Holtec Center, 555 Lincoln Drive West, Marlton, NJ 08053

Telephone (856) 797-0900
Fax (856) 797-0909

BY OVERNIGHT MAIL

February 4, 2000

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

Subject: USNRC Docket No. 72-1008; TAC No. 1.22019
HI-STAR 100 Storage CoC 1008
License Amendment Request 1008-1, Supplement 1

References: 1. Holtec Project 5014
2. Holtec Letter to NRC dated November 24,1999, LAR 1008-1

Dear Sir;

In accordance with our recent discussions with the NRC, Holtec International is pleased to forward
this Supplement 1 to License Amendment Request (LAR) 1008-1 (Ref. 2). This supplement
proposes a small number of additional changes to the HI-STAR storage Certificate of Compliance
and Topical Safety Analysis Report (TSAR) which have been discussed with NRC project
management. These additional changes arose as a result of final fabrication and field dry-run
activities associated with the Plant Hatch loading campaign.

These additional proposed changes are described and justified in Attachment 1 to this letter, with
revised drawings enclosed. Mark-ups of the proposed CoC and TSAR changes submitted previously
are also included to clearly indicate the nature of the changes and to maintain continuity with the
proposed changes submitted with our November, 1999 LAR . Please note that the revised drawings
enclosed here completely replace the revisions of the those particular drawings submitted previously.

Thank you for your prompt review of this LAR. If you have any questions or require additional
information, please contact us.

Sincerely, Approval:

A ot~ K P St falom
Brian Gutherman, P.E. K.P. Singh, Ph.D, P.E.

Licensing Manager President and CEO
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SUMMARY OF PROPOSED CHANGES (SUPPLEMENT 1)

SECTION I - PROPOSED CHANGES TO CERTIFICATE OF COMPLIANCE
1008

Proposed Change No. S1

Certificate of Compliance, Appendix B, Item 1.4.6

a. Add “at 28 days” after “4,200 psi” for concrete compressive strength.
b. Replace “Reinforcement Yield Strength: < 60,000 psi” with the following:
“Reinforcing bar shall be 60 ksi yield strength ASTM material”

c. Underneath “Soil effective modulus of elasticity: < 28,000 psi”, add the
following:

“(measured prior to ISFSI pad installation)”
Reason for Proposed Changes

These changes provide clarification for ISFSI pad designers to ensure full
compliance with the certificate of compliance and TSAR when designing and
constructing the ISFSI pad.

Justification for Proposed Changes

These changes were requested by our utility clients. They are consistent with the
assumptions made in the drop and tip-over analyses and provide needed
clarification in procuring reinforcing bar and designing and constructing the ISFSI
pad. These changes are consistent with recent identical changes made in the HI-
STORM 100 CoC (Docket 72-1014).
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SECTION II - PROPOSED CHANGES TO THE TSAR

Proposed Change No. S2

TSAR Tables 2.2.9 and 3.A.1

Revise these two tables and notes to clarify ISFSI pad design requirements and
assumed values for the reference pad used in the drop and tipover analyses.

Reason and Justification for Changes

These changes are conforming changes to reflect the changes to the CoC in
Change Number S1 above. They are also consistent with the HI-STORM
application (Docket 72-1014).

Proposed Change No. S3

TSAR Section 3.4.4.3.1.1

Replace the word “diametral” with the word “radial.”
Reason and Justification for Change

To correct an editorial error. The 3/32” gap is the radial gap between the MPC
and the overpack, not the diametral gap.

Proposed Change No. S4

TSAR Table 8.1.3

Increase the torque requirement for the closure plate test port plug to 45 ft-Ibs
(+5/-0).

Reason for Change

To provide sufficient compression for the seals located beneath the port plug
heads.

Justification for Change

The seal manufacturer has recommended increasing the port plug torque to ensure
sufficient compression of the seal. The depth of the seal groove machined under
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the heads of the port plugs ensure the seals seat at the higher torque without over-
compression.

Proposed Change No. S5

TSAR Section 9.1.2.2, Hydrostatic Testing and Table 9.1.2

Re-name the title of this section to “Pressure Testing” and revise the text to allow
pneumatic testing as an option to hydrostatic testing for the overpack only. Delete
the text regarding filling the overpack from the drain port. Revise text to allow
the closure plate bolts to be torqued to less than or equal to the full torque
requirement for the purposes of this test.

Reason for Proposed Change

Shop experience with hydrostatic testing of the HI-STAR overpack has revealed
that drying of certain portions of the overpack is not readily achievable after the
test. For example, the drain port at the bottom of the overpack collects a small
amount of water during hydrostatic testing which is not readily removed in the
fabrication facility. During actual fuel loading operations, the overpack cavity
will be dried by the vacuum method. Additionally, it was recognized that is not
necessary to fill the overpack from the drain port or to fully torque the closure
plate bolts prior to hydrostatic testing. Bolts torqued to a lesser value provide a
conservative test arrangement.

Justification for Proposed Change

The ASME Code, Section III, Subsection NB, Article NB-6112 allows for the
substitution of pneumatic testing for hydrostatic testing when permitted by NB-
6112.1(a). Article NB-6112.1(a)(2) states “when components, appurtenances, or
systems which are not readily dried are to be used in services where traces of the
testing medium cannot be tolerated.” While the overpack is designed to be
submerged in licensees’ spent fuel pools, it is not desirable to ship an overpack
from the fabricator to a licensee’s site with residual water in the overpack.

The changes related to the use of the drain port and the bolt torquing are lessons
learned from fabrication. Specifying the particular port for filling the overpack
for this test is unnecessary detail in the TSAR. Allowing torques less than or
equal to the required torques for storage provides desired fabricator flexibility.
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BILL OF MATERIALS FOR HI-STAR 100 OVERPACK (BM-1476)

REF. DAGS. 1397,1398 & 1399.

(E.1.D. 2851)

SHEET 1 OF 2

REV. NO. PREP. BY & DATE CHECKED BY DATE PROJ. MANAGER & DATE QA. MANAGER & DATE
4 g 4 -/C,/
3-1-2000 &, A. ,..%, <
" bR Viloe
=Y /ﬂv'/éno 521’754545 2/4
[TEM NO. | TY. | WATERIAL DESCRIPTION NOHENCLATURE
I ! SA-350 LF3 12" X 83 1,4 0.D. BASE PLATE BOTTOM PLATE
2 1 SA-203-F 2 172" THK. X 223 7/8" X 174 1/8" PLATE INNER SHELL
3 20 | SA-SI5 GRADE 70 172" THC. X 172 1/8" X 8* APPROX. PLATE ENCLOSURE SHELL PANELS
4 20 | SA-SI5 GRADE 70 172" THK. X 172 1/8" X 17 1/2° LG. APPROX. RADTAL CHANNELS
SA-705 B30 17-4 PH
5 2 aR 11 THK. X 12 3/8* WIDE X 14" LG. POCKET TRUNNION
SA-S64 630 17-4 PH
6 4 SA-193 GRADE B7 /8" - 11 UNC X | 1/4" LG. SOCKET SET SCREW CLOSURE PLATE PLUG
7 2 $B-637-ND7718 7 1/4" 0.0. X § 174 LG. BAR LIFTING TRUNNION
8 ] SA-350 LF3 B8 3/4° 1.0. X 86 1/4" 0.0. X 24° 1G. FORGING 0P FLANGE
g 2 Shg-E 2 1 5 5/8" WIDE X 25° LG. BAR R
| 12" THK. X 5 S/8” WIDE X 25" LG. REMOVEABLE SHEAR RING
SA-350-LF3 7 EMD E
10 ! SA-350 LF3 B" THK. X 77 /8" 0.0, CLOSURE PLATE
q 2 $8-637-N07718 RV T D I LM S i CLOSURE PLATE SHORT BOLT
TOTAL HIGH HO. PER OET. DWG. 1307 SHT.3)
12 I SA-S16 GRADE 70 | 174 THK. X 174 |/8" X 235 5/8" APPRIX. PLATE INTERMEDIATE SHELL #1
13 1 SA-516 GRADE 70 L 1/8° THK. X (74 1/8% X 243 172 APPROX. PLATE INTERMEDTATE SHELL #2
14 ] SA-S16 GRADE 70 L 174" THC. X 174 1/8" X 251 3/8° APPROX. PLATE INTERMEDIATE SHELL #3
1S 1 SA-S16 GRADE 70 I 174" THK. X 174 /8" X 259 3/16” APPROX. PLATE INTERMEDIATE SHELL #4
16 | SA-S16 GRADE 70 1 THK. X 173 7/8" X 266 1/4" APPROX. PLATE INTERMEDTATE SHELL #5
17 2 SA-S15 GRADE 70 1/2° THK. X 85 34" 1.D. X 96" 0.0. PLATE ENCLOSURE SHELL RETURN
8 2 SA-193 GRADE 88 7/8" @ X 4 7/16° (G. BAR (SEE DETAIL ON OWG. 1398 SHT. 3) | PORT PLLG
' 0.75 0.0. X 0.615 1.0. SPRING ENERGIZED SEAL,
18 3 ALLOY X750 PART ASES0D33 CARERTCAL SELs EReRaeth 36 PORT PLUG SEAL
20 4 SA-193 GRADE 87 /4 - 20 UNC X 1/2 LG. SOCKET CAP SCREW TRUNNION LOCKING PAD BOLT
21 2 SA-516 GRADE 70 172" THC. X 6 14" 0.0 PLATE LIFTING TRUNNION END CAP
22 4 SA-193 GRADE 87 172 - B3I X I (6. HEX. BILTS TRUNNION END CAP BOLT
23 2 SA-516 GRADE 70 V8 TH. X 7 V4" X O 14" PLATE LIFTING TRUNNION LACKING PAD
24 RO, HOLTITE - A HOLTITE-A WITH 1 WT. %8, C NEUTRON SHIELD
25 8 SA-183 GRADE B7 VB - 16 LNC X 1/2" 6. SOCKET SET SCREW REMOVEABLE SHEAR RING PLUG
25 | COMMERCIAL 378 X 71" 0.0. SELF ENERGIZED SEAL, CLOSURE PLATE INNER SEAL

INTERNAL PRESSURE OR EQUIVALENT

eNORAWINGSN\SO14\50 [4\[IVERPACK\BM1476-1 .R14
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BILL OF MATERIALS FOR HI-STAR 100 OVERPACK (BM-1476)

(E.T.D. 2852)

REF. DRGS. 1397,1398 & 1399, SHERT 2 OF 2
REV. NO.|  PREP. BY & DATE CRECKED BY DATE PROJ. UANAGER & DATE QA. MANAGER & DATE
2 AA, Y. )
4%Zﬁf//"—~*
| e O i
ECO-1020-2, -3 2/‘{ (R 2 ‘{AQ 2/4 /00
ITEM NO. | QTY. | WATERIAL DESCRIPTION NOMENCLATURR
7| 1| comertn HEeNaL “FRESOLRE Do EOUTVACERT. S CLOSURE PLATE OUTER SEAL
28 2 SATS0-LFI 0R SA-203-E | | 1/2* THK. X 5 142" @ PLATE PORT COVER
29 ] SA-103 GRACE B7 | 3/8 - 16 UNC X 58 LG. SOCKET CAP SCREW PORT COVER BOLT
30 2 | ALLOY X750 SNTERNAL PReTSRE " GHERICAL 'SEAL » 0 EnuIvALENT | PORT COVER SEAL
3 . L DELETED
2 % | sworome | 8y T BRI OPCR | e rre 0w
TOTALHIGH HD. PER DET.DNG. 1397, SHT.3)
3 ) COMMERC TAL fluplTEgE] Szlsgé SEkég/f AT 30 PSIG (45 PSIG)) RUPTLRE DISK
34 8 SA-193 GRADE B7 | 3/8* - 16 UNC X 1 3/8* LG. SOCKET CAP SCREW PEMDVEABLE SHEAR RING BOLT
35 | SA-193 GRADE B8 7/8° ®X 3 13/16° LG. BAR (SEE DETAIL ON OWG. 1398) | DRAIN PORT PLLG
36 Ao | S SIS GR.70 172" THK PLATE POCKET TRUNNION SURROUND
¥ o). | SILICONE FOAM G EotiTval gy B15C0 PRODLCTS) THERMAL EXPANSION FDAM
£ - - DELETED
1 |2 | PARBERAETO ) pe e RLPTURE DISK PLATE
40 I SA 240 304 (4 GAGE (0.0751° THK.) X 4* WIE X 10° LG. SHEET STORAGE MARKING NAHE PLATE
4 | SA 240 304 (4 GAGE (0.0751* THK.) X 6 1/2° WIDE X 10" LG. SHEET TRANSPORTATION MARKING NAME PLATE
2 || ssis0 S PERUIRED BRINCE
43 2 SA 240 304 [1 GAGE (1/B" TH..) X 6 1/8" ¥IDE X 7 11/16° LG. PLATE POCKET TRUNNION PLLG PLATE
44 2 SA 240 304 1 GAGE (/8" THC.) X 1 1/2* ¥IDE X 9 1/2° LG. PLATE POCKET TRUNNION PLUG PLATE
45 2 SA 240 304 11 GAGE (1/8° THK.) X 3 142" ¥10E X 1B 7/8" LG. PLAIE POCKET TRUNNION PLUG PLATE
46 P SA 240 304 11 GAGE ¢ 1/8° TH.) X 3 /4" ¥ITE X 6 1/B* LG. PLATE POCKET TRUNNION PLUG PLATE
47 3 SA 240 304 11 GAGE (1/B" TH.) X 6 1/8" ¥IDE X 7 11/16° LG. PLATE POCKET TRUNNION PLUG PLATE
8 4 SA-193 GRADE 57 V8- 16 U8 X 142° LG. SOCKET CAP SCREN POCKET TRUNNION PLUG SCREW
4 54 S8 11 GAGE (178" TR X 1 4" 10. X 2 5/8° [D. CLOSURE BOLT WASHER
50 40 SA-193-B7 | 374°-SUNC X | /8" LG. SOCKET SET SCREW TOP FLG. LIP HOLE PLUGS
51 20 SA-163-B7 ["-BUNC X t 1r4" LG. SOCKET SET SCREW TOP FLG. SIDE HOLE PLUGS
52 16 SA-193-87 | 374*-8UNC X 2 (/4 LG. SOCKET SET SCREW BOTTOM PLATE HOLE PLUGS
53 8 SA-183-87 2 1/2"-4UN X 2 1/2 LG SOCKET SET SCREW THREADED PLUG
54 4 SA-193-87 1/2-13UNC X 5/8” LG SOCKET SET SCREW THREADED PLUG
NITES :
3y BT T R el RN GroRLD MATERIAL WITH | WT. % BaC 7 H, AND A DENSITY OF 1.B8g/cn3.
§3 TTENS 12 TRuTB. MATERIAL SA-S16-08 70 15 T BE ‘NfwAL I2ED. g
AN\ 4) THICKNESS OF ITEM 16 MAY VARY DEPENDING DN THICKNESSES OF ITEMS 12-15.
S) ITENS 2,12-17 MAY BE MADE FROM MIRE THAN ONE PIECE.

\DRAWINGS\S0 14\5014\OVERPALK\BM( 476-2 .R 16
|
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FIGURE WITHHELD AS SENSITIVE UNCLASSIFIED INFORMATION
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FIGURE WITHHELD AS SENSITIVE UNCLASSIFIED INFORMATION

[i][:][i] ’ l EQUIPMENT DESIGN

HOLTEC ANALYSIS
INTERNATIONAL CONSULTING
DESCRIPTION

DETAIL OF TRUNNION POCKET FORGING
OF HI-STAR 100 OVERPACK

CLIENT N/A

COMPANION DRAWINGS REV.
1397, 1398 2

PROJECT No.5014 DRAWING No. .
P.0. No:. N~A 1(31%]%_5:'; ;8D583)



lwalcourt
Placed Image


FIGURE WITHHELD AS SENSITIVE UNCLASSIFIED INFORMATION

e N 2

| _BY: |™™° | °

REVISION

EREEN

HOLTEC

EQUIPMENT DESIGN

ANALYSIS

INTERNATIONAL CONSULTING
DESCRIPTION
HI-STAR 100 MPC-68 CONSTRUCTION
CLIENT  N/A
COMPANION DRAWINGS REV.
1402 13

PROJECT No.5014
P.0. No. N/ A

DRAVING No.
1401 SHT 1 OF 4
(E.I.D. 2859



lwalcourt
Placed Image


FIGURE WITHHELD AS SENSITIVE UNCLASSIFIED INFORMATION

REVISION
[:][:][:j[:][:] EQUIPMENT DESIGN
HOLTEC ANALYSIS
INTERNATIONAL CONSULTING

DESCRIPTION
HI-STAR 100 MPC-AR (TINSTRICTIIN

CLIENT N/A

COMPANION DRAWINGS REV.
1401 ;3
PROJECT No.5014 DRAWING No.
SHT 2 OF 6
P.0. No. IN/A 14@%.1.0. 2882)



lwalcourt
Placed Image
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2. The allowed temperature extremes, averaged over a three day period, shall
be greater than -40°F, and less than 125°F.

3. The horizontal and vertical seismic acceleration levels are bounded by the
values listed below in Table 1-4.

Table 1-4

Design-Basis Earthquake Input on the Top Surface of an ISFSI Pad

Horizontal g-level in Horizontal g-level Corresponding
each of two orthogonal Vector Sum. Vertical g-level
directions (upward)

0.222 g 0.314 ¢ 1.00x0.222g=0.222 g

0.235¢g 0.332g 0.75x0.2359=0.176 g

0.24 g 0.339¢g 0.667 x0.24g=0.160g

025¢g 0.354 g 0.500x0.25g=0.125¢g

4. The analyzed flood condition of 12 fps water velocity and a height of 656

feet of water (full submergence of the loaded cask) are not exceeded.

5. The potential for fire and explosion shall be addressed, based on site-
specific considerations. This includes the condition that the onsite
transporter fuel tank will contain no more than 50 gallons of combustible
transporter fuel.

6. In addition to the requirement of 10 CFR 72.212(b)(2)(ii), the cask storage
pads and foundation shall include the following characteristics as applicable
to the drop and tipover analyses:

a. Concrete thickness: < 36 inches

b. Concrete compressive strength: < 4,200 psi at 28 days

C. Reinforcement top and bottom (Both Directions):
Reinforcement area and spacing determined by analysis

Reinforcing bar shall be 60 ksi yield strength ASTM material

d. Soil effective modulus of elasticity: < 28,000 psi
(Measured prior to ISFSI pad installation)




2. The allowed temperature extremes, averaged over a three day period, shall
be greater than -40°F, and less than 125°F.

3. The horizontal and vertical seismic acceleration levels are bounded by the
values listed below in Table 1-4.

Table 1-4

Design-Basis Earthquake Input on the Top Surface of an ISFSI Pad

Horizontal g-level in Horizontal g-level Corresponding
each of two orthogonal Vector Sum Vertical g-level
directions (upward)

0.222 g 0.314 g 1.00x0.222g=0.222¢g

0.235¢ 0.332¢g 0.75x0.235¢g=0.176 g

0.24 g 0.339¢ 0.667 x0.24g=0.160¢g

0.25¢g 0.354 ¢ 0.500x0.259=0.125¢g

4. The analyzed flood condition of 12 fps water velocity and a height of 656

feet of water (full submergence of the loaded cask) are not exceeded.

5. The potential for fire and explosion shall be addressed, based on site-
specific considerations. This includes the condition that the onsite
transporter fuel tank will contain no more than 50 gallons of combustible
transporter fuel.

6. In_addition to the requirement of 10 CFR 72.212(b)(2)(ii), the cask storage
pads and foundation shall include the following characteristics as applicable
to the drop and tipover analyses:

a. Concrete thickness: < 36 inches

b. Concrete compressive strength: < 4,200 psi at 28 days

C. Reinforcement top and bottom (Both Directions):
Reinforcement area and spacing determined by analysis
Reinforcing bar shall be 60 ksi yield strength ASTM material

d.  Soil effective modulus of elasticity: < 28,000 psi
(Measured prior to ISFSI pad installation)




Table 2.2.9

CHARACTERISTICS OF REFERENCE ISFSI PAD!

<
e
¥
Concrete thickness 36 inches
| { Concrete Compressive = “W4,200 psi =t 29 Aays
| | Strength .
| | Reinforcement Top and Speeified-Yield-Strengtir=
Bottom (both directions) 60;000-pst <.
- | | Soil Effective Modulus of | 28,000 psi (measunesd
) | | Elasticity' prior o TSFZ pad(
| Stallatian)

Q&m‘grcmﬁ bar shall be
Co ks Yeld Gﬁens%
BpstTM Moleral

The characteristics of this pad are identical to the pad considered by Lawrence
Livermore Laboratory (see Appendix 3.A).

T An acceptable method of defining the soil effective modulus of elasticity applicable to

the drop and tipover analysis is provided in Table 13 of NUREG/CR-6608 with soil
classification in accordance with ASTM-D2487 Standard Classification of Soils for
Engineering Purposes (Unified Soil Classification System USCS) and density
determination in accordance with ASTM-D1586 Standard Test Method for Penetration
Test and Split/Barrel Sampling of Soils.

REPORT HI-941184 2.2-27 :



overpack's support action, mitigating further increase in the stress. Therefore, to compute primary stresses
in the basket and the MPC shell under lateral drop events, the gaps should be assumed to be closed. However,

for conservatism, it is assumed that an initial gap of 0.1875" exists, in the direction of the applled’ -

deceleration, at all support locations between the basket and the shell and the diametrat-gap between the shell
and the overpack at the support locations is 3/32". All stresses produced/by the applied loading on this
configuration are compared with primary stress levels, even though thefself-limiting stresses should be
considered secondary in the strict definition of the Code. f’é o(\ al

+  Description of Individual Loads and Boundary Conditions Applied to the MPCs

The method of applying each individual load to the MPC model is described in this subsection. The
individual loads are listed in Table 2.2.14. A free-body diagram of the MPC corresponding to each individual
load is given in Figures 3.4.12-3.4.15. In the following discussion, reference to vertical and horizontal
orientations are made. Vertical refers to the direction along the cask axis, and horizontal refers to a radial
direction.

Quasi-static structural analysis methods are used. The effects of any dynamic load factors (DLFs) are included

in the final evaluation of safety margins. All analyses are carried out using the design basis decelerations in
Table 3.1.2

The MPC models used for side drop evaluations are shown in Figures 3.4.6 through 3.4.11. In each model,
the fuel basket and the enclosure vessel are constrained to move only in the direction that is parallel to the
acceleration vector. The overpack inner shell, which is defined by three nodes needed to represent the contact
surface, is fixed in all degrees of freedom. The fuel basket, enclosure vessel, and overpack inner shell are all
connected at one location by linear springs (see Figure 3.4.6, for example).

(a) Accelerations

During a side impact event, the stored fuel is directly supported by the cell walls in the fuel basket.
Depending on the orientation of the drop, 0 or 45 degrees (see Figures 3.4.14 and 3.4.15), either one or two
walls support the fuel. The effect of deceleration on the fuel basket and canister metal structure is accounted
for by amplifying the gravity field in the appropriate direction. In the finite element model this load is effected
by applying a uniformly distributed pressure over the full span of the supporting walls. The magnitude of the
pressure is determined by the weight of the fuel assembly (Table 2.1.6), the axial length of the fuel basket
support structure, the width of the cell wall, and the impact acceleration. 1t is assumed that the load is evenly
distributed along an axial length of basket equal to the fuel basket support structuie. For example, the
pressure applied to an impacted cell wall during a 0-degree side drop event is calculated as follows:

p= n w
Lt
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Table 3.A.1: Essential Variables to Characterize the Reference ISFSI Pad

Thickness of concrete 36 inches ||
Nominal compressive strength of concrete | 4,200 psi ot 2% o[qy $ I /
Concrete mass density _— 2.097E-04 Ib-sec’/in*
Concrete shear modulus 1.514E+06 psi
;(\3 Concrete Poisson's ratio - 10.22

Q: %ass density of the engineered fill (soil) 1.498E-04 7
|

odulus of elasticity of the¥oil subaragle | 28,000 psi

" Poisson's ratio of the soil 0.3

Note{, The concrete Young's Modulus is derived from the American Concrete Institute
recommended formula 57,000\/? where f is the nominal compressive strength of the
concrete (psi).

2. Tht e‘ﬂ\ec‘f-(ue Moa(w{u} d‘f e(as)‘-‘“)k/ dTC Mf fmbyraa/f 50:'/

IS f» br measuneof by an n/ﬂm/ﬂ/‘?a%ﬁ "/a/q%e_##" beors
?ou(mm—j ot Yhe comcothe TsesI ,aa;;/

3. TThe ,ﬂao( )(7%«0161653“ of 36", concrefe compssie sTrtngle
ok U2oo psem(nom) of 28 dayr of curing, and Fhe subgrade
ol e?ﬁ»u‘-we moduluy of 2goce {asi atd %e u/«)oer b"“"‘a{
values 4o ensure that Yhe deceforafom limifs ander posﬁbﬁo(

tmpac“f events set et n 7;&/@ 2.2 ar safsfeof.
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Table 8.1.3
HI-STAR 100 SYSTEM TORQUE REQUIREMENTS

Fastener Torque (ft-1bs) Pattern
Overpack Closure Plate Boltst, 1t First Pass — Hand Tight Figure 8.1.31
Second Pass — Wrench Tight
Third Pass — 860+25/-25
Fourth Pass — 1725+50/-50
Final Pass - 2895+90/-90
Overpack Vent and Drain Port Cover Plate | 12+2/-0 X-pattern
Bolts't
Overpack Vent and Drain Port Plugs 224240 45+5/-2 None
Closure Plate Test Port Plug 240 HE +6 /-2 None
Backfill Tool Test Cover Bolts'? 16+2/-0 X-pattern
Shear Ring Segment Bolts 22+2/-0 None
Overpack Bottom Cover Bolts 200+20/-0 None
Pocket Trunnion Plugs Hand Tight None
Upper Fuel Spacers Hand Tight None
Threaded Inserts (all) Hand Tight None
i Detorquing shall be performed by turning the bolts counter-clockwise in 1/3 turn  +/- 30

degrees increments per pass according to Figure 8.1.31 for three passes. The bolts may

then be removed.

Tt Bolts shall be cleaned and inspected for dafnage or excessive wear (replaced if necessary)
and coated with a light layer of Fel-Pro Chemical Products, N-5000, Nuclear Grade

Lubricant (or equivalent).
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POt N of the operation including the four aforementioned areas.

In order to ensure that the lifting trunnions do not have any hidden material flaws, the trunnions shall
be tested at 300% of the maximum design (service) lifting load. The load (750,000 lbs) shall be
applied for a minimum of 10 minutes. The accessible parts of the trunnions (areas outside the HI-
STAR overpack), and the local HI-STAR 100 cask areas will then be visually examined to verify
no deformation, distortion, or cracking has occurred. Any evidence of deformation, distortion or
cracking of the trunnion or adjacent HI-STAR 100 cask areas will require replacement of the
trunnion and/or repair of the HI-STAR 100 cask. Following any replacements and/or repair, the load
testing shall be reperformed and the components re-examined in accordance with the original
procedure and acceptance criteria. Testing will be performed in accordance with written and
approved procedures. Certified material test reports verifying trunnion material mechanical
properties meet ASME Code Section Il requirements will provide further verification of the trunnion
load capabilities. Test results shall be documented. The documentation shall become part of the final
quality documentation package.

The acceptance testing of the trunnions in the manner described above will provide adequate
assurance against handling accidents.

P st
9122 Hydrostatie- Testing

9.1.2.21 HI-STAR 100 Helium Retention Boundary e

e o (Meuma’f‘nt‘a//y pmif

, The helium retention boundary of the [HI-STAR overpack (e. g., the containment boundary during

’ transportation) will be hydrostatically?tested to 150 psig +10,-0 psig, in accordance with the

requirements of the ASME Code Section III, Subsection NB, Article NB-6000. The test pressure of
150 psig is 150% of the Maximum Normal Operating Pressure (established per 10CFR71.85(b)
requirements). This bounds the ASME Code Section III requirement (NB-6221) for hydrostatic
testing to 125% of the design pressure (100 psig). The test shall be performed in accordance with
written and approved procedur‘esj\

the-eavity- The approved test

peessuce pressure o5t
The overpack hydrestatie test may be performed/at any time during fabrication after the containment
boundary is complete. Preferably, the hydseteiashould be performed after all overpack fabrication
is complete, including attachment of the intermediate shells. The HI-STAR overpack shall be
assembled for this test with the closure plate mechanical seal (only one required) or temporary test
seal installed. Closure bolts shall be installed and torqued togthe value specified in Chapter 8.

an Df’?“’f"“\k value less Hhan' er equal o

The calibrated test pressure gage installed on the overpack shall have an upper limit of
approximately twice that of the test pressure. The hydrostatic test pressure shall be maintained for
ten minutes. During this time period, the pressure gage shall not fall below 150 psig. At the end of

------

equipment-arrangement.
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point) shall be examined. If a leak is discovered, the overpack will be emptied and an evaluation to
determine the cause of the leakage will be made. Repairs and retest shall be performed until the
hydrostatic test criteria are met. :
pressure
Note: If failure of the hydrestatie retest occurs after initial repairs are completed, a
nonconformance report shall be issued and root cause and corrective action shall be
addressed before further repairs and retest are performed.
réssure ‘

After completion of the hydrestatie testing, the closure plate will be removed and the internal
surfaces shall be visually examined for cracking or deformation. Any evidence of cracking or
deformation shall be cause for rejection or repair and retest, as applicable. The overpack shall be
required to be hydretested until all examinations are found to be acceptable.

gressure Jesteol
All test results shall be documented and shall become part of the final quality documentation
package.

9.1.2.2.2 MPC Confinement Boundary

Hydrostatic testing of the MPC confinement boundary shall be performed in accordance with the
requirements of the ASME Code Section III, Subsection NB, Article NB-6000, when field
welding of the MPC lid-to-shell weld is completed. The hydrostatic pressure for the test is 125
+5,-0 psig, which is 125% of the design pressure of 100 psig. The MPC vent and drain ports will
be used for pressurizing the MPC cavity. The loading procedures in Chapter 8 define the test
equipment arrangement. The calibrated test pressure gage installed on the MPC confinement
boundary shall have an upper limit of approximately twice that of the test pressure. Following
completion of the 10-minute hold period at the hydrostatic test pressure, and while maintaining
a minimum test pressure of 125 psig, the surface of the MPC lid-to-shell weld will be
visually examined for leakage and then re- examined by dye penetrant examination. Any
evidence of cracking or deformation shall be cause for rejection, or repair and retest, as applicable.
The performance and sequence of the test and the acceptarice criteria are described in Section 8.1
(loading procedures).

If a leak is discovered, the test pressure shall be reduced, the MPC cavity water level lowered, the
MPC cavity vented (to the pool or the licensee's off-gas system), and the weld shall be examined to
determine the cause of the leakage and/or cracking. Repairs to the weld shall be performed in
accordance with approved written procedures prepared in accordance with the ASME Code Section
II1, Subsection NB, NB-4450.

The MPC confinement boundary hydrostatic test shall be repeated until all visual and dye penetrant
examinations are found to be acceptable in accordance with the acceptance criteria. All test results
shall be documented and shall be maintained as part of the loaded MPC quality documentation
package.
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Table 9.1.2 (continued)

HI-STAR OVERPACK
INSPECTION AND TEST ACCEPTANCE CRITERIA

Function

Fabrication

Pre-operation

Maintenance and Operations

Structural

b)

d)

Assembly and welding of HI-
STAR overpack components
will be performed per ASME
Code, Subsection NB and NF, as
applicable.

Verification of structural
materials will be performed
through receipt inspection and
review of certified material test
reports (CMTRs) obtained in
accordance with the item's
quality classification category.

A load test of the lifting
trunnions will be performed
during fabrication per ANSI
N14.6.

pressife
A hydsestatie test of the helium
retention boundary in
accordance with ASME Code
Section I, Subsection NB-6000
will be performed.

A pneumatic pressure test of the
neutron shield enclosure will be
performed during fabrication,

a)

None,

a) The rupture discs on
the neutron shield
vessel will be replaced
every 5 years.
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[9.1.8] U.S. Nuclear Regulatory Commission, "Fracture Toughness Criteria of Base
Material for Ferritic Steel Shipping Cask Containment Vessels with a Wail
Thickness Greater than 4 Inches (0.1m) But Not Exceeding 12 Inches
(0.3m)," Regulatory Guide 7.12, June 1991.

[9.1.9] American National Standards Institute, Institute for Nuclear Materials
Management, "American National Standard for Radioactive Materials
Leakage Tests on Packages for Shipment", ANSI N14.5 z

T

[9.1.10] Holtec International Position Paper DS-213, “Acceptable Flaw Size in

MPC Lid-to-Shell Welds”, Revision 2.
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2. The allowed temperature extremes, averaged over a three day period, shall
be greater than -40°F, and less than 125°F.

3. The horizontal and vertical seismic acceleration levels are bounded by the
values listed below in Table 1-4.

Table 1-4

Design-Basis Earthquake Input on the Top Surface of an ISFSI Pad

Horizontal g-level in Horizontal g-level Corresponding
each of two orthogonal Vector Sum Vertical g-level
directions (upward)

0.222 g 0.314 ¢ 1.00x0.222g=0.222 g

0.235¢ 0.332g 0.75x0.2359=0.176 ¢

0.244g 0.339¢g 0.667 x0.24g=0.160g

0.25¢g 0.354 g 0.500x0.25g=0.125¢

4. The analyzed flood condition of 12 fps water velocity and a height of 656

feet of water (full submergence of the loaded cask) are not exceeded.

5. The potential for fire and explosion shall be addressed, based on site-
specific considerations. This includes the condition that the onsite
transporter fuel tank will contain no more than 50 gallons of combustible
transporter fuel.

6. In addition to the requirement of 10 CFR 72.212(b)(2)(ii), the cask storage
pads and foundation shall include the following characteristics as applicable
to the drop and tipover analyses:

a. Concrete thickness: < 36 inches

b.  Concrete compressive strength: < 4,200 psi at 28 days

C. Reinforcement top and bottom (Both Directions):
Reinforcement area and spacing determined by analysis

Reinforcing bar shall be 60 ksi yield strength ASTM material

d.  Soil effective modulus of elasticity: < 28,000 psi
(Measured prior to ISFSI pad installation)




2. The allowed temperature extremes, averaged over a three day period, shall
be greater than -40°F, and less than 125°F.

3. The horizontal and vertical seismic acceleration levels are bounded by the
values listed below in Table 1-4.

Table 1-4

Design-Basis Earthquake Input on the Top Surface of an ISFSI Pad

Horizontal g-level in Horizontal g-level Corresponding
each of two orthogonal Vector Sum Vertical g-level
directions (upward)

0.222 g 0.314 g 1.00x0.2229g=0.222 ¢

0.235¢ 0.332¢g 0.75x0.2359=0.176¢g

0.24 g 0.339¢g 0.667 x0.24g=0.1609

0.25¢g 0.354 ¢ 0.500x0.259g=0.125¢g

4. The analyzed flood condition of 12 fps water velocity and a height of 656

feet of water (full submergence of the loaded cask) are not exceeded.

5. The potential for fire and explosion shall be addressed, based on site-
specific considerations. This includes the condition that the onsite
transporter fuel tank will contain no more than 50 gallons of combustible
transporter fuel.

6. In addition to the requirement of 10 CFR 72.212(b)(2)(ii), the cask storage
pads and foundation shall include the following characteristics as applicable
to the drop and tipover analyses:

a. Concrete thickness: < 36 inches

b.  Concrete compressive strength: < 4,200 psi at 28 days

C. Reinforcement top and bottom (Both Directions):
Reinforcement area and spacing determined by analysis
Reinforcing bar shall be 60 ksi yield strength ASTM material

d. Soil effective modulus of elasticity: < 28,000 psi
(Measured prior to ISFSI pad installation)




Table 2.2.9
CHARACTERISTICS OF REFERENCE ISFSI PAD'
=
¥
Concrete thickness 36 inches
| | Concrete Compressive o V4200 psi <t 2% a(ays
| | Strength .
| | Reinforcement Top and Speeified-Yield-Strengthr=
Bottom (both directions) 66;006-psi <.
- | | Soil Effective Modulus of | 28,000 psi ( neasunesl
\j% | | Elasticity' preor fo TSFSZ pad

tStallatisn)

ﬁem‘grcmj baf‘ Sha// bC
Co ks\ Yield Strenghh
BpeTM Moaleral

The characteristics of this pad are identical to the pad considered by Lawrence
Livermore Laboratory (see Appendix 3.A).

Tt An acceptable method of defining the soil effective modulus of elasticity applicable to
the drop and tipover analysis is provided in Table 13 of NUREG/CR-6608 with soil
classification in accordance with ASTM-D2487 Standard Classification of Soils for
Engineering Purposes (Unified Soil Classification System USCS) and density
determination in accordance with ASTM-D1586 Standard Test Method for Penetration
Test and Split/Barrel Sampling of Soils.
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overpack’s support action, mitigating further increase in the stress. Therefore, to compute primary stresses
in the basket and the MPC shell under lateral drop events, the gaps should be assumed to be closed. However,

for conservatism, it is assumed that an initial gap of 0.1875" exists, in the direction of the applled Il

deceleration, at all support locations between the basket and the shell and the diamesret-gap between the shell ™
and the overpack at the support locations is 3/32". All stresses produced/by the applied loading on this
configuration are compared with primary stress levels, even though thefself-limiting stresses should be
considered secondary in the strict definition of the Code. Ca a(\ al

+  Description of Individual Loads and Boundary Conditions Applied to the MPCs

The method of applying each individual load to the MPC model is described in this subsection. The
individual loads are listed in Table 2.2.14. A free-body diagram of the MPC corresponding to each individual
load is given in Figures 3.4.12-3.4.15. In the following discussion, reference to vertical and horizontal
orientations are made. Vertical refers to the direction along the cask axis, and horizontal refers to a radial
direction.

Quasi-static structural analysis methods are used. The effects of any dynamic load factors (DLFs) are included

in the final evaluation of safety margins. All analyses are carried out using the design basis decelerations in
Table 3.1.2

The MPC models used for side drop evaluations are shown in Figures 3.4.6 through 3.4.11. In each model,
the fuel basket and the enclosure vessel are constrained to move only in the direction that is parallel to the
acceleration vector. The overpack inner shell, which is defined by three nodes needed to represent the contact
surface, is fixed in all degrees of freedom. The fuel basket, enclosure vessel, and overpack inner shell are all
connected at one location by linear springs (see Figure 3.4.6, for example).

(a) Accelerations

During a side impact event, the stored fuel is directly supported by the cell walls in the fuel basket.
Depending on the orientation of the drop, 0 or 45 degrees (see Figures 3.4.14 and 3.4.15), either one or two
walls support the fuel. The effect of deceleration on the fuel basket and canister metal structure is accounted
for by amplifying the gravity field in the appropriate direction. In the finite element model this load is effected
by applying a uniformly distributed pressure over the full span of the supporting walls. The magnitude of the
pressure is determined by the weight of the fuel assembly (Table 2.1.6), the axial length of the fuel basket
support structure, the width of the cell wall, and the impact acceleration. It is assumed that the load is evenly
distributed along an axial length of basket equal to the fuel basket support structute. For example, the
pressure applied to an impacted cell wall during a 0-degree side drop event is calculated as follows: .

p= Un W
Lt
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Table 3.A.1: Essential Variables to Characterize the Reference ISFSI Pad

Thickness of concrete 36 inches
Nominal compressive strength of concrete | 4,200 psi ot 2% clay s /
Concrete mass density o 2.097E-04 Ib-sec’/in*
Concrete shear modulus 1.514E+06 psi
1\,\3 Concrete Poisson's ratio 1022

E’! \IPi\I\;[ass density of the engineered fill (soil) 1.498E-04 3
|

i
odulus of elasticity of the¥oil $v'h91‘d3 28,000 psi

" Poisson's ratio of the soil 0.3

Note{, The concrete Young's Modulus is derived from the American Concrete Institute
recommended formula 57,000/f where f is the nominal compressive strength of the
concrete (pst).

2. Thh e:FFec‘hve Moalu.(u} 0’”: B(O.s‘l‘tcal-\/ d'(C )’7{3 5ubyraod° 50:'/

Is o br mewsused by an appropriate “platetest” pek
?éu(‘uﬂj of Y comcethe Ié?e’;i/,oac/ P erore

3. The 'o«o( )(ﬁ,chcsy o“F 36"/ concprefe cam/oﬁeSfMe S"ﬁ’cnsy‘k
of 42oo psim(nom) of 28 day of curig, and Yhe subgrade
Soil effective moodulus of 2fvo0 psi ote Y wpoer bound
values 4o ensure that Yhe deceferation limits Ander poshiblecd

mpact eveats set frth i Tapfe 212 are saf e . -
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o Table 8.1.3
L/ HI-STAR 100 SYSTEM TORQUE REQUIREMENTS

Fastener Torque (ft-Ibs) Pattern
Overpack Closure Plate Boltst, First Pass — Hand Tight Figure 8.1.3 1
Second Pass — Wrench Tight
Third Pass — 860+25/-25
Fourth Pass — 1725+50/-50
Final Pass - 2895+90/-90
Overpack Vent and Drain Port Cover Plate | 12+2/-0 X-pattern
Bolts'"
Overpack Vent and Drain Port Plugs 224240 45+5/-2 None
Closure Plate Test Port Plug 3420 4E +5 /-2 None
Backfill Tool Test Cover Bolts' 16+2/-0 X-pattern
Shear Ring Segment Bolts 22+2/-0 None
Overpack Bottom Cover Bolts 200+20/-0 None
. Pocket Trunnion Plugs Hand Tight None .
i
Upper Fuel Spacers Hand Tight None -
Threaded Inserts (all) Hand Tight None
f Detorquing shall be performed by turning the bolts counter-clockwise in 1/3 turn  +/- 30

degrees increments per pass according to Figure 8.1.31 for three passes. The bolts may
then be removed.

B Bolts shall be cleaned and inspected for damage or excessive wear (replaced if necessary)
and coated with a light layer of Fel-Pro Chemical Products, N-5000, Nuclear Grade
Lubricant (or equivalent). .

o
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of the operation including the four aforementioned areas.

In order to ensure that the lifting trunnions do not have any hidden material flaws, the trunnions shall
be tested at 300% of the maximum design (service) lifting load. The load (750,000 Ibs) shall be
applied for a minimum of 10 minutes. The accessible parts of the trunnions (areas outside the HI-
STAR overpack), and the local HI-STAR 100 cask areas will then be visnally examined to verify
no deformation, distortion, or cracking has occurred. Any evidence of deformation, distortion or
cracking of the trunnion or adjacent HI-STAR 100 cask areas will require replacement of the
trunnion and/or repair of the HI-STAR 100 cask. Following any replacements and/or repair, the load
testing shall be reperformed and the components re-examined in accordance with the original
procedure and acceptance criteria. Testing will be performed in accordance with written and
approved procedures. Certified material test reports verifying trunnion material mechanical
properties meet ASME Code Section Il requirements will provide further verification of the trunnion
load capabilities. Test results shall be documented. The documentation shall become part of the final
quality documentation package.

The acceptance testing of the trunnions in the manner described above will provide adequate
assurance against handling accidents.

Foess.we
9.1.2.2 Hydrestatie- Testing

9.1.2.2.1 HI-STAR 100 Helium Retention Boundary sure-
or weuma*““//?’ pres

The helium retention boundary of the [HI-STAR overpack (e.g., the containment boundary during
transportation) will be hydrostaticallyltested to 150 psig +10,-0 psig, in accordance with the
requirements of the ASME Code Section III, Subsection NB, Article NB-6000. The test pressure of
150 psig is 150% of the Maximum Normal Operating Pressure (established per 10CFR71.85(b)
requirements). This bounds the ASME Code Section III requirement (NB-6221) for hydrostatic
testing to 125% of the design pressure (100 psig). The test shall be performed in accordance with
written and approved procedury

av o g cad

the-eavity: The approved test procedure shall clearly define the test equipment arrangement.
peassuce pessure o5t
The overpack hydzestatie test may be performedfat any time during fabrication after the containment
boundary is complete. Preferably, the bdsebeiashould be performed after all overpack fabrication
is complete, including attachment of the intermediate shells. The HI-STAR overpack shall be
assembled for this test with the closure plate mechanical seal (only one required) or temporary test
seal installed. Closure bolts shall be installed and torqued tc’the value specified in Chapter 8.
on ogpopriate value less han' sr equal o

The calibrated test pressure gage installed on the overpack shall have an upper limit of
approximately twice that of the test pressure. The hydrostatic test pressure shall be maintained for
ten minutes. During this time period, the pressure gage shall not fall below 150 psig. At the end of
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point) shall be examined. If a leak is discovered, the overpack will be emptied and an evaluation to
determine the cause of the leakage will be made. Repairs and retest shall be performed until the
hydrostatic test criteria are met. :

ppesswe.

Note: If failure of the hydrestatie retest occurs after initial repairs are completed, a
nonconformance report shall be issued and root cause and corrective action shall be
addressed before further repairs and retest are performed.

gressure
After completion of the hydrestatie testing, the closure plate will be removed and the internal
surfaces shall be visually examined for cracking or deformation. Any evidence of cracking or
deformation shall be cause for rejection or repair and retest, as applicable. The overpack shall be
required to be hydretested until all examinations are found to be acceptable.
pressute Jesteol

All test results shall be documented and shall become part of the final quality documentation
package.

91222 MPC Confinement Boundary

Hydrostatic testing of the MPC confinement boundary shall be performed in accordance with the
requirements of the ASME Code Section III, Subsection NB, Article NB-6000, when field
welding of the MPC lid-to-shell weld is completed. The hydrostatic pressure for the test is 125
+5,-0 psig, which is 125% of the design pressure of 100 psig. The MPC vent and drain ports will
be used for pressurizing the MPC cavity. The loading procedures in Chapter 8 define the test
equipment arrangement. The calibrated test pressure gage installed on the MPC confinement
boundary shall have an upper limit of approximately twice that of the test pressure. Following
completion of the 10-minute hold period at the hydrostatic test pressure, and while maintaining
a minimum test pressure of 125 psig, the surface of the MPC lid-to-shell weld will be
visually examined for leakage and then re- examined by dye penetrant examination. Any
evidence of cracking or deformation shall be cause for rejection, or repair and retest, as applicable.
The performance and sequence of the test and the acceptarice criteria are described in Section 8.1
(loading procedures).

If a leak is discovered, the test pressure shall be reduced, the MPC cavity water level lowered, the
MPC cavity vented (to the pool or the licensee's off-gas system), and the weld shall be examined to
determine the cause of the leakage and/or cracking. Repairs to the weld shall be performed in
accordance with approved written procedures prepared in accordance with the ASME Code Section
III, Subsection NB, NB-4450.

The MPC confinement boundary hydrostatic test shall be repeated until all visual and dye penetrant
examinations are found to be acceptable in accordance with the acceptance criteria. All test results
shall be documented and shall be maintained as part of the loaded MPC quality documentation
package.
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Table 9.1.2 (continued)

HI-STAR OVERPACK
INSPECTION AND TEST ACCEPTANCE CRITERIA

Function

Fabrication Pre-operation

Maintenance and Operations

Structural

b)

d

Assembly and welding of HI- a) None.
STAR overpack components
will be performed per ASME
Code, Subsection NB and NF, as
applicable.

Verification of structural
materials will be performed
through receipt inspection and
review of certified material test
reports (CMTRs) obtained in
accordance with the item's
quality classification category.

A load test of the lifting
trunnions will be performed
during fabrication per ANSI
N14.6.

pressiane
A hydrestatie test of the helium
retention boundary in
accordance with ASME Code
Section ITI, Subsection NB-6000
will be performed.

A pneumatic pressure test of the
neutron shield enclosure will be
performed during fabrication.

a) The rupture discs on
the neutron shield
vessel will be replaced
every 5 years.
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[9.1.8] U.S. Nuclear Regulatory Commission, "Fracture Toughness Criteria of Base
Material for Ferritic Steel Shipping Cask Containment Vessels with a Wall
Thickness Greater than 4 Inches (0.1m) But Not Exceeding 12 Inches
(0.3m)," Regulatory Guide 7.12, June 1991.

[9.1.9] American National Standards Institute, Institute for Nuclear Materials
Management, "American National Standard for Radioactive Materials
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1997

[9.1.10] Holtec International Position Paper DS-213, “Acceptable Flaw Size in
MPC Lid-to-Shell Welds”, Revision 2.
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