accident conditions is summarized in Table 2-4a. 

All fuel categorized as failed shall be placed in a failed fuel canister (FFC). Failed 
fuel may include F As, fuel rods, segments of fuel rods, fuel pellets, and debris. FFCs 
are not required for damaged F As, because damaged F As maintain their geometry 
under normal and off-normal conditions. 

The failed fuel content of each FFC is limited to the maximum metric tons of uranium 
(MIU) of an intact fuel assembly for each class. These limits are summarized in 
Table 2-4b. 

Failed CCs may also be stored inside an FFC. The maximum Co-60 content for failed 
CCs is the same as intact CCs and is defined in Table 3 of the Technical Specifications 
[2-18). 
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The maximum allowable assembly average burnup is limited to 62 GWd/MTU and the 
minimum cooling time is two years. Dummy F As and reconstituted F As are also 
included in the EOS-37PTH DSC and EOS-89BTH DSC payloads. Low emiched or 
natural uranium fuel rods or unirradiated non-fuel rods are acceptable for storage in 
an EOS-37PTH DSC and EOS-89BTH DSC as intact FAs. 

Fuel assemblies that contain fixed integral non-fuel rods are also considered as intact 
F As. These F As are different than reconstituted assemblies because fuel rods are not 
"replaced" by non-fuel rods, rather the non-fuel rods are part of the initial fuel design. 
The non-fuel rods displace the same amount of moderator, with zirconium-alloy (or 
aluminum) cladding and typically contain burnable absorber (or other non-fuel) 
material. The radiation and thermal source terms for the non-fuel rods are 
significantly lower than those of the fuel rods since there is no significant radioactive 
decay source. The internal pressure of the non-fuel rods after irradiation is lower than 
those of the fuel rods since there is no fission gas generation. The reactivity of the 
fuel rods (from a criticality standpoint) is significantly higher than that of non-fuel 
rods. In summary, the mechanical, thermal, shielding, and criticality evaluations for 
these rods are bounded by those of the regular fuel rods. Therefore, no further 
evaluations are required for the qualification of these F As. 

Fuel assemblies are evaluated with five irradiated stainless steel rods per assembly, 
The cooling time is 

the same as unreconstituted F As. The reconstituted rods can be at any location in the 
F As. There is no limit on the number of reconstituted F As per DSC; the F As 
containing irradiated stainless steel reconstituted rods are modeled in the inner 
compartments as shown in Figure 6-1 for EOS-37PTH and Figure 6-2for EOS-
89BTH of Chapter~~ 

The EOS-3 7PTH DSC may contain less than 3 7 F As and the EOS-89BTH DSC may 
contain less than 89 F As. In both DSCs, the basket slots not loaded with F As may 
have empty slots or be loaded with dummy F As. The dummy F As approximate the 
weight and center of gravity of an FA. 

The NUHOM~ EOS-37PTH DSC can also accommodate up to eight damaged FAs 
placed in the DSC as shown in Figures IF and JH of the Technical Specifications [2-
18]. Damaged PWR FAs are defined in Section 1.1 of the Technical Specifications [2-
18]. 

The NUHOM~ EOS-37PTH DSCs can also accommodate up to a maximum of four 
FFCs, placed in cells located on the outer edge of the DSC as shown in Figures 1 F 
and JH of the Technical Specifications [2-18]. Failed fuel is defined in Section 1.1 of 
the Technical Specifications [2-18]. 
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Damaged fuel containing control components may be stored in the designated 
damaged fuel compartments. Similarly, failed control component debris may be 
stored in the FFCs. 

Control com onents not ex licit! listed herei{jire also authorized within the DS<f:jj) 
.fo11g as th{1y meet theJollowingietiteriq.:) 

r Externatmaterials <:1re limfted~ to zzrconium alloys, nickel alloys, a~d staFniess 
steels; 

R;qdiglogic~l, lirrJ,its .[ist?d i.lJ Tqble) aJJd fii«res JA>.thr,ou h 1[ ofth<! 
technical Specifications are npt exceeded,.and 

(3 i T}jey fit .wtthin the weight limit~· and dimensional :limits bf the nsc:) 

Figures IA through 11 of the Technical Specifications [2-18] defines the maximum 
decay heat, failed/damaged fuel locations, and other parameters for PWR fuel 
assemblies, with or without CCs, authorized for storage. These tables are used to 
ensure that the decay heat load of the FA to be stored is less than that as specified in 
each table, and that the corresponding radiation source term is consistent with the 
shielding analysis presented in Chapter 6. The maximum weight of a FA plus CC, if 
applicable, is 1,900 lbs. 

The heat loads listed in in Figures IA through JI of the Technical Specifications [2-
18] are the maximum allowable heat loads/or each FA and the maximum allowable 
heat load per DSC These heat loads can be reduced to ensure adequate heat removal 
capability is maintained to accommodate site-specific conditions. Some examples of 
the site-specific conditions are a higher ambient temperature, different blocked vent 
duration, a requirement to use a different neutron absorber plate or a requirement for 
a specific coating on the basket steel plates. Each of these changes could result in a 
change to the inputs of the thermal evaluation utilized in the UFSAR. To ensure that 
adequate heat removal is maintained with these modified inputs, the bounding 
evaluations for storage and transfer operations should be re-evaluated The maximum 
fuel cladding temperature based on the modified inputs shall be lower than the 
maximum fuel cladding temperatures listed in the Chapter 4 and Chapter A. 4 for the 
same bounding evaluations. 

As limited by their definition, damaged F As maintain their geometric configuration for 
normal and off-normal conditions and are confined to their respective compartments 
by means of top and bottom end caps. Damaged F As do not contain missing major 
sub-components like top and bottom nozzles that impact their ability to maintain their 
geometric configuration for normal and off-normal conditions during loading. 

From the standpoint ofNUREG-1536 Revision 1, the damaged FAsfor the EOS 
System are more similar to the undamaged F As, where their geometry is still in the 
form of intact bundles. For completeness, failed fuel for the EOS System is more 
similar to the damaged FAs per NUREG-1536 Revision 1 and will require FFCs. 
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Table 2..:2 
PWR Fuel Assembly Design Characteristics 

3 Pages 

Fuel Class 

Assembly Type 

Fuel Parameters 
Number of Rods 

Active Fuel Length (in.) 

Pellet Diameter (in.) 

Fuel Rod Pitch (in.) 

Clad Outer Diameter (OD) (in.) 

Clad Thickness (in.) 

Guide and Instrument Tubes 

Number of Guide/Instrument Tubes 

Guide/Instrument Tube Thickness (in.) 

Fuel Class 

Assembly Type 

Fuel Parameters 

Number of Rods 

Active Fuel Length (in.) 

Pellet Diameter (in.) 

Fuel Rod Pitch (in.) 

Clad OD (in.) 

Clad Thickness (in.) 

Guide and Instrument Tubes 

Number of Guide/Instrument Tubes 

Guide/Instrument Tube Thickness (in.) 

Fuel Class 

Assembly Type 

Fuel Parameters 

Number of Rods 

Active Fuel Length (in.) 

Pellet Diameter (in.) 

Fuel Rod Pitch (in.) 

Clad OD (in.) 

Clad Thickness (in.) 

Guide and Instrument Tubes 

Number of Guide/Instrument Tubes 

Guide/Instrument Tube Thickness (in.) 

February 2019 
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B&W 15x15 

MarkB2-
BS MarkB9 Mark BIO Mark BU 

208 208 208 208 

:S150 :S150 :S150 :S150 

0.3686 0.37 0.3735 0.3615 

0.568 0.568 0.568 0.568 

0.43 0.43 0.43 0.416 

0.0265 0.0265 0.025 0.024 

17 17 17 17 

~0.016 ~0.016 ~0.016 ~0.016 

WE 14x 14 

Std/LOPAR/ Exxon/ANF 
ZCA/ZCB OFA (ANP)WE 

179 179 179 

:S150 :S150 :S150 

(O}S65) {Q.344:I} 0.3505 

0.556 0.556 0.556 

0.422 Q.400 0.424 

0.0225-0.030 0.024'.J) ,,_ .. 0.024-0.030 

17 17 17 

~0.015 ~O.Ql5 ~0.016 

WE 17x17 

Framatome 
17x17 

STDNan 
LOPAR OFA/Van 5 SH/RFA 

264 264 264 

:S150 :S150 :S150 

0.3225 0.3088 0.3225 

0.496 0.496 0.496 

0.374 0.360 0.374 

0.0225 0.0225 0.0225 

25 25 25 

~0.015 ~O.Ql5 ~0.015 
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WE 17x17 

BW 17x17 
MarkC 

264 

:S150 

0.3232 

0.502 

0.379 

0.024 

{25) 
~0.026 

Exxon/ANF 
(ANP) Top rod 

179 

:S150 

0.3505 

0.556 

0.417 

0.024-0.0295 

17 

~0.019 

Framatome 
17x17MKBW 

264 

:Sl50 

0.3195 

0.496 

0.374 

0.0240 

25 

~0.016 
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Table 2-2 
PWR Fuel Assembly Design Characteristics 

3 Pages 

Fuel Class 
Assembly Type 

Fuel Parameters 
Number of Rods 

Active Fuel Length (in.) 

Pellet Diameter (in.) 

Fuel Rod Pitch (in.) 

Clad OD (in.) 

Clad Thickness (in.) 

Guide and Instrument Tubes 
Number of Guide/Instrument Tubes 

Guide/Instrument Tube Thickness (in.) 

Fuel Class 

Assembly Type 

Fuel Parameters 
Number of Rods 

Active Fuel Length (in.) 

Pellet Diameter (in.) 

Fuel Rod Pitch (in.) 

Clad OD (in.) 

Clad Thickness (in.) 

Guide and Instrument Tubes 
Number of Guide/Instrument Tubes 

Guide/Instrument Tube Thickness (in.) 

February 2019 
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Std/Gen/St. Lucie 

176 

:-:::150 
0.370-0.3805 

0.58 
0.44 

0.026-0.031 

5 

2:0.040 

WE 15x 15 

LOPAR/OFA 
DRFA/Van5 Std/ZC 

204 204 

:-:::150 :-:::150 
0.3659 0.3559 

0.563 0.563 
0.422 0.422 

0.0280 0.0242 

21 21 
2:0.015 2:0.015 

72-1042 Amendment I 

CE 14x 14 
Fort Calhoun 

{]76) 
:-:::150 

0.3765 

0.580 

0.440 

0.0280 

5 

2:0.040 

Exxon 
ANF(ANP) 

WE 

204 

:-:::150 

0.3565 

0.563 
0.424 

0.0300 

21 

>0.017 

Rev. 1, 01/18 

Framatome CE 

176 

Sl50 
0.3805 

0.580 

0.440 

0.0280 

5 

2:0.040 

CE 15x15 

CE 15x15 
CE 15x15 Exxon/ 
Palisades ANF(ANP) 

216 216 

:-:::150 :-:::150 

0.3150 - 0.3565 
0.3600 
0.550 0.550 

'{l~U'§s' ,, tic/.:..;.:£) 0.417 
0.4180 
0.024- 0.0300 
0.0295 

@ Note 3 
>0.024' >0.027 
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Table 2-2 
PWR Fuel Assembly Design Characteristics 

3 Pages 

Fuel Class CE 16x16 

CE 16 x 16 
SCE U2/3 

Westinghouse 
Assembly Type Standard System 80 Designs 

Fuel Parameters 

Number of Rods 236 236 236 

Active Fuel Length (in.) ::;150 :'.Sl50 :'.Sl50 

Pellet Diameter (in.) {o:32~0:(J,J2}.5) (0.)250~Q,)iiil (b: ~Zff,b.3260) 
Fuel Rod Pitch (in.) 0.506 0.506 0.506 

Clad OD (in.) 0.382 0.382 0.382 

Clad Thickness (in.) 0.025 0.023 0.025 

Guide and Instrument Tubes 

Number of Guide/Instrument Tubes 5 5 5 

Guide/Instrument Tube Thickness (in.) 2:0.041 2:0.041 2:0.040 

Notes: 

1. All dimensions shown are nominal. 

2. Reload F As from other manufacturers with these parameters are also acceptable. 

3. One instrument tube and eight guide bars (solid Zr). 
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CE 16 x 16 
SCE U2/3 
AREVA 
Designs 

236 

::;150 

{o:J2sr10;420Q) 
0.506 

i0.380'-0.384\ 
\ ,,_ '" ..I 

(Q.024670,fJJH) 

5 

2:0.040 
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BWR Fuel ID/(Fuel Class) 

FA Design 

Reload Fuel DesignationC1JC2l 

Rod Pitch (in.) 

No of Fueled Rods 

Maximum Active Fuel Length 
(in.) 

Fuel Rod OD (in.) 

Clad Thickness (in.) 

Fuel Pellet OD (in.) 

No of Water Rods 

Water Rod OD (in.) 

Water Rod Inner Diameter ID 
(in.) 

February 2019 
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GE-7-A 
(7 X 7) 

7 X 7-
49/0 

GEl 
GE2 
GE3 

0.738 

49 

~150 

0.563 

0.032 
0.037 

0.491 
0.477 

0 

---

---

Table 2-3 
BWR Fuel Assembly Design Characteristics 

4 Pages 

GE-8-A GE-8-B GE-8-C GE-8-D GE-9-A 
(8 X 8) (8 X 8) (8 X 8) (8 X 8) (9 x9) 
8 X 8- 8 x8- 8 x8- 8 X 8- 9 X 9-
63/1 62/2 60/4 60/1 74/2 

GE4 GE-5 GE8 GE9 GEll 
GE-Pres Type II GElO GE13 

GE-Barrier 
GE8 Type I 

0.640 0.640 0.640 0.640 0.566 

63 62 60 60 66 full 
8 partial 

~150 ~150 ~150 ~150 146" full 
90" partial 
108" partial 

GE13 

0.493 0.483 0.483 0.483 0.440 

0.034 0.032 0.032 0.032 0.028 

0.416 0.410 0.410 0.411 0.376 
0.411 0.411 

1 2 4 1 2 

0.493 0.591 2@0.591 1.340 0.980 
2@0.483 

0.425 0.531 2@0.531 1.260 0.920 
2@0.419 
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GE-10-A GE-10-B ENC-7-B 
(10 X 10) (10 X 10) (7x 7) 

lOxlO- 7x 7-
92/2 lOxlO 48[i) 

GE12 GNF2 ENc-mt@) 
GE14 

0.510 0.510 0.738 

78 full 78 full 48 
14 partial 14 partial 

150" full 150.3" full ~150 
93" partial 110.81" 
84" partial partial 

GE14 59.4" partial 

0.404 0.404 0.570 

0.026 0.0236 c::0.0355 

0.345 0.350 0.468 -
0.491 

2 2 11{})) 

0.980 0.98 0.57zC3
) 

0.920 0.92 Note 3 
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BWR Fuel ID /(Fuel Class) 

FA Design 

Reload Fuel Designation<1l<2l 

Rod Pitch (in.) 

No. of Fueled Rods 

Maximum Active Fuel Length 
(in.) 

Fuel Rod OD (in.) 

Clad Thickness (in.) 

Fuel Pellet OD (in.) 

No. of Water Rods 

Water Rod OD (in.) 

Water Rod ID (in.) 

February 2019 
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ABB-8-A 
(8 X 8) 

4x(4 X 4) 

SVEA-64((-0J 

0.610 

64 

150.59 

0.461 

0.027 

0.3940 

0 

---
---

Table 2-3 
BWR Fuel Assembly Design Characteristics 

4 Pages 

ABB-8-B ABB-10-A ABB-10{~) ABB-10-B 
(8 X 8) (10 X 10) (10 X 10) (10 X 10) 

4x(4 X 4) 4x(5x5-2) 4x(5x5-2) 4x(5x5-l) 
SVEA-64(1JJ SVEA-92(,'.fJl SVEA-92(4)) SVEA-96(5)]:JJJ 

0.622 0.500 0.500 0.496 

64 (92) UJ21 ,'- '/ 96 

150.59 150.59 150.59 150.59 

0.483 0.387 0.378 0.387 

0.031 0.0243 0.0243 0.0243 

0.4110 0.3350 0.3224 0.3350 

0 0 0 0 

--- --- --- ---
--- --- --- ---
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ABB-10-B ABB-10-A ABB-10-B 
(10 X 10) (10 X 10) (10 X 10) 

4x(5x5-l) 4x(5x5) 4x(5x5) 
SVEA-96(s):(:l)j SVEA- lOo(tJJ SVEA-100(4Jj 

0.488 0.500 0.496 

96 100 100 

150.59 151 151 

0.378 0.443 0.387 

0.0243 0.028 0.0243 

0.3224 0.3745 0.3350 

0 0 0 

--- --- ---
--- --- ---
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BWR Fuel ID /(Fuel Class) 

FA Design 

Reload Fuel Designation<1lC2l 

Rod Pitch (in.) 

No of Fueled Rods 

Maximum Active Fuel Length (in.) 

Fuel Rod OD (in.) 

Clad Thickness· (in.) 

Fuel Pellet OD (in.) 

No of Water Rods 

Water Rod OD (in.) 

Water Rod ID (in.) 

Notes: 

1. All dimensions shown are nominal. 

Table 2-3 
BWR Fuel Assembly Design Characteristics 

4 Pages 

ABB-10-A (10 x 10) 

4x(5x5-3) 
4x(5x5-~} 
Optima{J~ 

SVEA-960ptl4ll5l 

0.496 - 0.500 

€~~.;)96 
150.42 

0.379-0.406 

0.0248 -0.0268 

0.323-0.346 

0 

---
---

2. Reload F As from other manufacturers with these parameters are also acceptable. 

3. Solid Zircaloy rod(s). 

Rev. 1, 01/18 

ABB-10-C (10 x 10) 

4x(5x5-4) 
4x(5x5-2) 
4x(5x5-1) 
Optima2 

SVEA-960pi4ll5l 

0.484 - 0.512 

fMfo2f<J<>i 
~-t .,} ··~ ,,:;.,.,,,!, 0.-'f_.,,;-

150.42 

0.387 

0.0238 

0.334 

0 

---
---

4. Fuel bundles designated as ABB or SVEA are typically assembled from four sub-assemblies. There is a cruciform internal water channel between the 
sub-assemblies. The thickness of the water channel is 0.8 mm, the inner width of the channel is 4 mm for most ABB or SVEA bundles, except 2.4 mm for 
SVEA-Optima 1 and SVEA-Optima 2. 

5. There is one rod that occupies the four central fuel rod locations and four water bars/channels that divide the FA into four quadrants. 

f!JFfJ)teflffff;JiltllifEfJ!JltJ~JJ;e.'fjJ_'J!J!J 
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Fuel Class 

FA Design 

Fuel Parameters 

No. of Rods 

Active Fuel Length (in.) 

Pellet Diameter (in.) 

Fuel Rod Pitch (in.) 

Clad OD (in.) 

Clad Thickness (in.) 

Guide and Instrument Tubes 
No. of Guide/Instrument Tubes 

Guide/Instrument Tube Thickness (in.) 

Fuel Cla(s) 

FA Design <1><2> 

Fuel Parameters 

No. of Rods 

Active Fuel Length (in.) 

Pellet Diameter (in.) 

Fuel Rod Pitch (in.) 

Clad OD (in.) 

Clad Thickness (in.) 

Guide and Instrument Tubes 
No. of Guide/Instrument Tubes 

Guide/Instrument Tube Thickness (in.) 
Num/jer-o[Waierli.ods 

Water Rod OD 

Water Rod ID 

February 2019 
Revision 3 

Table 2-4 
Additional PWR and BWR Fuel Assembly Design Characteristics 

2 Pages 

WE 14x14 WE17x17 WE17x17 WE15x15 
Doel 1&2 Doe13 Doe14 Tihange 1 

14x14 17x17 17x17 15x15 

179 264 . 264 204 

96 145 169 145 

0.368 0.322 0.323 0.368 
0.556 0.496 0.496 0.563 
0.424 0.376 0.376 0.426 

o.o2:2_~) 0.0225 0.0225 0.0242 

17 25 25 21 

::::a.ors ::::a.ors ::::a.ors ::::a.ors 
WE 14x14 WE 15x15 WE 17x17 WE 17x17 

Kansai 14x14 Kansai 15x15 Kansai 17xl 7 ENRESAASCO 
Step I Type A Step I Type A Step II 17x17 

179 204 264 264 

143 143 144 144 

0.366 0.366 0.317 0.322 

0.555 0.563 0.496 0.496 

0.422 0.422 0.374 (o).(4) 
, i 

0.022,5} 0.0242 0.0225 0.0225 

17 21 25 25 

::::a.ors ::::a.ors ::::a.ors ::::a.ors 
--- ~---

--- --- --- ---

--- --- --- ---

--- --- --- ---

72-1042 Amendment 1 

All Indicated Changes are in response to RAI 6-1 

Rev.1,01/18 

WE17x17 WE17x17 
Tihange 2 Tihange3 

17x17 17x17 

264 264 

145 169 

0.323 0.323 

0.496 0.496 

0.376 0.376 

0.0225 0.0225 I 
25 I 25 

::::a.ors ::::0.015 

WE 17x17 I GE-8-C (8 x 8) 
AMJOOO 

11 

8x8 
17x17 Step II 

ll I 
264 ! 60 I 
165 II 146 I 

0.322 a 0.409 I 
0.496 ! 0.642 I 
0.372 !I 0.484 I 

0.0225 I 0.032 I 
25 ---

::::a.ors ---
4 

--- 2@0.591 

I 2@0.483 

--- J 
2@0.531 

I 2@0.419 
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Table 2-4 
Additional PWR and BWR Fuel Assembly Design Characteristics 

2 Pages 

GE-8-C GE-9-A GE-10-A ABB-8-A 
BWR Fuel ID/Fuel Class f;' 

\(8 X 8) (9 x9) (10 X 10) (8 X 8) 
BWRl/4 BWR2/5/8 BWR 3/9/12/13 BWR6 

FA Design KKL8x8 KKL9x9 KKLlOxlO KKL4x4x4 

Fuel Parameters 

Number of Rods foOl 74 92 ' 64 
Active Fuel Length (in.) 150 146 148 151 
Pellet Diameter (in.) 0.413 0.378 0.35 0.394 
Fuel Rod Pitch (in.) 0.64 0.566 0.51 0.61 

Clad OD (in.) 0.483 0.441 0.431 0.461 
Clad Thickness (in.) 0.032 ' 0.028 0.026 0.027 

Number of Water Rods 4 2 2 0 

Water Rod OD 
2@0.591 

0.98 0.98 ---2@0.483 

Water Rod ID 
2@0.531 

0.92 0.92 ---2@0.419 

Notes: 

1. All dimensions shown are nominal. 

2. Reload fuel assemblies from other manufacturers with these parameters are also acceptable. 

3. Solid Zirc rod(s). 

February 2019 
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ABB-10-B 
(10 X 10) 

BWR 7/14 

KKL 4x(5x5-l) 

96 

151 

0.323 

0.488 

0.369 - 0.378 

0.0228 

0 

---

---

All Indicated Changes are in response to RAI 6-1 

Rev. 1, 01/18 

ABB-10-A ABB-10-C 
(10 X 10) (10 X 10) 

BWRl0/15 BWR 11/16 

KKL 
KKL 4x(5x5-4)/ 

4x(5x5-3)/ 4x(5x5-2)/ 
4x(5x5-1) 4x(5x5-1) 

(88,;1§} (§}z'P.trJJiJ 
151 151 

0.323 - 0.346 0.334 - 0.335 

0.496 - 0.502 0.512 

0.379 - 0.406 0.369 - 0.387 

0.023 0.024 

0 0 

--- ---

--- ---
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3.9.2.3A.5 

(3 .. 9.2.3$) 

(j. 9.2.3B. l) 

(3.9.2:3B.2) 

Febrnary 2019 
Revision 3 

Reconciliation 

The design change in the EOS-37PTHType 4 Basket is a modification to 
stagger the alignment of the steel, aluminum, and poison basket plates. This 
change allows damaged, failed fuel or intact fuel assemblies to be loaded in an 
EOS-37PTH Type 4 Basket. Temperature distribution in the EOS-37PTH Type 
4 Basket is bounded by the original analysis for Type 1 through 3. There are no 
changes to overall length, thickness or other structural dimensions of used in the 
structural evaluations. Therefore, no further analysis is required. The 
structural evaluation presented in Section 3.9.2.1 and Section 3.9.2.3 remains 
valid for EOS-37PTH Type 4 Basket. 

(NUHOMs®.BOS-3;7PTH Type 5 Basket Evaluation) 

The NUHOMs® E0S-37P:tH Type 5 basket is. identical to the Typ<J,Jf2f}. kg/tet, 
the @,,:Jljl differenceOl:Jeing t:he lowiitnissi"JJi(y cqa,fing stee1 plaiij£iniliq~'-----,--,-.. 
conductivity poison plates: Only ·intact F .A.s can be stored in the Type 5 basket. 
The de taileq de scrip.ti on oj the Tine 5 bas.ket is .di$cussed in Chapter j. 

( General DescriP!Jiii) 

The primary design change to the'EOS-3.7PtHTyp~ fbaskdfr.the low 
emisSivi{)l CQ_flting steel p/q(es andfow co:nduc;tivi{)l poison pla('(;S. 

(Dim~nsions and Materials) 

The·overaltlength/ihickn~s, or 'iiimensibns us~<:( in th/:structural ·eva1uatiorfs 
(Sec~on 3.9.2.l a7:d Section 3.9 .. 2.J)re"!a~njhe same for the Typf 5 basket. 
Simitr.Jrly, .. the materfals u~r,d in tlje.7'ypeW: baskf1t are <Jvnsiste;fttwith~fhose 
considered/or the structural analysis in Sectior/3.9.2.fand Section 3I9.2.3. The 
key b[ls"fcet gi1rtft.nsJJJB:!L<J:114JJ:Jg(eri(lls are: ftr D,:awing:llOSOl-:J OJ 0-$!1./?., .. ,as 
provided iii secTion-T.J 1. 

(Temperatun.e.) 

The .Type 5 basket accom,m·odates;only intact .FAs, and the temperature· 
< :"';;''< -"' '. - ;,<c, '', ,, :,, ,»,,~--y"'"-,,·,~'==~,-u~,:;,--,·e'll:._,:,,;,~'"""-~-;;~':~,~---,,,-~,'"·":',,'.';..._,.;_"";,7"'""A~ 

'disti:ibutiori~s boulifletl by:rthe original analysis"for Types 1 tnrQugh 3. 

(Reconciliation) 

The design changefn the EOS-37fTHType 5 basket only includes the low 
emiistvity c;i/aling st(!el plates andJow CQnductivity poison plates. Tempe,:dture 
distribution.in the Type 5 basket is bounded by t7!e original analysis/or Type.I 
throygh 3.: l!~e.re qre no c~angestr overglf lerzgJh, thiq'fFrzess <Jr othe,:,structyr:al 
dimensions" 'used inthe structural ivaluaiions: · ·therefore, no fu:rther.. angf ys}!fis 
required. The structural evaluation pres(!nted.id.S.e_c.tf_Q11}. 9-, JJ. andSection 
3. 9: 2:3 remains valit/for EOS-3 7/?TH Ty_ "e f b?l,°ike't. 
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4.2 Material and Design Limits 

To establish the heat removal capability, several thermal design criteria are established 
for the NUHOMS® EOS System. These are: 

• Maximum temperatures of the containment structural components must not 
adversely affect the containment function. 

• aximum fuel cladding temperature limit of 400 °C (752 °F) has been 
established for normal conditions of storage and for short-term storage operations 
such as transfer and vacuum drying [4-1]. During off-normal storage and 
accident conditions, the fuel cladding temperature limit is 570 °C (1058 °F) [4-1]. 

• A maximum temperature limit of 327 °C ( 620 °F) is considered for the lead in the 
TC, corresponding to the melting point [4-2]. 

• A maximum temperature limit of 128 °C (262 °F) is considered for the bottom 
neutron shield (Borotron® HD050 or equivalent) in the TC, corresponding to the 72 · 48 

melting point [4-3]. 

• The temperature of the water in the neutron shield is limited by the rating of the 
pressure relief valves (20 psig) on the neutron shield. The temperature of the 
water cannot rise above the equivalent steam saturation temperature at this 
pressure (i.e., approximately 259 °F) without risk of activating the relief valves 
and losing some of the water in the neutron shield. 

• The ambient temperature ranges are -20 to 100 °F (-28.9 to 37.8 °C) for normal 
storage operations with heat load less than or equal to 41. 8 kW for the 
EOS-37PTH DSC and 41.6 kW for the EOS-89BTH DSC. For normal storage 
operations with heat load greater than 41.8 kW for the EOS-37PTH DSC and 41.6 
kW for the EOS-89BTH DSC, the minimum ambient temperature is -20 °F (-28.9 
°C) and the maximum yearly average ambient temperature is 70 °F (21.1 °C). For 
off-normal storage operations, the ambient temperature range is -40 to 117 °F (-40 
to 47.2 °C). The ambient temperature ranges are Oto 100 °F (-17.8 to 37.8 °C) 
for normal transfer and Oto 117 °F (-17.8 to 47.2 °C) for off-normal transfer 
operations. In general, all the thermal criteria are associated with maximum 
temperature limits and not minimum temperatures. All materials can be subjected 
to a minimum environment temperature of -40 °F (-40 °C) without adverse 
effects. 

• The maximum DSC internal pressure during normal and off-normal conditions 
must be below the pressure of 20 psig used for structural evaluations. For 
hypothetical accident cases, the maximum DSC internal pressure must be lower 
than 130 psig. The evaluations of the maximum DSC internal pressure during 
normal, off-normal, and hypothetical accident conditions assume the rupture of 
1 %, 10 %, and 100% of the fuel rods, respectively. 

February 2019 
Revision 3 72-1042 Amendment 1 

All Indicated Changes are in response to RAI 8-3 

Page 4-5 



NUHOMS® EOS System Updated Final Safety Analysis Report 

February 2019 
Revision 3 

Proprietary Information on This Page 
Withheld Pursuant to 10 CFR 2.390 

72-1042 Amendment 1 

Rev. 1, 01/18 

Page 4-28 



NUHOMS® EOS System Updated Final Safety Analysis Report Rev. TBD, TBD 

4.9 .6.1.3 .3 

February 2019 
Revision 3 

ff thimaximum'}~mper/iturfs .fr9m)h~'.above 'traris1elitanalwes and' f he 
aacident,evafuqtiowµre;ies'!f thah tnose'.pt<{viottsly,'Clppro1Y¢d jot ~C: ·j With 
fl?Zc;: 1 ijhe· mrzyiml,(mc(~mp~r;(itJ,fr.~sfor all P{l]er{oad ·cas.es. tf:,or,{ci•Cgs~s 3,. 6a; 
6b and 7) evaluatedforJransfe,; oierations of}ILZC 1 in ,Table 4.:.23. will al~o 
fg~<iliJJi>Ji!zJJ~M)ilJJl!:lMrJD!filY:ptiofl& are neces~arj.Jor;HLZCii•·~.mid) 
6" 

Ambient Operating Conditions 

Ambient temperature for the EOS-37PTH DSC with HLZC 4, 5, and 6 are 
identical to those in Section 4.3. 

In addition to the ambient temperature, normal thermal evaluation for 
EOS-HSM considers impact of wind on the maximum fuel cladding 
temperature. Based on the evaluations presented in Section 4.9.4, wind 
deflectors are implemented on top of the EOS-HSM and next to the outlet as 
shown in Figure 4.9.4-7. 

For the EOS-37PTH DSC with HLZC 4, 5, and 6 during storage operations in 
an EOS-HSM, wind deflectors are implemented as follows: 

• For HLZCs 4 and 6, wind deflectors shall be installed for storage operations 
with heat load greater than 41.8 kW per DSC similar to HLZC 1. 

• For HLZC 5, wind deflectors shall be installed for storage operations if the 
heat load of a FA is greater than 1.625 kW irrespective of the total heat load 
per DSC. 

72-1042 Amendment 1 Page 4.9.6-7 
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For the EOS-37PTH DSC with HLZCs 4, 5, and 6, the time limit for 
normal and off-normal transfer 012erations is reduced from 10 hours to 8 
hours based on the comparisons ofietnpera(:uresjor'HLZC:s 4, 5, 'and 6 to) 
HLZC-1 ,.as sfiown in:f;ab!ec,~.9.6-5) This}nsure~that the maximum fuel 
cladding temperatures for HLZCs 4, 5, and 6 remain below the design basis 
tem12eratures determined in s.ection 4.5.4 for HLZC ( as shown in) 
~(e/if,.9: 6"'$,qn(j <Ji&'(3lf:SSe~:{n the{<j}lowin,g; seC.tiQfJ) The duration 
available to complete the recovery actions if transfer operations cannot be 
completed within the time limit remains unchanged at 5 hours. 

Therefore, the total duration for transfer operations is 13 hours (8-hour 
transfer time limit + 5-hour recovery time) for the EOS-3 7PTH DSC with 
HLZCs 4, 5 and 6, compared to 15 hours for design basis evaluation with 
HLZC 1 in Section 4.5.4. 

B. Component Temperatures 

Table 4.9.6-5 presents the maximum temperatures of the fuel cladding and 
the various components within the EOS-37PTH DSC and the EOS-TC125 
for the bounding normal conditions at 13 hours for HLZCs 4 and 5. As 
shown in Table 4.9.6-5, the maximum fuel cladding temperature at 13 hours 
is 729 °F and 717 °F for HLZC 4 and HLZC 5, respectively, remaining 
below the allowable temperature limit of 752 °F. Figure 4.9.6-4 and 
Figure 4.9.6-5 present the temperature profiles for HLZCs 4 and 5, 
respectively for normal conditions at 13 hours. The design basis evaluation 
for HLZC 1 is also included in Table 4.9.6-5 to provide a comparison with 
the design basis temperatures. As shown in Table 4.9.6-5, the maximum 
temperatures for normal and off-normal conditions remain bounded by the 
design basis evaluation with HLZC 1 in Section 4.5 for the EOS-37PTH 
DSC. Since these temperatures are lower compared to HLZC 1, the 
remaining time limits listed in Table 4-31 of Section 4.5 for insertion of 
DSC into the EOS-HSM or restarting of air circulation after its inactivation 
also remain applicable. The time limits for transfer operations of the 
EOS-37PTH DSC with HLZCs 4, 5, and 6 are listed in Table 4.9.6-7. 

For accident conditions, as shown in Table 4.9.6-6, the maximum fuel 
cladding temperature is 949 °F with a 14 °F increase compared to the 
design basis evaluation with HLZC 1 in Section 4.5 for the EOS-37PTH 
DSC. However, this remains below the allowable temperature limit of 
1058 °F for accident conditions. Therefore, there is no impact on the fuel 
cladding integrity. Figure 4.9.6-6 presents the temperature profiles for 
HLZC 4 during accident conditions. 
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In addition, the maximum heat load for HLZC 8 while loaded with damaged or 
FFCs is limited to 41.8 kW compared to 46.0 kW for HLZC 6. Therefore, the 
thermal evaluation presented for HLZC 6 in Section 4.9.6.1.5 with damaged 
F As, and Section 4.9 .6.1.6 with failed fuel remains bounding for HLZC 8. 

Similarly, the maximum heat load per DSC for HLZC 9 is limited to 37.80 kW, 
which is lower compared to the maximum heat load of 41.0 kW for HLZC 5. 
In addition, the maximum heat load per FA within zone 3 of HLZC 9 is 
reduced to 2.0 kW compared to 2.4 kW in HLZC 5. Since the total heat load 
per DSC and the maximum heat load per FA are lower, the thermal evaluation 
ofHLZC 5 in Section 4.9.6.1.4 for transfer operations is bounding for HLZC 9, 
including the transfer time limits while loaded with intact F As. 

Time limits for transfer OQerations of the EOS-37PTH DSC with HLZCs 7, 8, 
and 9 are-listed in(Tabl~ di~:6-H) 

72-1042 Amendment 1 Page 4.9.6-21 
Appendix 4.9.6 is newly added for Amendment I. 

All Indicated Changes are in response to the Thermal Editorial RAI 



NUHOMS® EOS System Updated Final Safety Analysis Report Rev. 1, 01/18 

6. SHIELDING EVALUATION 

~ The EOS system is designed to store intact{·~aiizage£{:orJat~pressurized water 
~ reactor (PWR) and~flta,;i)boiling water reactor (BWR) fuel assemblies (F As) within 

~i~~~A~J1~~:~~~;~:;!4~.~~~~ct1f ;~ :r=~~~i~:~~s 
(TCs) EOS-TC108 and EOS-TC125/135 are used to transfer the EOS-DSC to the EOS 
horizontal storage module (EOS-HSM). Normal and off-normal condition, near-field 
dose rates are presented in this chapter for the EOS-TC and EOS-HSM. Detailed 
three-dimensional dose rate calculations are performed to determine the dose rate 
fields around the EOS-TCs during loading, decontamination, welding, drying, and 
transfer operations. Detailed three-dimensional dose rate calculations are also 
performed to determine the dose rate fields around an EOS-HSM. These near-field 
dose rates are used as input to the dose assessment documented in Chapter 11, 

:::o:::

0

:urce terms, and dose rates presented in this chapter are developed 
to be reasonably bounding for general licensee i!!!Plementationgf the EOS System. 

~~~~~~(!~~fs11~~i:~;~~~:~:;~~:::t:ii~~i~i~?~~~~QI~~1!:~~:~;f3 
general licensee, although the inputs utilized in this chapter should be evaluated for 
applicability by each site. Site-specific EOS-TC and EOS-HSM near-field 
calculations may be performed by the general licensee to modify key input parameters. 

Compliance with 10 CFR 72.106 is demonstrated in this chapter for a loss of neutron 
shield accident for a single EOS-TC. Further, site dose calculations for an array of 
EOS-HSMs under normal, off-normal, and accident conditions are documented in 
Chapter 11, based on the near-field EOS-HSM results presented in this chapter. 
Because the number and arrangement ofEOS-HSMs and the distance to the site 
boundary is site-specific, compliance with 10 CFR 72.104 and 10 CFR 72.106 for an 
array of EOS-HSMs can only be demonstrated using a site-specific calculation. Inputs 
for the site dose calculations developed in the current chapter may be directly used as 
input to a site-specific dose calculation by the general licensee. . 

The shielding evaluation for the NUHOM!JID MATRIX is documented in Appendix A. 6. 

Febrnary 2019 
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6.1 Discussions and Results 

The following is a summary of the methodology and results of the shielding analysis 
of the EOS system. More detailed information is presented in the body of the chapter. 

The EOS-3 7PTH DSC stores up to 3 7 PWR F As, while the EOS-89BTH stores up to 
89 BWR F As. Each EOS-DSC is configured into heat load zones in order to optimize 
the system performance for both thermal and shielding considerations. Nine heat load 
zoning corifigurations (HLZCs) are available for the EOS-37PTH DSC, and three 
HLZCs are available for the EOS-89BTH DSC. The HLZCs are defined in the 
Technical Specifications (TS), Figure IA through Figure 2 [6-11]. Fuel to be stored is 
limited by the decay heat and minimum cooling times defined in the Technical 
Specifications. 

The EOS-37PTH DSC is authorized to store up to eight damaged FAs or four FFCs 
using HLZC 6 or HLZC 8. Damaged and failed fuel shall not be present in the same 
DSC. 

Source Terms 

The ORIGEN-ARP module of the Oak Ridge National Laboratory (ORNL) 
SCALE6.0 code package [6-1] is used to develop reasonably bounding gamma and 

neutron source terms. [ 

] 

Control components (CCs) are allowed to be stored within a PWR FA. Examples of 
CCs include burnable poison rod assemblies (BPRAs) and thimble plug assemblies. 
Control components typically have a Co-60 source because of its light element 
activation which contributes substantially to the dose rates. The CC source term~ 

·'"'~~ ,.,,, .. ,s rovided in Table 6-37. 

BWR fuel does not include CCs other than the fuel channel, which is conservatively 
included in the source term. The BWR fuel channel is fabricated from zirconium alloy 
and does not require a Co-60 limit because the contribution to the source term from 
the fuel channel is negligible. 
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Dose Rates 

The Monte Carlo transport code, MCNP5 [6-5], is used to compute dose fields around 
the EOS-TCs and EOS-HSM using detailed three-dimensional models for the 
following normal configurations: 

• EOS-37PTH DSC inside the EOS-TC108 

• EOS-37PTH DSC inside the EOS-TC125/135 

• EOS-37PTH DSC inside the EOS-HSM-Short 

• EOS-89BTH DSC inside the EOS-TC108 

• EOS-89BTH DSC inside the EOS-TC125/135 

• EOS-89BTH DSC inside the EOS-HSM-Medium 

The EOS-TC125 and EOS-TC135 provide equivalent shielding but accommodate 
different DSC lengths. The EOS-TC135 is used only with the EOS-37PTH DSC. The 
EOS-TC 125 and EOS-TC 135 designs are bounded by the same Monte Carlo N­
particle (MCNP) model and are referred to in this chapter as EOS-TC125/135. The 
EOS-TC108 offers less shielding than the EOS-TC125/135 and features a removable 
neutron shield. The neutron shield is removed for fuel loading and attached 
subsequent to fuel loading. The neutron shield for the EOS-TC125/135 is integral to 
the cask and cannot be removed. 
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The shielding effectiveness of the EOS-TC and EOS-HSM is not impacted by any 
off-normal events. Two accident events have been identified: 

• Loss of neutron shielding for the EOS-TCs 

• Loss ofEOS-HSM outlet vent covers due to a tornado or missile event 

MCNP cases are developed for the EOS-HSM in which the vent covers are absent. 
The EOS-HSM accident increases the average dose rate on the roof of the module to 
7400 mrem/hr. The fluxes and dose rates on the surface of the EOS-HSM in an 
accident condition are used as input to an accident site dose calculation documented in 
Chapter 11. 
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6.2.1 Computer Programs 

Source terms are generated using the ORI GEN-ARP module of SCALE6.0. 
ORIGEN-ARP is a control module for the ORIGEN-S computer program. 

Rev. 1, 01/18 

ORI GEN-ARP allows a simplified input description that can rapidly compute source 
terms and decay heat compared to a full two-dimensional SCALE6.0/TRITON 
calculation. 
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ORIGEN-ARP uses interpolated cross section libraries to generate source terms that 
are essentially equivalent to the detailed TRITON runs. TRITON has been 
benchmarked against experimentally measured isotopes and results in excellent 
agreement with the measured data in ORNL/TM-2010 SCALE 5.1 [6-2]. As part of 
the code validation, the TRITON benchmark cases from SCALE 5 .1 are rerun using 
the ENDF/B-VII 238-group cross section library. The isotopes important for shielding 
for which benchmark data are available include Cs-137/Ba-137m, Cs-134, Eu-154, 
Ce-144/Pr-144, Ru-106/Rh-106, Sr-90N-90, and Cm-244. The average ratio of the 
measured to calculated concentration for these nuclides is close to unity, indicating 
that TRITON/ORIGEN-ARP is an acceptable program for source term generation. 

6.2.2 PWR and BWR Source Terms 
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Sources are developed for a variety of different enrichments. For a particular U-235 
enrichment, the uranium fuel loading is distributed according to the following 
relationship from the SCALE 6.0 manual: 

• wt. % U-234 = 0.0089 * wt. % U-235 

• wt. % U-236 = 0.0046 * wt. % U-235 

• wt. % U-238 = 100 -wt. % U-234 -wt. % U-235 -wt. % U-236 

The EOS-DSC baskets are zoned by heat load. Heat load zoning allows hotter F As, 
which generally have larger neutron and gamma source terms, to be placed in the inner 
zones and be shielded by FAs in the outer zone. The EOS-TC108 and 
EOS-TC 125/13 5 have different heat load zone configurations because the 
EOS-TC125/135 is more heavily shielded than the EOS-TC108 and can therefore be 
loaded with stronger sources. 

Nine HLZCs are available for the EOS-3 7PTH DSC and three HLZCs are available 
for the EOS-89BTH DSC. These HLZCs are defined in TS Figure IA through Figure 
2 [6-11]. All HLZCs may be transferred in the EOS-TC125/135, while the 
EOS-TC108 is limited to PWR HLZCs 2 and 3 and BWR HLZCs 2 and 3. The 
EOS-HSM may store PWR _HLZCs 1 through 6 and all BWR HLZCs. 
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lhe bounAjngftLZC£9re ysed far dos~ rate a11:aly~i~:(f dr ebchion~.;Wiihin a'i5sc/) __ , 
\higher heat loads result in stronger source terms and larger dose rat~s.ifthe minim"!_'!!) 
(cooling time is the same. When the E0S-89BTH DSC is used with the EOS-TCl 25, L 
)the minim~in c~oling tim~,.}s three yea,rs in all zones. The EG_S-8~B!,H DSCHL~fj_) 
,;and 2 are.uJenflcal exQeptfor Zone 2. JI'he Zone 2 heaMoad is larger;for HLZCJ J 
\·'' '·, - -~·:··\•«,~;:~ .. ;-~•· I • •, >• • :·'• a•• ' ' '(. o,, ·,' ' '.. · .. - .. - ''. . ' :,• '• .'._ '.•:-~._,_.•:·" ,H "

1 ,,,s,:, lt-~,J 

~cdmpared'to,HLZC:2, fhirefore, HEZGJ, 11Joutids HLZC 2. Also, every z°"ne. efL,.:···-':·· 
!,HLZC 2 is hotter than the corresponding zone of HLZ(:J.. fherefOr€, HLZC, 2 "/?!l!t7!..4lJ 

~ }HLZC 3. Because HLZC 1 > HLZC 2 ;.J!],_'!:_9.,_L_l}fil§J!}_T}J_Q~( H1:_?<;LL!.() 
- ~ \bounding for the EOS-TC125 {malysi~:) 

'-·-·-· -~------~,,_____.,,, ___ .,.~~---· :,J 

(TheiEQS~f3'9 BtHIJSCHEZC 1 'is ·not,allow~d in the EDS-TC 108.' As;:discusseclii'l,ithe'l,_ 
[prey1ousJ/qrqgrap~1 · l;ff,'7C 2 has large"( heat loads ineach zone con;zpa,ted to lf P?.<;}.) 
{ When HLZC Z or 3 is used with the EOS,-TCl 08, the minimum cool(ng time in zone 3) 
(is 9. 7 years and 9.0 years, respectively. While the EOS-89BTH DSCHLZC 2 zone 3L 
(has a slightly longer minimum cooling time than HLZC 3 'zone 3, the ininlmum cooling) ). . ,,, .·:·:'' '' ,; ' ·: ..,., ' ' ' ,< ,,, ' ' ' ' :· ': ,,,' : ',,,'. 9: ':··· ' ,'' ·., '''"· ·:, ".: ' 
\(ime differjnt;e' (0: 7 year"s})s smallcbrflpµrea io the)cirge differencfjn:dei:ay h~4t:CQ)) 
{kW/FA) .. Thlrefore, E0S~89BTH DSCHLZC 2 is boit.ndingfor E0S~TCJ08 analysis.) ~-------~·~· ---------- .. ,.. - ~-·---~~---~-~-~ 
,---·--=·--------.. -------------~------------··-------------•-·w-~---,·---~-.. 
ILikewise,Jor the EOS-TC108, the EOS~31PTH DSC.HLZC 2 has a larger heat load in) 
(each zone .~9,:npared to JffZC 3 .. .Also;, t~e minimumJoqpng ti,ne ··i~.Jowe,r i~ iiL}Q Jr' 
{Zone ".J (fi~~itoeight year.s):compared'/6 .. 'HLZC 3 {hitTl:~.ecirsf Th:e~eiofe, .. "EQS::) 
(~ 7PTif/}_s/; HJ;,ZC 2 _~ounds HLZC 3"[i{EOS-TCio}/d~~ljJsis.J· .. --.. --"~·-·--- --· ... , 

For PWRfuel in the EOS-TC125/135, the bounding HLZC cannot readily be 
determined by inspection, although the nine HLZCs may be reduced to three 
candidates based on head load considerations. HLZC 4 has the largest total heat load 
in the peripheral zone, HLZC 1 has a large heat load in an inner zone, and HLZC 5 
has the largest heat load per fuel assembly. Therefore, each of these HLZCs is 
examined explicitly. 

r:"\ 
Based on MCN . calculations, HLZC 4 bounds HLZC 1, and HLZC 4 and HLZC 5 

"" 
result in si ar peak dose rates for the EOS-TC125/135 and EOS-HSM However, 
HLZC results in larger average dose rates on the EOS-TC125/135 side surface 
ca 'PClfed .. f?.HLZ~5 bef!!U.~e HL~C .. 4}~s the large%heat load in t~,~13eripheral ... ·~ 
fOf!§...~\The,f!}:posure anglY,s;rs providedJ?'(hapter 11 z:tb~sed upon,fverage EOS~'l;CL_, 

-RA_l_6_-_8 __ k--","--~;,ifa_~~!Cl~/4;~~£CfJ1S..~ .. c}P~!~!{6n .. L't!!l~ .. P4l<i{lji~~P9!~E'r!6[/JJ1~cq{i_!!fl§_fl[!ll1:!.'ifd~tfz:~gQ$_J![§;;) 
Therefore, HLZC 4 is used in design basis PWR calculations for the EOS-TC125/135 
and EOS-HSM Source terms for HLZC 4 are derived for 1.0 kW/FA in Zone 1 and 
1. 625 kW/FA in Zones 2 and 3 for a total DSC heat load of 52. 0 kW This bounds the 
maximum DSC heat load of50.0 kW 

n ,,". . ·: ...... ':."'"" . .. ,/""'::':···-~-:~,.,. .- "f',.,.· :/• , -~ ·_'""."". .· . '""'?'.: -- '!'.' .• -·... "'. .,. ,.,..._.'1" ~ ~'0-:i~. ~· ... ..., ..... _ .... -;':". '::_:',-. ,,~ ,~-:\ 
l While HL:ZC ~4 is the desigrz basis PWR RLZC, explicit source terms CJ,re also L----~~ .. -
leveloped for HLZC5 for·use in supplemental calculati9ns. HLZC5 source termsa:..€!) 
\('developed for 0. 7 kW/F,d:)'0<!!!!! 1, 0.5 kW/FA in Zqnf2, .. 2.4 kW/FA in .. Zone 3, and) 
0.85 kW/FA in Zone 4.J ·---'~-·---·-~.~-~ ...... _...., _____ _ 
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Note that itp to eight damaged PWRfuel assemblies or up to four FFCs are authorized 
for HLZC 6 and HLZC 8. Source terms are also developed for a damaged/failed fuel 
HLZC that bounds both HLZC 6 and 8. These source terms are derived/or 1.0 kW/FA 
in Zone 1, 1.5 kW/FA in Zone~" [.)JW!f'Afor inta9tfuel in Zone 3, and 0.85 kW/FA 

j,,.,, ""'?_.,',' '>'•,''.', ,,-,,.,"- 0 ,,,, " -"~»'.\ 

for failed fuel in Zone 3. The\Ql!lfilil!f4fl!?Jmethodology for developing 

damag~f!!fqi~g[zt~{~~wq~ f?{':!/tJ:t t~~' se-m!:. afv11;~dlt!r4g~{qpingin~C1fJ/4~!JJY1",Ce 
l!I!!!;,~ Vf,,~~wJ£gjfjiq{tqn o:f/Jani,~g?.tJ![ijjJ.lqfuct1:~R1!L£it~!i!efJ~i9Ji(}Jj#iP:~~~cS~;~1i@j 
'''({S ',(2S\ ~<ziL Z,ft:i 

Because the F As are zoned by heat load, it is necessary to develop source terms for 
each zone. Candidate sources are developed for high burnup (62 GWd/MTU), 
medium burnup (50 GWd/MTU) and lower burnup (40 GWd/MTU) fuel. Cooling 
time is selected so that the decay heat meets or exceeds the heat load limit for each 
zone. Because the cooling time required at these burnups is generally much larger 
than the minimum allowed cooling time for each zone, the burnup that results in a 
cooling time that matches the minimum cooling time for each zone is also determined. 
From these four candidate burnup/cooling time combinations, a bounding source for 
each zone is selected. 

[ 
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During an EOS-TC accident, it is postulated that the water in the neutron shield is lost. 
In this scenario, there is no hydrogenous neutron shield and the neutron dose rate 
dominates the primary gamma dose rate. Therefore, the burnup/enrichment/cooling 
time combination that results in the maximum neutron source is used in accident 
calculations with no neutron shield. In many cases, the normal condition and accident 
condition sources are the same. 

PWR source terms are reported in the following tables: 

• PWR sources terms for E0S-TC108 (HLZC 2): 
Table 6-10 through Table 6-13 

• PWR source terms for E0S-TC125/l35 
Intactfuel (HLZC 4): Table 6-14 through Table 6-16 

pgmqg~flfCJj1fd/~fL~l;fL,~f,:9l~J:· ,J;JW,.!~,f~!f;:;JT?le 6-16a through Table 6-16c 
1l1J1:a,c~fi<fJJJlfll,ll,9:t§PA~;ll;gJJ]~il\64,:t/z~Q/J:g}J§,:/l§g) 

• PWR source terms for EOS-HSM~ 
{~'<""."'°:';"""'"'"::~\ ',;,J 

'HLZG' ,-1 Table 6-17 through Table 6-19 
.:4!',""· .< i'f!,it!il(s\"'('!,,. s;~'!;/,r·: ,,., ~ 7P~·,~-s '}!! ,. a~.;r~ ,~f!"L"' .' .,'. h·\ ~-, '4. ~'''";;.fW"'S 

r .. ·· ' :' .. 7lcr'Bl'il'o~J9f:i'l!Jiott'' rl TdHiJ ·o~J.§a' 1,y,,;,.__; 0;;.,·, .. ·,,~,···.,.,." .,'"'·>~-.--· .. ;-~.L••·',,..' ,,,_.._£;;\"'G·· .. ;y.• ;;j/&;;,_g; ,':'0 .>".,, ·, .. ,~.z:.Jfi:b} 

BWR source terms are reported in the following tables: 

• BWR sources terms for E0S-TC108 (HLZC 2): 
Table 6-20 through Table 6-22 

• BWR source terms for E0S-TC125/135 (HLZC 1): 
Table 6-23 through Table 6-26 

• BWR source terms for EOS-HSM (HLZC 1): 
Table 6-27 through Table 6-29 

In these tables, the "raw" neutron source computed by ORI GEN-ARP is provided, as 
well as neutron sources that include neutron peaking factors and subcritical neutron 
multiplication. These factors are derived in Section 6.2.3. The scaled neutron sources 
are used in the detailed MCNP dose rate calculations. Only the total neutron source 
magnitude is reported because the Cm-244 spectrum is used in all dose rate 
calculations for simplicity because the neutron source is almost entirely due to Cm-
244 decay. For example, for the 62 GWd/MTU, 10.25 year cooled PWR source, 95% 
of the neutron source is due to spontaneous fission of Cm-244. Cm-244 is also the 
dominant neutron source for shorter cooling times. For instance, for a 3 6.178 
GWd/MTU, three-year cooled PWR source, Cm-244 represents 97% of the total 
neutron source. The effect on the neutron spectrum of neutron source isotopes with 
shorter half-lives, such as Cm-242 and Cf-252, is negligible. 
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To account for the reduced flux in the plenum and top regions, the BPRA input masses 
are scaled by the appropriate flux scaling factor. The ORI GEN-ARP inputs for the 
three BPRA regions are summarized in Table 6-35. 

The methodology for TP As is slightly different than for BPRAs. The reason is that a 
TP A may reside in several host F As for a total host fuel assembly burnup of 300 
GWd/MTU. ORI GEN-ARP cannot burn a single FA to such a high burnup. 
Therefore, rather than apply the flux scaling factors to the input masses, the true 
masses are input and the flux scaling factors are applied to the FA burnup. The TP A 
input masses are summarized in Table 6-33. These masses do not include flux scaling 
factors and are therefore larger than the BPRA input masses. 

For theTPA plenum, the effective bumup is 300*0.2 = 60 GWd/MTU, while for the 
TPA top the effective burnup is 300*0.1 = 30 GWd/MTU. This reduces the 
cumulative burnup in each region to a value within the bounds of a typical 
ORIGEN-ARP model. 

The TP A irradiation time is input to match the true irradiation time to properly credit 
Co-60 decay during the irradiation. Assuming a reactor assembly power of 19.68 MW 
and fuel loading of 0.492 MTU, the irradiation time to achieve a cumulative fuel 
assembly bumup of 300,000 GWd/MTU is 7,500 days. Because the irradiation time is 
fixed at 7,500 days, the FA power is selected to give the desired effective burnup in 
the plenum and top regions. For the top, the assembly power is 1.968 MW to achieve 
an effective burnup of 30 GWd/MTU. For the plenum, the assembly power is 
3.936 MW to achieve an effective burnup of 60 GWd/MTU. 

For simplicity of input preparation in the TP A calculation, no credit is taken for down 
time between cycles (typically assumed to be 30 days). Using approximately 12 
cycles fo achieve a burnup of 300 GW d/MTU, the conservatism of this assumption is 
11 *30 = 330 days of uncredited decay time. 

Results for Co-60 activity and decay heat for both the BPRA and TP A are summarized 
in Table 6-36 for a cooling time of 10 years. It is observed that the BPRA source may 
be used in the active fuel region, as the TP A does not extend into this region. 
However, the TP A has a larger source than the BPRA in the plenum and top regions 
due to the high TP A burnup. Decay heat for both is small compared to SF A but must 
be accounted for during loading. The CC source used in the detailed PWR dose rate 
calculations is a hybrid CC source that combines the active fuel source of the BPRA 
with the top/plenum source of the TPA in the inner zones (HLZC 4 Zones 1 and 2), but 
limits the peripheral zone (HLZC 4 Zone 3) to the lower BPRA source. This source is 
provided in Table 6-37. The CC source significantly impacts the peak dose n:1tes on 
the side of the EOS-TC, due to the reduced lead thickness near the top nozzl{? 
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6.2.5 

While the specific CC source term presented in Table 6-37 is computed for a decay 
time of 10 years, this is not a minimum decay time requirement for licensing purposes. 
The actual CC to be loaded may have a shorter decay time as long as the as-loaded · 

fL!°:''('?'~',,. •:'/1</',"0'7'.'"~':f':"t?~ct:~j: >,~;~) 

Co-60 activity is less than the limits provided~ttl-l/i~lli_qbl!Jltfitf:]Jff_;~1and the total.EOS-
DSC decay heat remains below the applicable limit. 

Blended Low Enriched Uranium Fuel 
Encl. 4, B.1 

6.2.6 Reconstituted Fuel 

Febrnary 2019 
Revision 3 72-1042 Amendment 1 Page 6-18 



NUHOMS® EOS System Updated Final Safety Analysis Report 

Febmary 2019 
Revision 3 

Proprietary Information on Pages 6-19 through 6-21 
Withheld Pursuant to 10 CFR 2.390. 

72-1042 Amendment 1 

Rev. 1, 01/18 



NUHOMS® EOS System Updated Final Safety Analysis Report Rev. 1, 01/18 

[ 

] 

6.2. 7 Irradiation Gases 

During irradiation in a reactor, a FA will generate gases due to fission, alpha decay, 
and light element activation. The moles of gas generated are needed for subsequent 
pressure calculations documented in Chapter 4, Section 4.7, and are computed using 
ORIGEN-ARP. The noble gases (He, Ne, Ar, Kr, Xe, and Rn) are of primary interest 
as these gases do not react with other elements. The elements H, N, F, and Cl are 
conservatively assumed to be present in a gaseous state, although these elements may 
have formed solid compounds and may not be present as a gas. Bromine and iodine 
are also assumed to be present as a gas because the boiling points of these elements 
are low. Oxygen is not treated as a gas because it is present primarily in the 
compound U02. 

The quantities of irradiation gases increase with burnup. Therefore, the quantity of 
gas is maximized for a burnup of 62 G W d/MTU. Most of the gases generated are 
stable isotopes. However, due to alpha decay of actinides present in spent fuel, the 
quantity of helium slowly increases with time. To obtain a bounding value for helium 
buildup due to alpha decay, 100 years of decay is assumed. 

Integral fuel burnable absorber rods (IFBA) are used in some Westinghouse PWR 
designs. IFBA contains B-10, which results in helium gas generation due to the 
reaction B-10 + n ~ Li-7 + He-4. While the design basis B&W 15x15 FA does not 
contain IFBA, the effect of an IFBA FA is conservatively included by adding 450 g 
boron to the PWR input file. 

Control components also may result in helium gas generation, primarily due to B-10 
activation. No actinides or fission products are present in the CCs, so the quantity of 
gas is smaller than spent fuel. Because the BPRA contains boron while the TP A does 
not, the BPRA bounds the TP A for gas generation. BPRA data is summarized in 
Table 6-32. The B&W 15x15 BPRA contains poison in the form B4C-Ah03, typically 
up to 5% B4C, while the WE 17xl 7 Pyrex design utilizes Pyrex poison. To 
conservatively bound these designs and potentially other designs, the boron mass is 
input as 450 g. 
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• Downending/Transfer. The TC is fully assembled for the transfer operation. The 
OTCP and top cover plate (lid) are installed. The neutron shield is filled with 
water and all TC cavities are dry. The EOS-TC108 is modeled with the 
intermediate aluminum lid rather than the final steel lid. 

These three configurations are also summarized in Table 6-49. 

The EOS-TC 108 has a removable neutron shield. The shield is formed of three panels 
that are connected with hinges on two joints and latches on the third joint. The 
interface joint between the three panels features 1.5 inches of aluminum, which allows 
limited neutron streaming through these three joints along the length of the 
EOS-TCI08. The EOS-TCI08 models do not include this streaming path, i.e., the 
neutron shield is modeled as continuous around the circumference. However, the 
neutron shield joints are modeled explicitly in a supplementary model, and the dose 
rates in the vicinity of the joints do not exceed the reported peak dose rates. In 
addition, the dose rates used in the dose assessment are essentially unchanged when 
the neutron shield joints are modeled. Therefore, it is acceptable to model the 
EOS-TC108 neutron shield as continuous around the circumference. 

No temporary shielding is modeled, which would be used in practice to shield 
penetrations or localized areas of high dose rate. Therefore, the computed dose rates 
are larger than the dose rates that would be observed in actual practice. 

The source terms used in the EOS-37PTH DSC models are the combined fuel and CC 
~ourc,e terms. The CC sour~e t~1111fro.m_:I'able 6-37 is simply added to the(gJ!l!}Jg_ab£tiJ 
;PWR!fuel source term from\Section 6.2.2.i The CC source is added to every FA in the ~---__/ ---------------.1 
EOS-37PTH DSC. The EOS-89BTH DSC source terms are provided in Table 6-20 
through Table 6-26. Note that the source term tables provide dry and wet neutron 
sources. Wet neutron sources are used only in the loading/decontamination models, 
while dry neutron sources are used in all other models. For the active fuel regions, an 
axial source distribution is applied per Table 6-30 and Table 6-31 for PWR and BWR 
fuel, respectively. For the top nozzle, plenum, and bottom nozzle regions, the source 
is evenly distributed throughout the region. 

For each TC/DSC combination, dose rates are calculated on the surface, 30 cm, and 
100 cm from the surfaces of the EOS-TC. Dose rates are also computed 300 cm from 
the side surface. All side dose rates are computed in 18 axial bins. The general tally 
locations are shown in Figure 6-7. In addition, for the final transfer configuration, 
dose rates are computed on the bottom and top surface in six radial segments ( see 
Figure 6-8 and Figure 6-9) and on the side surface in 18 radial segments and 24 
angular segments (see Figure 6-10). 
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Damaged or Failed Fuel, Normal and Off-Normal Conditions 

Damaged or failed fuel may be tranferred in the EOS-37PTH DSC and EOS-
TCJ 25/135 using HLZC 6 or 8. Up to eight damaged fuel assemblies may be loaded 
in Zone 2, or up to four failed fuel r,:anisters (FFCs )in Zone 3. Damaged and failed 
fuel may not be present in the same DSC. Damaged or failed fuel is not authorized for . 
storage in the EOS-89BTH DSC or transfer in the EOS-TC108. 
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6.3.3 

Accident Conditions 

Accident models are also developed for the four transfer configurations. In the 
accident models, the water neutron shield, neutron shield panel, and borated 
polyethylene bottom neutron shield are replaced with void, and the accident source 
terms are used. The dose rate is calculated at a distance of 100 m from the EOS-TC. 
Ground is modeled to account for ground scatter at large distances. 

MCNP Model Geometry for the EOS-HSM 

Detailed EOS-HSM MCNP models are developed for the following two 
configurations: 

• EOS-HSM-Short with EOS-37PTH DSC 

• EOS-HSM-Medium with EOS-89BTH DSC 

The EOS-37PTH DSC and EOS-89BTH DSC models developed in Section 6.3.2 are 
used in the EOS-HSM models. Consistent with the EOS-DSC models, the Z-axis in 
the EOS-HSM models is along the length of the EOS-DSC. Because the DSC cavity 
has been reduced in length to match the length of the fuel, the EOS-37PTH DSC 
model is shorter than the EOS-89BTH DSC model. Short, medium, and long versions 
of the EOS-HSM may be used, depending on the length ofEOS-DSC to be stored. 
The EOS-HSM modeled is the smallest EOS-HSM that fits the EOS-DSC. Therefore, 
the EOS-HSM-Short is modeled with the EOS-37PTH DSC and the 
EOS-HSM-Medium is modeled with the EOS-89BTH DSC. 
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The EOS-HSMfeatures two DSC support structure designs. The original design 
utilizes I-beams, while an alternate design utilizes a flat plate system. These options 
do not affect the bulk shielding provided by the EOS-HSM, and the I-beam supports 
are represented in the MCNP models. 

PWR source terms (without CCs) are provided in Table 6-17 throughfrAbJ~J.2;-:.L2_q) and 
the CC source provided in Table 6-37 is added to these PWR source terms for all FAs. 
BWR source terms are provided in Table 6-27 through Table 6-29. For the active fuel 
regions, an axial source distribution is applied per Table 6-30 and Table 6-31 for PWR 
and BWR fuel, respectively. For the top nozzle, plenum, and bottom nozzle regions, 
the source is evenly distributed throughout the region. 

The EOS-HSMs are modeled explicitly, including the inlet (front) and outlet (roof) 
vents. Key dimensions used to develop the EOS-HSM models are summarized in 
Table 6-50, and figures illustrating the basic MCNP model are provided in Figure 6-11 
through Figure 6-13. The figures illustrate the EOS-HSM-Medium with the EOS-
89BTH DSC, although the geometry of the EOS-HSM-Short with the EOS-37PTH 
DSC is similar. 

The EOS-HSM design consists of a base module that includes the door and 1-foot 
thick shield walls on the sides and rear. A 3-foot-8-inch thick roof block that matches 
the length and width of the base rests on the base module. The modules may be 

· positioned either side-by-side in a single row or back-to-back in a double row. When 
positioned in a single row the rear of the base module is shielded by a 3-foot thick rear 
shield wall. An end (side) shield wall, which is also 3 feet thick, is placed beside the 
last module in the row. The end shield wall is comprised of two pieces mated with a 
Z-joint to prevent direct streaming through the joint. A comer shield wall is placed at 
the interface of the rear and end shield walls. When the modules are positioned back­
to-back, no rear or comer shield walls are used. 

Air inlet vents are located on the front and air outlet vents are located on the roof. 
Because little radiation directly penetrates the thick concrete shielding, essentially all 
of the dose rate is due to gamma radiation streaming from the vents. Radiation 
streaming through the outlet vents is mitigated by the use of vent covers. The vent 
covers feature a 1-inch thick steel plate and approximately 11 inches of concrete. The 
vent covers are 4 feet wide and are placed between adjacent EOS-HSMs or between 
an EOS-HSM and the end shield wall. Under normal and off-normal conditions the 
vent covers are always in place. 

[ 
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Table 6-16d 
PWR Source Term/or the EOS-TC125/135, HLZC 5, Zone 1, 0. 7 kW/FA 

(Normal) 

Burnup (GWd/MTU) 24.54 50 24.54 

Enrichment (wt.% U-235) 1.8 3.1 1.8 

Cooling Time (years) 5.000 24.86 5.000 

Gamma Source Term, g/(sec*FA) 

Emim 
to 

Emax, Bottom 
In-core Plenum 

MeV MeV Nozzle 

1.00E-02 to 5.00E-02 1.745E+II 6.875E+14 1.169E+II 

5.00E-02 to 1.00E-01 1.408E+10 2.015E+14 8.930E+09 

1.00E-01 to 2.00E-01 1.292E+10 1.254E+14 8.335E+09 

2.00E-01 to 3.00E-01 8.456E+08 3.811E+13 5.500E+08 

3.00E-01 to 4.00E-01 2.480E+09 2.518E+13 1.612E+09 

4.00E-01 to 6.00E-01 5.093E+10 2.093E+13 3.315E+10 

6.00E-01 to 8.00E-01 2.742E+10 1.327E+15 2.163E+10 

8.00E-01 to 1.00E+OO 9.757E+10 1.365E+J3 2.063E+10 

1.00E+OO to 1.33E+OO 3.903E+12 2.149E+13 2.470E+12 

1.33E+OO to 1.66E+OO 1.102E+12 2.208E+12 6.975E+11 

1.66E+OO to 2.00E+OO 6.486E+02 6.470E+10 1.274E+03 

2.00E+OO to 2.50E+OO 2.637E+07 3.335E+09 1.669E+07 

2.50E+OO to 3.00E+OO 2.253E+04 5.679E+08 1.426E+04 

3.00E+OO to 4.00E+OO 5.139E-06 4.256E+07 2.552E-05 

4.00E+OO to 5.00E+OO 2.987E-29 1.436E+07 1.944E-29 

5.00E+OO to 6.50E+OO 8.606E-30 5.763E+06 5.602E-30 

6.50E+OO to 8.00E+OO 1.095E-30 1.130E+06 7.125E-31 

8.00E+OO to 1.00E+01 1.461E-31 2.400E+05 9.509E~32 

Total Gamma, g/(sec*FA) 5.386E+12 2.463E+ 15 3.379E+12 

TotalNeutronSource Term, nl(sec*FA) 

February 2019 
Revision 3 

Raw ORIG EN-ARP source for uniform burnup 

Treated with peaking/actor 1.215 and k-eff=0.4 (dry) 

Treated with peaking/actor 1.215 and k-ejf=0.65 (wet) 
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All Indicated Changes are in response to RAI 6-8 

24.54 

1.8 

5.000 

Top Nozzle 

4.051E+10 

7.869E+09 

1.928E+09 

9.491E+07 

1.232E+08 

8.717E+06 

7.238E+08 

5.572E+10 

2.280E+12 

6.438E+11 

3.779E+02 

1.540E+07 

1.316E+04 

4.232E-06 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

3.031E+12 

4.170E+08 

8.444E+08 

1.448E+09 
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Table 6-16e 
PWR Source Term/or the EOS-TC125/135, HLZC 5, Zone 2, 0.5 kW/FA 

(Normal) 

Burnup (GWd/MTU) 18.285 40 

Enrichment (wt. % U-235) 1.8 2.5 

Cooling Time (yr) 5.000 28.934 

Gamma Source Term, g/(sec*FA) 

Emim to Emax, Bottom In-core 
MeV MeV Nozzle 

1.00E-02 · to 5.00E-02 1.356E+ll 5.000E+14 

5.00E-02 to 1.00E-01 1.095E+10 1.514E+14 

1.00E-01 to 2.00E-01 9.930E+09 8.881E+13 

2.00E-01 to 3.00E-01 6.494E+08 2.722E+13 

3.00E-01 to 4.00E-01 1.903E+09 1.823E+13 

4.00E-01 to 6.00E-01 3.899E+10 1.392E+13 

6.00E-01 to 8.00E-01 2.097E+l0 9.718E+14 

8.00E-01 to 1.00E+OO 8.0llE+lO 7.866E+12 

1.00E+OO to l.33E+OO 3.036E+12 1.210E+13 

1.33E+OO to 1.66E+OO 8.574E+ll 1.251E+12 

J.66E+OO to 2.00E+OO 5.999E+02 4.665E+10 

2.00E+OO to 2.50E+OO 2.051E+07 2.400E+09 

2.50E+OO to 3.00E+OO 1.753E+04 3.403E+08 

3.00E+OO to 4.00E+OO 3.127E-06 2.236E+07 

4.00E+OO to 5.00E+OO 3.270E-30 7.548E+06 

5.00E+OO to 6.50E+OO 9.423E-31 3.029E+06 

6.50E+OO to 8.00E+OO 1.198E-31 5.940E+05 

8.00E+OO to 1.00E+Ol 1.599E-32 1.261E+05 

Total Gamma, gl(sec*FA) 4.193E+12 1.793E+15 
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Total Neutron Source Term, nl(sec*FA) 

Raw ORIG EN-ARP source for uniform burnup 

Treated with peaking/actor 1.215 and k-eff=0.4 (dry) 

Treated with peaking/actor 1.215 and k-eff=0.65 (wet) 
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18.285 

1.8 

5.000 

Plenum 

9.0lOE+lO 

6.829E+09 

6.380E+09 

4.210E+08 

1.235E+09 

2.538E+10 

1.646E+10 

1.662E+l0 

1.889E+12 

5.334E+ll 

1.217E+03 

1.276E+07 

1.090E+04 

1.553E-05 

2.129E-30 

6.1J4E-31 

7.801E-32 

1.041E-32 

2.586E+12 

All Indicated Changes are in response to RAI 6-8 

18.285 

1.8 

5.000 

Top Nozzle 

3.144E+10 

6.115E+09 

1.499E+09 

7.374E+07 

9.575E+07 

6.783E+06 

5.387E+08 

4.573E+10 

1.771E+12 

5.002E+ll 

3.667E+02 

1.197E+07 

1.023E+04 

2.575E-06 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

2.357E+12 

2.193E+08 

4.441E+08 

7.613E+08 
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Table 6-16! 
PWR Source Term for the EOS-TC125/135, HLZC 5, Zone 3, 2.4 kW/FA 

(Normal) 

Burnup (GWd/MTU) 50 62 

Enrichment (wt. % U-235) 3.1 3.8 

Cooling Time (yr) 3.332 4.167 

Gamma Source Term, gl(sec*FA) 

Emim to Emax, Bottom In-core 
MeV MeV Nozzle 

1.00E-02 to 5.00E-02 4.336E+ll 2.648E+15 

5.00E-02 to 1.00E-01 2.565E+10 7.729E+14 

1.00E-01 to 2.00E-01 2.940E+10 6.602E+14 

2.00E-01 to 3.00E-01 1.971E+09 1.835E+14 

3.00E-01 to 4.00E-01 6.254E+09 1.284E+14 

4.00E-01 to 6.00E-01 1.244E+ll 2.120E+15 

6.00E-01 to 8.00E-01 6.652E+JO 4.743E+15 

8.00E-01 to 1.00E+OO 4.949E+ll 9.255E+14 

1.00E+OO to 1.33E+OO 6.982E+12 2.403E+14 

1.33E+OO to 1.66E+OO 1.972E+l2 8.202E+13 

1.66E+OO to 2.00E+OO 2.421E+05 3.082E+12 

2.00E+OO to 2.50E+OO 4.718E+07 5.914E+12 

2.50E+OO to 3.00E+OO 4.031E+04 2.323E+ll 

3.00E+OO to 4.00E+OO 1.331E-05 2.159E+10 

4.00E+OO to 5.00E+OO 2.027E-27 4.932E+07 

5.00E+OO to 6.50E+OO 5.840E-28 1.980E+07 

6.50E+OO to 8.00E+OO 7.427E-29 3.884E+06 

8.00E+OO to 1.00E+Ol 9.912E-30 8.246E+05 

Total Gamma, g/(sec*FA) 1.014E+13 1.251E+16 
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Total Neutron Source Term, n/(sec*FA) 

Raw ORIG EN-ARP source for uniform burnup 

Treated with peaking factor 1.215 and k-eff=0.4 (dry) 

Treated with peaking/actor 1.215 and k-ejf=0.65 (wet) 
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50 

3.1 

3.332 

Plenum 

2.933E+ll 

1.719E+10 

1.923E+10 

1.293E+09 

4.080E+09 

8.098E+10 

5.000E+JO 

9.115E+10 

4.686E+12 

1.323E+12 

5.204E+05 

3.166E+07 

2.705E+04 

6.607E-05 

1.319E-27 

3.801E-28 

4.834E-29 

6.452E-30 

6.567E+12 

All Indicated Changes are in response to RAI 6-8 

50 

3.1 

3.332 

Top Nozzle 

7.280E+10 

1.414E+10 

3.470E+09 

1.705E+08 

2.213E+08 

2.582E+07 

1.284E+09 

2.819E+ll 

4.096E+12 

1.157E+12 

1.609E+05 

2.768E+07 

2.365E+04 

1.096E-05 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

5.626E+12 

1.441E+09 

2.918E+09 

5.002E+09 
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Table 6-16g 
PWR Source Term/or the E0S-TC125/l35, HLZC 5, Zone 4, 0.85 kW/FA 

(Normal) 

Burnup (GW d/MTU) 28.71 8.298 

Enrichment (wt. % U-235) 1.8 1.3 

Cooling Time (yr) 5.000 2.000 

Gamma Source Term, g/(sec *FA) 

Emim to Emax, Bottom 
In-core 

MeV MeV Nozzle 

1.00E-02 to 5.00E-02 1.994E+ll 1.916E+15 

5.00E-02 to 1.00E-01 1.610E+10 6.245E+14 

1.00E-01 to 2.00E-01 1.484E+10 6.301E+14 

2.00E-01 to 3.00E-01 9.722E+08 1.570E+14 

3.00E-01 to 4.00E-01 2.853E+09 1.237E+14 

4.00E-01 to 6.00E-01 5.864E+10 4.554E+14 

6.00E-01 to 8.00E-01 3.159E+10 7.470E+14 

8.00E-01 to 1.00E+OO 1.076E+ll 1.011E+14 

1.00E+OO to 1.33E+OO 4.461E+12 5.810E+13 

1.33E+OO to 1.66E+OO 1.260E+12 2.090E+l3 

1.66E+OO to 2.00E+OO 6.828E+02 3.440E+12 

2.00E+OO to 2.50E+OO 3.014E+07 1.414E+13 

2.50E+OO to 3.00E+OO 2.575E+04 2.225E+ll 

3.00E+OO to 4.00E+OO 6.684E-06 1.983E+l0 

4.00E+OO to 5.00E+OO 9.736E-29 1.138E+05 

5.00E+OO to 6.50E+OO 2.805E-29 4.558E+04 

6.50E+OO to 8.00E+OO 3.568E-30 8.929E+03 

8.00E+OO to 1.00E+Ol 4. 762E-31 1.894E+03 

Total Gamma, g/(sec*FA) 6.153E+12 4.852E+15 
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Total Neutron Source Term, n/(sec*FA) 

Raw ORJGEN-ARP source for uniform burnup 

Treatedwithpeakingfactor 1.215 and k-eff=0.4 (dry) 

Treatedwithpeakingfactor 1.215 andk-ejf=0.65 (wet) 
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28.71 

1.8 

5.000 

Plenum 

1.343E+ll 

1.033E+10 

9.608E+09 

6.339E+08 

1.856E+09 

3.817E+10 

2.500E+10 

2.305E+10 

2.857E+12 

8.069E+ll 

1.311E+03 

1.931E+07 

1.650E+04 

3.319E-05 

6.338E-29 

1.826E-29 

2.323E-30 

3.lOOE-31 

3.907E+12 

All Indicated Changes are in response to RAI 6-8 

28.71 

1.8 

5.000 

Top Nozzle 

4.636E+10 

9.001E+09 

2.205E+09 

1.086E+08 

1.410E+08 

9.964E+06 

8.492E+08 

6.149E+10 

2.608E+12 

7.365E+ll 

3.843E+02 

1.762E+07 

1.506E+04 

5.504E-06 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

3.465E+12 

3.371E+06 

6.826E+06 

1.170E+07 
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Table 6-19a 
PWR Source Term for the EOS-HSM, HLZC 5, Zone 1, 0. 7 kW/FA (Normal) 

Burnup (GWd/MTU) 24.54 50 

Enrichment (wt. % U-235) 1.8 3.1 

Cooling Time (yr) 5.000 24.860 

Gamma Source Term, g/(sec*FA) 

Emim to Emax, Bottom 
In-core 

MeV MeV Noule 

1.00E-02 to 5.00E-02 1.745E+II 6.875E+14 

5.00E-02 to 1.00E-01 1.408E+IO 2.015E+14 

1.00E-01 to 2.00E-01 1.292E+IO 1.254E+14 

2.00E-01 to 3.00E-01 8.456E+08 3.811E+J3 

3.00E-01 to 4.00E-01 2.480E+09 2.518E+13 

4.00E-01 to 6.00E-01 5.093E+IO 2.093E+l3 

6.00E-01 to 8.00E-01 2.742E+IO 1.327E+15 

8.00E-01 to 1.00E+OO 9.757E+IO J.365E+13 

1.00E+OO to 1.33E+OO 3.903E+12 2.149E+J3 

1.33E+OO to 1.66E+OO 1.102E+12 2.208E+12 

1.66E+OO to 2.00E+OO 6.486E+02 6.470E+ JO 

2.00E+OO to 2.50E+OO 2.637E+07 3.335E+09 

2.50E+OO to 3.00E+OO 2.253E+04 5.679E+08 

3.00E+OO to 4.00E+OO 5.139E-06 4.256E+07 

4.00E+OO to 5.00E+OO 2.987E-29 1.436E+07 

5.00E+OO to 6.50E+OO 8.606E-30 5.763E+06 

6.50E+OO to 8.00E+OO 1.095E-30 1.130E+06 

8.00E+OO to 1.00E+OJ 1.461E-31 2.400E+05 

Total Gamma, gl(sec*FA) 5.386E+12 2.463E+15 
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Total Neutron Source Term, nl(sec*FA) 

Raw ORIG EN-ARP source for uniform burnup 

Treated with peaking factor 1.215 and k-eff=0.4 (dry) 
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24.54 

1.8 

5.000 

Plenum 

1.169E+II 

8.930E+09 

8.335E+09 

5.500E+08 

1.612E+09 

3.315E+JO 

2.163E+IO 

2.063E+IO 

2.470E+12 

6.975E+IJ 

1.274E+03 

1.669E+07 

l.426E+04 

2.552E-05 

1.944E-29 

5.602E-30 

7.125E-31 

9.509E-32 

3.379E+12 

All Indicated Changes are in response to RAI 6-8 

24.54 

1.8 

5.000 

TopNoule 

4.051E+IO 

7.869E+09 

1.928E+09 

9.491E+07 

1.232E+08 

8.717E+06 

7.238E+08 

5.572E+IO 

2.280E+12 

6.438E+II 

3.779E+02 

1.540E+07 

1.316E+04 

4.232E-06 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

3.031E+12 

4.170E+08 

8.444E+08 
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Table 6-19b 
PWR Source Term for the EOS-HSM, HLZC 5, Zone 2, 0.5 kW/FA (Normal) 

Burnup (GWd/MTU) 18.285 4.558 

Enrichment (wt. % U-235) 1.8 0.7 

Cooling Time (yr) 5.000 2.000 

Gamma Source Term, gl(sec*FA) 

Emim to 
E,,,ax, Bottom 

In-core 
MeV MeV Nozzle 

1.00E-02 to 5.00E-02 1.356E+ll 1.148E+15 

5.00E-02 to 1.00E-01 1.095E+10 3.762E+14 

1.00E-01 to 2.00E-01 9.930E+09 3.779E+14 

2.00E-01 to 3.00E-01 6.494E+08 9.494E+l3 

3.00E-01 to 4.00E-01 1.903E+09 7.512E+l3 

4.00E-01 to 6.00E-01 3.899E+JO 2.496E+14 

6.00E-01 to 8.00E-01 2.097E+10 4.000E+14 

8.00E-01 to 1.00E+OO 8.0JJE+lO 4.424E+l3 

1.00E+OO to l.33E+OO 3.036E+12 3.614E+13 

l.33E+OO to 1.66E+OO 8.574E+ll 1.217E+l3 

1.66E+OO to 2.00E+OO 5.999E+02 2.164E+12 

2.00E+OO to 2.50E+OO 2.051E+07 8.459E+12 

2.50E+OO to 3.00E+OO 1.753E+04 l.430E+ll 

3.00E+OO to 4.00E+OO 3.127E-06 1.280E+10 

4.00E+OO to 5.00E+OO 3.270E-30 3.560E+04 

5.00E+OO to 6.50E+OO 9.423E-31 1.424E+04 

6.50E+OO to 8.00E+OO 1.198E-31 2.786E+03 

8.00E+OO to 1.00E+Ol 1.599E-32 5.904E+02 

Total Gamma, gl(sec*FA) 4.193E+12 2.825E+l5 

Febrnary 2019 
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Total Neutron Source Term, nl(sec*FA) 

Raw ORIG EN-ARP source for uniform burnup 

Treated with peaking factor 1.215 and k-eff=0.4 (dry) 
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18.285 

1.8 

5.000 

Plenum 

9.0lOE+lO 

6.829E+09 

6.380E+09 

4.210E+08 

l.235E+09 

2.538E+10 

1.646E+10 

1.662E+10 

1.889E+12 

5.334E+ll 

1.217E+03 

1.276E+07 

1.090E+04 

1.553E-05 

2.129E-30 

6.134E-31 

7.801E-32 

1.041E-32 

2.586E+12 

All Indicated Changes are in response to RAI 6-8 

18.285 

1.8 

5.000 

Top Nozzle 

3.144E+10 

6.115E+09 

l.499E+09 

7.374E+07 

9.575E+07 

6.783E+06 

5.387E+08 

4.573E+l0 

1.771E+12 

5.002E+ll 

3.667E+02 

1.197E+07 

1.023E+04 

2.575E-06 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

2.357E+12 

1.072E+06 

2.171E+06 
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Table 6-19c 
PWR Source Term/or the EOS-HSM, HLZC 5, Zone 3, 2.4 kW/FA (Normal) 

Burnup (GWd/MTU) 50 62 

Enrichment (wt. % U-235) 3.1 3.8 

Cooling Time (yr) 3.332 4.167 

Gamma Source Term, gl(sec*FA) 

Em;,,, 
to Emax, Bottom 

In-core 
MeV MeV Nozzle 

1.00E-02 to 5.00E-02 4.336E+ll 2.648E+15 

5.00E-02 to 1.00E-01 2.565E+JO 7.729E+14 

1.00E-01 to 2.00E-01 2.940E+JO 6.602E+14 

2.00E-01 to 3.00E-01 1.971E+09 1.835E+J4 

3.00E-01 to 4.00E-01 6.254E+09 1.284E+14 

4.00E-01 to 6.00E-01 1.244E+ll 2.120E+15 

6.00E-01 to 8.00E-01 6.652E+JO 4.743E+15 

8.00E-01 to 1.00E+OO 4.949E+ll 9.255E+14 

1.00E+OO to 1.33E+OO 6.982E+12 2.403E+14 

1.33E+OO to J.66E+OO 1.972E+l2 8.202E+13 

1.66E+OO to 2.00E+OO 2.421E+05 3.082E+12 

2.00E+OO to 2.50E+OO 4.718E+07 5.914E+12 

2.50E+OO to 3.00E+OO 4.03JE+04 2.323E+ll 

3.00E+OO to 4.00E+OO l.331E-05 2.159E+JO 

4.00E+OO to 5.00E+OO 2.027E-27 4.932E+07 

5.00E+OO to 6.50E+OO 5.840E-28 1.980E+07 

6.50E+OO to 8.00E+OO 7.427E-29 3.884E+06 

8.00E+OO to J.OOE+Ol 9.912E-30 8.246E+05 

Total Gamma, g/(sec*FA) 1.014E+l3 1.25JE+16 
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Raw ORJGEN-ARP source for uniform burnup 
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50 

3.1 

3.332 

Plenum 

2.933E+ll 

1.719E+JO 

1.923E+JO 

1.293E+09 

4.080E+09 

8.098E+JO 

5.000E+JO 

9.115E+JO 

4.686E+12 

1.323E+12 

5.204E+05 

3.166E+07 

2.705E+04 

6.607E-05 

1.319E-27 

3.801E-28 

4.834E-29 

6.452E-30 

6.567E+12 

All Indicated Changes are in response to RAI 6-8 

50 

3.1 

3.332 

Top Nozzle 

7.280E+ JO 

1.414E+ JO 

3.470E+09 

1.705E+08 

2.213E+08 

2.582E+07 

1.284E+09 

2.819E+ll 

4.096E+12 

1.157E+12 

1.609E+05 

2.768E+07 

2.365E+04 

1.096E-05 

O.OOOE+OO 

·o.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

5.626E+l2 

1.441E+09 

2.918E+09 
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Table 6-19d 
PWR Source Term/or the EOS-HSM, HLZC 5, Zone 4, 0.85 kW/FA (Normal) 

Burnup (GWd/MTU} 28.71 28.71 

Enrichment (wt. % U-235) 1.8 1.8 

Cooling Time (yr) 5.000 5.000 

Gamma Source Term, g/(sec*FA) 

E111im to E111ox, Bottom In-core 
MeV MeV Nozzle 

1.00E-02 to 5.00E-02 1.994E+II 1.130E+15 

5.00E-02 to 1.00E-01 1.610E+10 3.306E+14 

1.00E-01 to 2.00E-01 1.484E+10 2.755E+14 

2.00E-01 to 3.00E-01 , 9.722E+08 7.708E+13 

3.00E-01 to 4.00E-01 2.853E+09 5.469E+J3 

4.00E-01 to 6.00E-01 5.864E+10 6.241E+14 

6.00E-01 to 8.00E-01 3.159E+10 1.819E+15 

8.00E-01 to 1.00E+OO 1.076E+II 2.575E+14 

1.00E+OO to 1.33E+OO 4.461E+12 9.264E+13 

1.33E+OO to 1.66E+OO 1.260E+12 2.712E+13 

1.66E+OO to 2.00E+OO 6.828E+02 1.260E+12 

2.00E+OO to 2.50E+OO 3.014E+07 2.397E+12 

2.50E+OO to 3.00E+OO 2.575E+04 9.448E+10 

3.00E+OO to 4.00E+OO 6.684E-06 8.760E+09 

4.00E+OO to 5.00E+OO 9.736E-29 8.559E+06 

5.00E+OO to 6.50E+OO 2.805E-29 3.435E+06 

6.50E+OO to 8.00E+OO 3.568E-30 6.738E+05 

8.00E+OO to 1.00E+01 4. 762E-31 1.431E+05 

Total Gamma, g/(sec*FA) 6.153E+12 4.692E+15 
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28.71 

1.8 

5.000 

Plenum 

1.343E+ 11 

1.033E+ 10 

9.608E+09 

6.339E+08 

1.856E+09 

3.817E+10 

2.500E+10 

2.305E+10 

2.857E+12 

8.069E+II 

1.311E+03 

1.931E+07 

1.650E+04 

3.319E-05 

6.338E-29 

1.826E-29 

2.323E-30 

3.100E-31 

3.907E+12 

All Indicated Changes are in response to RAI 6-8 

28.71 

1.8 

5.000 

Top Nozzle 

4.636E+10 

9.001E+09 

2.205E+09 

1.086E+08 

1.410E+08 

9.964E+06 

8.492E+08 

6.149E+10 

2.608E+12 

7.365E+11 

3.843E+02 

1.762E+07 

1.506E+04 

5.504E-06 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

3.465E+12 

2.457E+08 

4.975E+08 
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Bum-Up, 
GWd/ 
MTU 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 

1 
2 50 
3 365 2 
4 579 
5 298 1 
6 44 32 9 

7 40 135 
8 132 6 99 
9 156 17 103 2 

JO 4 23· 272 116 6 
11 8 70 305 8 144 8 8 
12 7 13 76 12 77 304 
13 52 168 4 171 
14 58 114 20 508 
15 15 24 128 197 
16 14 161 197 
17 18 32 50 289 
18 3 28 61 151 
19 5 1 8 80 249 
20 3 60 59 
21 7 21 27 

22 1 35 20 
23 1 22 16 
24 8 26 24 
25 21 3 20 9 

26 7 5 16 8 
27 2 16 

28 6 6 
29 7 
30 1 
31 
32 
33 4 
34 
35 
36 
37 
38 
39 

40 
41 1 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

E11r.-> 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 

Note: The heavy line represents the lower enrichment boundary from Table 6-7. 
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Table 6-60 
Distribution of BWR Assemblies from 2013 EIA GC-859 Database 

Assembly Avera ed I11itial 235U E11rich111e11t, wt% 
" ,_ 

1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 
1 2 
1 5 

2 7 
3 11 6 1 

1 2 19 11 38 
1 22 39 17 2 1 1 1 
2 57 3 2 19 20 1 1 
1 28 9 1 7 27 1 

21 50 27 31 29 9 2 
1 3 74 32 33 96 30 6 

2 95 54 1 29 84 7 14 2 
2 227 50 9 4 7 4 36 1 12 
12 441 105 2 4 14 26 110 2 2 11 
27 140 115 1 4 30 23 37 2 1 2 

2 137 141 108 3 9 25 8 2 14 2 
3 51 263 116 13 13 22 2 2 26 1 1 
12 6 53 662 95 35 4 35 5 17 12 1 2 
49 140 808 144 46 1 27 32 7 20 3 
57 6 275 726 154 92 4 121 52 19 4 1 2 

30 18 99 1047 229 111 9 417 96 20 7 1 
7 57 137 774 309 135 20 261 131 54 38 1 6 
3 4 85 943 209 143 44 264 164 112 82 7 1 3 
1 90 746 187 49 202 541 246 94 111 15 3 17 

4 80 574 302 75 224 609 434 223 203 12 5 32 
4 6 76 522 335 51 210 559 400 395 317 21 5 80 
1 17 103 460 152 45 300 649 439 442 474 83 30 52 
1 11 92 402 150 40 257 551 536 435 550 200 58 67 

1 27 3 274 181 31 265 492 752 457 1006 185 149 86 
1 15 8 169 139 35 273 348 988 289 1110 271 229 110 

• 24 12 126 60 7 135 183 925 276 1184 484 377 112 
24 4 38 41 144 60 797 229 1084 487 334 156 

3 24 17 2 36 76 686 206 1002 711 381 213 
9 5 1 12 76 507 177 707 879 497 391 

7 6 20 197 114 631 865 671 406 
24 1 8 105 89 307 612 451 495 

24 4 3 81 127 404 470 731 
4 1 14 4 2 34 79 269 373 892 
14 11 6 1 4 36 286 468 565 

3 16 7 16 33 225 421 436 

2 18 54 149 305 
4 2 34 25 77 132 

7 47 41 lll 
l 7 51 19 72 

4 16 4 20 

8 31 
14 

3 

1 

1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 

72-1042 Amendment 1 
All Indicated Changes are in response to RAI 6-6 
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i 
3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 

1 
1 

2 
8 1 2 6 1 

3 2 JO 
3 1 4 4 
5 8 2 
7 1 2 
8 4 11 1 

I 

1 I! 

! r} 

! 

r 
! 

32 2 2 3 4 1 
71 3 JO 2 2 

1, 
114 6 15 7 5 
54 3 7 1 34 1 6 9 1 1 
57 1 4 8 30 6 17 1 
4 2 4 36 29 17 

6 62 46 7 1 1 
2 12 57 64 6 

1 5 9 24 3 6 

5 13 11 3 JO 1 1 
1 5 6 15 6 7 4 1 
4 6 7 6 1 21 7 4 
5 1 32 1 3 29 5 2 2 

3 1 48 5 34 1 3 1 
3 7 35 5 30 1 1 
11 6 34 3 92 
37 6 22 3 78 3 2 2 

16 26 4 1 10 35 1 4 
43 40 15 1 28 3 

44 124 53 2 13 1 2 
150 147 119 29 2 50 8 1 JO 8 

270 399 229 50 22 38 18 2 36 42 1 
207 484 297 54 14 74 53 3 15 1 4 

418 525 251 94 9 161 78 9 7 JO 8 
776 431 310 152 18 63 125 22 11 6 1 

1094 495 427 179 21 29 130 29 52 43 11 1 

1120 613 512 193 65 95 65 46 70 47 12 14 
909 594 484 196 72 184 160 211 220 90 68 13 

824 359 455 234 104 309 232 369 193 158 128 19 l 

736 342 393 286 180 429 263 359 241 115 164 27 
508 454 381 284 381 500 356 405 405 147 165 91 1 

346 263 287 506 385 532 365 709 632 368 196 39 2 
288 151 245 430 266 407 507 761 1032 568 228 64 15 

172 70 234 240 174 453 474 867 1537 1043 361 49 47 

162 20 121 171 293 521 358 790 1192 1244 294 54 57 

;i 

I 
87 27 57 99 301 504 379 760 1009 913 242 37 8 

62 27 20 94 226 460 364 704 1053 1180 158 43 8 

24 18 5 81 134 266 219 674 1001 934 93 21 13 
3 18 17 41 113 309 230 597 923 910 79 27 22 

2 17 18 19 39 187 : 234 424 721 824 72 1 l 
2 39 4 20 26 150 > 95 219 519 670 29 1 

2 22 6 18 47 41 JO] 288 382 4 

1 24 8 24 9 38 26 101 147 
4 32 8 2 9 22 18 

8 2 1 

3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 
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Table 6-61 
Distribution of PWR Assemblies from 2013 EIA GC-859 Database 

Assembly Averaged I11itial z,su E11ricl1111e11t, wt% Bum-Up, 
GWd/ 
MTU 0.2 I 0.3 I o.4 I o.7 I o.8 I o.9 I 1.1 I 1.2 I 1.3 I 1.4 I J.5 I 1.6 I J.7 I J.8 I 1.9 I 2.0 I 2.1 I 2.2 I 2.3 I 2.4 I 2.5 I 2.6 I 2.7 I 2.8 I 2.9 I 3.o I 1.1 I 3.2 I 3.3 I 3.4 I 3.5 I 3.6 I 3.7 I 3.8 I 3.9 I 4.0 I 4.1 I 4.2 I 4.3 I 4.4 I 4.5 I 4.6 I 4.7 I 4.8 I 4.9 I 5.o 

2 
3 16 2 
4 8 
5 3 5 16 
6 2 3 4 8 

7 2 8 5 2 4 9 5 
8 8 11 9 4 8 11 7 
9 13 7 2 16 2 2 3 8 I 20 24 9 2 2 
JO 4 4 6 80 5 JO I 4 4 6 JO 2 
11 4 4 20 13 2 13 8 11 2 32 5 7 4 
12 4 16 4 6 18 50 20 6 29 11 33 9 8 3 1 I 4 2 JO 8 15 I 5 3 
13 4 2 17 8 60 49 7 39 13 4 2 34 14 3 2 I 2 2 12 5 I 2 2 
14 2 23 24 152 61 56 15 JO 49 4 7 2 16 I I 4 12 
15 8 5 14 84 122 36 22 48 8 15 5 2 I 16 2 I 5 11 I I 4 14 7 
16 16 16 155 126 58 58 32 14 3 2 9 I I 1 29 5 

17 2 53 90 147 230 27 9 23 14 3 8 2 I I 22 4 25 4 
18 4 4 5 8 140 96 333 95 15 17 6 5 15 II 3 I 35 11 I JO I 8 4 12 
19 4 39 17 242 158 2 16 17 22 II 52 JO 3 3 9 7 I I 12 12 
20 4 3 18 20 23 240 149 11 13 I 37 21 5 I I 55 47 II 19 3 2 7 17 I I 5 4 4 
21 2 15 40 19 107 52 15 39 34 I 84 19 3 I 8 13 68 3 3 5 2 20 20 I 8 
22 8 7 6 13 12 20 57 8 25 85 49· I 50 13 9 I 8 14 36 16 2 15 I 3 3 2 4 I 11 22 I II 12 
23 2 6 6 26 83 55 80 7 42 I 38 22 19 I 23 11 44 11 3 15 I 39 12 4 I 7 24 I 2 I I 
24 4 19 11 42 66 48 24 18 47 I 96 42 44 I 28 17 49 II 12 15 I 8 3 5 6 I 37 20 I 3 I 3 3 3 11 
25 4 8 32 61 64 54 15 59 I 124 52 34 I 18 68 77 20 5 39 I 2 2 14 I 17 47 I 25 I 3 I 3 3 23 
26 4 3 33 45 36 111 56 73 I 225 108 77 I 68 88 89 28 14 59 I 12 7 9 I 23 34 I 29 I 20 I 4 3 4 2 20 
27 4 20 31 18 24 72 102 99 I 239 96 102 I 79 155 76 110 9 65 I 5 22 16 I 32 26 I 23 I JO I 4 15 4 4 
28 5 4 7 23 42 41 136 47 I 257 86 135 I 118 164 141 68 45 37 I 8 JO 3 11 I 26 58 I 12 I 6 4 9 
29 3 5 2 JO 27 49 21 48 I 293 141 183 I 141 259 184 76 61 93 I 26 49 16 19 I 27 27 I 36 I 9 I 3 5 2 12 
30 2 15 16 26 5 58 I 160 135 235 I 183 340 179 122 53 77 I 24 44 29 24 I 83 41 I 9 I 4 I 4 4 3 4 

31 4 2 16 14 5 43 I 106 122 247 I 162 351 235 209 108 157 I 48 48 38 17 I 63 34 I 6 I I I I 4 2 4 4 

32 11 15 3 12 27 I 102 141 164 I 271 349 306 345 186 161 I 54 72 35 15 I 78 122 I I 9 I 8 8 5 
33 2 9 9 28 I 48 86 163 I 212 330 306 364 213 239 I 79 75 50 34 I 143 153 I 19 I JO I 2 3 I 2 9 

34 4 5 9 12 I 99 61 155 I 144 299 366 342 255 237 I 188 97 84 111 I 178 107 I 24 I 23 I 19 34 4 
35 2 3 5 2 I 48 112 116 I 80 234 356 441 291 309 I 172 169 109 111 I 228 193 I 40 I 26 I 28 20 I 7 

36 4 2 3 5 I 53 75 68 I 96 333 252 442 339 398 I 181 270 103 183 I 154 162 I 63 I 44 I 31 41 I 13 4 

37 17 1 I 45 28 12 I 50 232 255 370 407 381 I 244 348 141 154 I 166 264 I 50 I 37 I 12 32 I 4 2 4 
38 4 4 38 22 26 I 37 128 312 266 337 442 I 279 318 183 233 I 267 212 I 71 I 100 I 35 41 I 23 17 3 
39 2 12 12 27 I 44 71 123 217 375 450 I 411 397 278 247 I 203 299 I 116 I 84 I 47 46 I 28 JO 3 5 

40 2 14 2 7 I 25 80 127 223 375 346 I 364 348 409 348 I 340 255 I 164 I 109 I 86 89 I 22 17 6 3 
41 15 8 I 4 34 69 192 187 292 I 275 421 327 422 I 290 408 \ 244 I 135 I 98 144 I 27 32 17 5 16 

42 7 I 8 11 59 120 231 241 I 256 319 430 443 I 451 440 I 255 I 285 I 107 160 I 60 13 39 9 4 
43 4 I 23 37 35 164 161 235 I 262 404 440 392 I 421 604 I 337 I 378 \ 153 180 I 62 68 34 10 8 

44 2 14 41 58 96 122 I 205 405 463 480 I 549 708 I 383 I 517 I 210 187 I 84 82 61 7 15 

45 2 8 II 43 93 110 I 136 275 242 494 I 593 944 I 437 I 627 I 194 237 I 97 88 75 14 50 
46 3 I 2 2 6 34 70 81 I 153 190 279 342 I 496 963 I 563 I 865 I 295 448 I 203 51 94 8 50 

47 2 JO 69 103 I 105 142 196 211 I 438 941 I 646 I 1035 I 456 627 I 235 141 151 27 41 

48 2 4 3 3 21 34 I 72 120 93 143 I 255 782 I 464 I 1085 I 431 541 I 266 216 159 44 55 
49 6 2 22 35 I 29 101 121 137 I 142 440 I 309 I 858 I 319 725 I 312 270 215 85 106 

50 2 4 9 9 34 I 40 67 107 116 I 93 267 I 351 I 639 I 433 617 I 388 276 243 94 102 
51 2 16 I 16 23 55 63 I 72 278 I 200 I 529 I 246 566 I 439 336 265 97 110 

52 12 17 I 6 21 67 60 I 83 164 I 152 I 341 I 305 430 I 384 356 333 123 86 

53 2 2 5 I 4 17 19 40 I 63 66 I 77 I 213 I 212 402 I 267 314 459 115 119 
54 2 2 I 4 12 23 22 I 49 35 , I 46 I 82 I 118 187 I 176 262 435 JOO 144 

55 4 13 23 13 I 19 27 I 40 I 41 I 51 112 I 111 182 371 48 180 

56 2 2 19 I 24 18 I 19 I 15 I 19 23 I 40 119 175 133 218 
57 3 I 9 4 I 12 I 3 I 13 16 I 9 44 70 41 96 

58 5 2 7 2 4 2 JO 41 
59 3 2 3 4 2 46 

60 3 

61 2 
62 

E11r.--> 0.2 I 0.3 I 0.4 I o.7 I o.8 I o.9 I 1.1 I 1.2 I 1.3 I 1.4 I 1.5 I 1.6 I 1.7 I 1.8 I 1.9 I 2.0 I 2.1 I 2.2 I 2.3 I 2.4 I 2.5 I 2.6 I 2.7 I 2.8 I 2.9 I 1.0 I 3.1 I 1.2 I 3.3 I 3.4 I 3.5 I 3.6 I 3.7 I 3.8 I 3.9 I 4.o T 4.1 I 4.2 I 4.3 I 4.4 I 4.5 I 4.6 I 4.7 I 4.8 I 4.9 I 5.o 

Note: The heavy line represents the lower enrichment boundary from Table 6-7. 
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7. CRITICALITY EVALUATION 

NOTE: The referenced basket types throughout this chapter are based on the boron 
content in the poison plates. The term "basket types" in this chapter differs from the 
definition of the basket types in Chapter 1. The correlations between the basket types 
used in this cha ter and the basket !Y..12es identified in Cha_Rte! 1 are clarified below. 
Note- thai aamagetj andJailedjuel can:;only !Jl loaded- in the bask§J.~ty12~_J2!l,! _ _!JIJ111d 

Basket Type Identification 
in Chapter 1 and Technical Basket Type Identification 

Specifications [7-8] in Chapter 7 

AIIA2/A3/A4HIA4LIA5 A 
EOS-37J>TH 

B IIB2/B3/B4H/B4LIB5 B 

Al/A2/A3 Ml-A 

EOS-89BTH Bl/B2/B3 Ml-B 

Cl/C2/C3 M2-A 

The design criteria for the NUHOMS® EOS System dry shielded canisters (DSCs) 
require that the fuel loaded in the EOS-37PTH and EOS-89BTH DSCs remain 
subcritical under normal, off-normal and accident conditions as defined in 
10 CPR Part 72. The criticality analyses performed to demonstrate that these DSCs 
loaded with intact, damaged or failed fuel in the EOS-3 7PTH DSC, or loaded with 
intact fuel in the EOS-89BTH DSC satisfy the stated requirements are presented in this 
chapter. Failed fuel shall be loaded into a failed fuel canister (FFC) and include 
failed fuel assemblies (FAs), rods, rod segments, pellets, and debris. 

The DSCs consist of a shell assembly, an internal basket assembly, and extruded 
aluminum open section transition rails that provide the transition to a cylindrical 
exterior surface to match the inside surface of the shell. The EOS-37PTH DSC is 
designed to store and transport up to 3 7 pressurized water reactor (PWR) F As with or 
without control components (CCs) while the EOS-89BTH is designed to store and 
transport up to 89 boiling water reactor (BWR) F As with and without channels. The 
DSCs are of variable length to match the length of the fuel and CCs, as applicable, to 
be stored. The basket is composed of interlocking slotted plates to form an egg-crate 
type structure. The egg-crate structure forms a grid of 3 7 or 89 fuel compartments that 
house the spent fuel assemblies (SF As). The egg-crate structure is composed of steel 
alloy, aluminum alloy, and poison plates. 
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EOS-37PTH Only 

• Non-fuel assembly hardware that extends into the active fuel regions, such as 
BPRAs, CRAs, APSRAs, CEAs, and NSAs, are conservatively assumed to 
exhibit the neutronic properties of 11B4C (no credit taken for B-10 content). There 
is negligible neutron absorption from any of this hardware and it is collectively 
referred to as CCs. 

• Water in the EOS-37PTH DSC cavity contains soluble boron at optimum density. 
The soluble boron is mixed with the moderator. By varying the moderator density 
from 50% to 100% of full density, the density of water at which the reactivity is 
maximized is determined. 

• The maximum planar average initial fuel enrichment is modeled as uniform 
everywhere throughout the assembly. Natural uranium blankets and axial or 
radial enrichment zones are modeled as enriched uranium at the planar average 
initial enrichment. 

• The portion of the DSC corresponding to the axial length of the active fuel is 
modeled for the criticality analysis. The axial ends of the DSC are not modeled. 

In addition, the damaged and failed FA criticality calculations also employ the 
following assumptions for the EOS-37PTH DSC: 

• Single-ended shear assumes one row of fuel rods'i;Jlots~tal/f "Se~~reil~is displaced 
to a new location. 

• Double-ended shear assumes that the selected sheared row displaced with a 
single-~tje<J. shear is ffirther szz_lif ClXially_ to result in qn "extra" row of fuel rods 

@fa{,~~gjpfP¥fzf7r®iif!)'~jgµJl}j;Jrqf1Efi°2r£e,4I§P}af%{-=:ifJ 
• Bent or bowed fuel rods assume that the fuel is intact but that the rod pitch is 

allowed to vary from its nominal fuel rod pitch. 

• Fuel assembly lattices with less fuel rod assume missing fuel rods. 

• Full fuel rod lattices assume that guide and instrument tubes are replaced with 
fuel rods (failed fuel assumption). 

• De-claddedfuel rods assume severe cladding damage (failed fuel assumption). 

• No credit is taken for FFCs (failed fuel assumption). 

• Both damaged and failed F As are modeled as failed (total of 12), which is highly 
conservative because damaged and failed fuel cannot be stored in the same DSC 

The following assumptions are employed in the criticality evaluation for failed FA 
debris in the EOS-37PTH DSC: 

• No credit is taken for FFC or any secondary containers. 

• A total of four failed fuel locations is considered; remaining locations are 
modeled with intact fuel, see Figure 7-25. 
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PWR 
Fuel 
Class 

WE 17x17 
Class 

CE 16x16 
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Class 

Minimum 
Soluble 
Boron 
(ppm) 

2000 

2100 

2200 

2300 

2400 

2500 

2000 

2100 

2200 

2300 

2400 

2500 

· Table 7-51 
E0S-37PTH Maximum Planar Average Initial Enrichment 

(Applicable for Damaged and Failed Fuels) 

(4 Pages) 

Maximum Planar Average Initial Enrichment (wt. % U-235) 
as a Function of Soluble Boron Concentration 

and Basket Type (Fixed Poison Loading) With and Without CCs 

Basket Type 

~ (Fi!}) 
wlo CCs w/CCs wlo CCs 

Damaged Damaged Damaged 
Intact Intact Intact Intact /Failed /Failed /Failed Fuel 

Fuel 
Fuel 

Fuel 
Fuel 

Fuel 
Fuel 

4.35 4.20 4.35 4.15 4.50 4.15 4.45 

4.50 4.20 4.45 4.20 4.65 4.25 4.60 

4.60 4.40 4.55 4.35 4.75 4.45 4.70 

4.70 4.45 4.65 4.50 4.85 4.65 4.85 

4.85 4.45 4.80 4.60 5.00 4.65 4.95 

4.95 4.65 4.90 4.70 5.00 5.00 5.00 

5.00 4.75 5.00 4.70 5.00 5.00 5.00 

5.00 5.00 5.00 5.00 - - -

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -
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w/CCs 

Damaged 
/Failed 

Fuel 

4.25 

4.40 

4.55 

4.60 

4.75 

4.95 

5.00 

-

-

-

-

-
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Fuel 
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BW 15xl5 
Class 

WE 15xl5 
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Minimum 
Soluble 
Boron 
(ppm) 

2000 

2100 

2200 

2300 

2400 

2500 

2600 

2000 

2100 

2200 

2300 

2400 

2500 

Table 7-51 
EOS-37PTH Maximum Planar Average Initial Enrichment 

(Applicable for Damaged and Failed Fuels) 

(4 Pages) 

Maximum Planar Average Initial Enrichment (wt. % U-235) 
as a Function of Soluble Boron Concentration 

and Basket Type (Fixed Poison Loading) With and Without CCs 

Basket Type 

(A4L) (B4[;) 
wlo CCs w/CCs wlo CCs 

Damaged Damaged Damaged Intact Intact Intact Intact /Failed /Failed /Failed Fuel 
Fuel Fuel 

Fuel 
Fuel 

Fuel 
Fuel 

4.25 4.05 4.20 4.00 4.40 4.10 4.35 

4.40 4.10 4.30 4.15 4.55 4.20 4.45 

4.50 4.25 4.45 4.15 4.65 4.35 4.60 

4.60 4.35 4.55 4.30 4.80 4.40 4.70 

4.75 4.40 4.65 4.45 4.90 4.55 4.85 

4.85 4.55 4.75 4.65 5.00 4.75 4.90 
@) f(Jj) (W) (a)) 5.00 5.00 @)) 

4.45 4.10 4.40 4.10 4.55 4.30 4.55 

4.60 4.15 4.55 4.15 4.65 4.50 4.65 

4.70 4.25 4.65 4.35 4.80 4.55 4.80 

4.85 4.35 4.75 4.45 5.00 4.50 4.95 

4.95 4.50 4.90 4.50 5.00 4.90 5.00 

5.00 4.75 5.00 4.65 5.00 5.00 5.00 

72-1042 Amendment 1 
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Rev. 1, 01/18 

w/CCs 

Damaged 
/Failed 

Fuel 

4.15 

4.25 

4.30 

4.50 

4.50 

4.75 
{WJ 

4.25 

4.35 

4.45 

4.50 

4.80 

5.00 
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PWR 
Fuel 
Class 

CE 15x15 
Assembly 

Class 

CE 14x14 
Assembly 
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Class 

Minimum 
Soluble 
Boron 
(ppm) 

2000 

2100 

2200 

2300 

2400 

2500 

2000 

2100 

2200 

2300 

2400 

2500 

Table 7-51 
E0S-37PTH Maximum Planar Average Initial Enrichment 

(Applicable for Damaged and Failed Fuels) 

(4 Pages) 

Maximum Planar Average Initial Enrichment (wt. % U-235) 
as a Function of Soluble Boron Concentration 

and Basket Type (Fixed Poison Loading) With and Without CCs 

Basket Type 

(!ff,L) (B4PJ 

wlo CCs w/CCs wlo CCs 

Damaged Damaged Damaged 
Intact Intact Intact Intact 

/Failed /Failed /Failed 
Fuel 

Fuel 
Fuel 

Fuel 
Fuel 

Fuel 
Fuel 

4.60 4.25 4.55 4.20 4.75 4.35 4.70 

4.70 4.45 4.65 4.40 4.85 '4.50 4.85 

4.85 4.50 4.80 4.45 5.00 4.60 4.95 

5.00 4.55 4.90 4.65 5.00 5.00 5.00 

5.00 5.00 5.00 4.85 5.00 5.00 5.00 

- - 5.00 5.00 - - -

5.00 5.00 5.00 4.50 5.00 5.00 5.00 

- - 5.00 4.95 - - 5.00 

- - 5.00 5.00 - - -

- - - - - - -

- - - - - - -

- - - - - - -
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w/CCs 

Damaged 
/Failed 

Fuel 

4.30 

4.35 

4.60 

4.80 

5.00 

-
4.95 

5.00 

-

-

-

-
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PWR 
Fuel 
Class 

WE 14xl4 
Class 

Note: 
I. Not analyzed._ 
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Minimum 
Soluble 
Boron 
(ppm) 

2000 

2100 

2200 

2300 

2400 

2500 

Table 7-51 
EOS-37PTH Maximum Planar Average Initial Enrichment 

(Applicable/or Damaged and Failed Fuels) 

(4 Pages) 

Maximum Planar Average Initial Enrichment (wt. % U-235) 
as a Function of Soluble Boron Concentration 

and Basket Type (Fixed Poison Loading) With and Without CCs 

Basket Type 

(;44EJ (B4L) 
wlo CCs w/CCs wlo CCs 

Damaged Damaged Damaged Intact Intact Intact Intact /Failed /Failed /Failed Fuel 
Fuel 

Fuel 
Fuel 

Fuel 
Fuel 

Fuel 

5.00 5.00 5.00 5.00 5.00 5.00 5.00 

- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -

72-1042 Amendment 1 

All Indicated Chanaes are in resoonse to RAI 7-1 
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w/CCs 

Damaged 
/Failed 

Fuel 

5.00 

-
-

-
-

-
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Components UFSAR Sections 

EOS-TC loaded with EOS-37PTH DSC (Side and comer drop) Appendices 3.9.1 -
3.9.3 and 3.9.5 

EOS-TC loaded with EOS-89BTH DSC (Side and comer drop) Appendices 3.9.1 -
3.9.3 and 3.9.5 

EOS-37PTH DSC, PWR Fuel Cladding (Side and comer drop) Appendix 3.9.6 

EOS-89BTH DSC, BWR Fuel Cladding (Side and comer drop) Appendix 3.9.6 

All stresses are within allowable limits in both drop scenarios for the TC108, 
EOS-37PTH DSC and EOS-89BTH DSC. The largest strain in the basket is 0.9% and I 72 · 48 

0.6 % for the EOS-TCI08 loaded with EOS-37PTH DSC and EOS-89BTH DSC, 
respectively. The maximum stresses and strains in the fuel cladding for the side and 
comer drops remain below the applicable yield strength, therefore there is no fuel 
deformations. 

The strain is limited in effect given the mode of deformation as the basket plates 
maintain their general shape. This deformation is limited and the position of the fuel 
assemblies is maintained from their initial positions relative to each other. The 
deformations of the basket plates are approximately uniform in the direction of impact 
and the fuel does not change configuration. Therefore, these deformations do not have 
an effect on criticality control. 

Accident Dose Calculation 

Based on analysis results presented in Appendix 3.9.3, Sections 3.9.3.3 and 3.9.3.4, 
the accidental EOS-TC drop scenarios do not breach the EOS-37PTH or the 
EOS-89BTH DSC confinement boundaries. The function of EOS-TC lead shielding is 
not compromised by these drops. The EOS-TC neutron shield, however, may be 
damaged in an accidental drop. 

Dose rates are computed at 100 m from the EOS-TC with the neutron shield removed, 
which is the minimum allowed distance to the site boundary. As presented in Chapter 
6, Table 6-54, the maximum dose rate at 100 m from an EOS-TC during a loss_QL­
neutron shield and 1ead s1umr- in an accidental dror-accident is 2.1s .mrem/hr. (Bct~~7® 
~ on the dis~iiis}on ·in· Se¢tiP1! 6; 2. 8,. ihc/ni4Ximum accilient 'dose· ~ate t~·doubled_(</:~ 4jJ 
V!!_rem!hr.1? )¥!, 8-hmrr recovery ti1:1e i~ as_s~ed, the dose to an individual at the site 
boundary isl±}* 8 =@mrem, which 1s s1gmficantly below the 10 CPR 72.106 dose 
limit of 5 rem. 
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A.1.2 General Description and Operational Features 
of the NUHOMS® MATRIX 

A.1.2.1 NUHOMS® MA TRIX CHARACTERISTICS 

The NUHOMS®MATRIX provides a staggered two-tiered self-contained modular 
structure for storage of spent fuel canistered in an EOS-37PTH or EOS-89BTH DSC. 
The HSM-MX is constructed from reinforced concrete and structural steel. Contact 
doses for the HSM-MX are designed to be as low as reasonably achievable (ALARA). 
The key design parameters of the HSM-MX are listed in Table A.1-1. 

It/1tfo of a~sepp_r.!lffi_ r_oof~}J:C! §?ildi:.fl!~ slii~ld_wtills, ·th6iefeaturiis are ·ititegrafto the 
monolith'i'n the HSM-MX. 

The HSM-MXs provide an independent, passive system with substantial structural 
capacity to ensure the safe dry storage of spent fuel assemblies (SF As). To this end, 
the HSM-MXs are designed to ensure that.normal transfer operations and postulated 
accidents or natural phenomena do not impair the DSC or pose a hazard to the public 
or plant personnel. Postulated accidents and natural phenomena affecting the 
HSM-MX are described in detail in Chapter A.12. 

The HSM-MX provides a means of removing spent fuel decay heat by a combination 
of radiation, conduction, and convection. Ambient air enters the HSM-MX through 
ventilation inlet openings located on the lower tier of the HSM-MX, circulates around 
the DSC and the heat shields, then exits through the outlets of the HSM-MX. The 
HSM-MX is designed to remove up to 50.0 kW of decay heat from the bounding 
EOS-37PTH DSC, when loaded in an HSM-MX lower compartment. 

Decay heat is rejected from the DSC to the HSM-MX air space by convection and 
then removed from the HSM-MX by natural circulation airflow. Heat is also radiated 
from the DSC surface to the heat shields and HSM-MX walls and roof, where the 
natural convection airflow and conduction through the walls and roof aid in the 
removal of the decay heat. The passive cooling system for the HSM-MX is designed 
to preserve fuel cladding integrity by maintaining SF A peak cladding temperatures 
below acceptable limits during long-term storage. The outlet vent covers installed on 
the top of the HSM-MX are designed to mitigate the effect of sustained winds. 

Configurations of systems to be stored in the HSM-MX are determined based on heat 
load, basket type, etc. These configurations are detailed in Table 1-2. 

The HSM-MXs are installed on a load-bearing foundation, which consists of a 
reinforced concrete basemat on a subgrade suitable to support the loads. The 
HSM-MXs are not tied to the basemat. 

Dimensions of the HSM-MX components described in the text and provided in figures 
and tables of this UFSAR are, in general, nominal dimensions for general system 
description purposes. Actual design dimensions are contained in the drawings in 
Section A.1.3. 
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A.1.8 

A.1.8.1 GENERIC STORAGE ARRAYS 

Supplemental Data 

Rev. TBD, TBD 

The DSC containing the SF As is transferred to, and stored in, compartments of the 
HSM-MX. Multiple compartments are grouped together to form a staggered, 
two-tiered monolithic structure known as the HSM-MX. Multiple compartments are 
grouped together to form arrays whose size is determined to meet plant-specific needs. 
The HSM-MX is arranged within the ISFSI site on a concrete basemat(s) with the 
entire area enclosed by a security fence. Modules may be placed in a single-row array 
or in a back-to-back array for site dose and footprint optimization. Like the EOS­
HSM, the decay heat within the HSM-MX DSC compartment is primarily removed by 
internal natural circulation flow though the inlet/outlet vents and conduction through 
the HSM-MX walls. 

,J::igttre A)fLand Figi(,je,JJ,;l,J,~£!1!,Jf~.!tW1i§lYF V ex i!11sJg1Jdgj]i)JltS. at jstfij,i 
.that are, tfttfeJ}hle ·ofmoil:li-tttr.·expansiorililim1-Y:QaR .. -. 

The expansion option shown in Figu(e A'.1-1 allows the array to be expanded with.ti 
construr;tion joint splitting the upper compartment a~ the end of the .'array. A minimum 
of five coiJipqrtrnents ,arec:t;equired ina}rnonolith. En4:;<f fzield walls ~haU be installe?fat 
t,hislocari~tifn the·inte'flllfiperiod heNf/.en. expanSid'ri:fJffje shield; .. will be . 
removed t~:·allow for exp7:Jn.sion ofth({'J;lrray. Two errzpf)! compatini:!t1t§.JQJieJiilJ!§,Lgf1if. 
one lower)hn addition to.the partial empty compartment, are required at the end'o ' 
an array di;r1ng the interim period befare expansion~ At the end of_t]ze array,J!JeJJ!!.4 
waZZ wi{l. '·the same thi~krze§s .as .the wall at the be zttning of the Jj]ilaiiay:anci1Zt} 
cbrrzp_af( 1s,maybe ftll~d' 

Figure A. i ~? shows the expansionfdint:.used at -1 OOJeet into the drray. This joint 
addresses the thermal growth due to qclic temperatures in ambient conditions. _Jf!hen 
an an:ay ti'.ex;pi:mded Cit !heixpan$iO)'l'jqi(lt, iwo ~mp}JtCOmpartm~iiti(one-toi/a~-C" 
one b:otrrw]:./ir¢ requir,~4tiJt !h,e-en~-qf/fhe, 1r{terirfrarr#Yr.rtor 1IL!l¥Rtt!J.§.ifll1~;,,}!ft 
expansioiijoint is used,-a'µd-c'onstrue.tion c<;mtinuespast the expansjonjoint, the 
constructioh joint configuration can be used to further expand the arxay,, or the at:ray 
can termilJate with an end wall the_§_alrlej/Jjqk,[!eS§_ q~Jhe_, Witll _c1t tl'li_::h~gl_r!t!l!JK<?f!he 

'Jirs£l!1;fc:,. a~~/1§.l_ng _th~~~~~struct~~nj~~~tfa!Jllgµra_tig_~,_Jhe_ sqme-r~qidrements 
(describe· , ,vefor the,~l/t:istructwn 1(),,11:Jlapp]i) 

These are typical layouts only and do not represent limitations in number of modules, 
number of rows, and orientation of modules in rows. Back-to-back module 
configurations require expansion in sets of pairs. Expansion can be accomplished, as 
necessary, by the licensee, provided the criteria of 10 CFR 72.104, 10 CFR 72.106 and 
Chapter 14 are met. The parameters of interest in planning the installation layout are 
the configuration of the HSM-MX array and an area in front of each HSM-MX to 
provide adequate space for loading operations. Illustrations of typical HSM-MX 
ISFSI layouts are provided in Figure A.1-4 through Figure A.1-6. 
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Table A.1-1 
Key Design Parameters of the NUHOMS® MATRIX Components 

Horizontal Storage Module (HSM-MX): 

Overall length 
23 '-1" single array 

41 '-4" back-to-back array 

Overall width 36'-6" 

Overall height (two-tier 

Total weight not including DSC (kips) 
(max. concrete density of 160 pcf.) 

single array) 

double array) 

Materials of construction Reinforced concrete and structural steel 

Heat removal Conduction, convection, and radiation 

Note: Dimensions are based on a single monolith of five compartments (see Figure A.1-2). 
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Outlet Veat Cove,\• 

Door 

Lower 
Compartment 

Inlet Vent 

Figure A.1-7 
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/HSMMabi, 

Upper 
Compartment 

Lower 
Compartment 

NUHOMS® MATRIX System Components and Structures 
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Figure A.1-8 
NUHOMS® MATRIX System Components and Structures 
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/HSM-MX 

Dry Storage Canister 

Retractable Roller Tray 

~ISFSI Pad 

Figure A.1-9 
NUHOMS® MATRIX System Components, Structures, and Transfer 

Equipment 
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A.2.3.3 Water Level (Flood) Design 

HSM-MX inlet vents are blocked when the depth of flooding is greater than 0.25 m 
(10 in.) for the lower compartment, and 2.29 m (7 ft-6 in.), for the upper 
compartments, above the level of the ISFSI basemat. The DSC in the lower and upper 
compartments are wetted when flooding exceeds a depth of 1.3 m (4 ft-2 in.), and 4.4 
m (14 ft-5 in.), respectively, above ISFSI basemat. Greater flood heights result in 
submersion of the DSC and blockage of the HSM-MX outlet vents. 

The DSC and HSM-MX are conservatively designed for an enveloping design basis 
flood. The flood is postulated to result from natural phenomena such as tsunamis and 
seiches, as specified by 10 CFR 72.122(b) [A.2-6]. A bounding assumption of a 
15-meter (50-foot) flood height and water velocity of 4.6 m/sec (15 fps) is used for the 
flood evatuation. The HSM-MX is evaluated for the effects of the 4.6 m/sec (15 fps) 
water current impinging upon the side of the submerged HSM-MX. The DSC is 
subjected to an external pressure equivalent to a 15-meter (50-foot) head of water. 
These evaluations are presented in Section A.12.3 .5. The effects of water reflection 
on DSC criticality safety are addressed in Chapter 7. Due to its short-term, infrequent 
use, the onsite EOS transfer cask (EOS-TC) is not explicitly evaluated for flood 
effects. Independent spent fuel storage installation procedures should ensure that the 
EOS-TC is not used for DSC transfer during flood conditions. 

The plant-specific design basis flood (if the possibility for flooding exists at a 
particular ISFSI site) should be evaluated by the licensee and shown to be enveloped 
by the flooding conditions used for this generic evaluation of the HSM-MX. 

A.2.3 .4 Seismic Design 

The seismic design criteria for the HSM-MX are based on the NRC RG 1.60 [A.2-13] 
response spectra anchored at a zero period acceleration (ZPA) of 0.85g in the 
horizontal direction and 0.80g in the vertical direction and enhanced frequency content 
above 9 Hz. The horizontal and vertical components of the design response spectra 
corresponding to a maximum horizontal ground acceleration of l.Og are shown in 
Figure A.2-1. The seismic structural evaluations consider both stability evaluation and 
stress qualification of the HSM-MX. The stability cdteria for seismic loadin~ 
based?11:}!1~}~!abili!Y re~F,9nse 9f a/fi,Y;eiifC!11JParil!J~rt/:~~1istrueti01:/Joinf:cJJJtioJijfitj}fJ 
(HSM:,.~i,;odule wi{lwurihe side,shielg/walls attdcfz~i:f,.y 

The HSM-MX has no anchorage to the concrete basemat. The stability analyses 
consider the effects of sliding and rocking motions, and determine the maximum 
possible sliding of the(jfj[f.i:,.iiJq The HSM-MX will neither slide nor overturn at 
design ZP A of o@ in the horizontal direction and O~g in the vertical direction. 
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The licensee shall determine if, based on ISFSI-specific site investigations, a 
soil-structure interaction (SSI) analyses ought to be performed to assess potential site­
specific amplifications. The SSI evaluations are based on ISFSI site-specific 
parameters (free-field accelerations, strain-dependent soil properties, HSM-MX array 
configurations, etc.). The SSI response spectra at the base of the HSM-MXs are to be 
bounded by the HSM-:MX design basis seismic criteria response spectra, i.e., the RG 
1.60 response spectra shape, with enhanced spectral accelerations above 9 Hz, and 
anchored at 0.85g horizontal and 0.80g vertical directions. The licensee shall reconcile 
spectral accelerations from the SSI analysis response spectra that exceed the seismic 
criteria spectra (if any); 5% damped response spectra may be used in making these 
determinations. 

Since the DSC can be considered to act as a large diameter pipe for the purpose of 
evaluating seismic effects, the "Equipment and Large Diameter Piping System" 
category in NRC RG 1.61 [A.2-16], Table 1 is applicable. Therefore, a damping value 
of 3% of critical damping for the design bases safe shutdown earthquake is used. 
Similarly, from the same RG table, a damping value of 7% of critical damping is used 
for the reinforced concrete structural components of the HSM-:MX. 

The seismic criteria for the :MX-LC are based on Fi ures 1 and 2 ofNRC Regulatory 
Guide 1.60 [A.2-13], chored 
at 0.85g zero period acceleration (ZPA) in the horizontal direction and 0.80g ZPA in 
the vertical direction. The seismic structural calculations consider both a stability 
evaluation and stress qualification of the :MX-LC for seismic loading criteria. The 
stability evaluations address the :MX-LC rails and use of any shims under the MX-LC 
rails due to unevenness in the basemat -and approach slab foundation. 

The seismic criteria for the :MX-RRTs is based on Fi ures 1 and 2 ofNRC Regulatory 
Guide 1.60 [A.2-13], ,: , chored 
at 0.85g ZPA in the horizontal direction and 0.80g ZPA in the vertical direction. As 
required, the seismic structural calculations shall consider both a stability evaluation 
and stress qualification for the seismic loading criteria. 

A.2.3.5 Snow and Ice Loading 

No change to Section 2.3.5. 

A.2.3.6 Tsunami 

No change to Section 2.3.6. 

A.2.3. 7 Lightning 

A lightning strike will not cause a significant thermal effect on the HSM-MX, MX­
LC, MX-RRT, or stored DSC. The effects on the HSM-:MX resulting from a lightning 
strike are discussed in Section 12.3.7. 
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A.2.4 

A.2.4.1 General 

No change to Section 2.4.1. 

A.2.4.2 Structural 

A.2.4.2.1 EOS-DSC Design Criteria 

No change to Section 2.4.2.1. 

A.2.4.2.2 HSM-MX Design Criteria 

Safety Protection Systems 

Rev. TBD, TBD 

The principal design criteria for the HSM-MX, both(lile':'conFPete aii1fste<:l)structur~~ 
are presented in Table 2-7. 

The reinforced concrete HSM-MX is designed to meet the requirements of ACI 349-
06 [ A.2-3]. The ultimate strength method of analysis is utilized with the appropriate 
strength reduction factors as described in Appendix A.3.9.4. The load combinations 
specified in Section 6.17.3.1 of American National Standards Institute (ANSI) 
57.9-1984 [A.2-20] are used for combining normal operating, off-normal, and accident 
loads for the HSM-MX. All seven load combinations specified are considered and the 
governing combinations are selected for detailed design and analysis. The resulting 
HSM-MX load combinations and the appropriate load factors are presented in 
Appendix A.3.9.4. The effects of duty cycle on the HSM-MX are considered and 
found to have negligible effect on the design. 

A.2.4.2.3 EOS-TC Design Criteria 

No change to Section 2.4.2.3. 
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Thermal analysis is based on fuel assemblies with decay heat up to 50.0 kW per DSC 
for the EOS-37PTH and up to 34.4 kW per DSC for the EOS-89BTH. Zoning is used 
to accommodate high per assembly heat loads. The heat load zoning configurations 
for the DSCs are shown in Figure lA through Figure 11 and Figure 2 of the Technical 
Specifications [A.2-18] for 37PTH and 89BTH DSC, respectively. Among the 
various HLZCs presented in Figure 1 for EOS-37PTH DSC, only HLZC # 7 through 9 
presented in Figure lG through Figure 11 are applicable for storage in HSM-MX. 
Similarly for the EOS-89BTH, among the various HLZCs presented in Figure 2 for 
EOS-89BTH DSC, only HLZC # 3 is permitted for storage in the HSM-MX. 

Tlie thermal analyses for storage are performed for the environmental conditions listed 
in Table A.2-2. The remainder of the environment conditions are provided in Table 2-
9. 

Peak clad temperature of the fuel at the beginning of the long-term storage does not 
exceed 400 °C for normal conditions of storage, and for short-term operations, 
including DSC drying and backfilling. Fuel cladding temperature shall be maintained 
below 570 °C (1058 °F) for accident conditions involving fire or off-normal storage 
conditions. 

For onsite transfer in the EOS-TC, air circulation may be used, as a recovery action, to 
facilitate transfer operations in the EOS-37PTH DSC as described in the Technical 
Specifications [ A.2-18]. 

A.2.4.4 Shielding/Confinement/Radiation Protection 

The HSM-MX provides the bulk of the radiation shielding for the DSCs. The HSM­
MX designs can be arranged in either a single-row or a back-to-back arrangement. 
The nominal thickness of the HSM-MX roof is@inches for biological shielding. 
Additionally, the front wall has a minimum thickness of 39 inches. Sufficient 
shielding is provided by thick concrete side walls between HSM-MXs in an array to 
minimize doses in adjacent HSM-MXs during loading and retrieval operations. 
Section A.11.3 provides a summary of the off site dose calculations for representative 
arrays of design basis HSM-MXs providing assurance that the limits in 10 CPR 
72.104 and 10 CPR 72.106(b) are not exceeded . 

. There are no radioactive releases of effluents during normal and off-normal storage 
operations. Also, there are no credible accidents that cause significant releases· of 
radioactive effluents from the DSC. Therefore, there are no off-gas or monitoring 
systems required for the HSM-MX. 

A.2.4.5 Criticality 

No change to Section 2.4.5. 

A.2.4.6 Material Selection 

No change to Section 2.4.6. 
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A.3.4 General Standards for NUHOMS® MATRIX System 

A.3.4.1 Chemical and Galvanic Reaction 

No change to Section 3.4.1 for the EOS System. Chemical and galvanic reactions for 
the HSM-MX System are presented in Chapter A.8. 

A.3.4.2 Positive Closure 

No change to Section 3.4.2. 

A.3.4.3 Lifting Devices 

No change to Section 3.4.3. 

A.3.4.4 Heat 

A.3.4.4.1 Summary of Pressures and Temperatures 

Temperatures and pressures for the HSM-MX are described in Chapter A.4. The 
thermal evaluations for storage and transfer conditions are performed in Chapter A.4 
for normal, off-normal, and accident conditions. The internal pressure evaluation is 
performed in Chapter A.4, Section(A.4.~4 

Maximum temperatures for the various components of the HSM-MX, loaded with an 
EOS-37PTH DSC or an EOS-89BTH DSC under normal, off-normal and accident 
conditions are summarized in(C!Japter)!.4, Se~fion):~))for all the applicable heat 
zone loading configurations provided in Appendix A, Technical Specification [A.3-5]. 

These temperatures are used for the structural evaluations documented in Appendices 
A.3.9.1 and A.3.9.4. Stress allowables for the components are a function of 
component temperature. The temperatures used to perform the structural analyses are 
based on actual calculated temperatures or conservatively selected higher 
temperatures. 

A.3.4.4.2 Differential Thermal Expansion 

No change to Section 3.4.4.2. 

A.3.4.4.2.1 Minimum Gaps within the Interlocking Slots 

No change to Section 3.4.4.2.1. 

A.3.4.4.2.2 Axial Gaps between the Basket Assembly Plates 

No change to Section 3.4.4.2.2. 

A.3.4.4.2.3 Radial Gap between the Basket Assembly and the DSC Shell 

No change to Section 3.4.4.2.3. 
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A.3.4.4.2.4 Axial Gaps between Fuel Assemblies and the DSC Cavity 

No change to Section 3.4.4.2.4. 

A.3.4.4.2.5 Axial Gap between the Basket Assembly and the DSC Cavity 

No change to Section 3.4.4.2.5. 

A.3.4.4.2.6 Axial Gap between the Transition Rails and the DSC Cavity 

No change to Section 3.4.4.2.6. 

A.3.4.4.2.7 Axial Gap between the TC125/TC135 Cavity and the DSC Shell 

No change to Section 3.4.4.2.7. 

Rev. TBD, TBD 

A.3.4.4.2.8 Axial Gap between the Rear DSC support, Axial Retainer and the HSM-MX cavity 

A gap of0.5 inch is provided between the rear DSC Support and the HSM-MX to 
accommodate any thermal growth. This section verifies that there is no interference 
when the rear DSC support increases from room temperature to accident temperature. 

The maximum temperature of the rear DSC support is assumed to be 350°F. A mean 
thermal expansion coefficient of 7. Ox 10-6 in/in/°F for 3 5 0°F is used. The thermal 
growth of the rear DSC support is determined as: 

~Lrs=21.5x7.0x10-6x(350-70)=0.042 in. 

The maximum thermal growth between the rear DSC Support and the HSM-MX is 
0.042 inch and is less than the initial 0.5-inch gap. 

Therefore, there is sufficient clearance for free thermal expansion between the rear 
DSC supports and HSM-MX. 

A gap is provided between the axial retainer and DSC to accommodate any thermal 
rowth. Shims are used to(cid)ust the:.g~p. to be 0. 18~~,'Hwb iniiic,llj}1~;'.J[Jhe boungiflfl:, 

thermal exf?~nsion tenibliature rangesfrdm the ru:rtlij~Z:operatihg}§JJJJ}_f:!'.(1J1:'!'6-!Q'.the 
blocked vent accident temperature. The largest average temperature· difference for 
the DSC.is 396 °F- 293 °F = 103 °F .The axial retainer is conservatively assumed(o 
experience. .the same tenJRerature dijfer(!;nce. The averqge HSM concrete temperafyfe 
differenc~.1~\io·7 °F-1Ji,9fl'~ 55 op,::(/anservativel],:a fl,igher ie,:rij}~taJure diff~i}71c(! 
of 105 °F:f/appliedto th'eDSC and qxitilretainer, a~~ a lower te,tlpe.rature dijf~rencf! 
of50 °Fis applied to the'l!SM concrete. Thermal expansion coeffh;ients ofJ.5 x 10-6 
in/in/°F and 10.1 x 10-6 in/in/°F for 350 °Fare usedfor the Axial Relainer and the 
DSC, respectively. The.instantaneous coefficients of thermal expansion are used.h~re 
as the initii'il(temperafqrs¢sJite · abpve 7[i:_?P ~.4J:JH}];JJ:J/1Ai.iP!l!J§)pt(cqefficienf of5ifij)§, 
10-6 inliril°F ii used for the ·.HSM concr.eJe. The growtl:;:.:gf !'1~ fiSM is .subtracted .from 
the growth of the DSCand axial retainer as it increases the gap. 
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/iL = 199.5 X 10.1 X 10-6 X (105) + 36.5 X 7.5 X 10-6 X (105) - (199.5 + 
36.5) X 5.5 X 10-6 X (50) = 0.175 in 

The maximum thermal growth between the axial retainer and DSC i .- ... _ , 
less than a(o)875}inch gap. 

A.3.4.5 Cold 

No change to Section 3.4.5. 
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A.3.6 Normal Conditions of Storage and Transfer 

This section presents the structural analysis of the EOS-37PTH DSC/ EOS-89BTH 
DSCs, the HSM-MX and the EOS-TC subjected to normal conditions of storage and 
transfer. The analyses performed evaluate the components for the design criteria 
described in Section A.3 .1.1. 

Numerical analyses have been performed for the normal and accident conditions. In 
general, numerical analyses have been performed for the regulatory events. The 
analyses are summarized in this section. 

The detailed structural analyses of the HSM-MX are included in Appendices A.3.9.l 
through A.3.9.7. 

A.3.6.1 EOS-37PTH DSC/89BTH DSC 

Details of the structural analysis of the DSC shell assemblies are provided in 
Appendix A.3.9.1, while the structural analysis for basket assemblies are provided in 
Appendix 3.9.2. There are no changes to the analysis described for the DSC shell 
except that the DSC shell is analyzed for dead weight and seismic load combinations, 
which are affected when the DSC is loaded into~g)HSM-MX and are provided in 
Appendix A.3.9.1. The design or loading conditions for the basket remain the same 
when loaded into the DSC shell and, therefore, results for the basket from Appendix 
3.9.2 remain the same and are applicable. 

A.3.6.2 HSM-MX 

The HSM-MX design is able to accommodate different DSC lengths. For the 
structural evaluation,(the}HSM-MX with the longest DSC bounds all sizes. The 
following table shows how the bounding loads are used for structural evaluation of the 
HSM-MX. 

Component Weight (kips) Thermal Heat Load 

EOS-37PTH DSC 
134 50kW 

(Loaded Weight) 

EOS-89BTH DSC 
120 43.6kW 

(Loaded Weight) 

50 kW for lower 
Bounding HSM-MX (i..iJijp) compartment and 41.8 
(Double Arr~ kW for upper 

compartment (I) 

Notes: 

1. The thermal loading condition of the HSM-MX is based on the most conservative 
thermal loading configuration. 

2. For stability evaluation, several different combinations of DSC and HSM bounding 
weights are considered. 
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Table A.3-1 
Summary ofHSM-MX Weight and Center of Gravity 

Component 

Empty HSM-MX 

HSM-MX Loaded with 
EOS-37PTH DSC 

HSM-MX Loaded with 
EOS-89BTH DSC 

Notes: 

Description 

Total Weight (kips) 

Single Array 

Double Array 

Center of Gravity from Bottom in Vertical Direction (inches) 
-----I 

Single Array 

Double Array 

Maximum Weight (kips) 

Single Array 

Double Array 

Center of Gravity from Bottom in Vertical Direction (inches) 
-----I 

Single Array 

Double Array 

Maximum Weight (kips) 

Single Almy 

Double Array 

Center of Gravity from Bottom in Vertical Direction (inches) 
-----I 

Single Array 

Double Array 

1. The weight and center of gravity values listed in the table are corresponding to the maximum concrete density 
of 160 pcf. 

2. The weight values are for the HSM-l\1X having three lower compartments and two upper compartments. 

February 2019 
Revision3 72-1042 Amendment 1 

Appendix A is newly added for Amendment I. 

All lnrlir.~tP.rl r.h~nnP.~ ~rP. l=nr.ln~1 lrP. A. !=~hrir.~hilit\/ 

Page A.3-13 



NUHOMS® EOS System Updated Final Safety Analysis Report Rev. TBD, TBD 

A.3.9.1.2.7.6 Seismic Load during Storage 

The model described in Section A.3.9.1.2.7.1 for dead weight in HSM-MX is used and 
updated to reflect the effect of the vertical 0.8g load, transverse(]. 7~ load, axial 
(longitudinal)(J. 7k load, and the internal pressure load of 20 psig. 

Two elastic-plastic runs are performed for this load: 

1. 0.8g vertical +(1, 7~ transvers,e +[lg axial with the weight of DSC internals 
modeled by equivalent pressure application on TSP with addition of internal 
pressure of 20 :R_filg. 

2. 0.8g vertical +\T 7g transverse+~ axial with the weight of DSC internals 
modeled by equivalent pressure application on IBCP with addition of internal 
pressure of 20 psig. 

The compound effect of dead weight, 0.8g vertical and(l: 7~ transverse, is modeled by 
multiplying the pressure from the dead weight case by a conservative factor of 4. 

Seismic axial forces away from the HSM-MX door (load case 1 above) are resisted by 
the rear plates located at the ends of the DSC rear supports. The OTCP is recessed 
from the edge of the DSC shell, thus, the rear plate bears against the bottom edge of 
the DSC shell. The nodes of the top end of DSC shell, which come into contact with 
the rear stop plate, are restrained in the axial direction. 

Seismic axial forces toward the HSM-MX door (load case 2 above) are resisted by the 
front axial retainers. The retainer is a steel bar located horizontally through the HSM­
MX door. The retainer bears against the OBCP. The nodes of the OBCP, which bear 
against the area of the axial retainer bar, are restrained in the axial direction. 
Figure A.3.9.1-4 shows the pressure load applied to the DSC while supported by the 
HSM-MX DSC supports. 

The DSC shell and the OBCP experience compressive bearing stress in the vicinity of 
the axial retainer and rear plate. The bearing stresses experienced by the DSC shell 
and OBCP need not be evaluated for Service Level D loads. 

A.3.9.1.2.7.7 Cask Drop 

No change to Section 3.9.1.2.7.7. 
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The DSC weld stresses are summarized in Table A.3.9.1-3. The maximum weld stress 
ratio is 0.87 and occurs at the DSC shell to ITCP weld for Load Combination 9. The 
maximum radial weld stress is summarized in Table A.3.9.1-4. The maximum radial 
stress between the DSC and OTCP is(4:l~Jksi. Therefore, the flaw size evaluation 
from Section 3.9.1.5 still remains valid. 

Table A.3.9.1-5 summarizes the stress results for the controlling load combination. 
The maximum component stress ratio remains the same as in the original analysis and 
is equal to 0.92 in the grapple ring support. The second maximum component stress 
ratio is equal to 0.87 and occurs in the confinement boundary area of the DSC shell 
during load combination 9 (storage condition in the HSM-MX, dead weight normal 
conditions). 

The structural integrity of the DSC shell, including closure welds, is maintained since 
the maximum stress ratio is less than 1. Therefore, it is concluded that the EOS DSC 
is structurally adequate under all anticipated load conditions for service during the 
transfer and storage in the HSM-MX. 

A.3.9.1.7 References 

A.3.9.1-1 ANSYS Computer Code and User's Manual, Release 14.0, Release 14.0.3 and 
Release 1 7 .1 

A.3.9.1-2 CoC 1042 Appendix A, NUHOMS® EOS System Generic Technical Specifications, 
Amendment 1. 

February 2019 
Revision 3 72-1042 Amendment 1 

Appendix A is newly added in Amendment l. 

All Indicated Changes are Enclosure 4, Fabricability 

Page A.3.9.1-5 



NUHOMS® EOS System Updated Final Safety Analysis Report 

Table A.3.9.1-1 
EOS-37PTH/EOS-89BTH DSC Shell Assembly Loads and Load 

Combinations 
(2 Sheets) 

DSC Load for Service 
Loading Type 

Orientation Analysis 
Load Combination 

Level 

Dead Weight 
lg down 

(DW) 

Internal pressure- Horizontaf3
) 20 psigC9

) DW + Pressure+ 65 
Off-Normal 

Verticaf3l inch Accident Drop 
D 

Accident 
Side/corner 65 inch drop 
drop0 7l 

Dead Weight 
lg down 

(DW) 
Horizontal 

DW + Accident 
D 

Internal pressure- 13 0 psig<3X9X10l 
Pressure 

Accident 

Dead Weight 
lg down 

(DW) 

Internal Pressure- Horizontal 
20 psig 

DW + Pressure+ 
A 

Off-Normal (11) Thermal 

Thermal-Off Thermal-Off 
Normal Normal 

Dead Weight 
lg down 

(DW) 

Internal Pressure-
Horizontal 20 psig DW + Pressure+ 

Off-Normal (11) Seismic (S) 
D 

S=@(axial) 
Seismic (S) @(transverse 

±0.8g(vertical)°6l 

Test Pressure at 
23 psig internal 

23 psig (15xl.5=23 
fabricator-23 Vertical psig) internal Test 
psig<12J pressure 

pressure 

External pressure Horizontal See Note 04l D 

Notes 

1. DSC in Transfer cask in vertical orientation. Only inner top cover is installed. 

2. Use bounding thermal case for normal operations of transfer cask in vertical orientation. 

Rev. TBD, TBD 

Load 
Combination 

No. 

7A 

7B 

8 

9 

10 

11 

12 

3. DSC in Transfer Cask; Transfer Cask is in horizontal orientation. In case of End drop, the orientation is vertical 
supported by IBS in case of Bottom End drop and TSP in case of Top End drop. 

4. Notused. 

5. The push loads are applied at the canister bottom surface within the grapple ring support. 
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Load 
Combination 

Number 

9 

February 2019 
Revision 3 

Service 
Level 

Loads 

DW+IP 
A 

(20psi) 

Table A.3.9.1-2 
DSC Results - Load Combinations 

(2 Sheets) 

Components 

DSC Shell 
(Confinement) 

DSC Shell 
(Non-

Confinement) 

OTCP 

ITCP 

OBCP 

IBCP 

Pm 

Stress Intensity ~.n) 
Allowable Stress 17.50 

Stress Ratio 0.39 

Stress Intensity 4.99 

Allowable Stress 17.50 

Stress Ratio 0.29 

Stress Intensity 1.81 

Allowable Stress 17.50 

Stress Ratio 0.10 

Stress Intensity 1.96 

Allowable Stress 17.50 

Stress Ratio 0.11 

Stress Intensity 1.10 

Allowable Stress 17.50 

Stress Ratio 0.06 

Stress Intensity 2.87 

Allowable Stress 17.50 

Stress Ratio 0.16 

72-1042 Amendment 1 
Appendix A is newly added in Amendment I. 

Pm+Pb 

12.11 

26.25 

0.46 

6.87 

26.25 

0.26 

7.01 

26.25 

0.27 

7.12 

26.25 

0.27 

2.71 

26.25 

0.10 

4.72 

26.25 

0.18 

Stress Category (ksi] 

Pm(or 
PL 

PL)+Pb+Q 

(raiiljJ (~7.'9.0) 
26.25 52.50 

0.69 0.53 

7.46 11.61 

26.25 52.50 

0.28 0.22 

2.99 8.46 

26.25 52.50 

0.11 0.16 

3.62 10.96 

26.25 52.50 

0.14 0.21 

1.91 5.61 

26.25 52.50 

0.07 0.11 

5.23 8.20 

26.25 52.50 

0.20 0.16 

All lnrlir.::itP.rl r.h::innAs ::irA Fnr.lns1 irA 4 F::ihrir.::ihilitv 

Rev. TBD, TBD 

Pm(Or 
PL)+Pb+Q+Pe 

(45:~?ii} 
52.50 

0.87 

31.00 

52.50 

0.59 

15.08 

52.50 

0.29 

17.30 

52.50 

0.33 

20.15 

52.50 

0.38 

24.42 

52.50 

0.47 
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Load 
Combination 

Number 

10 

February 2019 
Revision 3 

Service 
Level 

Loads 

DW+ 
D Seismic+ 

IP(20psi) 

Table A.3.9.1-2 
DSC Results - Load Combinations 

(2 Sheets) 

Components 

DSC Shell 
(Confinement) 

DSC Shell 
(Non-

Confinement) 

OTCP 

ITCP 

OBCP 

IBCP 

Pm 

Stress Intensity (22,:ijj) 
Allowable Stress 44.38 

Stress Ratio (v:so) 
Stress Intensity G20.Jre) 

Allowable Stress 44.38 

Stress Ratio (0:45) 
Stress Intensity (7.13) 

Allowable Stress 44.38 

Stress Ratio (0;16) 
Stress Intensity (DJ) 

Allowable Stress 44.38 

Stress Ratio 0.12 

Stress Intensity ~&-8Q) 
Allowable Stress 44.38 

Stress Ratio (0.45) 
Stress Intensity ('11.11@) 

Allowable Stress 44.38 

Stress Ratio 0.25 

72-1042 Amendment 1 
Appendix A is newly added in Amendment 1. 
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Stress Category[ksi] 

Pm+Pb PL 

(2,R.:,z.~) (34:00) 
57.06 57.06 

0.51 (0.60) 
(2:2:60) (2r:J.30) 
57.06 57.06 

(0.10) (0.36) 
(j 3:,00) (14.30) 
57.06 57.06 

(O.i,q) (gli) 
(11.20) (9,27) 
57.06 57.06 

(0:20) 0.16 

(26}f0) (5,~60) 
57.06 57.06 

(0:47) 0.10 

(16',:t o) (1'8:60) 
57.06 57.06 

(0.?,8) (0.33) 
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Load 
Combination 

Number 

9 

10 

February 2019 
Revision 3 

Service 
Level 

A 

D 

Table A.3.9.1-3 
DSC Weld Stress Results- Load Combinations 

Loads 

DW+IP (20psi) 

DW+ 
Seismic+ 
IP (20psi) 

Weld Stress 
Components Category 

DSC-ITCP 
PL 

PL+Pb+Q+Pe 

DSC-OTCP 
PL 

PL+Pb+Q+Pe 

DSC-OBCP 
PL 

PL+Pb+Q+Pe 

DSC-ITCP PL 

DSC-OTCP PL 

DSC-OBCP PL 

72-1042 Amendment 1 
Appendix A is newly added in Amendment 1. 

Rev. TBD, TBD 

Stress Allowable Stress Intensity 
Stress [ksi] Ratio [ksi] 

(Jgf!!J 23.2 0.71 
C ~ 46.3 0.87 

11.57 23.2 0.50 

30.24 46.3 0.65 

5.46 23.2 0.24 

25.77 46.3 0.56 

(~s.o) 46.9 0.53 

~£[.efj 46.9 0Ji) 

(1'7.'39) 46.9 0.37 
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Table A.3.9.1-4 
DSC-OTCP Maximum Radial Weld Stress (Sx) Results- Load Combinations 

Load 
Combination 

Number 

February 2019 
Revision 3 

9 

10 

Service Level Loads 

A 

D 

DW+IP (20psi) 

DW+Seismic 
+IP(20psi) 

72-1042 Amendment I 
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Maximum Radial Stress 
[ksi] 

0.14 

f1;~~1 
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Table A.3.9.1-5 
Controlling DSC Load Combination Results Summary 

Controlling Load Combination <1> 
Components / Welds 

Number Description 

DSC Shell Containment 9 DW + IP + Thermal 

DSC Shell Non 
5 

DW + Ram Retrieval+ IP + 
Containment Thermal 

OTCP 8 DW + Accident P 

ITCP 8 DW + Accident P 

OBCP 5 
DW + Ram Retrieval + IP + 

Thermal 

IBCP 4 
DW + Ram Insert+ IP + 

Thermal 

Grapple Support 5 
DW + Ram Retrieval + IP + 

Thermal 

Grapple Ring 5 
DW + Ram Retrieval + IP + 

Thermal 

OTCP-DSC Shell Weld 10 
DW +IP+ max (HS_TOP, 

HS_BOT) 

ITCP-DSC Shell Weld 9 DW+IP 

OBCP-DSC Shell Weld 5 
DW + Ram Retrieval + IP + 

Thermal 

Note: (I) See Table A.3 .9 .1-1 for the load combination description. 
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Service 
Max. 
Stress 

Level 
Ratio 

A 0.87 

AIB 0.85 

D 0.45 

D 0.45 

AIB 0.78 

AIB 0.47 

AIB 0.92 

AIB 0.81 

D ffi 
A 0.87 

AIB 0.75 
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Front retainer 

February 20 19 
Rev ision 3 

Front DSC Support Rear DSC Supports 

Figure A.3.9.1-1 
DSC Supports and Axial Retainers 
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Rear stop plate 
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A.3.9.4 HSM-MX STRUCTURAL ANALYSIS 

The purpose of this appendix is to present the structural evaluation of the NUHOMS® 
MATRIX (HSM-MX) due to all applied loads during storage and transfer operations. 

A.3 .9.4.1 General Description 

General description and operational features for the HSM-MX is provided in 
Appendix A. I. The HSM-MX is a freestanding, staggered reinforced concrete 
structure, designed to provide environmental protection and radiological shielding for 
the EOS-37PTH/EOS-89BTH DSC. The drawings of the HSM-MX, showing 
different components and overall dimensions, are provided in Appendix A.1.3 

The HSM-MX is one of the three main components of the NUHOMS® MATRIX 
System. The system consists of the dual purpose (Transportation/Storage) EOS-
37PTH/EOS-89BTH DSC, the HSM-MX, and the onsite transfer cask (EOS-TC) with 
associated ancillary equipment. 

The HSM-MX overpack system comprises the MATRIX Horizontal Storage Modules, 
the MATRIX retractable roller tray (MX-RRT), the MATRIX loading crane (MX-LC) 
and associated trailer interface for storing dry shielded canisters (DSCs). 

The HSM-MX is a staggered, two-tiered, high density, high-heat rejection, storage 
overpack that provides a self-contained modular structure for storage of DSCs. The 
HSM-MX is constructed from reinforced concrete and structural steel. The thick 
concrete roof and walls of the HSM-MX provide substantial neutron and gamma 
shielding. The monolithic structure increases resistance to earthquakes and offers 
significant self-shielding. The MX-RRT delivers the DSC from the transfer cask to 
the HSM-MX and places it on the front and rear DSC supports. 

The HSM-MX can be arranged in both single-row or back-to-back row arrays. 

For thermal protection of the HSM-MX concrete, stainless steel heat shields are 
installed inside the HSM-MX. The primary function of the heat shields is to limit the 
temperature of the surrounding concrete walls. The heat shields guide the cooling 
airflow through the HSM-MX. 

A.3.9.4.2 Material Properties 

The material properties used in the analysis and design of the HSM-MX and its 
components are discussed in detail in Chapter 8 and Appendix A.8. 

A.3.9.4.3 Design Criteria 

No change to Section 3.9.4.3. 
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A.3 .9.4.7.3 HSM-MX Normal Operational Handling Load (Ro) Analysis 

Normal operation assumes the canister is sliding over the MX-RRT due to a hydraulic 
ram force of up to 135,000 lbs (insertion) and 80,000 lbs (extraction) applied at the 
grapple ring and resisted by an axial load of 70,000 lb (insertion) and 40,000 lb 
(extraction) developing at each side of the MX-RRT supports. Here the total resisting 
axial load of 140,000 lbs is greater than the hydraulic ram force of 135,000 lbs. Only 
the insertion load is applied in the ANSYS FEM, since the extraction load is bounded 
by the insertion load. In addition, the DSC weight is applied to the MX-RRT support 
locations on both sides (4 points). 

A.3 .9.4.7.4 HSM-MX Normal Operating Thermal (T0 ) Stress Analysis 

The normal operating thermal (T0 ) loads on the HSM-MX include the effect of design 
basis heat load ofup to 50 kW generated by the DSC, plus the effect of normal 
ambient temperature. To evaluate the effects of normal thermal loads on the 
HSM-MX, heat transfer analyses for a range of normal ambient temperatures (-20 °F 
and 100 °F) are performed with a DSC heat load of 50 kW. The normal thermal cold 
condition (-20 °F) is bounded by the off-normal thermal cold condition (-40 °F). 
Therefore, the off-normal thermal cold condition is used in place of the normal 
thermal cold condition. The ambient condition that causes the maximum temperature 
and maximum gradients in the concrete components is used in the analysis. The 
normal thermal hot condition is the governing case for this load case. The HSM-MX 
thermal stress analysis was performed using thermal profiles and maximum 
temperatures that bound those reported in Section A.4. 5. The AN SYS FEM described 
in Section A.3.9.4.6 .2 is used for the normal thermal load analysis. 

A.3.9.4.7.5 HSM-MX Design Basis Wind Load (W) Analysis 

The DSCs inside the HSM-MX are not affected by wind load. The concrete structure 
forces and moments due to the design basis wind load (W) are bounded by the result 
of tornado generated wind load discussed in Section A.3 .9.4.9.1. Therefore, no 
separate analysis is performed for this case. 

A.3.9.4.8 Off-Normal Operation Structural Analysis 

This section describes the design basis off-normal events for the HSM-MX 
components and presents analyses that demonstrate the adequacy of the design safety 
features of the HSM-MX. 

The off-normal operating loads for which the HSM-MX components are designed 
include off-normal handling load and off-normal thermal load. 
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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. 

Stability and stress analyses are performed to determine the response of the HSM-MX 
to tornado wind pressure loads. The stability analyses are discussed in detail in 
Appendix A.3.9.7. The stress analyses are performed using the ANSYS FEM of the 
HSM-MX to determine design forces and moments. These conservative analyses 
envelope the effects of wind pressures on the HSM-MX in other array configurations. 
Thus, the requirements of 10 CFR 72.122 are met. 

The HSM-MX is qualified for maximum design basis tornado (DBT) generated design 
wind loads of 23 8 psf and 167 psf on the windward and leeward HSM-MX walls (See 
Table A.3.9.4-1 and Table A.3.9.4-2), respectively, and a pressure drop of3 psi. 

An HSM-MX array is protected by end side walls shield walls, or an adjacent module. 
For an HSM-MX array, the module on the windward end of the array has either an 
end side wall or an end shield wall to protect the module from tornado missile 
impacts. The end walls are also subjected to the 238 psf windward pressure load. he 
167 psf suction load is applicable to the end side wall on the opposite end module in 
the array. A suction of 355 psf is also applied to the roof of each HSM-MX in the 
array. 

For the stress analyses, the DBT wind pressures are applied to the HSM-MX as 
uniformly distributed loads. The bending moments and shear forces at critical 
locations in the HSM-MX concrete components are calculated by performing an 
analysis using the ANSYS analytical model of the HSM-MX as described in Section 
A.3.9.4.6. The wind and tornado loads are identified as load combination C2 and CS 
as provided in Table A.3.9.4-5. The demand to capacity ratios in terms of 
reinforcement areas for the bounding load combinations are presented in 
Table A.3.9.4-6 for each of the HSM-MX components. 

Conservatively, the design basis extreme wind pressure loads are assumed to be equal 
to those calculated for the DBT (based on 360 mph wind speed) in the formulation of 
HSM-MX load combination results. 

In addition, the adequacy of the HSM-MX to resist tornado missile loads is checked 
using the modified National Defense Research Committee (NDRC) empirical 
formulae [A.3 .9.4-10] for local damage evaluation, and response chart solution 
method [A.3.9.4-13] for global response. These evaluations are described in 
Section A.3.9.4.10.5. 
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A.3.9.4.9.2 Earthquake (Seismic) Load (E) Analysis 

The design basis seismic load used for analysis of the HSM-MX components is as 
discussed in Section A.2.3.4. Based on NRC Regulatory Guide 1.61 [A.3.9.4-3] , a 
damping value of 4% is used for seismic analysis of steel structural components and a 
damping value of 7% is used for seismic analysis of concrete components of the 
HSM-MX. An evaluation of the frequency content of the loaded HSM-MX is 
performed to determine the amplified accelerations associated with the design basis 
seismic response spectra for the HSM-MX. The results of the frequency analysis of 
the HSM-MX structure (which includes a simplified model of the DSC) yield a lowest 
frequency of23.94 Hz in the transverse direction and 24.08 Hz in the longitudinal 
direction. The lowest vertical frequency exceeds 45 Hz; therefore, the spectral 
acceleration is not amplified in the vertical direction. Thus, based on the enhanced 
Regulatory Guide 1.60 response spectra amplifications, the corresponding seismic 
accelerations used for the design of the HSM-MX are 1.33g and 1. 33g in the 
transverse and longitudinal directions, respectively, and 0.800g in the vertical 
direction. The resulting amplified accelerations are given in Table A.3 .9.4-3. 

An equivalent static analysis of the HSM-MX is performed using the ANSYS FEM 
described in Section A.3.9.4.6.1 by applying the amplified seismic accelerations load. 
The dominant frequencies are lower for the double row array in the X and Y 
directions, whereas the single row array has a lower frequency in the Z directioq. 
Therefore, the spectral accelerations to be used in seismic analysis are taken from the 
double row array model for the X and Y directions, and from the single row array 
model for the Z direction. 

The responses for each orthogonal direction are combined using the square root of the 
sum of the squares (SRSS) method. The resulting moments and forces due to the 
combined seismic load are included in the HSM-MX load combination results. 

For sites having a higher zero period acceleration than analyzed, the reinforcement 
requirement may need to be reviewed, and additional rebar may be added for such 
sites. 

The stability evaluation of the HSM-MX due to seismic load is discussed in Appendix 
A.3.9.7. 

Seismic analysis of the HSM-MX heat shields consists of a modal time-history 
analysis of the HSM-MX using the seismic acceleration load corresponding to the 
ISRS with± 15% peak-broadening and the frequency response of each type of heat 
shield. The ground motion time histories used in the modal time-history analysis of 
the HSM-MX are based on four earthquakes, 

• Hector Mine, 
• Chi-Chi, 
• Denali, 
• Mianzhuqingping. 
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• Case 2: Flood water flowing transversely from the right side wall to the left side 
wall of the module or vice versa. 

The ANSYS FEM described in Section A.3.9.4.6.1 is used for the structural 
evaluation. The results for the flood load case are obtained by enveloping results from 
the above load cases. 

The stability evaluation of the HSM-MX due to flood load is discussed in Appendix 
A.3.9.7. 

A.3 .9.4.9.4 Accident Blocked Vent Thermal (T3 ) Stress Analysis 

A.3.9.4.10 

The postulated accident thermal event occurs due to blockage of the air inlet and outlet 
vents under off-normal ambient temperatures range from -40 °F to 117 °F. The HSM­
MX thermal stress analysis was performed using the thermal profiles and maximum 
temperatures reported in Section A. 4. 5. 

The ANSYS FEM described in Section A.3.9.4.6.2 is used for the structural analysis 
for the accident blocked vent condition. 

Structural Evaluation 

The load categories associated with normal operating conditions, off-normal 
conditions and postulated accident conditions are described previously. The load 
combination results and design strengths of HSM-MX components are presented in 
this section. 

A.3 .9.4.10.1 HSM-MX Concrete Components 

To determine the required strength (internal axial forces , shear forces, and bending 
moments) for each HSM-MX concrete component, linear elastic finite element 
analyses are performed for the normal, off-normal, and accident loads using the 
analytical models described in Sections A.3.9.4.6.1 and A.3.9.4.6.2 for mechanical 
and thermal loads, respectively. 

The concrete design loads are multiplied by load factors and combined to simulate the 
most adverse load conditions. The load combinations listed in Table A.3.9.4-5 are 
used to evaluate the concrete components. The demand to capacity ratios (in terms of 
reinforcement areas) for the bounding load combinations are presented in 
Table A.3.9.4-6 for each HSM-MX component. The reinforcement directions are 
shown in Figure A.3.9.4-5 . The thermal stresses of HSM-MX concrete components 
used in the load combination results are based on thermal results that bound those 
reported in Section A. 4. 5. 
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The required longitudinal reinforcement areas for the critical sections of concrete are 
calculated in accordance with the requirements of ANSI 57.9 [A.3.9.4-8] and ACI 
349-06 [A.3.9.4-9] , including the strength reduction factors defined in ACI 349-06, 
Section 9.3. The longitudinal reinforcement areas provided for the HSM-MX concrete 
components exceed the required reinforcement areas as shown in Table A.3 .9.4-6. 

A.3.9.4.10.2 HSM-MX Shield Door 

The shield door is free to grow in the radial direction when subjected to thermal loads. 
Therefore, there are no stresses in the door due to thermal growth. The dead weight, 
differential pressure, flood and seismic loads cause insignificant stresses in the door 
compared to stresses due to missile impact load. Therefore, the door is evaluated only 
for the missile impact load. 

The minimum thickness of a concrete component to prevent perforation and scabbing 
are 18.5 inches and 27.7 inches, respectively. Thus, the 28-inch thick door is adequate 
to protect from local damage due to missile impact. The computed maximum ductility 
ratio for the door is less than 2, which satisfies the ductility requirement if compared 
against the allowable ductility ratio of 10 as per ACI 349-06 [A.3.9.4-9]. Therefore, 
the concrete door meets the ductility requirement and is adequate to protect from the 
global effect of missile impact. 

A.3 .9.4.10.3 HSM-MX Heat Shield 

The heat shield panels are connected by bolts and threaded studs to the support 
brackets and surrounding concrete walls. The HSM-MX heat shield consists of 
different variations such as lower cavity side heat shield (LSHS), lower cavity top heat 
shield (L THS), upper cavity bottom heat shield (UBHS), upper cavity side heat shield 
(USHS) and upper cavity top heat shield (UTHS). 

The heat shield panels consists of 12 gauge 0.1054-inch thick stainless steel. 

The maximum interaction ratio for the combined axial and bending stress for all bolts 
is 0. 98 which is less than 1.0, in the UBHS and maximum bending stress in the panel 
is 30. 0 ksi, which is less than the allowable stress of 32.2 ksi. 

The maximum temperature used in the stress analysis of the heat shields bounds the 
maximum temperatures reported in Section A.4.5. Expansion due to off-normal and 
accident condition for all heat shields will not be restrained by the supporting 
elements. 
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A.3 .9.4.10.4 HSM-MX DSC Axial Retainer 

The DSC axial retainer consists of a 3.5 in x 3.5 in solid steel square rod. The axial 
retainer slides horizontally through the HSM-MX door and stops the forward motion 
of the DSC towards the door. The anchor plate of the axial retainer (2 Yi in. thick, in 
the middle and 2 in. thick near the edge 6 in. x 15 in. plate), which is bolted to the 
door, supports the axial motion of the retainer and transfers the DSC seismic load to 
the door. The motion towards the back wall is controlled by the rear stop plate. 

The calculated compressive strength of the axial retainer rod is 280.3 kips which is 
greater than the equivalent force ofi 270.5 kips, due to seismic load. The maximum 
seismically induced shear load in the anchor plate is 135. 3 kips. The allowable shear 
strength of the anchor plate is 498.6 kips. The bounding seismically induced moment 
in the anchor plate is 507.2 in-kips. The allowable flexural strength of the anchor 
plate at that location is 714.0 in-kips. Hence, the DSC axial retainer design is 
adequate to perform its intended function. 

A.3 .9.4.10.5 Evaluation of Concrete Components for Missile Loading 

Missile impact effects are assessed in terms of local damage and overall structural 
response. Local damage that occurs in the immediate vicinity of the impact area is 
assessed in terms of penetration, perforation, spalling and scabbing. Evaluation of 
local effects is essential to ensure that protected items (the DSC and fuel) would not be 
damaged by a missile perforating a protective barrier, or by secondary missiles such as 
scabbing particles. Evaluation of overall structural response is essential to ensure that 
protected items are not damaged or functionally impaired by deformation or collapse 
of the impacted structure. 

The tornado-generated missiles are conservatively assumed to strike normal to the 
surface with the long axis of the missile parallel to the line of flight to maximize the 
local effects. Plastic deformation to absorb the energy input by the tornado-generated 
missile load is desirable and acceptable, provided that the overall integrity of the 
structure is not impaired. Due to complex physical process associated with missile 
impact effects, the HSM-MX structure is primarily evaluated conservatively by 
application of empirical formulae. 

A.3.9.4.10.5.1 Local Damage Evaluation 

Local missile impact effects consist of ( a) missile penetration into the target, (b) 
missile perforation through the target, and (c) spalling and scabbing of the target. This 
also includes punching shear in the region of the target. Per F.7.2.3 of ACI 349-06 
(A.3.9.4-9], if the concrete thickness is at least 20% greater than that required to 
prevent perforation, the punching shear requirement of the code need not be checked. 

The following enveloping missiles are considered for local damage : 

• Utility wooden pole 
• Armor piercing artillery shell 
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Where, 

e = perforation thickness, in. 

In order to provide an adequate margin of safety the design thickness ~ = 1.2e 
[A.3.9.4-9] 

C. Modified NDRC formula for scabbing thickness [A.3.9.4-10]: 

>7.91 (;)-5.06 (;)' ,forx/d,;0.65 

~ = 2.12 + 1.36 (~) , for 0.65 < x/d < 11.75 d d - -

Where, 

s = scabbing thickness, in. 

In order to provide an adequate margin of safety the design thickness ~ = 1.2s 
[A.3 .9.4-9] 

The concrete targets of the HSM-MX that may be subjected to local damage due to 
missile impact are: 

• 24-inch thick roof panel 
• 44-inch thick roof side wall 
• 39-inch thick (minimum) front wall 
• 36-inch thick end shield wall 
• 36-inch thick end shield wall with 11-inch thick (minimum) side wall (upper 

compartment) 
• 44-inch thick end wall (lower compartment) 
• 82-inch thick end wall (upper compartment) 
• 44-inch thick rear wall (for the case of single row array) 

The minimum thickness of concrete target comRonents listed above is 36 inches and 
2 4 inches for horizontal and vertical missiles impacts, respectively. So, the required 
perforation thickness and required scabbing thickness are com12ared against 36 inches 
and 24 inches for horizontal and vertical missiles impacts, respectively, to ensure the 
adequacy of design. 

February 2019 
Revision 3 72-1042 Amendment I 

Appendix A is newly added in Amendment I. 

All Indicated Changes are Enclosure 4, Fabricability 

Page A.3.9.4-15 



NUHOMS® EOS System Updated Final Safety Analysis Report Rev. TBD, TBD 

Local Impact Effects of Utility Wooden Pole Missile 

Per section 6.4.1.2.5 of [A.3.9.4-10] , utility wooden pole missiles do not have 
sufficient strength to penetrate a concrete target and that the scabbing thickness 
required for wood missiles is substantially less than that required for a steel missile 
with the same mass and velocity. Practically, wooden pole missiles do not appear to 
be capable of causing local damage to the 12-inch or thicker walls (also see Section 
2.1.1 of [A.3 .9.4-13]). Since none of the concrete targets are less than 12 inches thick, 
the postulated wood missiles do not cause any local damage to the HSM-MX concrete 
component. 

Local Impact Effects of Armor Piercing Artillery Shell Missile 

The penetration depth for this missile is calculated using the NDRC Formula as given 
in Section A.3 .9.4.10.5.1 (a) and the parameters used in the formula are as listed 
below: 

d = 8.0 in. effective diameter of missile 

W = 276 lb weight of missile 

v0 = 185 fps striking velocity of missile 

f' c = 5000 psi concrete compressive strength 

K = 180/'15000 = 2.55 concrete penetrability factor 

N = 0.84 projectile shape factor (blunt nosed) 

Penetration depth, x = 4.6 in. for x/d (= 0.58) :S 2.0 

Perforation thickness, e = 12.9 in. for x/d (= 0.58) :S 1.35 

Required perforation thickness= l.2*12.9 = 15.5 in. < 36 in. 

Scabbing thickness, s = 23.1 in. for x/d (= 0.58) :S 0.65 

Required scabbing thickness = 1.2*23.1 = 27.7 in. < 36 in. 

Similarly, or vertical impact: 

Required perforation thickness = 11. 2 in. < 2 4 in 

Required scabbing thickness = 22. 7 in. < 24 in 

Therefore, penetration and perforation of the concrete components of the HSM-MX do 
not occur due to this missile impact. 

Local Impact Effects of12-Inch Diameter Schedule 40 Steel Pipe Missile 

The penetration depth for this missile is calculated using the NDRC Formula as given 
in Section A.3.9.4.10.5.1 and the parameters used in the formula are as listed below: 
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d = (4*15.74/rc) 112 = 4.5 in. effective diameter of missile 

W = 750 lb weight of missile 

v O = 154 fps striking velocity of missile 

f' c = 5000 psi concrete compressive strength 

K = 180/-v5000 = 2.55 concrete penetrability factor 

N = 0.72 projectile shape factor (flat nosed) 

Penetration depth, x = 7.6 in. for x/d (= 1.69) :S 2.0 

Perforation thickness, e = 15.4 in. for 1.35 :S x/d (= 1.69) :S 13.5 

Required perforation thickness= 1.2* 15.4 = 18.5 in. < 36 in. 

Scabbing thickness, s = 19.9 in. for 0.65 :S x/d (= 1.69) :S 11.75 

Required scabbing thickness = 1 .2* 19.9 = 23.9 in. < 36 in. 

Similarly, for vertical impact: 

Required perforation thickness = 14.8 in. < 24 in 

Required scabbing thickness = 20 in. < 24 in 

Therefore, penetration and perforation of the concrete components of the HSM-MX do 
not occur due to this missile impact. 

A.3 .9.4.10.5.2 Global Structural Response 

When a missile strikes a structure, large forces develop at the missile-structure 
interface, which decelerate the missile and accelerate the structure. The response of 
the structure depends on the dynamic properties of the structure and the time 
dependent nature of the applied loading (interface force-time function). The force­
time function is, in turn, dependent on the type of impact ( elastic or plastic) and the 
nature and extent of local damage. 

In an elastic impact, the missile and the structure deform elastically, remain in contact 
for a short period ohime ( duration of impact), and subsequently disengage due to the 
action of elastic interface restoring forces. 

In a plastic impact, the missile or the structure ( or both) may sustain permanent 
deformation or damage (local damage). Elastic restoring forces are small, and the 
missile and the structure tend to remain in contact after impact. Plastic impact is much 
more common than elastic impact, which is rarely encountered. Test data have 
indicated that the impact from all postulated tornado-generated missiles can be 
characterized as a plastic impact. 
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Wm = weight of missile (lb) = 750 lb 

Mm= missile mass (lb-sec2/ft) = Wn/ g = 750 lb /32.2 ft/sec2 = 23.29 lb­
sec2/ft 

Vs = striking velocity of missile = 154 fps 

Therefore, 

F = 728 kip and ti = 0.00986 sec 

For the missile with vertical velocity Fpeak = 485 kip 

D. Automobile Missile 

For automobile missile, the interface forcing function per 2.3.3 of [A.3.9.4-13] is 
as follows: 

Fi = 0.625 Ye W sin(20t) 

Where, 

0 < t :S 0.0785 sec 

t > 0.0785 sec 

F1 = force as a function of time (lb) 

W = weight of automobile (lb) = 4000 lb 

Ye= change in velocity during impact (conservatively= Vs) (fps) = 195 fps 

Therefore, 

F = 488 kip and ti= 0.0785 sec 

For the missile with vertical velocity, Fpeak =325 kip 

The lower compartment module left sidewall, top left sidewall, right shield wall, front 
wall, rear wall, roof and roof sidewall of the HSM-MX are evaluated for global 
response, since these components may interface with missile loading. The lower 
compartment module left side wall, upper com artment module left side wall and rear 
wall are idealized as a simply supported plate. )'he roof is idealized as a plate clamped 
to three sides and free at the other side adjacent to vent opening. The roof sidewall is 
idealized as a plate clamped to three sides and free at the other side facing the top. 
The yield resistance and fundamental period of vibration of concrete components are 
then determined based on the assumed idealized boundary condition using the 
equations given in Section 4.4 of [A.3.9.4-13J. For the right shield wall and.front 
wall, ANSYS finite element models are used to determine the yield resistance and 
fundamental p_eriod oivibration. The calculated value of yield resistance, Ry, and 
fundamental period of vibration, T n, for different concrete components are tabulated 
below. 
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A.3 .9.4.11 

Component Ry (kip) T0 (sec) 

Lower Compartment 1659 0.0048 
Modu le Left Side Wal l 

Upper Compartment Modu le 3255 0.0025 
Left Side Wal l 

R ight Sh ie ld Wall 359.5, 0.016 

Front Wall 961 .1 0.0079 

Rear Wal l 1659 0.003<r 

Roof 453.8 0.0040 . 
Roof Side Wall \1659 0.0015 

In the response chart solution method, the structural response is determined by 
entering the chart with calculated values of Cr and CR to determine the ductility ratio, 
µ, which is compared against the allowable ductility ratio as given in Appendix F of 
ACI 349-06 [A.3.9.4-9] . The dimensionless ratios, Cr and CR, are defined as follows: 

C - Ry 
R-

F 

The maximum value of ductility ratio of all seven components is found to be less than 
the allowable ductility ratio per ACI 349-06 [ A.3. 9 .4-9], which is 10 if.flexure controls 
the design and 1. 3 if shear controls the design. Hence, the global response of 
HSM-MX is within deformation limit meeting the ductility requirement. 

Each component is also evaluated for punching shear capacity with interfacing utility 
wooden pole missile and automobile missile. All the components have punching shear 
capacity greater than the peak missile interface force . 

Conclusions 

The load categories associated with normal operating conditions, off-normal 
conditions and postulated accident conditions are described and analyzed in previous 
sections. The load combination results for HSM-MX components important-to-safety 
are also presented. Comparison of the results with the corresponding design capacity 
shows that the design strength of the HSM-MX is greater than the strength required 
for the most critical load combination. 
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Table A.3.9.4-1 
Design Pressures for Tornado Wind Flowing from Front Wall to Rear Wall 

and Vice Versa 

Velocity External 
Pressure, Qv Pressure 

Component (psf) Coefficient, C" 

Windward (Front Row Front Wall) 0.80 

Leeward (Back Row Front Wall) -0.4 JC' ) 
Side (Right Side Wall) 276 -0.70 

Side (Left Side Wall) -0.70 

Roof -1.30 

Notes : 

I. The CP value is taken for LIB = 496"/438" ;:::; 1.13. 

2. The gust effect factor, G=0.85 considering the HSM-MX as rigid. 
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Internal 
Pressure 

Coefficient, 
(GCpi) 

±0.18 

All Indicated Changes are Enclosure 4, Fabricability 

Max. Design 
Pressure, 
Qv* (G*C,,-

GCp;) 
(psf) 

238 

-160 

-214 

-214 

-355 
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Table A.3.9.4-2 
Design Pressures for Tornado Wind Flowing from Right Side to Left Side 

Wall and Vice Versa 

Velocity External 
Pressure, Qv Pressure 

Component (psf) Coefficient, Cp 

Side (Front Row Front Wall) -0.70 

Side (Back Row Front Wall) -0.70 

Windward (Right Side Wall) 276 0.80 

Leeward (Left Side Wall) -0.50<1> 

Roof -1.30 

Notes: 

1. The CP value is taken for LIB = 431 "/438" ::::, 0.88 

2. The gust effect factor, G=0.85 considering the HSM-MX as rigid . 
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Internal 
Pressure 

Coefficient, 
(GCp;J 

±0.18 
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Max. Design 
Pressure, 
qv*(G*CP-

GCp;) 
(psf) 

-214 

-214 

238 

-167 

-355 
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Table A.3.9.4-3 
Spectral Acceleration Applicable to Different Components of HSM-MX for 

Seismic Analysis 

Direction 

X (Transverse) 

Y (Vertical) 

Z (Longitudinal) 

February 20 19 
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Spectral Acceleration Corresponding to Design ZPA 
(Design ZPA = 0.85g horizontal & 0.80g vertical) 

at 4% Damping 
Frequency at 3% Damping 

(Hz) 

23.94 

49.02 

24.08 

(for DSC) 

1.62g 

0.80g 

1.61g 
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(for steel 
structure) 

1.53g 

0.80g 

1.52g 

All Indicated Changes are Enclosure 4, Fabricability 

at 7% Damping 
(for concrete 
components) 

1.33g 

0.80g 

1.33g 
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Table A.3.9.4-6 
Demand to Capacity Ratios for HSM-MX Longitudinal Reinforcement Areas 

A£, Asy 

Component Name Thickness Reinforcement As.11rovitle,I GoverninK GoverninK 
(in) (in2/in) Asx.re(I(/ Asv.rel/tl Asil}.reqt/ 

(in2/in) DIC"~ Load 
(in 2/in) DIC"sy Load 

(in2/in) Combination Combination 

Bottom Unit Front 
51 #9@7" 0.1429 0.1304 0.91 C4 0.0703 0.49 C4 0.1287 

Wall Bottom 

Top Unit Front 
51 #9@8" 0.1250 0.0856 0.68 C4 0.0847 0.68 C4 0.1 280 

Wall Bottom 

Front Wall Top 39 #9@8" 0.1250 0.1023 0.82 C4 O. l l 42 0.91 C4 0.1589 

Bottom Unit Vent 
Jl.5 #5@8" 0.0388 0.0165 0.43 C4 0.0149 0.38 C4 0.0285 

Wall 

Top Unit Side Vent 
Jl #5@8" 0.0388 0.0122 0.31 C5 0.01 72 0.44 C7 0.0276 

Wall 

Bottom Unit Side 
37 #6@8" 0.0550 0.0243 0.44 C4 0.0239 0.43 C4 0.0925 

Wall 

Bottom Unit End 
44 #9@8" 0.1250 0.0990 0.79 C4 0.0715 0.57 C7 0.1102 

Side Wall 

Top Unit End Side 
82 #9@8" 0.1250 0.0449 0.36 C4 0.0570 0.46 C4 0.2047 

Wall 

Bottom Unit Rear 
78 #9@8" 0./250 0.0706 0.56 C4 0.0151 0./2 C4 0. 1949 

Wall Bottom 

Rear Wall 30 #9@8" 0.1 250 0.0088 0.07 C4 0.0000 0.00 Cl 0.1350 

Roof Top Panel 24 #7@9" 0.0667 0.0319 0.48 C2 0.0583 0.87 C5 0.0600 

Roof Bottom Panel IO #5@8" 0.0388 0.0130 0.34 C5 0.0081 0.21 C7 0.0283 

Roof Side Panel Jl #5@8" 0.0388 0.0066 0. /7 C5 0.0072 0./9 C2 0.0276 

Roof Side Panel 10.5 #5@9" 0.0344 0.0038 O.Jl C5 0.0126 0.37 C7 0.0551 

Roof Side Wall 44 #9@8" 0.1250 0.0303 0.24 C5 0.1038 0.83 C2 O.JJ02 

Roof 50 #9@8" 0.1 250 0.0973 0.78 C2 0.07Jl 0.57 C5 0.1250 

Inclined Slab 11.5 #5@8" 0.0388 0.0144 0.37 C4 0.01 49 0.38 C4 0.0285 

Pedestal 23.89 #7@8" 0.0750 0.0242 0.32 C4 0.0410 0.55 C4 0.0600 

Note 1: 

Asip,required is governed by minimum in-plane shear reinforcement requirement for most components. CJ is shown for such components. 
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As;p I 
GoverninK 

D/C"sip Load 
Combination(IJ 

0.45 CI 
I 

0.51 CI 
I 

0.64 C4 I 
0.37 Cl 

I 
0.36 CI 

I 
0. 84 C I 

0.44 CJ 

0. 82 Cl I 
0.78 C I 

I 
0.54 C4 I 
0.45 CI I 
0.37 C3 I 
0.36 Cl I 
0.80 C5 I 
0.44 Cl I 
0.50 Cl I 
0.3 7 CI 

I I 0.40 CI 
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Figure A.3.9.4-1 
HSM-MX (Back-to-Back) CAD Model 
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••. t < r. 
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Figure A.3.9.4-2 
HSM-MX (Back-to-Back) Meshed Model 
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MX-MESH-OPTIONl 

Figure A.3.9.4-3 
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A SYS Release 17 
Build 17 . 1 
OCT 31 2018 
13 : 44 : 13 
ELEME JT 
TEMPERATURES 
TMIN=90 . 0087 
TMAX=260 . 996 

xv =1 
YV =l 
z =l 
DIST=300 . 148 

F =219 
YF =162 . 688 
ZF =-124 
Z-BUFFER 
EDGE -
CJ 
C=.J -

90 . 0087 
109 . 007 
128 . 006 
147 . 004 
166 . 003 
185 . 001 
204 
222 . 999 
241 . 997 
260 . 996 

Temperature Distribution of HSM-MX for Normal Thermal Hot Condition 
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MX-MESH-OPTIONl 

Figure A.3.9.4-4 
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ANSYS Release 17 
Bu ild 17 . 1 
OCT 29 20 18 
16 : 28 : 12 
ELEMENT 
TEMPERAT URES 
TMIN=1 03 
TMAX= 35 5 . 002 

xv =1 
YV =l 
zv =1 

*DIST= 300 . 148 
*XF =2 1 9 
*YF =162 . 688 
*ZF =- 12 4 

Z-BUFFER 
EDGE - 103 

131 
159 
187 . 00 1 
215 . 00 1 
243 . 00 1 
27 1. 001 
299 . 001 
327 . 002 
355 . 002 

Temperature Distribution ofHSM-MXS for Blocked Vent Accident Thermal 
Condition 
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100 .0 

Lower Top Heat Shield Support Node ISRS due to Envelope of Four Earthquake-Based Motions Compatible 
with Enhanced RGl.60 Spectra, 4% Damping, X-Direction 
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Lower Top Heat Shield Support Node ISRS due to Envelope of Four Earthquake-Based Motions Compatible 
with Enhanced RGl.60 Spectra, 4% Damping, Y-Direction 
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Lower Top Heat Shield Support Node ISRS due to Envelope of Four Earthquake-Based Motions Compatible 
with Enhanced RGl.60 Spectra, 4% Damping, Z-Direction 
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A.3.9.7 NUHOMS® MATRIX STABILITY ANALYSIS 

A.3.9.7.1 General Description 

The system consists of the dual-purpose (transportation/storage) EOS-37PTH and 
EOS-89BTH DSCs, the HSM-MX and the onsite transfer cask (EOS-TC) with 
associated ancillary equipment. Each NUHOMS® MATRIX (HSM-MX) is designed 
to store DSCs containing up to either 37 pressurized water reactor (PWR) or 89 
boiling water reactor (BWR) spent fuel assemblies (SF As). 

The HSM-MX is a staggered, two-tiered compartment, high density, high-heat 
rejection, storage overpack that provides a self-contained modular structure for storage 
ofDSCs. The HSM-MX is constructed from reinforced concrete and structural steel. 
The thick concrete roof and walls of the HSM-MX provide substantial neutron and 
gamma shielding. The monolithic structure increases resistance to earthquakes and 
offers significant self-shielding. The NUHOMS® MATRIX retractable roller tray 
(MX-RRT) delivers the DSC from the transfer cask to the HSM-MX and places it on 
the DSC supports. 

The HSM-MX storage modules can be arranged in both single row or back-to-back 
row arrays. The HSM-MX assembly considered for the stability evaulaution is in a 
single row array, having three lower compartments and two upper compartments. 

A.3.9.7.1.1 HSM-MX Stability Evaluation 

The sliding and overturning stability analyses due to design basis wind, flood, and 
massive missile impact loads are performed using hand calculations. A non-linear 
dynamic seismic stability analysis is performed using LS-DYNA [A.3.9.7-7]. 

A.3.9.7.1.2 Material Properties 

The HSM-MX assembly is constructed ofreinforced concrete and steel. The analyses 
consider rigid body motions. Therefore, the mechanical properties of the materials are 
not used as design inputs in the evaluations. The non-linear dynamic evaluation 
performed using LS-DYNA for the seismic loads, consists of simplified models of the 
HSM-MX and DSCs representative of their global masses and inertia properties. 

A.3.9.7.1.3 Mass Properties 

The mass properties of the HSM-MX are listed in Table A.3 .9.7-1. Bounding values 
of concrete density (140 pcf) are considered for static analyses. Nominal concrete 
density of 150 pcf is considered for the non-linear dynamic seismic evaluation. 
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Where, 

Wt = Total tornado load 
Ww= Load from tornado wind effect 
WP = Load from tornado atmospheric pressure change effect 
Wm= Load from tornado missile impact effect 

Rev. TBD, TBD 

Note that Wp is not applicable to the stability analysis as discussed in Section 
A.3 .9. 7 .1.6. Thus, the load combination for tornado loading for this analysis is 
simplified to: 

In addition, a 1.1 factor is added to Dead weight + Tornado load. (Table 3-3 of 
NUREG-1536 [A.3 .9.7-3]) 

The envelope of a range of missiles from Chapter 2 is used for the missile impact load. 

As shown in Table A.3.9.7-2, the automobile impact on to the HSM-MX has the 
maximum momentum and is considered as bounding evaluation. 

A.3.9.7.1.7.3 Flood Input 

The HSM-MX is evaluated for a flood height of 50 feet with a water velocity of 15 
fps. 

In addition, a 1.1 factor is added to Dead weight + Flood load (Table 3-3 of 
NUREG-1536 [A.3.9.7-3]). 

A.3.9.7.2 HSM-MX Stability Analyses 

The load categories associated with the HSM-MX stability analysis are described in 
the previous section. The analysis steps and results for each load category are 
presented in this section. 

A.3.9. 7.2.1 Design Basis Tornado Wind and Missile Loads 

The HSM-MX is evaluated for forces created by drag as air impinges and flows past 
the HSM-MX with a maximum tornado wind speed of 360 mph. 

For sliding and overturning analysis, it is assumed that the module is subjected to the 
load due to 238 psf windward pressure load acting on the front wall. The leeward side 
of the same module is subjected to a wind suction load of 167 psf. A suction of 355 
psf is applied to the roof. These loads are shown in Table A.3.9.7-3 . 

In addition, missiles loads are combined with the tornado wind load per NUREG-800 
[A.3.9.7-1] and NUREG-1536 [A.3.9.7-3]. 
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Static OverturningAnalysis due to Tornado Wind 

The empty HSM-MX will rotate about B, shown in Figure A.3.9.7-1. 

In the overturning analysis of the HSM-MX, the effects of tornado wind forces are 
first determined. An overturning moment is then calculated and is compared with a 
stabilizing moment. The safety factor against overturning computed for the HSM-MX 
due to tornado wind is 3. 28, which includes a factor of 1.1 

Dynamic OverturningAnalysis of Tornado Wind Concurrent with Massive Missile 
Impact Loading 

A dynamic analysis based on the conservation of energy is conducted for the 
combined effects of wind and concurrent massive missile impact loading. The effects 
of the concurrent massive missile impact loads are used in determining the initial 
angular momentum from the conservation of angular momentum equation using the 
wind loads from the previous section. Then the angle of rotation is determined from 
the conservation of energy of the concurrent loading. 

The wind loads are calculated conservatively for HSM-MX single array: 

Horizontal 

Vertical: 

The concurrent wind loading is accounted for by reducing the inertia that resists 
motion in the denominator of the equation. 

Where, 

F hw = Horizontal tornado wind load 
F vw = Vertical tornado wind load 
co 8 = Angle of rotation 
mm = Mass of the missile 
dm = Distance from missile impact to floor 
Vi = Initial missile velocity 
Itot = Total moment of inertia ofHSM-MX 
h Height ofHSM-MX 
w = Width of HSM-MX 

The conservation of energy is used for overturning. 
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Rotational Kinetic Energy = Change in Potential Energy - Work Done by Horizontal 
Wind force 

ltotw1 = (W - Fvw) · r · [sin(,B + 8) - sin,B] - Fhw · r · [cos(,B + 8) - cos,B] 
2 

Where, 

e = Angle of tipping 
~ = Angle from the horizontal to center of gravity (CG) of HSM-MX 52.1°) 
r Diagonal distance from CG to point B 
Itot = Total moment of Inertia ofHSM-MX 
W = Weight of the empty HSM-MX 

The HSM-MX is stable against overturning as tip-over does not occur until the CG 
rotates past the edge (point B, Figure A.3.9.7-1) of the HSM-MX to an angle of more 
than 90°- 52.1° = 37.9°. The HSM-MX rotates a maximum o-f: 0.000029 degrees, 
which includes a factor of 1.1 and is less than the 3 7. 9 degrees required to overturn the 
module. 

Time-Dependent Overturning Analysis of Tornado Wind Concurrent with Massive 
Missile Impact Loading 

In addition to the dynamic overturning analysis, a time dependent analysis is used to 
ensure the absence of any overturning. 

An approximate relationship for the deceleration of an automobile impacting a rigid 
wall is given by: 

-x = 12.Sg · x Eq. D-1 of [A. 3.9.7-4] 

where, 

-x Deceleration (ft/sec2
) 

x = Distance automobile crushes into target (ft) 

A force time history is obtained: 

F = 0.625VsWmsin20t Eq. D - 6 of [A. 3.9.7 - 4] 

The overturning moment is: 

Where, 

d111 Distance from missile impact to floor 
h = Vertical height to the top of HSM-MX and is a function of rotation 
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The stabilizing moment is: 

Where, 

Mst = (WHSM - Fvw) · rcos(/3 + 8) 

Weight of the loaded HSM-MX 
Diagonal distance from CG to point B 
Angle of rotation 

The moment causing acceleration is: 

The angular velocity is: 

Where, 

1 Index for current time step 
i-1 Index for previous time step 
Itot = Total moment of Inertia of HSM-MX 

The angle of rotation is: 

Rev. TBD, TBD 

The angle of rotation is zero as the overturning moment due to missile impact and 
wind loading is less than the resisting moment. 

Sliding Analysis for Tornado Wind Concurrent with Massive Missile Impact loading 

The combined wind+ missile impact case is considered for HSM-MX sliding analysis 
based on the conservation of energy . 

First, the conservation of momentum is used for the sliding analysis. 

m·v· V= i 

M + m - Fhw/386.4 

Where, 

February 2019 
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V Initial linear velocity of module after impact 
Vi Initial velocity of missile 
m Mass of the missile 
M Mass of the HSM-MX 
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Then using the conservation of energy: 

Friction Energy= Initial Kinetic Energy of System+ Work done by Wind 

(M + m) · V2 

µ · (gM - Fvw)d = 
2 

+ Fhwd 

Where, 

µ = 0.6 coefficient of friction for concrete-to-concrete surfaces 
Fvw= Uplift force generated by DBT wind pressure on the roof 
d Sliding distance of HSM-MX 
Fhw = Sliding force generated by DBT wind pressure 

The sliding distance of the HSM-MX module is calculated to be 0.15 inches, which 
includes a factor of 1.1. 

Time-Dependent Sliding Analysis for Tornado Wind Concurrent with Massive 
Impact Loading 

In addition to the dynamic sliding analysis, a time dependent analysis is used to 
provide a bounding sliding displacement. 

The total force causing sliding is: 

Fslide = F + Fhw 

The resisting force from friction is: 

Therefore the force causing acceleration is: 

Face = Fslide - Fresis 

The velocity is: 

Where, 
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1 Index for current time step 
i-1 Index for previous time step 
mtot= Total mass of empty HSM-MX 
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The sliding displacement is: 

The sliding displacement is zero as the sliding force due to missile impact and wind 
loading is less than the resisting force. 

A.3.9.7.2.2 Flood Loads 

The HSM-MX is designed for a flood height of 50 feet and water velocity of 15 fps. 
The module is evaluated for the effects of a water current of 15 fps impinging on the 
side of a submerged HSM-MX. Under 50 feet of water, the inside of the module is 
rapidly filled with water. Therefore, the HSM-MX components are not evaluated for 
the 50 feet static head of water. 

Calculation of the drag pressure due to design flood is shown in Appendix A.3.9.4.9.3 . 

Overturning Analysis 

The factor of safety against overturning of an empty HSM-MX, for the postulated 
flooding conditions, is calculated by summing moments about the bottom outside 
comer of a single array HSM-MX. The factor of safety against overturning of the 
HSM-MX due to the postulated design basis flood water velocity is 1.98 inches, which 
includes a factor of 1.1. 

Sliding Analysis 

The factor of safety against sliding of a freestanding single array HSM-MX due to the 
maximum postulated flood water velocity of 15 fps is calculated using methods 
similar to those described above. The effective weight of the HSM-MX acting 
vertically downward, less the effects of buoyancy acting vertically upward is 
calculated. The factor of safety against sliding for a single array HSM-MX due to the 
postulated design basis flood water velocity is 1.42 inches, which includes a factor of 
1.1. 

A.3 .9.7.2.3 Seismic Loads 

The static sliding and overturning analysis for the seismic loads are performed to 
determine the maximum seismic accelerations before HSM-MX starts sliding or 
overturning. Non-linear dynamic analysis is performed using LS-DYNA for the 
earthquake inputs discussed in A.3.9.7.1.7.1 to determine the maximum sliding and 
overturning distances. 
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A.3 .9.7.2.3.1 Low Seismic Load 

HSM-MX static overturning analysis 

The stabilizing moment due to the components dead weight and the overturning 
moment due to the seismic forces are calculated and compared. The 1.1 coefficient of 
the load combination (Table 3-3 ofNUREG-1536 [A.3.9.7-3]) is conservatively 
applied to the overturning moment only. Both the maximum HSM-:MX concrete 
density (160 pct) with maximum DSC weight (to maximize the overturning moment) 
and minimum HSM-:MX concrete density (140 pct) with minimum DSC weight (to 
minimize the stabilizing moment) are considered. The overturning analysis is done 
considering the smallest distance from the HSM-:MX center of gravity to HSM-:MX 
comer point B (Figure A.3.9.7-1). 

Table A.3.9.7-5 shows the results. The safety factor M5tfl.1M0 t is less than 1, 
meaning the HSM-MX can have some lifting under the seismic loads. The non-linear 
dynamic analyses (Section A.3.9.7.2.3 .2) estimate the amount oflifting for high 
seismic loads. 

The maximum acceptable accelerations before any lifting occurs are av = 0.40g and 

ah = 0. 60g ( assuming av = ~ ah) 
3 

HSM-MX static sliding analysis 

The resisting friction force and horizontal seismic force are calculated and compared. 
The 1.1 coefficient of the load combination (Table 3-3 ofNUREG-1536 [A.3.9.7-3]) 
is conservatively applied to the horizontal seismic force only. 

Resisting friction force: Frr = µW(l - 0.4av) µ:Coefficient of friction 

Horizontal seismic force : Fhs = ah W 

Safety factor : 

For static sliding analysis of the HSM-:MX, the safety factor is independent of the 
weight considered. It only depends on the coefficient of friction and accelerations. 

Table A.3 .9. 7-5 shows the results for a nominal coefficient of friction of 0.6 and gives 
a safety factor of 0.44. The HSM-MX will slide under 0.85g horizontal and 0.80g 
vertical loads. The non-linear dynamic analyses (Section A.3.9.7.2.3.2) estimate the 
amount of sliding for high seismic loads. 

The maximum acceptable accelerations before any sliding occurs are av = 0.32g and 

ah =0.48g (assuming av = ~ ah) 
3 
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A.3 .9.7.2.3.2 High Seismic Load 

Non-Linear Dynamic Time-History Analyses of HSM-MX for High Seismic Loads 

LS-DYNA Finite Element Model HSM-MX 

A finite element model (FEM) of the HSM-MX monolithic expansion single array 
design loaded with five DSCs was created for use with LS-DYNA (A.3 .9. 7-7]. The 
HSM-MX unit and DSC are constructed with solid 4-node tetrahedral elements for 
meshing simplicity, whereas the IFSFI pad includes 8-node solids elements. All 
components are modeled with rigid materials for the stability analysis. The FEM 
includes the DSC axial retainers modeled with 0.5 inch gap to the DSC, the front and 
rear DSC supports with stop plates and five front doors and top vent covers. 

The model does not include the metallic components (heat shields, etc.) which are not 
structurally important for the stability analysis. Their weight is accounted for in the 
total weight of the HSM-MX. 

The HSM-MX rests on top of the ISFSI concrete pad and is free to slide or rock when 
subjected to the forces resulting from the prescribed pad seismic accelerations. In the 
FEM, contacts are defined between the HSM-MX and the ISFSI pad as well as 
between the DSCs with their front and rear DSC supports and parts of the HSM-MX 
concrete that could be in contact with the DSCs if they lift from their supports. 
Contact definitions are included between all interfacing parts using contacts algorithm 
in LS-DYNA. 

Contacts are defined for the following interfaces: 

• HSM-MX to basemat, no initial gap 
• DSC to for supports, no initial gap 
• DSC to rear stop plate, no initial gap 
• DSC to HSM-MX front circular opening, initial 1.5" gap between DSC 075.5" 

and the door opening 078.5" 
• DSC to front axial retainer, initial gap of 0.5'' 

Coefficient of Restitution 

The coefficient of restitution is defined as the ratio of the velocity of a body 
immediately after impact to its velocity immediately prior to impact. A coefficient of 
restitution equal to O means a perfectly plastic impact in which the impacting body 
"sticks" to the impacted body. A coefficient ofrestitution equal to 1 means a perfectly 
elastic impact in which the impacting body bounces off the impacted body with no 
energy loss. For the case of concrete impacting against concrete, a reasonable 
coefficient of restitution is in the order of 0.1 since a concrete body does not "bounce" 
upon impacting on a concrete surface. For the LS-DYNA analyses, a coefficient of 
restitution of at least 0.8 is used as a conservative value. The coefficient ofrestitution 
is inputted into LS-DYNA analyses as the parameter viscous damping coefficient 
((VDC) in percent of critical) of the surface-to-surface contact. 
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Non-Linear Dynamic Analyses 

The seismic analyses inputs as described in Section A.3.9.7.1.7.1 consist of three 
components of acceleration in the form of earthquake time histories applied to the 
ISFSI pad. Thus, all nodal 12.oints of the _Qad move as rescribed by these input 
motions. Examples of the input motion displacement, velocity and acceleration 
histories used in LS-DYNA analY.._sis are shown in Figure A.3.9.7-13 Figure A.3.9.7-14 
and Figure A.3.9.7-15 in the global X Y, and Z directions, respectively, for the motion 
derived from the Hector Mine (HEC) earthquake. The three components of the 
acceleration time histories are applied simultaneously in each of the three orthogonal 
directions. Each of the seven time history sets are analyzed with three different 
coefficients of friction (0.4, 0.6, and 0.8) for a total of 21 computer runs. 

In order to obtain the sliding displacement of the HSM-MX relative to the pad, the 
change in X-lengths and change in Z-lengths (Figure A.3.9.7-4) between the four 
HSM-MX comer nodes and one ISFSI pad node are plotted over time. 

Two uplift values are reported, one each for rotation about the global X and Z axes. 
For rocking about the X-axis, the change in the vertical (global Y) distance between 
the +Zand -Z node pairs is plotted and tabulated. For rocking about the Z axis, the 
change in the vertical distance between the + X and -X node pairs is plotted and 
tabulated. 

The gaps between the DSCs and front axial retainers are verified against the DSC 
sliding on the support. Also, the loads on the DSC supports are verified against the 
uplift. 

The maximum values over time for sliding and rocking movements from the seven 
time histories are used to get the "computed" response as the median value plus 1 
standard deviation (shown in Table A.3 .9.7-6). This methodology is in accordance 
with NUREG/CR-6865 [A.3.9.7-6] 

A.3 .9.7.2.4 Results 

Table A.3.9.7-4 through Table A.3.9.7-6 show a summary of the results from the 
analyses performed in Section A.3.9.7 .2. 

For flood, wind, and missile impact, it is determined that the uplift and sliding values 
are small for the HSM-MX. Therefore, the DSC remains stable on the front and rear 
DSC supports inside the HSM-MX. 

The maximum seismic acceleration before HSM-MX sliding or overturning occurs are 
0.48g horizontal and 0.32g vertical for a coefficient friction of 0.6 between the 
HSM-MX and the ISFSI pad. The non-linear dynamic analysis shows a maximum 
resultant sliding of 12.5 inches and a maximum uplift of 0.13 inches for the set of 
seismic eaiihquake inputs. 
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Table A.3.9.7-1 
Sizes and Weight for Various HSM-MX Models 

HSM-MX Module Total Length of Nominal Weight of Empty HSM-MX 
HSM-MX (in.) (kipst> 

HSM-MX Single Array 277 2.355 

HSM-MX Double Array 496 3,945 

Notes: 

( I) The nominal weights for the HSM-MX are based on concrete density of 150 pcf. 

Missile 

Utility Wooden Pole 

Armor Pierci ng 
Artillery Shell 

Steel Pipe 

Automob ile 

February 20 19 
Revision 3 

Table A.3.9. 7-2 
Missile Load Data for HSM-MX Stability Analysis 

Mass (lbs.) Dimensions 

1, 124 
13.5" Diameter 

35' Long 

276 8" Diameter 

750 
12" Sch. 40 

15' Long 

4,000 20 ft2 Contact Area 
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Velocity 
(fps) 

180 

185 

154 

195 

Momentum 
(lbs-fps) 

202,320 

51,060 

115,500 

780,000 
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Table A.3.9. 7-3 
Design Pressures for Tornado Wind Loading of HSM-MX 

Wall Velocity Ext. Pressure Int. Pressure Max/Min Design 
Orientation<1> Pressure (psf) Coefficient <2> Coefficient <3l Pressure (psf) <

4l 

Front 276.4 0 .680 237 .7 

Left 276.4 -0 .595 -214.2 

Rea/5l 276.4 -0.425 ±0. 18 -167.2 

Right 276.4 -0.595 -214.2 

Top 276.4 -1.105 -355.2 

Notes: 

( I ) Wind direction assumed to be from front. Wind loads from other directions may be found by rotating above 
table values to desired wind direction. 

(2) These va lues are calculated using the external pressure coefficients from Figure 27.4-1 of [A.3.9.7-2] times the 
gust effect factor (0.85) from Section 26.9 of [A .3.9. 7-2] 

(3) Internal pressure coefficient taken from Table 26.1 1-1 of[A.3.9.7-2] 

(4) These values are computed based on Equation 27.4- 1 of [A.3.9.7-2] 

(5) The bounding CP of-0.5 from an LIB ratio of0- 1 is used for wind in al l directions from Figure 27.4-1 of 
[A.3.9.7-2] 

Table A.3.9. 7-4 
Summary of HSM-MX Sliding and Stability Results 

Loading 

Result 

HSM-MX Single 
Array 

Notes: 

( I) 1.1 Factor Included. 

February 20 19 
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Tornado Wind + Missile(ll Flood 

Maximum Maximum 
Safety Factor 

Sliding Rocking 
Distance U plift 

( in) (0) 

0.15 0.000029 
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aga inst 
Sliding 

1.42 

Safety 
Factor 
against 
T ipping 

1. 98 
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Table A.3.9.7-5 
Static analysis, Overturning and Sliding of the HSM-MX 

Overturning 

Sliding 

Notes : 

(I) SF=Msr/ 1.1 M0 , 

(2) SF=Fr/ 1.1 f1t , 

Concrete Density [pcfJ 

Overturning Moment [in .kips] 

Stabilizing Moment [in.kips] 

Safety Factor(! ) 

Max accelerations before Clv = 2h ah 
overturning ah 

Horizontal Seismic Force [kips] 

Res isting Friction Force<3l [kips] 

Safety FactorC2l 

Max accelerations before av = 2hah 
s liding ah 

(3) Nominal Coeffici ent of friction 0.6 
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140 

463,757 

344,115 

0.67 

0.41 

0.61 

2126 

1021 

0.44 

0.32 

0.48 

Rev. TBD, TBD 

160 

523, 739 

383,056 

\0.66 

0.40 

.p. 60 

2408 

1156 
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Table A.3.9. 7-6 
Summary of Displacement ofHSM-MX relative to the ISFSI pad for nominal 

concrete density (150 pct) 

Earthquake 
Coefficient of X-Displ. Z-Displ. Resultant X-Rocking Z-Rocki ng 

Friction [inJ<2) [inJ<2l [in j<' l [in] [in] 

0.4 7.29 3.53 7. 61 0.00 0.001 

I. HEC 0.6 2.45 2.08 2.55 0.00 0.02 

0.8 1.59 1.11, 1.65 0.01 0.06 

0.4 6.79 7.99 9.11 0.00 0.00 

2.LCN 0.6 3.83 5.52 16.65 to.oo 10.02 

0.8 2.66 t3.12 3.94, \0.02 0.13 

0.4 9.32 6. 76 10.75 10.00 0.00 

3. PSIO 0.6 ,5.13 3.36 \6.12 .0.00 (0.07 

0.8 2.69 1.12 2.91 0.01 0.14 

0.4 9.84 7.00 11.51 (0.00, 0.00 

4. TAB 0.6 5.39 3.78 \6.48 0.00 p.02 

0.8 1.981 1. 13) 2.22 '0.01 0.05 

0.4 9.14 4.22 9.52 \0.00 0.001 

5. TCU 0.6 3.73 1.40 3.77 0.00 '0.02 

0.8 ,1.51 0.51 1.53 0.01 \0.07 

0.4 8.49 9.57 12. 77 0.00 0.00 

6. SHIF 0.6 3.69 7.74 8.57 0.00 0.02 

0.8 2.35 4.63 5.19 0.01 0.10 

0.4 5.13 JJ.4 7 11.51 0.00 0.00 

7.M IAN 0.6 3.19 ,7.69 8.11 0.00 0.02 

0.8 1.91 4.54 ,4.841 0.02 0.11 

0.4 \9.84 JJ.47 12. 77 0.00 0.00 

Maximum 0.6 5.39 7.74 8.57 0.00 007 

0.8 2.69 4.63 5.19 (0.02 0.14 

0.4 8.00 7.22 10.40 0.00 0.00 

Average 0.6 3.92' \4.51 6.04) 0.00 0.03 

0.8 2.10 2.31 3.18 0.01 0.09 
0.4 8.49 7.00, 10. 75 '0.00 10.00 

Median 0.6 3.73 3. 78 6.48 0.00 0.02 
0.8 1.98 1.13 2.91 10.01 0.10 
0.4 10.16.1 9.80; 12.50 \0.00 0.00 

Median + a 0.6 4.77 6.33 8.66 0.00 0.04 

0.8 2.46 2.88 4.41 to.OJ 0.13 

(I) The resultant displacement is the square root of the sum of the squares of the X- and Z-displacements over time. 
This is not the resultant of the maximum X- and Z-Displacements 

(2) Absolute values are reported = max(abs(u(t))) 
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277" 

136.44" 

Figure A.3.9.7-1 
HSM-MX Dimensions for Stability Analysis (Static) 
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Figure A.3.9.7-3 
Not Used 
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Figure A.3.9.7-4 
HSM-MX Single Array Design with Five DSCs 
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Figure A.3.9. 7-6 
Not Used 
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Figure A.3.9.7-7 
HSM-.MXMaximum X-Direction Sliding TAB, µ=0.4 
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Figure A.3.9.7-8 
HSM-.MXMaximum Z-Direction Sliding MIAN, µ=0.4 
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Figure A.3.9.7-9 
HSM-MXMaximum RockingPSJO, µ=0.8 
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Figure A.3.9.7-11 
DSC Load on Supports during Max. HSM-MX Z-Direction Rocking Case: 
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DSC Load on Door Opening During Max. HSM-MX Z-Direction Rocking 

Case: PSJO µ=0.8 
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A.4 THERMAL EVALUATION 

The thermal evaluation described in this chapter is applicable to the NUHOMS® EOS 
System that includes EOS-37PTH or EOS-89BTH dry shielded canisters (DSCs) 
loaded inside the NUHOMS® MA TRIX (HSM-MX). 

A summary of the EOS-37PTH and EOS-89BTH DSC configurations analyzed in this 
chapter for storage operations in HSM-MX is shown in the Table in Chapter 4 and 
also below: 

Basket Max. Heat 
Storage 

DSC Type Assembly HLZC Load Transfer Cask 
Type (kW) 

Module 

4H 7 50.00 

EOS-37PTH 4L/5 g( I) 46.40(2) EOS-TC 125/ EOS-TC 13 5 
HSM-MX 

4L/5 9 37.80 

EOS-89BTH "' 3 34.44 EOS-TCI25/ EOS-TC108 .) 

Note : 

(1) Basket Type 5 can only accommodate Intact FAs. Therefore, damaged or Failed FAs allowed per 
HLZC 8 shall only be loaded in Basket Type 4L. 

(2) The maximum decay heat per DSC is limited to 41.8 kW when a damaged or failed FA is loaded 

The various basket types within the EOS-37PTH DSC and EOS-89BTH DSC are 
described in Chapter 1, Section 1.1 and Appendix 4.9.6, Section 4.9.6.1.1. 

Descriptions of the detailed analyses performed for normal, off-normal, and 
hypothetical accident conditions are provided in Section A.4.4 for storage operations. 
Transfer operations for the EOS-37PTH DSC with HLZCs 7 through 9 are presented 
in Section 4.9.6.2. Transfer operations for the EOS-89BTH DSC with HLZC 3 are 
presented in Section 4.5.6. 

In order to accommodate lessons learned.from the mockup development, the original 
HSM-MX design has been slightly revised for improvedfabricability. Section A.4.5 
evaluates the thermal performance of the updated HSM-MX with the E0S-37PTH and 
E0S-89BTH DSCs under the bounding normal, off-normal, and accident storage 
conditions. 
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A.4.4.3 .4 Internal Pressure 

Chapter 4, Section 4.7.1 calculates the maximum internal pressure of the EOS-37PTH 
DSC during storage in the EOS-HSM and transfer in E0S-TC125/135/108. For the 
EOS-37PTH DSC during storage in HSM-MX, the average gas temperature in the 
DSC cavity is computed using the same approach presented in Chapter 4, Section 
4.7.1.2 and listed in Table A.4-7. As shown in Table A.4-7, the average helium 
temperatures determined for the EOS-37PTH DSC in HSM-MX with HLZC 7 are 
lower than the temperatures determined for HLZCs 1 through 3. Therefore, the 
maximum internal pressures in Chapter 4, Table 4-45 remain bounding for HLZC 7 
under normal, off-normal, and accident storage conditions, respectively. 

A.4.4.3.5 Impact of Design Changes 

r . . .. ·:"\, , . .~ w~ ,', •. ,",;f,,,:· _· "',-, ~ ' c:;r •' ,r, ·' -., . ·if· ·,11""""" ·;. '\ 

\The original HSM~MX design has been slightly revised for improvedfabricability as) 
~described in Section A. 4,c5.1. ,Detdiled thermal evaluation~for the s{o,r_agr in·th<j ___ _ 
\updated HSM-MX are pr~sented in Section ,A. 4. J. This section,evaluates/he L-,.,."·-.,., 
((lisc'fepaiicy oft he ·~rigi~al HSM:.iv!Xand {he' thermcizrmo4el irt,Section AA. 4.2. 2'. '}'hi) 
(eyal'lf,.ation in this sectiorJ,. is qps9lete and n91 longer applfcgble-.} 
___ ...,_" '• __ .__.,,'/.,,._dl~,...-.,~,c--,~-----'·z.:..~,,-·-· • ____ _,,_,_,_~,~-~·---~'""·•---- ,• >" _AA.,,,__,.., '{.,.~. -~, ..., 
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jl A.4.5.4 EOS-37PTH DSC with Basket TyPe 4H -Storage in Updated HSM-MX I' 
11 !l 
I, \i II A.4.5.4.1 Convergence of the CFD Model I! 
1t i 
11 l I ; 
: I 
I A' l i ,:.,, Ii 

ri Ii 
Ii \! 
i! 11 

Ii 
1

1

1

1 

l! 1! 

ij ~ I' A.4.5.4.2 Temperature Calculations 
11 

I' i 

:! The maximum temperatures of fuel cladding and concrete of the updated HSM-MX 1 
i11· I loaded with the EOS-37PTH DSC for the bounding normal, off-normal, and accident \ 
I! storage conditions are summarized in Table A.4-16. I! 

l: The maximum temperatures of various components of the HSM-MX loaded with the H 
Ii ' I,·:,' I: EOS-3 7PTH_ DSC for the bounding normal, off-normal, and accident storage 11 

:: conditions are summarized in Table A.4-17. The average temperatures of key ii 
Ii. components of the HSM-MX loaded with the EOS-3 7PTH DSC for the bounding !! 
!i normal, off-normal, and accident storage conditions are summarzzed in Table A.4-18. f: 
!i !i 

li Typical temperature plots for the key components in the HSM-MX loaded with the ji 
1: i! 
11 EOS-37PTH DSC are shown inFigure A.4-21, Figure A.4-22, andFigure A.4-23, 1, 

!1 ._ .. -~ . . .. --= respectively,for the bounding normal hot, ~fFnormal _hot, and accident conditions . . _ .:...:c., ,_c. 
7

. .: .J · 
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Ii A.4.5.4.3 Airflow Calcul~tions . · Ii 

II The streamlines for the airflow inside the updated HSM-MX loaded with the 1l 

ii EOS-37PTH DSC under normal hot storage condition are shown in Figure A.4-24. \i 

I! Cool air enters into the HSM-MXfrom the inlet, absorbs the heat.from the ii 
!i EOS-3 7PTH DSC, and leaves the HSM-MX through the outlet with higher lj 

Ii temperatures. Table A.4-20 summarizes the air temperatures and mass flow rates at 11 

!( the inlet and outlet for the normal and off-normal hot conditions of storage. Ii 
!, ii 
Ii A.4.5.4.4 GCI Calculation 1: 
ti 11 
,. Ii 11 ' I: I 
i: ; 
ii ,: 

[i JI 
!! l[ 
H H 
I: 11:.;1; 

Ii 
11 ii 
1: !I 
!:: !I 
,: !1; 

)j 11 

I! II'!!, II 
I: 1: 
!! JI 
!! A.4.5.4.5 Internal Pressure J! 
!l l\ 

i: Charpter 4, Section 4. 7.1 calculates the maximum internalpressure ol'the EOS-37PTH 11 

i!
1
, DSC during storage in the EOS-HSM and transl'er in EOS-TCl 25/135/108. For the Ii I ..,, d 

!1 EOS-37PTH DSCduring storage in the updated HSM-MX, the average gas !l 
1
: ~::;:e~t~~~!:t!:: ~~~-c;:: ~~s~;;rnu~!r:~~~;~.s~~:::~:o;c~:;;:~~~~t the 11 

f1 ' · !I 

Ii average helium temperatures determined for the EOS-37PTH DSC in the updated ii 
l! HSM-MXwith HLZC 7 are lower than the temp'eratures determinedfor HLZCs 1 j! 

· 11 through 3. Therefore, the maximum internal pressures in Chapter 4, Table 4-45 Ii 
11 remain bounding for HLZC 7 under normal, off-normal, and accident storage i! 
II conditions, respectively. Ii 
1, l• 
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ii A.4.5.5 EOS-37PTH DSC.with Basket Type 4L/5 -Storage in Updated HSM-MX _ I[ 
I j! 
i This section presents the thermal evaluation of the EOS-3 7PTH DSC with Basket Type1: 
I, 4L/5 during storage operations in the updated HSM-MX. This section follows the Ji 

Ii same methodology as d,iscussed in Section A.4.4.4. The only difference is the design II 
\' changes that made to HSM-MX as discussed in Section A.4. 5.1. Ii 
,I I' II I 

Ii Same as Section A.4.4.4, this evaluation considers HLZC 8 with a maximum heat load i 
Ii IJ 
·,Ii, of 46.4 kW and HLZC 9 with a maximum heat load ofJ7.8 kW. HLZCs 8 and 9 are p 

discussed in Section A.4.4.4. II 
I! Ii 
11 A.4.5.5.1 EOS-37PTH DSC and Basket Type 4L -Description of Load Cases for Storage l'i 

11,· :/-

. I( 
I ',I 
ti \[ 
" !',· ii 
'f p 
Ii 11 

!I !1! 
li 

1: II Ii ji 
•i /I· 
11 !! 
1' il :I 

1
·1 

Ji I 

I: I' 

lj 1: 
}1 t! 
1: i! 
n 1; 
ii ji 

1
-1.·. 

Ii 
1! A.4.5.5.2 EOS-37PTH DSC with Basket Type 4L/5 - Thermal Model for Storage in HSM-MX -Ii 
Ii [! 
!I ff 
I'. To evaluate the thermal performance of the EOS-37PTH DSC with Basket Type 4L/5 it 
// based on HLZCs 8 and 9 during storage operations in the updated HSM-MX, the 11 _ 

/l thermal model from Sectio_n A.4. 5.3 is modified to simulate L<;:s described in Section Ii 
/j A.4.5.5.1. The modifications in the LCs described in Section A.4.5.5,1 are limited to JI 

ii the changes in material properties of the basket components as described in Appendix i 
II 4.9.6, Section 4.9.6.1.1, and heat generation rates based on the new HLZCs, but no i: 
Ii changes are considered to the mesh. Ii " .. 
II 1':_1 

,, A.4.5.5.3 EOS-37PTH DSC with Basket Type 4L/5 for HLZCs 8 and 9--Storage Evaluation 

I! I'. 

1

;
1

; Figure A.4-23and Figure A.4-2_4 present the maximum temperatures of fuel cladding ii 
!i and key components of the EOS-37PTH DSC with Basket Type 4L/5 loaded in the Ii 
•, updated HSM-MX based on HLZCs 8 and 9 during storage operations. i: 
:I I\ 
1: \ j: 
l_ - -----------. - -. -_ -- - _ .. -_· --- --- -- _, ---. -- ---· ... -- - -- -- --- -. ·--------- -. -.- -·-.. - --- --- - --.-. --- - _- -- ·- .. - -- -- ----.-- ..... -- -- -· - - ---- --- ... -- .•. - --- ·- - _-_ ~- --- - ·__; 
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!1 Figure A.4-25 presents the average temperatures of fuel cladding and key components 

1

1j 

!
! of the EOS-3 7PTH DSC with Basket Type 4L/5 loaded in the updated HSM-MX based I 
I · on HLZCs 8 and 9 during storage operations. (1 
! il 
1 U 
i Figure A.4-25 and Figure A.4-26 present the temperature profiles of key components u 
l H i in the HSM-MX loaded with the EOS-37PTH DSC for HLZCs 8 and 9, respectively. 1·1 

!1
1 

Comparison with HLZC 7 11 
. r 
1j Table A.4-26 presents a comparison of the maximum temperatures for HLZCs 8 and 9 fl 
1 with the bounding design basis values from HLZC 7. As shown in the comparison, the 'I 
1 majority of the maximum component temperatures determined for HLZC 7 with 50 kW [i 

11 remain bounding/or HLZCs 8 and 9. The maximum temperature of the heat shield in lJ 

Ill the upper compartment for HLZC 8 is slightly higher (2 °F) than that for HLZC 7. I] 
I 'i 

111

, Similar to the normal condition, the maximum temperatures during off normal and lf·

1

! 
accident storage conditions for HLZCs 8 or 9 will also remain bounded by HLZC 7. .! 

I Therefore, no further evaluation is required for off normal and accident storage ll 
ll h 

ii =~:;:: ::h d::::o:,a:; :esign criteria are satisfied for storage of the 
1
1 r ~ 

11 

EOS-37PTH DSC with HLZCs 8 or 9 in the updated HSM-MX. 11 

II A.4.5. 6 EOS-89BTH DSC with Basket Type 3 - Storage in Updated HSM-MX !i 
I ~ 

II rt 
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" ~ 111

1 

Table A.4-14 i.1· I 1 

1,'j EOS-37PTH DSC in Updated HSM-MX, Design Load Cases/or Storage !,. 

1. Conditions with HLZC 7 'I 
it j 
H h 

l.·I 'I !I l I , 

~. II ,l ! 
d L 
11 f) 

lj ~ 
!i )i 
!, ll 
ti ! 

~ I ~ 
II ~. j I, 

I 111 

l Notes: ! 
11 fl 
~ (1) Daily average temperatures are used as noted in Section A.4.3. [j 
fl (2) Initial temperatures are taken from steady-state results of Load Case 2-S. lj 
il ' J L 
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Table A.4-16 
Maximum Fuel Cladding and Concrete Temperatures for Storage Conditions of EOS-37PTH DSC in Updated 

HSM-MX with HLZC 7 

Load Case 
Max Fuel Cladding Temperature (0F) 

(1) Description 
Upper Compartment Lower 

Compartment ""- -
le 

le-S 

2 

2-S 

3 

3-S 

- -Notes: 

(I) See TableA.4-1 and Table A.4-14 for the description of the LCs. 

(2) The temperature limits are from NUREG-1536 {A.4-1}. 

676 708 

680 704 

4 -4 

653 696 

648 685 

-5 -II 

724 777 

699 770 

-25 -7 

Concrete Temperature (0F) 

Limit Maximum(4J Limit 

264 

752(2) 
261 

-3 

·254 300(2) 

245 

I 058(2) 
-9 

362 

355 500(3) 

-7 

(3) The temperature limit for concrete at accident condition is 500 °F. The maximum concrete temperature for accident conditions is above the 350 °F limit 
given inACI 349-06 [A.4-4]. Testing will be performed, as described in Chapter A.8, SectionA.8.2.1.3. 
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Table A.4-23 
Maximum Fuel Cladding and Concrete Temperatures for Storage Conditions of 

EOS-37PTH DSC in Updated HSM-MX with HLZCs 8 and 9 

Max Fuel Cladding Temperature (0F) 
Concrete Temperature 

(OF) 
Load 

Case (JJ Upper Lower 
Compartment Compartment 

Limit Maximum Limit 

LC Je-Sfor 
682 694 256 

HLZC8 
752(2) 300(2) 

LC le-Sfor 
677 694 252 HLZC 9(3J 

Notes: 

(1) See Table A.4-22/or the description of the LCs. 

(2) The temperature limits are from NUREG-1536 [A.4-1]. 

(3) DSC in the upper compartment is modeled per HLZC 9, whereas DSC in the lower compartment is modeled per 
HLZC 8 as discussed in Section A.4. 4.4.1. 
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The Monte Carlo transport code, MCNP5 [ A.6-1 ], is used to compute dose fields 

around the HSM-MX using detailed 3D models. [ 

] A summary of the limiting HSM-MX dose rates is provided in 
Table A.6-2. The dose rate excluding the contribution from the inlet and outlet vents 
is small, as the dose rates are due primarily to streaming from the vents. The 
maximum dose rates at the inlet and outlet vents are(JJ170Jmrem/hr andt1£3)mrem/hr, 
respectively. The average dose rate on the front face of the module is(f~:O)mrem/hr, 
and the average dose rate on-~~ roof above the vent covers is{tU)mrem/hr. The dose 
rate at the door centerline is({~p7)mrem/hr. The fluxes and dose rates on the surface of 
the HSM-MX are used as input to a generic site dose evaluation documented in 
Chapter A.11. 

The shielding effe~tiveness of the HSM-MX is not affected by any off-normal events. 
lfiiit_qll"f;vytng gµ/[netfy c~qnge~/jnay 00,~?cJF'in qn aqt;tJent) 
• 
• 
• 

Loss of outlet vent covers 
Loss of dose reduction hardware 

• .;s • , , ·' , (, , , ,• , ,.-.,·~.-. --.,-~ ~v-.,.., -,,,,.,,;,,,-,,""'."', _, -_,..,..._ ,,r"1,'.'"'l%,.,,.,,-,.~p~z . , '· I• ·. '' 

Da]!lage to inter/or -w,all:{ d_it.~ to;mis,#lejnipqc{w'1en fhe.H,S!rf-~is in;the' 
,ca~str'iJcttl>)i Jg'fnr e:x]Janiioitconfig_firatfon:wfrtr tfz.~· r"irnovabie· e'ndJnieYa W'ijzt 
'abl1ent · -

10 CFR 72.106 limits the dose to an individual 'at the site boundary to be less than 
5 rem due to an accident. Monte Carlo N-Particle (MCNP) cases are developed for 
the HSM-MX, in which all vent covers and dose reduction hardware are absent, which 
if n~t cr:edible. A,tY~NB·case "isk~t~o deve7/Jpedfo'ra,iniss,il1 irfipac.t w{lemthe)/:fS/J­
MXcti.r :f'!J::·thf cxipstJiua~(on:foi"t[f ~~pa~io:p c<Jnfiiu,:afi9~,w,tth t~e n~mgy~yz~,.end.ihi~ld: 
~ql' lf b~f:"!J, flJj~[:/;,F~lif{;urgfio.~,.}( ts·.1~JJ:i1r~~~iJjflY";,fSS~rn~f tf1.t.ri:~;;f n(1[i~~. wilf s 
are pen._~tra/ed:- The Hf{!v.fMl{ arxid?.n(mcreases>the averqge,, dqse 1:ate 'On the"jjont; 

~.> • -,,,, , "> <1";1(- '1f>s .' /,~ 4rro •~ 1?,"· - ,c ,,/;, ',., • •.,, " • • J,., · ,, ;.,'E{' ." · ">' c', ~· 

~ooi;.'arf'd__eijt!i}ftflfK!t!I!._¢.11,fto_9jj__"9_11iz:f!1!i/_ht, ___ 4_,'73'0'.inlein7ht/hii'a/zf2'5 m}:em/hf; 
-~<:spectfoeiJf The fluxes and dose rates on the surface of the HSM-MX in an accident 
condition are used as input to an accident site dose evaluation documented in Chapter 
A.11. 
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The minimum thickness of the roof is@feet. 2 inc~!:§_,) The minimum thickness of the 
integral end shield wall is 3 feet 8 inches. The minimum thickness of the optional 
removable end shield wall is 3 feet. In the single-row design, the thickness of the 
integral rear shield wall is 3 feet 8 inches. In the back-to-back design, the wall 
thickness between rows is 2 feet 6 inches. 

Air inlet vents are located on the front and air outlet vents are located on the roof. 
Because little radiation directly penetrates the thick concrete shielding, essentially all 
of the dose rate is due to gamma radiation streaming from the vents. Radiation 
streaming through the outlet vents is mitigated by the use of vent covers, see 
Figure A.6-1. Under normal and off-normal conditions the vent covers are always in 
place. 

The baseline MCNP configuration features an HSM-MX with a rear shield wall. On 
the left side (-x direction) an end shield wall is modeled, while on the right side (+x 
direction) a mirror boundary is modeled at the centerline of the DSC in the upper 
compartment, see Figure A.6-1 through Figure A.6-4. The length of the DSC is in the 
z-direction. This configuration is used to compute dose rates and fluxes on the end 
shield wall. 

A second MCNP configuration features mirror boundaries on both the left and right 
sides of the model through the centerline of the DSCs in the lower compartments, 
although the rear shield wall is modeled explicitly, see Figure A.6-5. This 
configuration is used to simulate the interior region of a single row and is used to 
compute dose rates and fluxes on the rear shield wall. 

A third MCNP configuration features mirror boundaries on the left, right, and rear of 
the model, see Figure A.6-6. This configuration is used to simulate the interior region 
of a double row (i.e., back-to-back arrangement) and is used to compute front and roof 
vent dose rates, as well as average front and roof dose rates and fluxes. 

[ 

] 

iffh~n p,;z HSU;MX, i~ to,Qe.expcp:zded.in~thej"utwe;0,fOfl;§l,:~n;11J.f1Y,Qe \terriJin.aJedqt) 
r/ cq,;istrpc%[9~/().i]Jt a,&d q) /f<:/thicl}. rimov.abfe eryd,shielflwalli~ cgtache{. The· two 
complete comp.artinenis (one•upp/r and ~ile ldwerfitfdrest the' e.facl_ musfre}r{ri(~)/flpty' 
-f4!nen · the 1:tsM~N!Xis1·1oaded/a1/indti:atea ih'Ftgure JJ.~6~'8: :. Thil5i:~J:zlzi~"t~ttbtlis 
~xpticitty rriodeledto'determine·the e;ndi·dose rate wJJ.<J:'FJ:.:Jb,e;:r¢mo.,va}?Xe· eJJd}f!l<!t<lrY/JJZ 
is absent. Jfgn,army~t,o he .e.tpqndecjte,r,mii:zat~s qf GIJ;1f!xpanffo71joJ1J,t r,cJlhw; tlJq.n,q{ 
CORffrlff.fi1?J)</J?tJh~, twg C~1!7JH/ff~enff (q1;e: f Pf.~r ~7:d .. yn_~lB1;J,fr):,~n.e~,;~f( t~i. e.~efJ 
waumust remain empty. Ena dose rates tor this configur9tio11 are bounded by.the} 
consthJct'fon}oint~Option with'the end shield wall r~m'fJvelf?) 
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ADV ANTG A.6-3 is used to develop weight windows to accelerate problem r ."'" , 
convergence fa,r .. q/l models. 

The average fluxes on the faces of the HSM-MX are used as input to a generic site 
dose evaluation that is documented in Chapter A.11. These average fluxes are 
computed on the surface of a box that envelops the HSM-MX model, including the 
vent covers and door. 

[ 
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A.6.4 Shielding Analysis 

A.6.4.1 Computer Codes 

MCNP5 vl.40 is used in the shielding analysis [A.6-1]. MCNP5 is a Monte Carlo 
transport program that allows full 3D modeling of the HSM-MX. Therefore, no 
geometrical approximations are necessary when developing the shielding models. 

A.6.4.2 Flux-to-Dose Rate Conversion 

No change to Section 6.4.2. 

A.6.4.3 EOS-TC Dose Rates 

No change to Section 6.4.3. 

A.6.4.4 HSM-MX Dose Rates 
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The maximum dose rate at the roof outlet vent is(9$!3)mrem/hr. The maximum dose 
rate at the lower compartment inlet vent is&.479){llem/hr, while the maximum dose 
rate at the upper compartment inlet vent is J,35<Jmrem/hr. 

The total dose rate is dominated by primary gammas, while the dose rate from 
neutrons and secondary gammas is negligible. The bulk shielding of the HSM-MX is 
very effective in the absence of streaming. The average dose rate on the rear and end 
(side) shield walls i({l48¥ mrem/hr anctB~mrem/hr, respectively. The dose rate at 
the door centerline i~('.t._91)mrem/hr. These surfaces do not contain streaming paths, 
although the average rear and end dose rates are computed to the top of the vent 
covers and include contribution from the roof vents. The average dose rate on the 
front face of the module is(47,;Q)mrem/hr, and the average dose rate on the roof above 
the vent covers is(J1 J)mrem/hr. 

Input for{sii'JDose Evaluation 

The average dose rate and flux on the surface of the HSM-MX is of interest for use in 
the generic site dose evaluations. The site dose evaluations are documented in 
Chapter A.11, although the inputs to the site dose evaluation are obtained from the 
HSM-MX evaluations described in the current chapter. 

[ 

] 

Average fluxes and dose rates on the end, rear, front, and roof of the HSM-MX with 
the E0S-89BTH DSC are reported in Table A.6-3, Table A.6-4, and Table A.6-5, for 
primary gamma, secondary gamma, and neutron radiation, respectively. These dose 
rates and fluxes are applicable to normal and off-normal conditions. 
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[ 

] 

Expansion Considerations 
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Use o(Low-Density Grout for HSM-MX Repair 

[ 
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A.8.2 Materials Selection 

This section discusses the materials used in the HSM-MX components. Table A.8-1 
summarizes the materials selected for HSM-MX. Materials utilized in the HSM-MX 
are largely the same as those used in the EOS-HSM, and the materials for the EOS­
DSCs and EOS-TCs have not changed. Therefore, the tables described in Section 8.2 
also applicable to HSM-MX. Temperature-dependent mechanical and thermal 
properties for the materials listed in Table A.8-1 are presented in Table A.8-2 through 
Table A.8-4. 

A.8.2.1 Applicable Codes and Standards and Alternatives 

A.8.2.1.1 EOS-37PTH and EOS-89BTH DSC 

No change from Section 8.2.1.1. 

A.8.2.1.2 EOS-TC Transfer Cask 

No change from Section 8.2.1.2. 

A.8.2.1.3 HSM-MX Horizontal Storage Module 

The applicable codes for the HSM-MX are: 

• Concrete construction per ACI-318-08 [A.8-4]. 
• Concrete Design per ACI-349-06 [A.8-5]. 
• m:sc Support design per AISC Manual of Steel Construction [A.8-7]. 

Cement, aggregate, reinforcing steel, anc(}teel(~truc{tu~'es,conform to ASTM 
specifications. 

The HSM-MX concrete subcomponents are designed and constructed using a 
specified 28-day compressive strength of 5,000 psi, normal weight concrete. The 
cement is Type II or Type III Portland cement meeting the requirements of ASTM 
C150. The concrete aggregate meets the specifications of ASTM C33. The 
reinforcing steel is ASTM A615 or A706 Gr. 60 deformed bars placed vertically and 
horizontally at each face of the walls, roof and slabs. 

The concrete surface temperature limits criteria are based on the provisions in Section 
3.5.1.2 ofNUREG-1536, as follows: 

• If concrete temperatures in general or local areas are at or below 200 °P for 
normal/off-normal conditions/occurrences, no tests to prove capability at elevated 
temperatures or reduction of concrete strength are required. 

• If concrete temperatures, in general, or local areas exceed 200 °P, but do not 
exceed 300 °P, no tests to prove capability at elevated temperatures or reduction 
of concrete strength are required if the aggregates have a coefficient of thermal 
expansion (CTE) no greater than 6x10·6 in/in/0 P, or are one of the following 
materials: limestone, dolomite, marble, basalt, granite, gabbro, or rhyolite. 
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The above criteria in lieu of the ACI 349-06 requirements do not extend above 300 °P 
for normal/off-normal conditions and do not modify the ACI 349-06 requirements for 
accident conditions. Per E.4.2 of ACI 349-06 [A.8-5], the accident conditions or 
short-term period (i.e., blocked vent accident transient) concrete temperatures are 
limited to 350 °P. Higher temperatures are allowed per E.4.3 if tests are provided to 
evaluate the reduction in strength and this reduction is applied to design allowables. 
HSM-MX concrete compressive tests are performed on specimens heated to or above 
that maximum accident temperature for no less than 40 hours. HSM-MX concrete 
temperature testing is performed whenever there is a significant change in the cement, 
aggregate, or water-cement ratio of the concrete mix design. See Section 5 .3 of the 
Technical Specifications [A.8-17]. 

Alternatively, per the ACI 349-13 [A.8-10] commentary Section RE.4, the specified 
28-day compressive strength can be increased to 7,000 psi for HSM fabrication, in lieu 
of the above aggregate types or coefficient of thermal expansion requirements, so that 
any losses in properties ( e.g., compressive strength, modulus of elasticity) resulting 
from long-term thermal exposure will not affect the safety margins based on the 
specified 5,000 psi compressive strength used in the design evaluations. Additionally, 
also as indicated in Section RE.4, short, randomly oriented steel fibers may be used to 
provide increased ductility, dynamic strength, toughness, tensile strength, and 
improved resistance to spalling. See Section 4.4.4 of the Technical Specifications 

[A.8-17]. Encl. 4, Fabricability 

The r~ar ;2-sc -~~~mts c?.nsists ~f a_W6 x_25 structur~ , am oL~~ A992 o_r.50 
matenalt orequrvalent built-up !-,Beam ·of !1-STM A.572 GA :JO ma,terzal:icoated with an 
inorganic zinc-rich primer and a high-build epoxy enamel finish. The DSC rests on an 

n ASTM A240 Type 304 support plate welded to the""'beam. A corrosion allowance of 
1/16 inch is used in the design calculations. Welding procedures are in accordance 
with ASME Code Section IX or AWS DI.I [A.8-11]. 

At coastal sites with operational experience of corrosion due to atmospheric chlorides, 
the front and rear DSC supports steel and weld filler metal have a minimum of 0.20% 
copper content or are stainless steel. For carbon steels, weld material with 1 % or more 
nickel is acceptable in lieu of 0.20% copper content. The copper content is equivalent 
to weathering steel [A.8-12], and nickel-bearing weld materials show equivalent 
corrosion resistance [A.8-13]. -

A.8.2.2 Material Properties Encl. 4, Item 8.5 

The material prop. ·es used in the HSM-MX design analyses are listed in Table 8-4 
through Table 8-6{ able 8-13, Table 8-23, and Table 8-24. Additionally, new 
materials used in the HSM-MX are provided in Table A.8-2 through Table A.8-4. 
Each table cites the source for the properties. Table A.8-1 ties these materials to the 
individual components. 
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A.8.2.2.1 EOS-37PTH and EOS-89BTH DSC 

No change from Section 8.2.2.1. 

A.8.2.2.2 EOS TC Transfer Cask 

No change from Section 8.2.2.2. 

A.8.2.2.3 HSM-MX Horizontal Storage Module 

In accordance with ACI 349-06, Section E.4.3, the strength properties of the concrete 
and reinforcing steel used in the HSM-MX structural analysis are taken at the 
maximum calculated temperature. Temperature-dependent mechanical properties of 
concrete and reinforcing steel are taken from [A.8-3] and presented in Table 8-23, and 
Table 8-24. 

The material properties of the ASTM A992 Gr 50 steel used for the rear DSC support 
are listed in Table ~:.~J,

0
and_the materi~l PlQP~rties for the ASTM A572 Gr. 50 front 

and rear stop plate(:g:!Jfi;op{iQl!f!llluilt"'.upJ.,b13ptµ}are listed in Table A.8-2. The 
material properties used for the Type 304 stainless steel used for the front DSC 
supports and heat shields are provided in Table 8-5. The material properties used for 
the Type 316 stainless steel used as an option for the front DSC supports and heat 
shields are listed in Table 8-5. 

The properties ASTM A588 for the axial retainer is provided in Table A.8-4. 

A.8.2.2.4 NUHOMS® EOS System Materials Employed in the Shielding Analysis 

Shielding properties of steel and concrete are obtained from [A.8-6] and are 
summarized in Table 8-30. Concrete used in the HSM-MX is modeled without steel 
rebar at a density of 138 pcf (2.211 g/cm3). 

A.8.2.2.5 NUHOMS® EOS System Materials Employed in the Criticality Analysis 

No change to Section 8.2.2.5. 

A.8.2.3 Materials for ISFSI Sites with Experience of Atmospheric Chloride Corrosion 

Front and rear DSC supports at sites with operational experience of corrosion caused 
by atmospheric chlorides are fabricated from steels equivalent to weathering steel or 
stainless steel. 

A.8.2.4 Weld Design and Inspection 

There are no changes to the weld -design and inspection for the DSC and TC described 
in Section 8.2.4. 
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Table A.8-1 
HSM-MX Materials 

HSM Subcomponents 

HSM-MX walls, roof, floor, end shield walls 

DSC Support Pedestal 

DSC Support Pedestal Stop Plate 

DSC Support Pedestal Support Plate 

HSM-MXDoor 

Door Steel Liner Assembly 

Threaded Inserts 

Inspection Penetration Sleeve Door 

Axial Retainer Rod 

Axial Retainer miscellaneous plate (fastener plate, spacer plate) 

HSM-MX Heat Shields 

HSM-MX Outlet Vent Cover 

HSM-MX Outlet Vent Liners 

HSM Inlet Vent Screen Assembly 

Bird Screens and Dose Reduction Hardware 

Fasteners: 

Bolts 

Washers 

Nuts 

Threaded Embedments: 

Stud Bolt 

Sleeve Nut 

Nut 

Rev. TBD, TBD 

Material 

Reinforced concrete with ASTM 
A615 or A706 Gr 60 reinforcing steel 

ASTM A992 Gr. 501:e_rASTM A5Zi) 
(fJr.-:~P) 
ASTM A572 Gr. 50 

ASTM A240 Type 304 or 316 

Reinforced concrete 

Steel 

Steel 

Steel 

ASTMA588 

Steel 

Stainless steel ASTM A240 Type 304 
or 316 

Reinforced concrete 

Carbon Steel 

Carbon Steel 

Stainless steel or Carbon Steel 

ASTMA193 GrB7/ 
A325/A563/A490/A108 

ASTM A36/F436/F844/ Stainless 
Steel 

ASTM A194/A563/Al94/ Carbon 
Steel 

ASTM Al93-Gr. B7, ASTM A193-B8 
CL 2 or ASTM A193-B8M CL 2 

ASTM A194 Gr 2H or 

A563 Gr A 

ASTM AI94 Gr 8M or 

A563 Gr A 
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CAUTION: The insides of empty compartments have the potential for high dose rates 
due to adjacent loaded compartments. Proper ALARA practices should be 
followed for operations inside these compartments and in the areas outside 
these compartments whenever the MX-RRT operations are being performed. 

6. Remove the MX-RRT~pl«te~ <1rzd)shieldWluW 

7. Insert and install MX-RRT into HSM-MX. Extend the MX-RRT rollers, secure and 
verify that the rollers are extended. 

8. Transport the TC from the plant's fuel/reactor building to the ISFSI along the designated 
transfer route. 

9. Once at the ISFSI, move the transfer trailer inside the MX-LC at "home" position 
between the skid and the MX-LC grappling mechanism. 

10. Use the MX-LC grappling mechanism to capture the skid along with TC, disengage the 
skid positioning system, move the skid up in the vertical direction to clear it from the 
transfer trailer, and then the transfer trailer is moved from MX-LC. 

11. Remove the FC system, and install the ram cylinder assembly. 

12. Remove the HSM-MX door. 

13. Unbolt and remove the TC top cover plate. 

14. Move MX-LC along the rail in front ofHSM-MX until the TC is completely against the 
face ofHSM-MX. 

15. The skid is moved until the target compartment is reached. If necessary, adjust the MX­
LC position until the MX-LC is properly aligned with the targeted compartment. 

16. Secure the MX-LC/skid/cask to the front wall embedments of the HSM-MX using the 
restraints. 

17. The hydraulic power unit is connected to the ram cylinder. The grapple is moved until it 
engages with grapple ring of the canister. Using the ram cylinder, fully insert the DSC 
into the HSM-MX compartment. 

18. Disengage the ram grapple mechanism so that the grapple is retracted away from the 
DSC grapple ring. 

19. Retract the MX-RRT rollers; the DSC is lowered onto the HSM-MX front and rear DSC 
supports. 
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Note: The time limit for transfer operations, if any, starts with the initiation of 
the TC/DSC annulus water draining described in Step 9 of Section 9 .1.4 
and ends when the DSC is fully seated onto the front and rear DSC 
supports. 

CAUTION: Verify that the applicable time limits for transfer operations of Section 3.1.3 
of the Technical Specifications [A.9-5) are met. 

20. Remove the wall embedments from the HSM-MX. 

21. Retract the skid with TC from docking position and lower it. 

22. Place the HSM-MX door. Verify that the HSM dose rates are compliant with the limits 
specified in Section 5.1.2 of the Technical Specifications [A.9-5]. 

23. Move MX-LC to its "home" position, and the transfer trailer is moved into accepting 
position. 

24. Lower the Skid along with TC onto the transfer trailer. Reconnect the skid positioning 
system. Remove the ram cylinder assembly. 

25. Bolt the TC cover plate into place, tightening the bolts to the required torque in a star 
pattern. 

CAUTION: The insides of empty compartments have the potential for high dose rates 
due to adjacent loaded compartments. Proper ALARA practices should be 
followed for operations inside these compartments and in the areas outside 
these compartments whenever the MX-RRT operations are being performed. 

26. Remove the MX-RRT from the HSM-MX. 

27. Place(MX:i:R.FJl,sh,Jelckp}tfgsgtul~c_aJJ,frPl911i}for the MX-RRT accesses. 

28. Move the transfer trailer from MX-LC to the designated equipment storage area. Return 
the remaining transfer equipment to the storage area. 

29. Close and lock the ISFSI access gate and activate the ISFSI security measures. 

A.9.1.7 Monitoring Operations 

1. Perform routine security surveillance in accordance with the licensee's ISFSI security 
plan. 

2. Perform a daily visual surveillance of the HSM-MX air inlets and outlets (bird screens) to 
verify that no debris is obstructing the HSM-MX vents in accordance with Section 
5.l.3.2(a) of the Technical Specification [A.9-5] requirements, or, perform a temperature 
measurement for each EOS-HSM in accordance with Section 5.l.3.2(b) of the Technical 
Specification [ A.9-5] requirements. 
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A.9.2 Procedures for Unloading the DSC 

The following section outlines the procedures for retrieving the DSC from the 
HSM-MX. The procedures for removing the FAs from the DSC are the same as 
described in Section 9 .2. 

A.9.2.1 DSC Retrieval from the HSM-MX 

1. Ready the TC, transfer trailer, loading crane, and skid for service. Fill the TC liquid 
neutron shield and remove the top cover plate from the TC. Transport the trailer into the 
ISFSI. 

Note: Verify that a TC spacer of appropriate height is placed inside the TC to 
provide the correct airflow and interface at the top of the TC during 
cutting and unloading operations for DSCs that are shorter than the TC 
cavity length. 

2. MATRIX MX-LC rails are installed, aligned and verified on the pad for the unloading 
campaign. Alignment is verified to the specifically designated features on the face of 
HSM-MX. 

3. Move the transfer trailer inside the MX-LC "home" position between the skid and the 
MX-LC grappling mechanism. 

4. Use the MX-LC grappling mechanism to capture the skid along with TC, disengage the 
skid positioning system, move the skid up vertically to clear it from the transfer trailer, 
then move the transfer trailer from the MX-LC. · 

5. Install the ram cylinder assembly. 

CAUTION: The insides of empty compartments have the potential for high dose rates 
due to adjacent loaded compartments. Proper ALARA practices should be 
followed for operations inside these compartments and in the areas outside 
these compartments whenever the MX-RRT operations are being performed. 

6. Remove the MX-RRT shield blocks(pl![gStg!'iqvao)l'er plgt~s) 

7. Insert and install MX-RRT into HSM-MX. Extend the MX-RRT rollers, secure and 
verify that the rollers are extended. 

CAUTION: The insides of empty compartments have the potential for high dose rates 
due to adjacent loaded compartments. Proper ALARA practices should be 
followed for operations inside these compartments and in the areas outside 
these compartments whenever the door from the empty compartment has 
been removed. 

8. Remove the HSM-MX door. 
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24. Disconnect MX-RRT operating mechanism and retract MX-RRT to MX-RRT handling 
device. 

26. Move the transfer trailer from MX-LC and ready the trailer for transfer. 

27. Replace the HSM-MX door. 

A.9.2.2 Removal of Fuel from the DSC 

No change, see Section 9.2.2. 
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5) Tow Trailer to Loading Crane at ISFSI 

7) Insert and Install Retrievable Roller Tray (MX-RRT) 
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8) Remove the Transfer Cask Cover. 

9) Align Transfer Cask at X-Plane Direction, Engage Ram Grapple with Canister, HSM 
Door Is Removed. 

10) Align Transfer Cask at Z-Direction. 
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A.11.2 Occupational Dose Assessment 

This section provides estimates of occupational dose for typical EOS transfer cask 
(EOS-TC) and ISFSI loading operations. Assumed annual occupancy times, including 
the anticipated maximum total hours per year for any individual, and total person­
hours per year for all personnel for each radiation area during normal operation and 
anticipated operational occurrences, will be evaluated by the licensee in a 
10 CFR 72.212 evaluation to address the site-specific ISFSI layout, inspection, and 
maintenance requirements. In addition, the estimated annual collective doses 
associated with loading operations will be addressed by the licensee in a 
10 CFR 72.212 evaluation. 

A.11.2.1 EOS-DSC Loading, Transfer, and Storage Operations 

The dose rates used in the occupational dose assessment are summarized in 
Table A.11-1. The EOS-TC loading and transfer dose rates are unchanged from the 
values presented in Chapter 11. The HSM-MX dose rate reported in Table A.11-1 is 
the average dose rate on the front surface of an HSM-MX and is obtained from 
Chapter A.6. 

The estimated occupational exposures to ISFSI personnel during loading, transfer, and 
storage operations using the EOS-TC108 (time and number of workers may vary 
depending on individual ISFSI practices) are provided in Table A.11-2 for the 
EOS-89BTH DSC. Similar operations for the EOS-TC125/135 are provided in 
Table A.11-3 and Table A.11-4. Transfer of the EOS-37PTH DSC to the HSM-MX 
using the EOS-TC108 is not currently authorized. The task times, number of 
personnel required, and total doses are listed in these tables. The total exposure results 
are as follows: 

• EOS-TC108 with EOS-89BTH DSC:(4,5~J;>~rson-mrem (~4.5 ;eerson-rem) 
• E0S-TC125/135 with E0S-37PTH DSC:f3;'202Jperson-mrem e2:[?')person-rem) 
• E0S-TC125 with E0S-89BTH DSC:{2,s~J)person-mrem (~2.5 person-rem) 

The exposures provided above are bounding estimates. Measured exposures from 
typical NUHOMS® System loading campaigns have been 600 mrem or lower per 
canister for normal operations, and exposures for the HSM-MX are expected to be 
similar. 

Regulatory Guide 8.34 [A.11-4] is to be used to define the onsite occupational dose 
and monitoring requirements. 

A.11.2.2 EOS-DSC Retrieval Operations 

Occupational exposures to ISFSI personnel during EOS-DSC retrieval are similar to 
those exposures calculated for EOS-DSC insertion. Dose rates for retrieval operations 
will be lower than those for insertion operations due to radioactive decay of the spent 
fuel inside the HSM-MX. Therefore, the dose rates for EOS-DSC retrieval are 
bounded by the dose rates calculated for insertion. 
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A.11.2.3 Fuel Unloading Operations 

No change to Section 11.2.3. 

A.11.2.4 Maintenance Operations 

Rev. TBD, TBD 

The dose rates for surveillance activities are shown in Table A.11-7 and Table A.11-8 
for doses rates 6.1 m from the front of an HSM-MX. The 6.1-meter dose rate is a 
conservative estimate for surveillance activities. The HSM-MX surface dose rates 
provided in Chapter A.6 can be used for temperature sensor maintenance activities, 
including calibration and repair. 

The general licensee will evaluate the additional dose to personnel from ISFSI 
operations, based on the particular storage configuration and site personnel 
requirements. 

A.11.2.5 Doses during ISFSI Expansion 
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The total annual exposure for each ISFSI layout as a function of distance from each 
face is given in Table A.11-5 and plotted in Figure A.11-1. The total annual exposure 
estimates are based on 100% occupancy for 365 days. At large distances, the annual 
exposure from the 2xl 1 back-to-back configuration is similar to the two lxl 1 front-to­
front configuration. Per 10 CPR 72.104, the annual whole-body dose to an individual 
at the site boundary is limited to 25 mrem. Based on the data shown in T'!gle A.11-5, 
the offsite dose rate d@--:ID.~ bel?w 25 n:rr~m at a ~istance ~f appr?ximat:ly(349)m fro~ 
the ISFSI. Therefore, 342, m is the mmimum distance with design basis fuel to the site 
boundary for the HSM-MX system with 22-DSCs; however, a shorter distance can be 
demonstrated in a site-specific calculation. 

The methodology, inputs, and assumptions for the MCNP analyses are summarized in 
the following paragraphs. 

• The 2xl 1 back-to-back configuration is modeled as a box enveloping the HSM­
MX, including the 44 inch thick shield walls on the two ends. Source particles 
are started on the surfaces of the box. A sketch of this geometry is shown in 
Figure A.11-2. The interiors of the HSM-MX and shield walls are modeled as air. 
Most particles that enter the interiors of the HSM-MX and shield walls will, 
therefore, pass through unhindered. 

• The HSM-MXs in the two lxl 1 front-to-front configuration are modeled as two 
boxes that envelop each lxl 1 row, including the 44-inch thick shield walls on the 
two ends and 44 inch thick rear shield wall in each row. Source particles are 
started on the surfaces of one of the modules, which is modeled as air. The 
opposite module is modeled as solid concrete. A sketch of this geometry is 
shown in Figure A.11-3. The dose field is then created for a source in both 
modules by accounting for model symmetry, as indicated in Figure A.11-3. 

• The ISFSI approach slab is modeled as concrete. Because the ground 
composition has, at best, only a secondary impact on the dose rates at the 
detectors, any differences between this assumed layout and the actual layout 
would not have a significant effect on the site dose rates. 

• The "universe" is a sphere surrounding the ISFSI. To account for skyshine, the 
radius of this sphere (r=500,000 cm) is more than 10 mean free paths for neutrons 
and 50 mean free paths for gammas in air, thus ensuring that the model is of a 
sufficient size to include all interactions, including skyshine, affecting the dose 
rate at the detectors. 

• The 2xl 1 and two lxl 1 surface sources are input to reproduce the average dose 
rate and spectrum on the surface of the HSM-MX, as computed in Chapter A.6. 
The surface average fluxes on the front, roof, side, and rear of the HSM-MXs are 
explicitly computed and are provided in Tables A.6-3 through A.6-5. The 
primary and secondary gamma fluxes are simply summed in the gamma input file. 
These surface spectra are directly input to MCNP for each face. 

• Source particles on the ISFSI surface are specified with a cosine distribution. For 
a cosine distribution, the outward particle current is equal to half of the flux. The 
MCNP source description requires the number of source particles per second 
emitted on each face (particle current). Because the current is half of the flux for 
a cosine distribution, and the flux at each face is known, the input current for each 
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face (particles/ s) is computed as A *F /2, where A is the area of the face ( cm2
) and 

Fis the total flux on each face (particles/cm2-s). The surface source evaluations 
are summarized in Table A.11-6. 

• ANSI/ANS 6.1.1-1977 flux-to-dose rate factors are utilized [A.11-6]. These 
factors are provided in Table 6-51. 

• For the 2xl 1 back-to-back configuration with end shield walls, the "box" 
dimensions are 1260 cm wide, 2096 cm long, and(903]cm high. For the two lxl 1 
front-to-front configuration with end and back shield walls, the "box" dimensions 
are 704 cm wide, 2096 cm long, and(9Q3)cm high. The two lxl 1 rows are 975 
cm (32 ft) apart. 

• Dose rates are calculated for distances of 6.1 m (20 ft) to 600 m from the edges of 
the two ISFSI configurations. Point detectors are placed at the following 
locations, as measured from each face of the "box": 6.095 m (20 ft), 10 m, 20 m, 
30 m, 40 m, 50 m, 60 m, 70 m, 80 m, 90 m, 100 m, 200 m, 300 m, 400 m, 500 m, 
and 600 m. Each point detector is placed 91 cm (-3 ft) above the ground. 

The MCNP results for the 2xl 1 back-to-back and two lxl 1 front-to-front 
configurations are summarized in Table A.11-7 and Table A.11-8, respectively. At 
near distances, the 2x 11 configuration results in larger front dose rates than the 
~~tward rear of the two 1 x 11 config~ation. For examJ~ _the 6 .1 m front dose rate is 
tJ,6,~mrem/hr for the 2xl 1 configuration compared to~~tll:Sjmrem/hr for the two lxl 1 
configuration. However; at near distances, the two lxl 1 configuration results in 
nominally larger side dose rates than the 2xl 1 configuration. 

At large distances, the dose rates are approximately the same, regardless of 
configuration or direction from the ISFSI, as the dose rate at large distances is 
dominated by skyshine from the radiation streaming from the roof outlet vents. Also, 
note that the neutron dose rate is negligible compared to the gamma dose rate at all 
dose rate locations. 

The total Monte Carlo uncertainty is < 5% for all dose rate locations. The annual 
exposures reported in Table A.11-5 are simply the computed dose rates multiplied by 
8760 hours (1 year). 

The preceding analyses and results are intended to provide high estimates of dose rates 
for generic ISFSI layouts. The written evaluations performed by a general licensee for 
the actual ISFSI must consider the type and number of storage units, layout, 
characteristics of the irradiated fuel to be stored, site characteristics (e.g., berms, 
distance to the controlled area boundary, etc.), and reactor operations at the site in 
order to demonstrate compliance with 10 CFR 72.104. 
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A.11.3 .2 Accident Conditions (l O CFR 72.106) 

Per 10 CFR 72.106, the exposure to an individual at the site boundary due to an 
accident is limited to 5 rem. In an accident, the HSM-MX outlet vent covers and all 
dose reduction hardware maybe lost. (1~1~dditi~ii)it "tliislilme'lthanthe' IfsMJJiii) 
·ir;,/an{~pqttsion,:¢0.nJJ,gurcztion~with:t:beit.ernQilahte,_.:e11dtjhieJdwc,Zfab.~e11tfan4thq!ji,J 
"f!JfySi~<f fiti~e hqf <i~~ag~1 fl,j!fl.fn!itior;~all( This accident sce):zariq re~lf/tff in~ 
"[JJe'.vdte{i d~se rateS:'~'ji :tht:fr(fnt;' rt/f!'j, a.nd·stact ofihe 1S,F'Sffz. The".a:vetdge:'ff!S.&f:,M%) 

~rJ./!1 t .. WJ.fr.;1CJ,1!fi{.)cJ1,,~~ .. ~~~~q)· ef ~;q1Jf1~ ux~§ . irz .. qrz aFqid~,:zt. ~~e.pr:,<1,;vJdgd in .. ChaE.ff.r. 4:rJ 
Table.S:A. 6.:o thf:bugnA. 6;8: 

Table A.11-9 shows the bounding dose rate as a function of distance from a 2xl 1 
back-to-back configuration ofHSM-MXs for the .accident configuration described 
~~?\le. These dose rates are calculated assuming~~age l~;ev~ry rnodu{~:fn (ft~) 

@rtai) This is a highly conservative scenario that is not credible, as an accident is not 
expected to damage every module. 

MCNP inputs for a 2xl 1 ISFSI accident configuration are prepared using the same 
method as described for the normal condition models. At a distance of 200 m and 

(31f9)m from the ISFSI, the accident dose rate is approximatelf0;:4:3~)mrem/hr and 
\Q.~~J}mrem/hr, respectively. It is assumed that the recovery time for this accident is 
five days (120 hours). Therefore, the total exposure to an individual at a distance of 
200 m andf349Jm is approximately~mrem and@lB)mrem, respectively. This is 
significantly less than the 10 CFR 72.106 limit of 5 rem. 

The EOS-TC may also be damaged in an accident during transfer operations, which 
would result in an offsite dose, see the discussion in Section 11.3.2. 
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Dose Rate Averaged 
Location Segments 

DRLl 
through (1) 
DRLlO 

HSM-MX 
Front face 

(HMX) 
surface 
average 

Table A.11-1 
Occupational Dose Rates 

Dose Rate (mrem/hr) 

EOS-TC108 EOS-TC125/135 

EOS-89BTH EOS-37PTH EOS-89BTH 
Config. DSC DSC DSC 

(1) (1) (1) (1) 

- @ @ @) 

Note 1: Information pertaining to dose rate locations DRLl through DRLl O is provided in Table 11-1. 
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No. <2) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Table A.11-2 
Occupational Exposure, EOS-TC108 with EOS-89BTH DSC 

(2 Pages) 

Dose Rate No. of Duration 
Operation Configuration Location People (hr) 

Place an empty BOS-DSC into an 
BOS-TC and prepare the BOS-TC for NIA NIA 6 4.00 
placement into the spent fuel pool. 

Move the BOS-TC containing an BOS-
DSC without fuel into the spent fuel NIA NIA 6 1.50 
pool. 

Remove the loaded BOS-TC from the 
fuel pool and place in the Decon. DRLl 2 0.25 
decontamination area. 

Install neutron shield. Fill neutron 
Decon. DRL4 3 0.33 shield with water. 

Prep and weld inner top cover plate. Welding DRL3 2 0.75 

Vacuum dry and backfill with helium. Welding DRL3 2 0.50 

Weld outer top cover plate and port 
covers, perform non-destructive Welding DRL3 2 0.50 
examination. 

Drain annulus. Install BOS-TC 
aluminum top cover. Ready the Transfer DRL5 1 0.50 
support skid and transfer trailer. 

Place the BOS-TC onto the skid and 
Transfer DRL2 2 0.33 trailer. Secure the BOS-TC to the skid. 

Install retractable roller tray (RRT). Transfer HMX 2 2.00 

Remove aluminum top cover and 
Transfer DRL3 2 0.33 replace with steel top cover. 

Transfer the BOS-TC to ISFSI. NIA NIA 6 1.83 
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Dose %of 
Dose Rate (person Total 
(mremlhr) -mrem) Dose 

0 0 0% 

0 0 0% 

194 97 {d:1%J 

1050 1040 (.~,2.9o/~ 

198 297 ~ ((S:5°1) 

198 198 4.4% 

198 198 4.4% 

586 293 6.5% 

747 498 (:i1:0o/6J 

@ (700) tf4%} 
199 133 [&o 

0 0 0% 
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Table A.11-2 
Occupational Exposure, EOS-TC108 with EOS-89BTH DSC 

(2 Pages) 

Dose Rate No. of 
No. C2> Operation Configuration Location People 

13 Position the BOS-TC inside the loading 
Transfer HMX+DRL2 2 crane (MX-LC). 

14 Remove forced cooling system (if 
used) and install the ram cylinder Transfer DRL9 2 
assembly. 

15 Remove HSM-MX door. Transfer HMX 2 

16 Remove the BOS-TC top cover. Transfer HMX+DRL6 2 

17 Align and dock the BOS-TC with the 
HSM-MX. Secure the BOS-TC to the Transfer HMX+DRL7 2 
HSM-MX. 

18 Transfer the BOS-DSC from the BOS-
TC to the HSM-MX using the ram NIA NIA 3 
cylinder. 

19 Disengage the ram and un-dock the 
Transfer HMX+DRLlO 2 BOS-TC from the HSM-MX. 

20 Install HSM-MX access door. Move 
BOS-TC to the transfer skid for Transfer HMX 2 
removal. 

21 Uninstall RRT. Transfer HMX 2 

Note: 

(1) A building crane hang-up off-normal event adds 776 person-mrem (DRLl/decon * 4 workers* 1 hour). 

(2) Occupational exposures for steps 1 through 9 are consistent with Chapter 11, Table 11-3. 
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Duration 
(hr) 

0.50 

0.50 

0.50 

0.67 

0.25 

0.50 

0.08 

0.50 

2.00 
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Dose %of 
Dose Rate (person Total 
(mremlhr) -mrem) Dose 

(7~7) ~91} (ht6~ 

137 137 (~.0%) 

@) @) c~:1%) 
(I~Q) ~) (4~4%} 

(2qp) {':120} 2.6% 

0 0 0% 

(1~1) @ 0.6% 

@ @ (lUo/o} 

(J§) (ioo) ('4."4o/6j 
Tota1C1> ~ ,'5535, 
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No. cz> 

1 

2 

,.., 
.) 

4 

5 

6 

7 

8 

9 

10 

Table A.11-3 
· Occupational Exposure, E0S-TC125/135 with E0S-37PTH DSC 

(2 Pages) 

Dose Rate No.of Duration 
Operation Configuration Location People (hr) 

Drain neutron shield if necessary. Place 
an empty EOS-DSC into an EOS-TC NIA NIA 6 4.00 and prepare the EOS-TC for placement 
into the spent fuel pool. 

Move the EOS-TC containing an EOS-
DSC without fuel into the spent fuel NIA NIA 6 1.50 
pool. 

Remove a loaded EOS-TC from the 
fuel pool and place in the 

Decon. DRLl 2 0.25 decontamination area. 
Refill neutron shield tank if necessary. 

Decontaminate the EOS-TC and Decon. DRL2 2 1.75 
prepare 

Decon. DRL3 2 0.50 welds. 

Weld inner top cover plate. Welding DRL3 2 0.75 

Vacuum dry and backfill with helium. Welding DRL3 2 0.50 

Weld outer top cover plate and port 
covers, perform non-destructive Welding DRL3 2 0.50 
examination. 

Drain annulus. Install EOS-TC top 
cover. Ready the support skid and Transfer DRL5 1 0.50 
transfer trailer. 

Place the EOS-TC onto the skid and 
Transfer DRL2 2 0.33 trailer. Secure the EOS-TC to the skid. 

Install RR T. Transfer HMX 2 2.00 
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Dose %of 
Dose Rate (person Total 
(mremlhr) -mrem) Dose 

0 0 0% 

0% 
0 0 

1.6% 

101 50 

315 1104 ($4.5§) 

232 232 t',2o/d) 
---0 

127 191 (6.0%] 
127 127 (4.0%) 

127 127 c~:o<Vo1 

196 98 3.1% 

248 164 {5,lo/~ 
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Table A.11-3 
Occupational Exposure, EOS-TC125/135 with EOS-37PTH DSC 

(2 Pages) 

Dose Rate No.of 
No. <2> Operation Configuration Location People 

11 Transfer the BOS-TC to ISFSI. NIA NIA 6 

12 Position the BOS-TC inside the loading 
Transfer HMX+DRL2 2 crane (MX-LC). 

13 Remove forced cooling system (if used) 
Transfer DRL9 2 

and install the ram cylinder assembly. 

14 Remove HSM-MX door. Transfer HMX 2 

· 15 Remove the BOS-TC top cover. Transfer HMX+DRL6 2 

16 Align and dock the BOS-TC with the 
HSM-MX. Secure the BOS-TC to the Transfer HMX+DRL7 2 
HSM-MX. 

17 Transfer the BOS-DSC from the EOS-
TC to the HSM-MX using the ram NIA NIA 3 
cylinder. 

18 Disengage the ram and un-dock 
Transfer HMX+DRLlO 2 the BOS-TC from the HSM-MX. 

19 Install HSM-MX access door. Move 
BOS-TC to the transfer skid for Transfer HMX 2 
removal. 

20 Uninstall RRT. Transfer HMX 2 

Note: 

(1) Use of aluminum cask lid increases total occupational dose by approximately ~95 person-mrem. 

(2) Occupational exposures for steps 1 through 9 are consistent with Chapter 11, Table 11-4. 
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Duration 
(hr) 

1.83 

0.50 

0.50 

0.50 

0.67 

0.25 

0.50 

0.08 

0.50 

2.00 
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Dose %of 
Dose Rate (person Total 
(mremlhr) -mrem) Dose 

0 0 0% 

(298) (Z98) 9.3% 

76 76 2.4% 

@ @ (1:6%} 
(108) (145) (4.5%) 

(147) (i]) 2.3% 

0 0 0% 

@ @ 0.4% 

@ @) (1.§~~ 

@) (200) (6.2%) 
Total 3200<1) 
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Table A.11-4 
Occupational Exposure, E0S-TC125 with E0S-89BTH DSC 

(2 Pages) 

No.(1) Operation 

1 Drain neutron shield if necessary. Place 
an empty EOS-DSC into an EOS-TC 
and prepare the EOS-TC for placement 
into the spent fuel pool. 

2 Move the EOS-TC containing an EOS-
DSC without fuel into the spent fuel 
pool. 

3 Remove a loaded EOS-TC from the 
fuel pool and place in the 
decontamination area. Refill neutron 
shield tank if necessary. 

4 Decontaminate the EOS-TC and 
prepare welds. 

5 Weld inner top cover plate. 

6 Vacuum dry and backfill with helium. 

7 Weld outer top cover plate and port 
covers, perform non-destructive 
examination. 

8 Drain annulus. Install EOS-TC top 
cover. Ready the support skid and 
transfer trailer. 

9 Place the EOS-TC onto the skid and 
trailer. Secure the EOS-TC to the skid. 

10 Install RRT. 

11 Transfer the EOS-TC to ISFSI. 

February 2019 
Revision 3 

Dose Rate 
Configuration Location 

NIA NIA 

NIA NIA 

Decon. DRLl 

Decon. DRL2 

Decon. DRL3 

Welding DRL3 

Welding DRL3 

Welding DRL3 

Transfer DRL5 

Transfer DRL2 

Transfer HMX 
NIA NIA 
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No.of Duration 
People (hr) 

6 4.00 

6 1.50 

2 0.25 

2 1.75 

2 0.50 

2 0.75 

2 0.50 

2 0.50 

1 0.50 

2 0.33 

2 2.00 

6 1.83 
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Dose %of 
Dose Rate (person Total 
(mremlhr) -mrem) Dose 

0 0 0% 

0 0 0% 

62 31 (t)°{g) 

181 634 (2'5.1%) 
98 98 (3.:9~) 
113 170 (6.7%) 
113 113 (¥.5%) 

113 113 ('2/:.564) 

191 96 ~~:8%) 

239 158 (6.3~) 

M @pl (i9%) 
0 0 0% 
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Table A.11-4 
Occupational Exposure, EOS-TC125 with EOS-89BTH DSC 

(2 Pages) 

Dose Rate No.of Duration 
No.(l) Operation Configuration Location People (hr) 

12 Position the BOS-TC inside the loading 
Transfer HMX+DRL2 2 0.50 

crane (MX-LC). 

13 Remove forced cooling system (if used) 
Transfer DRL9 2 0.50 

and install the ram cylinder assembly. 

14 Remove HSM-MX door. Transfer HMX 2 0.50 

15 Remove the BOS~TC top cover. Transfer HMX+DRL6 2 0.67 

16 Align and dock the BOS-TC with the 
HSM-MX. Secure the BOS-TC to the Transfer HMX+DRL7 2 0.25 
HSM-MX. 

17 Transfer the BOS-DSC from the BOS-
TC to the HSM-MX using the ram NIA NIA 3 0.50 
cylinder. 

18 Disengage the ram and un-dock 
Transfer HMX+DRLlO 2 0.08 

the BOS-TC from the HSM-MX. 

19 Install HSM~MX access door. Move 
BOS-TC to the transfer skid for Transfer HMX 2 0.50 
removal. 

20 Uninstall RRT. Transfer HMX 2 2.00 

Note: 

(1) Occupational exposures for steps 1 through 9 are consistent with Chapter 11, Table 11-5. 

(2) Use of an aluminum cask lid increases the total occupational exposure by approximately 70 person-mrem. 
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All lndicr1ted Chr1naes r1re Enclosure 4_ Fr1bricr1bilitv 
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Dose %of 
Dose Rate (person Total 
(mrem/hr) -mrem) Dose 

@) (289) 11.5% 

114 114 (4t:5%) 

® @ (2~'oo/cJ} 
~ (12s1 (4:'.9%} 

~'lz/1~ @ 2.8% 

0 0 0% 

@ (j]) @:~~610 

@ @) @(oo;J 

Efb' ~ (fQp) (7f9%') 
Tota1C2) (25gj) 

~· 
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Distance 
(m) 

6.1 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

200 

300 

400 

500 

600 

Table A.11-5 
Total Annual Exposure from ISFSI 

2xll Two lxll 

Front Total Side Total Back Total Side Total 
Dose 

(mrem) 
Dose 

(mrem) 

® 

0 

Dose 
(mrem) 

(: ··r,\ 
V.QZJ.:1 
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Dose 
(mrem) 

0 
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Source 

Roof 

Front 1 

Front2 

Side 1 

Side 2 

Total 

Source 

Roof 

Front 

Back 

Side 1 

Side 2 

Total 

Table A.11-6 
ISFSI Surface Sources 

2xll Back-to-Back Configuration 

Area (cm2
) 

Neutron 
Source (n/s) 

Two 1x11 Front-to-FrontArrays 
(source for one of the two rows) 

Area (cm2
) 

Neutron 
Source (n/s) 
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Gamma 
Source (y/s) 

Gamma 
Source (y/s) 
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Table A.11-7 
2xll Back-to-Back Dose Rates 

(2 Pages) 

Gamma 
Distance Dose Rate 

(m) (mrem/hr) 

1 o @"9oE+oo) 

90 f!JIIJI~Tlf) 

400 (!J!ji'lf@ 

In Front of ISFSI 

Neutron 
Dose Rate 
(mrem/hr) 

Total 
Dose Rate 
(mrem/hr) 
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O' 

All Indicated Changes are Enclosure 4, Fabricability 
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Table A.11-7 
2xll Back-to-Back Dose Rates 

(2 Pages) 

At Side of ISFSI 

Gamma Neutron Total 
Distance Dose Rate Dose Rate Dose Rate 

(m) (mrem/hr) (mrem/hr) (mrem/hr) 

72-1042 Amendment 1 
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O" 

~ 
(01~%] 

All lnrlir.;:itP.rl Ch;:innP.~ ;:irn Fnr.ln~tirP. 4. F;:ihrir.;:ihilitv 

Rev. TBD, TBD 

Page A.11-21 



NUHOMS® EOS System Updated Final Safety Analysis Report 

February 2019 
Revision 3 

Table A.11-8 
Two lxll Front-to-Front Dose Rates 

(2 Pages) 

Gamma 
Distance Dose Rate 

(m) (mrem/hr) 

20 fffeJlqJ}) 

400 fififlff!® 

In Back of ISFSI 

Neutron 
Dose Rate 
(mrem/hr) 

('11:0ffE-OB) 

Total 
Dose Rate 
(mrem/hr) 

ft22E'Jfr; 
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Distance 
(m) 

6.1 

10 
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50 

60 

70 

80 

90 
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200 

300 

400 

500 

600 

Table A.11-8 
Two lxll Front-to-Front Dose Rates 

(2 Pages) 

At Side of ISFSI 

Gamma Neutron Total 
Dose Rate Dose Rate Dose Rate 
(mrem/hr) (mrem/hr) (mrem/hr) 

(6:f6E4-00) ~~;7oi-61) (ei~63~+do} 
[R~4 E'+. O'rJ) Gl: 81fE:-02} (3~54E-P:OV) 
(l~2t+oo) (i94E-O@J t1i.26iJJ;+'OO) 
@6lt7@ (fm;.of; t6: 78E-a:1) 
ffi2ii:oi, ti3:eE~02) ~4: 3:6E:'0)) 
(2~98~-0~~ ~® (p.:o~E-D'!J) 
(2:~21E:.iJ1!; ~."19E-os) {l2: 2:1Jt4Jf) 
('f:69E:.oj,) (~:s:J:it~os) {1. i21E:.ti1) 
QfJ§Ec.Of) ~ tlz. §7:i:.61; 
(Koi!pd:l!J @~ ~l-: /@E-o":J) 

~ (~.doE:iiJW) ([i3Wif?&) 
r;t:1s ot;of> C3; 62PPO~) ~7·j~:It-;'/;2) 
('f s51J;~·o'§) fJ. b 2E::01t) (s. 6~.FJ~bJ) 
{9:·Y91Z-o~) ~:2f':E::O'§) ~?@ 
WilE~O~] (tJ:{{5,;;:.015) ts.Jf>E:.v] 
(1:'ot:tJ;:.o~) @E~@M er~@E:.Q11) 

72-1042 Amendment 1 
Appendix A is newly added in Amendment 1. 

Rev. TBD, TBD 

O" 

t0i02%) 
(v::Os%, 
{a:·1:%) 
(f{'1i%) 
(0::1~) 
(0~11%) 
(dJ,%) 
{'0'.'1%j 
(a~~%) 
(o:~.%) 
(oJ§J 
(0~3%) 
(o;:t'i%) 
(o:,7%) 
(:!r4;~ 
~ 0 

Page A.11-23 



NUHOMS® EOS System Updated Final Safety Analysis Report 

February 2019 
Revision 3 

Table A.11-9 
2xll Back-to-Back Accident Dose Rates 

(2 Pages) 

Gamma 
Distance Dose Rate 

(m) (mrem/hr) 

40 fi. 8f!l~:!: .. w 

90 (2. 82E+·ov) 

Neutron 
Dose Rate 
(mrem/hr) 

Total 
Dose Rate 
(mrem/hr) 

(5}{JE+@ 
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Table A.11-9 
2xll Back-to-Back Accident Dose Rates 

(2 Pages) 

Gamma Neutron Total 
Distance Dose Rate Dose Rate Dose Rate 

(m) (mrem/hr) (mrem/hr) · (mrem/hr) cr 

Rev. TBD, TBD 

--................... ------
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Figure A.11-1 
Total Annual Exposure from the ISFSI 
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A.12.3.2 Earthquake 

Cause of Accident 

The explicitly evaluated seismic response spectra for the NUHOMS® HSM-MX 
consist of the U.S. Nuclear R.:.e..~"1:113:t?D'-.¥<,?mmjssion ~~t~~$~la,!q_~Q~ic;ie. !;~9 
(Reg. Guide 1.60) [ A.12-6]§lH ennane,~'.U spe.ctralsaceelenaiion~·'abb$e 9\fJ!z~ 
anchored to a maximum ground acceleration of 0.85g horizontal and 0.80g for the 
vertical peak accelerations. The results of the frequency analysis of the HSM-MX 
structure (which includes a simplified model of the DSC) yield a lowest frequency of 

(23:,f94)Hz in the transverse dir~c~i~n and@4. O§)Hz in the longitudinal direction. The 
lowest vertical frequency ist,¥9:~~2)Hz. Thus, based on the Reg. Guide 1.60 response 
spectra amplifications, the corresponding seismic accelerations used for the design of 
the HSM-MX are(f)j~ and(TJ}g in the transverse and longitudinal directions, 
respectively, and 0.80g in the vertical direction. The corresponding accelerations 
applicable to the DSC are~ and(J)i4~ in the transverse and longitudinal 
directions, respectively, and 0.80g in the vertical direction. 

Accident Analysis 

The seismic analyses of the components that are important to safety are analyzed as 
follow: 

Components UFSAR Sections 

EOS-37PTH DSC and EOS-89BTH DSC Shell Appendix 3.9.1 and A.3.9.1 

EOS-37PTH Basket and EOS-89BTH Basket Appendix 3.9.2 

HSM-MX Appendices A.3.9.4 & A.3.9.7 

EOS-TC Appendix 3.9.5 

The results of these analyses show that seismic stresses are well below the applicable 
stress limits. 

Accident Dose Calculations 

The dose rate increase is bounded by Section A.12.3 .3. 

Corrective Actions 

No change to corrective actions described in Section 12.3.2. 

A.12.3.3 Tornado Wind and Tornado Missiles Effect on HSM-MX 

Cause of Accident 

No change to the cause of accident described in Section 12.3.3. 

February 2019 
Revision 3 72-1042 Amendment 1 

Appendix A is newly added in Amendment I. 

dll lnrlir,:,forl ('h,:,nnoc, ,:,ro i=nrlnc,11ro A i:-,.hrir,:,hilifu 

Page A.12-7 



NUHOMS® EOS System Updated Final Safety Analysis Report Rev. TBD, TBD 

Accident Analysis 

Stability and stress analyses are performed to determine the response of the HSM-MX 
to flood, massive missile impact and tornado wind pressure loads. 

The stress analyses are performed using the ANSYS [A.12-7]. HSM-MX storage 
modules arranged in a back-to-back row array provides a conservative estimate of the 
response of the HSM-MX under postulated static and dynamic loads for any 
HSM-MX array configurations. These analyses are described in Appendix A.3.9.4. 

The sliding and overturning stability analyses due to wind, flood and massive impact 
loads are performed using closed-form calculation methods to determine the sliding 
and overturning response of the HSM-MX. A non-linear seismic stability analysis is 
performed using LS-DYNA [A.12-8]. These analyses are described in Appendix 
A.3.9.7, Section A.3.9.7.1. 

Thus, the requirements of 10 CPR 72.122 are met. 

Accident Dose Calculation 

As discussed in the evaluations, the tornado wind and tornado missiles do not breach 
the HSM-MX to the extent that the DSC confinement boundary is compromised. 
Localized scab bin of the end shield wall of a HSM-MX arra may be ossible. 

/P::J~"':1f 

The HSM-MX outlet vent covers and all dose reduction hardware 

The evaluation for the impact on ublic exposure, a 2xl 1 ISPSI configuration and a 
distance to the site boundary o is used. As documented in Chapter A.11, I 
Section A.11.3.2 for a 2xl 1 ISPSI confi ation, the accident dose rate is 
approximately em/hr at a distance of 200 m an , I 
respectively, from the ISPSI. It is assumed that the recovery time for this accident is 
five days (120 hours . Therefore, the total exposure to an individual at a distance of 
200 m an m is em and mrem, respectively. This is significantly less 
than the 10 CPR 72.106 limit of 5 rem. Note that the dose is bounded by the EOS-
HSM accident dose documented in Section 12.3.3. 

Corrective Action 

No change to corrective actions described in Section 12.3.3. 
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Cause of Accident 

Since the HSM-MX is located outdoors, there is a remote probability that the air inlet 
or outlet openings could become blocked by debris from such unlikely events as 
floods and tornadoes. There are no credible scenarios that could block both the inlet 
and outlet vents at the same time due to the significant height difference between the 
inlet and out vent locations. Therefore, only blockage of the inlet vents is considered 
in the UFSAR. The HSM-MX design features, such as the perimeter security fence 
and the redundant protected location of the air inlet and outlet openings, reduce the 
probability of occurrence of such an accident. Nevertheless, for this conservative 
generic analysis, such an accident is postulated to occur and is analyzed. 

Accident Analysis 

The thermal evaluation of this event is presented in Chapter A.4, Section A.4@for the 
EOS-37PTH DSC stored inside an HSM-MX. The analysis performed for the 
EOS-37PTH DSC bounds the values for the EOS-89BTH DSC. Therefore, the 
temperatures determined for Load Case ~§)in Section A.4{1)re used in the 
HSM-MX structural evaluation of this event. The HSM-MX structural analysis, 
presented in Appendix A.3.9.4, demonstrates that the HSM-MX component stresses 
remain below allowable values. 

Accident Dose Calculation 

There are no off site dose consequences as a result of this accident. 

Corrective Actions 

No change to corrective actions described in Section 12.3.6. 

A.12.3.7 Lightning 

Cause of Accident 

No change to cause of accident described in Section 12.3.7. 

Accident Analysis 

No change to accident analysis described in Section 12.3.7. 

Corrective Actions 

No change to corrective actions described in Section 12.3.7. 

A.12.3.8 Fire/Explosion 

Cause of Accident 

No change to cause of accident described in Section 12.3.8. 
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