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- UNITED STATES - 2 '?D,O?.
NUCLEAR REGULATORY COMMISSION 12~ 1014

WASHINGTON, D.C. 20555-0001

February 27, 1997

MEMORANDUM TO: Charles J. Haughney, Acting Director
Spent Fuel Project Office
Office of Nuclear Material Safety

and Safeguards -)@
FROM: Mark S. Delligatti, Senior Proje%‘(@wy/

Spent Fuel Licensing Section

Spent Fuel Project Office

office of Nuclear Material Safety
and Safeguards

SUBJECT: SUMMARY OF THE FEBRUARY 10, 1997, MEETING BETWEEN THE
NUCLEAR REGULATORY COMMISSION STAFF AND HOLTEC INTERNATIONAL
CORPORATION ' ;

staff from the U.S. Nuclear Regulatory Commission met with representatives of
Holtec Internationa: Corporation (Holtec) on February 10, 1997, at NRC
Headquarters in Rockville, Maryland. The purpose of the meeting was to
discuss ma_or chasges in Holtec’s recently submitted Revision 4 to its Safety
Analysis Report and Topical Safety Analysis Report For the HI-STAR 100 cask
system. Also attending the meeting were representatives of Commonwealth
Edison, Northern States Power/Private Storage, American Electric Power, the
Tpex Group, and Lawrence Livermore National Laboratories. An attendance list
is included as Attachment 1. This meeting was noticed on January 24, 1997.
Proprietary information associated with Holtec’s thermal approach was
discussed in an initial closed session of the meeting. Attachments 2-5 are
copies of the slides used by Holtec in its non-proprietary presentation.

Holtec discussed several of the staff’s concerns regarding structural aspects

of the transportation cask. The impact analysis for the free-drop conditions
was described. Impact limiter crush strength and deformation relationships

will be verified by 1/8 scale model testing. Holtec also stated that the
analysis results for the 30 foot drops are less than the 60g used in design.

The analysis results will be confirmed by four actual 30-foot drop impact {175
tests using 1/4 scale models. Holtec has modified its transport tie-down }L
system to meet the requirements of 10 CFR Part 71. The overpack bolt analysis
is now based on NUREG/CR6007. The overpack stress analysis will be based on a
3-D finite element model to simulate weight and load distribution. Both the
multi-purpose canister and the overpack siress analysis have shown that
stresses are within the allowable stress limits of the appropriate ASME Code.
The staff noted that cask slapdown may result in higher decelerations at the
cask top and bottom than what is calculated for the center of gravity of a
transportation cask. This a~cident scenario may have to be reexamined by
Holtec to upgrade the design basis decelerations for certain critical
components of the packaging.

Regarding shielding, Holtec described changes from its previous submittal on
the design basis source terms, selection of the bounding fuel elements, the
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C. Haughney -2 -

overall shielding configuration, analytical methods, and normal and accident
condition dose rate calculations. Holtec also described its evaluation of
radiation streaming and the design modifications that address this concern.
Holtec’s representatives discussed basket closure welds. The NRC staff, in
its initial criticality review, had previously requested that the basket
closure welds and the surrounding area be nondestructively examined using a
volumetric technique like ultrasonic testing (UT). Based on Holtec’s current
proposed configuration, only the inner most weld would need to be examined
since it is significantly larger than the closure ring weld. The NRC staff
also expressed concerns about the design of the weld joint for the closure
weld for confinement/containment. The concerns include structural integrity,
weldability, and inspectability of this important joint. There was also a
concern expressed about the "double containment” function of two closely
spaced welds.

Previously, Holtec had been reluctant to commit to performing the UT based on
ALARA concerns. Now Holtec expressed concerns about the feasibility of UT.
The staff, however, believes that UT is justified for the following reasons:
weld integrity is critical to lifting the basket; the weld maintains the
pressure integrity of the basket which is crucial to the Holtec design (i.e.
leak tightness); there are concerns regarding the weldability of this joint
like distortion and burn-through; and the proposed surface examination alone
does not meet the ASME Section III, Subsection NB requirements for volumetric
examination of pressure boundary components. The staff believes that if
Holtec wishes to avoid performing the UT, a conclusive demonstration that the
UT cannot be performed for this configuration is necessary.

Holtec also briefly discussed the group of stainless steel alloys, called
Alloy X, proposed for use in construction.

Please let me know if you wish to discuss the contents of the meeting summary.

1. Attendance List

2. Cask System Slides

3. Criticality Safety Analysis Slides
4. System Characteristics Slides

5. Confinement and Containment Slides

Attachments:
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72-1014
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HI-STAR 100 CASK SYSTEM

USNRC MEETING
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AGENDA

USNRC/HOLTEC INTERNATIONAL MEETING

FEBRUARY 10, 1997

OPENING REMARKS

HI-STAR APPLICATION/DESIGN
REVISION PROCESS

MAJOR DESIGN IMPROVEMENTS
INCORPORATED INTO HI-STAR
DESIGN (REV. 4)

PROPHRIETARY DISCUSSIONS ON
HI-STAR DESIGN BASELINE

- HI-STAR 100 SYSTEM
CHARACTERISTICS

-S f?RAGE

- STRUCTURAL EVALUATIONS -
- fHERMAL EVALUATIONS
BREAK |

NON-PROPRIETARY SUMMARY OF
STRUCTURAL AND THERMAL
DISCUSSIONS

NRC/HOLTEC

G. TUERSLAND

G. TUERSLAND

K. SINGH

K. SINGH
A. SOLER
. RAMPALL

G. TUERSLAND

HI-STAR BASELINE DISCUSSIONS (CONTD.)

- TRANSPORT STRUCTURAL
EVALUATIONS

A. SOLER




AGENDA (CONTINUED)

LUNCH (12:00 - 1:00)

HI-STAR DESIGN BASELINE
DISCUISSIONS (CONTD.)

- SHIELDING

- CRITICALITY

- CONTAINMENT/CONFINEMENT
. OPERATIONS AND TESTING

-

PhOTOTYPE FABRICATION ISSUES

DISCUSSION OF SCHEDULE OF NRC
STAFF'S REVIEW.

CLOSING REMARKS

E. REDMOND
S. TURNER
S. AGACE

S. AGACE

K. SINGH

NRC

NRC/HOLTEC/
ComEd




HI-STAR APPLICATION/
DESIGN REVISION PROCESS

INITIAL APPLICATIONS

- HI-STAR STORAGE APPLICATION (TSAR) SUBMITTED
IN AUGUST 1994

- HI-STAR TRANSPORT APPLICATION (SAR)
SUBMITTED IN FEBRUARY 1995

- TSAR AND SAR REVISED THREE TIMES TO
INCORPORATE DOE [APC SPECIFICATION CHANGES
AND DRESDEN 1 FUEL CONDITIONS

NRC 1ST ROUND RAIs i(SSUED ON MARCH 27, 1996
AND JULY 10, 1996




HI-STAR APPLICATION/
DESIGN REVISION PROCESS (CONTINUED)

NRC/HOLTEC MEETING HELD ON APRIL 23, 1996 TO
DISCUSS AND REVIEW NRC RAIs AND HOLTEC'S
ACTION PLAN

HOLTEC PROPOSED, DEVELOPED AND IMPLEMENTED
IMPROVED PROJECT DESIGN CONTROL PROCEDURES
FOR MULTI-DISCIPLINARY REVIEWS3 ON HI-STAR
PROGRAM

NRC PERFORMED INSPECTION OF HOLTEC CASK
DESIGN AND CONTROL PROCESSES ON JUNE 25-27,
1996. RESULTS REPORTED IN NRC INSPECTION
REPORT NO. 72-1008/96-205. SEVERAL
OBSERVATIONS NOTED.




HI-STAR APPLICATION]

DESIGN REVISION PROCESS (CONTINUED)

HOLTEC IMPLEMENTED CORRECTIVE ACTIONS TO
RESOLVE THE NRC OBSERVATIONS AND FURTHER
IMPROVED DESIGN CONTROL PROCESS

EFFECTIVE IMPLEMENTATION OF HOLTEC QA
PROGRAM VERIFIED BY RECENT INTERNAL AND
EXTERNAL AUDITS (ComEd, NUPIC, UST&D)

HOLTEC'S QA PROGRAM HAS OVER 10 YEARS OF
PROVEN EFFECTIVENESS IN THE 3UPPLY OF NRC
APPROVED WET SPENT FUEL STORAGE SYSTEMS.
SAME MAJOR SUBCONTRACTORS (UST&D AND AAR)
WILL BE UTILIZED IN THE HI-STAR ~ABRICATION.

REVISED HI-STAR SAR, TSAR AND ANALYSIS
REPORTS INDEPENDENTLY REVIEWED BY ComEd,
SCIENTECH, iNC. AND DUKE ENGINEERING &
SERVICES TO VERIFY COMPLIANCE WITH 10CFR71
AND 10CFR72 AND OTHER DESIGN BASES
DOCUMENTS T

REVISED APPLICATIONS SUBMITTED TO USNRC IN
SEPTEMBER AND OCTOBER, 1996 :




MAJOR DESIGN IMPROVEMENTS
INCORPORATED INTO HI-STAR DESIGN

IN SAR/TSAR REVISION 4

INCREASED OVERPACK LENGTH AND CAVITY LENGTH
TO ACCOMMODATE INCREASE IN OVERALL LENGTH
OF MPC (DUE TO MPC LID REDESIGN) - TO IMPROVE
SHIELD DESIGN IN UPPER FORGING TRANSITION
REGION

1 4

VIPC LID REDESIGNED WITH AN INCREASE IN LID
THICKNESS TO 9.5 INCHES ON MPC-24 & 32 AND 10
INCHES ON MPC-68 - TO IMPROVE ALARA FOR
CANISTER LOADING AND UNLOADING OPERATIONS,
AND IMPROVE SHIELD DESIGN IN UPPER TRANSITION

MODIFIED MPC CLOSURE DESIGN TO A SINGLE MPC
LID WITH A CLOSURE RING. CLOSURE RING
PROVIDES REDUNDANT SEALING OF CLOSURE
WELDS - ALLOWS MAXIMUM MPC LID THICKNESS TO
IMPROVE ALARA FOR OPERATIONS AND TO SIMPLIFY
WELDING OPERATIONS.

UPPER AND LOWER FORGING RADIAL THICKNESSES
INCREASED - TO IMPROVE SHIELDING DESIGN IN
TRANSITION REGIONS




MAJOR DESIGN IMPROVEMENTS
INCORPORATED INTO HI-STAR DESIGN

IN SAR/TSAR REVISION 4

COMMERCIAL AND PREVIOUSLY APPROVED
PRODUCT SPECIFIED FOR NEUTRON SHIELDING.
NEUTRON SHIELD DESIGN INCORPATES LAYER OF
EXPANSION FOAM TO ACCOMMODATE DIFFERENTIAL
THERMAL EXPANSION WITH RADIAL CHANNELS.

BASKET AMD BORAL LENGTHS INCREASED IO
ENSURE FULL NEUTRON ABSORBER COVERAGE OF
ACTIVE FUEL REGIONS FOR ALL ACCEPTABLE FUEL
TYPES UNDER ALL NORMAL AND ACCIDENT
CONDITIONS

REMOVABLE REAR TRUNNIONS REPLACED WITH
WELDED REAR POCKET TRUNNIONS - IMPROVES
ALARA FOR OPERATIONS, SECURES INTERMEDIATE
SHELLS DURING AXIAL ACCIDENT CONDITIONS, AND
IMPROVES CASK HANDLING CAPABILITIES

<

STAINLESS STEEL CLADDING ADDED TO
MECHANICAL SEALING SURFACES OF OVERPACK
AND CLOSURE PLATE - TO ASSURE LONG TiRM
SEAL PERFORMANCE FOR STORAGE




HI-STAR 100 CONTENT CONDITIONS

CANISTER DESIGN MPC-24 MPC-68 MPC-32 "
DESIGN PARAMETER STORAGE TRANSPORT STORAGE TRANSPORT | STORAGE | TRANSPORT
CAPACITY 24 PWR 24 PWR 68 BWR 68 BWR 32 PWR 32 PWR
Maximum Average Burnup(s) | 40,000 (@ 5) | 40,000'(@ 10) | 40,000 (@ 5) | 40,000 (@ 10) | 40,000 40,000
(MWD/MTU) 42,500 (@ 6) | 42,500 (@ 13) | 42,500 (@ 6) | 42,500 (@ 13)
45,000 (@ 7) | 45,000 (@ 15) | 45,000 (@ 7) | 45,000 (@ 15)
47,500 (@ 8) | 47,500 (@ 18) 47,500 (@ 18)
Minimum Cooling Time (Years) |5 10 5 10
Decay Heat Load
- per assembly (Watts) 1093 699 37 244
- per canister (kw) 26.2 16.8 25.2 16.6
Fuel Enrichment (wjo U235) 4.1-4.6 4.1-46 4.2 42
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" SUMMARY OF

- PROPRIETARY SESSION
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Dr. Alan Soler
Holtec International
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TOPICS TO BE S JMMARIZED
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FREE DROP OF 1:#:STAR 100
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~ *FREE DRO? Of #1-STAR 100
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~ FREE DROP MODELING
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~ FREE DROP OF HI-STAR 100
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~ SIMULATIONS
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-~ OVERPACK BOLTING
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OVERPACK BOLTING

2/1/97



217197 NON-PROPRIETARY 17




(

- CONSERVATISM IN MPC
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OVERPACK STRESS
 ANALYSIS
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~ REPRESENTAT.VE SAFETY
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HI-STAR 100 CASK SYSTEM
SHIELDING ANALYSIS

Everett Redmond II
Holtec International



Radiation Source Terms

Calculated with
SAS2H and ORIGEN-S
modules
from

SCALE 4.3
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Design Basis Fuel

- After reviewing various fuel elements the
following were chosen as

bounding design basis fuel elements

PWR fuel : B&W 15x15

BWR fuel: GE 8x8R



Cobalt Activation of End Fittings

* Activity calculated wita ORIGEN-S
* Co-59 impurity level of 1 gm/kg assumed

* Steel mass of end fittings from design basis
fuel elements used to calculate activity

* Scaling factors from 1989 PNL report by
Luksic used to adjust activity for the desired
location



ACCEPTABLE BURNUP AND COOLING TIME FOR DECAY HEAT AND RADIATION SOURCE TERMS
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ACCEPTABLE BURNUP AND COOLING TIME FOR DECAY HEAT AND RADIATION SOURCE
BURNUP VS. COOLING TIME
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Methodcibgy

« Shielding calculat.ons ware performed with

the continuous enerzy, coupled neutron-
gamma, three-dimensiona, Monte Carlo

code MCNP-4A

« MCNP-4A is fully benchmarked in
accordance with the Holtec QA Program




MCNP Model

« MPC baskets modeled explicitly

» The active fuel region was modeled as a
homogenous region

» The end fittings were modeled as low
density steel - shielding credit taken only
for the activated steel

« BWR water channels were conservatively
not modeled
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Shielding Analysis

» The MPC-24, -32 and -68 were analyzed
separately for each burnup and decay time
combination

e Full three-dimensional Monte Carlo
analysis was performed for each MPC
configuration



MCNP Calculations

Three separate MCNP calculations were
performed for each burnup and decay time
combination discussed

— Coupled neutron-gamma calculation using
neutron source

— Gamma only calculation using the fuel decay
gamma source

— Gamma only calculation using the Cobalt-60
activities in the end fittings |
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Dose Calculation
Transportation - Normal Condition

* Dose rates were calculated at the following

locations |
— Contact of package (overpack and impact

limiters)
— 2 meters from transport vehicle -
e Credit was not taken for the personnel
barrier
* No shielding credit taken for the aluminum
in the impact limiters |



(,
Dose Calculation
Transportation - Accident -
Condition

e Dose rates were calculated at a distance of
1 meter from the package

e The impact limiters are not present

» The neutron shield is assumed to be
completely lost



Dose Calculation
Storage - Normal Condition

» Dose rates were calculated at the following
locations
— Surface of overpack
— 1 meter from surface of overpack

e Annual doses were calculated at distances
greater than 100 meters
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Dose Calculation
Storage - Accident Condition

* Dose rates were calculated at the following
locations | |

— Surface of overpack

— 1 meter from edge of overpack

* The neutron shield is assumed to be
completely lost
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Radiation Streaming
Considerations

* The HI-STAR 100 has been re-engineered

to eliminate streaming paths in the MPC lid
and the overpack

* Explicit analysis was performed to
determine the streaming through the radial
fins and the pocket trunnions
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Site Boundary Dose Calculation

e Annual dose calqulated with MCNP

» Single cask and various 2 by x arrays
analyzed at distances greater than 100
meters

» Contribution to annual dose from the front
and back rows were explicitly calculated

* Dose contribution from back row is
approximately 25% of the total dose
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Summary

. The radiation source terms have been
calculated with SCALE 4.3

e The HI-STAR 100 design has been
modified to provide additional shielding

o Additional analysis has been performed to
address the questions in the RAIs




CRITICALITY SAFETY ANALYSIS

HI-STAR SYSTEM

For Transport (Part 71) and for Storage (Part 72)

HOLTEC INTERNATIONAL
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® Revised Method of Analysis to include

MCNP  (Continuous Energy ENDF/B5)

Independerit Verification with
NITAWL2-KENO5a (238 Group ENDF/B5-B6)

Analytical Models Conform to the Actual Cask

Designs in All Important Aspects.

Added "Evaluation of the Energy of the Average
Lethargy of Fission" to MCNP for Consistency
with KENO5a (As Requested by the USNRC)

Combining Results of Different Codes (e.g.,
CASM0O3 and MCNP or CASM03 and KENO5a)
Based on Procedures Requested by the USNRC




Expanded Number of Critical Experiments

Analyzed in Determining Bias, Including MOX

Extensive Search for Trends — None found
with MCNP or with 238—group KENO3a for

Enrichment,
Reflector Mcn‘erlal or Eosn‘lon

Absorber Mc’rerlc! or oading,
Neutron Spectral Index,

Geometric Parameters, or
Pu Content of MOX Crmccls

Sample Computer Input Files provided for each
Basket Design.
Others will be provided if Requested

Analyses Provided Documenting and Confirming
that Using Average Enrichments is a Conservative

Way to Characterize BWR Fuel Assemblies




CASMO Used to Identify DIRECTION Caused
by Manufacturing Tolerances. Positive—

Reactivity Maximum Tolerances used for

Reference MCNP or KENO5a Calculation

Boron—10 Content of the Boral Absorber
Very Conservatively assumed to be 90% of
the Minimum as—Manufactured B=10 Content.

Readily Confirmed in Cask Assembly

Expanded Consideration of Damaged Fuel

Criticality, including Postulated Accident

Configurations and Altered Moderation




Table 6.3.1
CASMO3 CALCULATIONS FOR EFFECT OF TOLERANCES AND TEMPERATURE

Ak for Maximum Tolerance

Change in Norc:inal

Parameter MPC-24 MPC-32 MPC-68 Comment

Reduced Boral +0.0003 +0.0005 - Assume

Width minimur= Boral
width

Increase in UO. Assume $6%

Density theor=cca!
density

Rzduced Bex LD, negative Assurme
maximiT box
1.D.

Increased Ecx .2 Assme
minimene attics
spacing

Decrsase in Waar +0.0C38 - - e

Gap minimuT water
gip

Increase in Assums2 22°

Temperaturs

40°C -0.0031 -0.0043 -0.0031
70°C -0.0093 -0.0117 -0.0136
100°C -0.0170 -0.020! -0.0193
10% Void in
Modersior
20 C -0.0271 -0.018!1 -0.0241 Assume ns void.
100°C -0.0263 -0.0189 -0.0239

0.02 Increase in = +0.0010 +0.0010 +0.0012 A 0.iC2ak

Enrichment” ' tias

Removal of Fiow - - -0.0073 Asscma fow

Channe! BWR) channe! present

' Tolerznce on enrichment is added w the bias correcton in ordar that fus! specifications

.....




Clearer Presentation and ldentification of of the
Most Reactive design Basis Fuel for Each Cask

éaske’r Design

Expanded Number of Fuel Assembly Designs

Evaluated as Acceptable

Enrichment Limits Identified and Evaluated

for Several Classes of Fuel Types




"able 6.2.1

BWR Fuel Characteristics
(alt dimensions in inches)

Yuel Assembly Type |Clad Pitch [Number  [Cladding Cladding |Pellet  [Active Number [Water Rod Flow Channel
Material of Fuel  [O.D, Thickness|Diameter [Fuel  [of Water O.bJLD, DRINININ
R(xls Length [Rods
626 GE Dresden 1 (712 | 0,694 36| _0.5645|  0.035| " 0.494| 10 0 0] 4.41/4.29
616 Dresden MOX_ 752 | 0.694 36/__0.5625)  0.035(  0.482] 110 0 0f___4.4114229
616 GE Humboldt_|72 | 0.74 36| 0.563{ 0.032| _0.488 71.5 0 0] 4.662/4.542
737 GE Humboldt (762 | 0,631 49| __0.486| _0.00| 0411|_ 0 . 0| 4.662/4.542
X7 GE 2 L0 49 0563 0037|0477 14a 0 0| _5.494/5.291
818 G Dresden | |74 0.52) 6] 0412 0.025] 0358 110 0 0 441429
8x8 SPC %) 0.641 63 0.484]  0.035|  0.405| 150 1] 0.484/0.414| 5.478/5.27%
BBGRBBR __ |7r2 | 0.64 62| 0.4831 0.032| 041|150 2 0.591/0.531| 5.478/5.278
8x8 GIL- 10 702 0.64 60 0483 0.032| 0.4l 150 4| _1.34011.260¢| 5.478/5.278
88 GE 712 0.64 63| __0.493|__0.0M|_0.416| 150 1| 0.493/0.425| 5.478/5.278
9x9 SPC- 2 wir rods |72 | 0.572 79|__0.42 0.03|_0.3565| 150 2| 0.425/0.364| 5.478/5.278
NI SIC- Imtrrod_ (762 | 0.572 BO)_ 0.423] 0.0295| 0.3565| 150 H_0.51210.472| 5.478/5.278
9x9 GI-11 72 | 0.566 740441 0.028) 0.376] 150 7 0.44/0.40| 5.478/5.278
9%9 GU-1T Partial (72| 0.566 66/74]  0.44) 0028 0.376| _150{ 172|  0.44/0.40| S 478)5. 278
9x9 Atrium 9B SPC |72 | 0.569 T2 043 0.02614) 0.3737| 150 . 1.516/1.459] 5.478/5.278
1010 SVEA96 |76 | 0.488 960379 0.0248 0.3224) Tis0l s G400 4257 S 993/5.478

T Water tod dimensions for the GI2-10 s the actual dimensions, in tiew of cquivalent water ruxls,

TPSVEA fuel assembly has one large square water rod in the conter with four smaller rectangular water rods.

+ ot g e i =
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Table 6.2.1 (cont’d)
PWR Puel Characteristics
(atl dimensions in inches)

Fuel Assembly Type (Clad Pitch [Number  |Chadding [Cladding, [Pellet  [Active  |Number  [Water Rod
Material of Huel  JOD, Thickness|Diameter [Fuel of Water  jO.D/LD,
Rods Length__ {Rods
14214 1 74 | 058 176 0.44| _ 0.026] 0.3805 144 sl L115/1.035
14x14 WE 74 | 0.556 179] 0422} 0.0243]_ 0.3659 144 17| 0.539/0.505
xI4WEOPA___\7e4 | 05561 1791 040,043 0.344a] 144 17]_0.521/0.493
ISS &AW 17e4 | 0568 2080 0.43] 0.0265| 0.3686 144 17| 0.53/0.498
15515 CE__ 74| 055 204| _ 0.418] _ 0.026]  0.358 144 21{ .0.533/0.500"
15x15 SPC 71-4 0.563 204 0424) 0.0 0357 144 2] 0.544/0.49
15215 WE 74 10563 204) 0.422] 0.0245]  0.366 144 211 0.546/0.512
ISXISWILOPA_ (7r4 ] 0563 204] 0422 0.0245] 0366|144 21| 0.533/0.499
16x16 CE Ird 105061 236] 0.382) 0025  0.325 144 3|____0.98/0.90
17x17 SPC 7r4 | 0.496 264)  0.36] _ 0.025]  0.30 144 25| 0.480/0.448
ITXITWESTD  {Zr4 | 0.496 2641 0.374]  0.0225| 0.3225 144 25| _ 0.482/0.450
I7X1TWEOFA_, |7r4 0.496 264 036/ 0.0225] 0.3088 144 25| 0.474/0.442
17x17 WE Vantage [7r-4 | 0.496 264] 0374 0.0225] 0.3225 144 25| 0.496/0.422

TR 15x15 fuel assembly has four large water rods with one smaller water rod in the center.
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Table 6.2.2
CALCULATED RZACTIVITIES OF FUEL ASSEM3LIES IN TEE MPC-24

MCNP
Fuel Type Maximum Ke

17xi7 Rod Ameys at 4.0% Encichment

0.9456°
0.9388
0.9571
0.5432
0.9457

15x15 Roé Aseys at 4.1% Enrichment

0.52817

0.9423

T OFA

B V3IE or Standard
SPC (ANF/=xxon/Siemens) 0.6342
B&W 0.944
Palisaies 0.9332
14x14 Rod Amzys at 4.6% Envichment
axis 0.92027
T 0.6363

g C.931s

16x.£ Ro¢ Ammzys at 4.6% Ensichment

0.6377

C=:4x1¢

Thess caleizsane were made for a '3 lcading of 0.0198 giem® whizh is 90% of the minimum
leading, 0.C22 gizme.

Maximum K. insiudes bas and caleuiavonal sadsdes.




Table 6.2.3

CALCULATED REACTIVITIES OF FUEL ASSEMBLIES IN TrE MPC-32

' MCNP k, Calculation
@19% @ 4.0%
Fuel Type Enrichment Enrichment”
15x15 B&W 0.9368" 0.84:8
17x17 ¥ Standard 0.9315 0.9415
17x17 & OFA 0.9317 0.924C
17x17 V3H 0.9299 0.938C
17x17 §2C 0.9211 0.914<
15x15 % OFA 0.9331 0.5407
15x13 ¥ Standard or V3H 0.9339 0.835¢
15x12 §2C 0.9230 0.623¢8
15x13 Pzlsades 0.9207 0588
l1axls C= 0.89C5 0.8722
I2xi2 ¥ Standard 0.8853 0.8732
[2x14 & OFA 0.8837 Q.8x:¢C
1€xi¢ C= 0.9019 - 0.85:C
Note:
1 Thess calcuiziens were made for a %8 Jcading of 0.0276 glem® which is 5C% of the minimum
icading, C.23C7 glem”.
i Casatons at 4.0% enrichment assumed 1650 ppm solubie beren in the moderator.
= KEND3a verfication calculagon gave a maximum k. of 0.9335, inclcding bias.




Maximum k—eff of 0.9450, Including Bles and Uncamsinties

25C0

L0 88y sy

N
O
(9]
(@]

bbbt 4 gy N

1CCC

Minlmum Soluble Boron Conconiratlon, ppm

[ N A A I 1

()]

(@]
(9]

[ T P N O U O Y N O

T IR v T )
v LR R ararar T

o

Enrichmaent (W! Percant U-235)

RZ €.4.1; MINIMUM SOLUBLE EORON CO_NCEN.’RATE_C.N
Ficu FOR LOADING OF FUEL IN THE MFC~32




Tadle 6.2.4

e s
MNZLIES

CALCULATED REACTIVITIES OF FUEL ASSE
IN TEE MPC-68

Earichment MCN?

Fue! Description wt% =U Maximu= Xo

GZ3ix3R w/2 water rods 42

GZ3iz3R «/0.080" channe! 42

CZ3x3R, no chanre!l 4.2 0.5235:2
GZ= 3x3, 1 water red 4.2 2.5252
CEZ:Z, laszs diamewsr water toc 42 05308
SPC 3x3 4.2 C.5238

o
v
(M)
"
o)

CZ-... 9x§ wisher eds 4.2 G738
ST x5, | water rec 4.2 C.83.3
SPC 3x%, I water reds 4z C.533C
SPC 325, Arium fuel 4.2 C.325%
§VZa, i0x10Q, 0.053” ¢hannel 4.2 538

wers mads for 2 8 lea

EXL IRt

° XNINZZa verificaden calcuations gave 3 maximum ky ©




Mcximum k-—sff of 0.9332, Inciuding Bles and Urcs~ainties

c.0328

€.c300

7]
7

€.0275

€.L250

St g e gy Sl e ey Joag gy

Boron—10 Areal Densily, gms/cm?
O

.c2ce
/1/ 3/
V4
c.2078 —
3 > | &
a3 A
€.215¢ _7, AP
J & 2
2 KRG ICP
c.o128 = ot
c.cr¢cc _ / v
c.2c78 : & /
£678 < 4
c.zesc 2 R e T e — )
2.3 30 3.2 3.4 3.5 38 4.2 4.2
Avercge Enrichmen?, wi. pet, U-2323
FIGURT €&.2.1 RECUIRED B-10 AREAL DENSITY FC3 Ewz

FUEL OF VARICUS AVERAGED ENRICEMINTS
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BOLTED
CLOSURE
PLATE
CLOSURE RING
ENCLOSURE . HPC LID
VESSEL _\W
\<§§§§§> FUEL BASKET

TOP /
FLANGE MPC SHELL
\///

[}
~
QUTER
ENCLOSURE

LIFTING
TRUNNIONS

L

\ T
NEUTRON
SHIELD | BASEPLATE
//
INTERMEDIATE IR 5
INTERY \ I o OVERPACK
I A SHELL
//”ﬂ—“‘\\'

BOTTON POCKET
TRUNNIONS
PLATE _\i\ I ll [ (NOT VISIBLE)
e N
)

HI-STAR 100 OVERPACK
WITH MPC PARTIALLY INSERTED
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HI-STAR 100 System Thermal Design
Basis

MPC TYPE | WATTS/ASSEMBLY | TOTAL DECAY

HEAT
MPC-68 370.5 252 KW
MPC-24 1093 26.23 KW

MPC-32 774 24771 KW
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Cask Design Objectives

e Maximum Heat Dissipation

e Maximum Structural Rigidity for Protection
Against Accident Events

e Limits Maximum Lifted Weight to Less Than
125 Tons

e Maximum Gamma and Neutron Shielding

¢ Maximum Protection Against Extreme Events
Such As Fire and Tornado Missile

e Maximum Fuel Assembly Capacity

e Compliance with DOE-MPC Specifications




COMPARISON OF KEY DESIGN FEATURES

ITEM HI-STAR 100 LARGE TRANSPORT ASSESSMENT
CASK LICENSED IN
1994 (DOCKET 71-
9235)
BASKET CELL WALL THICKNESS | 0.25” (MPC-68) 0.048” THE THINNEST HI-STAR BASKET
0.3125” (MPC-32) PANEL HAS 141 TIMES THE
0.3125” (MPC-24) INERTIA SECTION
MINIMUM BORAL '°B LOADING UP TO 0.03 g/cm® 0.01 g/cm? HI-STAR BASKET "B LOADING IS
(MPC-68) 2.2 TO 3 TIMES GREATER
0.0307 g/cm* (MPC-32)
0.022 g/cm®* (MPC-24)
OVERPACK CONTAINMENT SHELL | 2.5” 1.5” HI-STAR CONTAINMENT IS 66.7%
THICKNESS THICKER
OVERPACK BOTTOM PLATE 6” 6.2” OVERPACK BOTTOM PLATE
THICKNESS THICKNESS IS 97%
GAMMA SHIELDING CARBON STEEL STEEL AND LEAD LEAD IS ELIMINATED FROM HI-
SHELLS STAR
SLUMP OF GAMMA SHIELD IN NOT CREDIBLE YES (POSSIBLE) LEAD SLUMP NOT AN ISSUE
FIRE EVENT WITH HI-STAR
IMPACT LIMITER ALL METAL REDWOOD AND BALSA | METAL NOT SUSCEPTIBLE TO
WOOD LONG-TERM DEGRADATION
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BOX WALL
SHEATHING SITS ON THE SUPPORT DISKS

SHEATHING WELDED CONTINUOUSLY

FEATURES

COMPOSITE BOX ELEMENT



IMPACT LIMITER (TOP)

IMPACT LIMITER (BOTTOM)

OVERPACK WITH
MPC INSIDE

HI-STAR 100 WITH IMPACT LINITER
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Major Features

e All-Welded Multi-Purpose Canister

* Enclosure Vessel Designed to ASME Section I11
Class 1

* Fuel Basket Designed to ASME Section 111
Subsection NG

e All-Metallic (Aluminum) Impact Limiters
 Three MPC Designs Submitted for Certification

» MPC Has No Carbon Steel (All Alloy
Construction)

e Minimizes Field Welding




TN

OVERPACK

GAPS INHIBIT
HEAT TRNASFER

GAP #4

LOCATION OF MULTIPLE GAPS IN THE CLASSICAL DESIGN

LEGEND

GAP #1: SNF TO BOX GAP

GAP #2: BOX WALL TO DISK GAP
GAP #3: DISK TO MPC GAP

GAP #4: MPC TO OVERPACK GAP
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Maximum Fuel Cladding Temperatures

(Normal Conditions)*
MPC TYPE MAXIMUM FUEL
CLADDING
TEMPERATURE
MPC-68 651 °F
MPC-24 657 °F
MPC-32 697 °F

* Ambient Temperature: 100°F
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Thermal Design Basis for Transport*

ITEM MPC-32 | MPC-24 | MPC-68

TOTAL DECAY HEAT LOAD | 18.14 KW | 16.78 KW | 16.56 KW
MAXIMUM PERMISSIBLE
PEAK CLADDING
TEMPERATURE

- NORMAL CONDITIONS 716 °F 716 °F 716 °F

- ACCIDENT CONDITIONS | 1058 °F 1058 °F 1058 °F
AMBIENT TEMPERATURE 100 °F - 100 °F 100 °F

* From Table 1.2.3 of HI-951251, SARP
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HI-STAR 100 SYSTEM

Confinement and Containment
USNRC Meeting
February 10, 1997

Stephen Agace
Manager of Operations
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Presentation Qutline

e HI-STAR 100 Confinement System

Design Specifications
Confinement Boundary Welds
Weld Testing and Examination

~ Applicable Codes for NDE

Normal Conditions of Storage

Confinement Analysis for Storage Accident
Conditions

Results of Storage Accident Conditions

« Hi-STAR 100 Containment System

Design Specifications

Closure Bolting

Weld Testing and Examination

Seal Testing

Normal and Accident Conditions of Transport
Containment Criterion for Transport Conditions

e Conclusions
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HI-STAR 100 Confinement System

Multi-Purpose Canister

{ANEN
/
/
/ N
/ o
COVERPLA / < MPC CLOSURE DRAIN PORT
QUICK DISCONNECT '\\ - ” l MY
s \-\\\\\\\\\\&\\\I mg%gmem
- - & | §’ DRAIN PIPE
T : ] Z .
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Summary of Confinement Boundary
Design Specifications

Design Attribute Design Rating

Design Temperature (normal)' 550 °F (MPC lid)
Internal Design Pressure (off-normal) 100 psig
Design Temperature (off-normal) 550 °F (MPC lid)
Internal Design Pressure (accident) 125 psig
Design Temperature (accident) 950 °F
Design Basis Leakage Rate 1x10# cm3/sec (helium)
Closure Plate Mechanical Seals:

Design Temperature 1200 °F

Pressure Rating 10,000 psig

Overpack Vent and Drain Port Cover Plate

Mechanical Seals:
Design Temperature 464 °F
Pressure Rating 10,000 psig
Overpack Vent and Drain Port Plug
‘Mechanical Seals:
Design Temperature ' 1600 °F
Pressure Rating 15,000 psig
Design Basis Helium Leakage Rate 1.51x10™ cm®/s
Helium Leakage Rate Test Acceptance £2.4x10°% cm’/s
Criterion

Helium Leakage Rate Test Sensitivity 1.2x10° cm’®/s
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MPC Confinement Boundary Welds

’

Confinement Boundary Welds
ASME Code Category
(Section III, Subsection

MPC Weld Location Weld Type NB)
Shell longitudinal Full Penetration Groove A
seam (shop weld)
Shell circumferential | Full Penetration Groove B
seam (shop weld)
Baseplate to shell Full Penetration Groove C

(shop weld)
MPC lid to shell Partial Penetration Groove (field C

weld)
Closure ring to shell | Full Penetration Groove (field weld) C
Vent and drain port | Full Penetration Groove (field weld) No Category
cover plates to MPC
lid
Closure ring to Full Penetration Groove (field weld) No Category
closure ring radial
Closure ring to Full Penetration Groove (field weld) D
MPC lid
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MPC Weld Testing and Examination

lid

final pass)

Weld Location NDE Leakage Test
' Requirement
Shell longitudinal RT, PT Surface | Helium MSLD
seam (Fabrication)
Shell circumferential | RT, PT Surface | Helium MSLD
seam (Fabrication)
Baseplate-to-shell RT or UT,PT | Helium MSLD
Surface (Fabrication)
Lid-to-shell PT (root and Helium MSLD
final pass) (Closure)
Closure ring-to-shell | PT (root and Helium MSLD
final pass) (Closure)
Closure ring-to-shell | PT (root and Helium MSLD
final pass) (Closure)
Closure ring-to-lid PT (root and Helium MSLD
- | final pass) (Closure)
Closure ring radial PT (root and Helium MSLD
welds final pass) (Closure)
Port cover plates-to- | PT (root and Pressure rise
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Applicable Codes for MPC Non-
Destructive Examinations

NDE Test Type

Applicable Code

Acceptance
Criteria
(Applicable
Code

RT

ASME Section
V, Article 2

ASME Section
I, Subsection
NB, Article NB-
5320

ASME Section
V, Article 5

ASME Section
III, Subsection
NB, Article NB-
5330

PT

ASME Section
V, Article 6

ASME Section
I, Subsection
NB, Article NB-
5350
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Normal Conditions of Storage

 No Confinement Credit Taken for Overpack
Pressure Vessel

e MPC Stress Limits Are Within Their Code-
Allowable Limits

e MPC Temperatures Are Within Design-Basis
Limits
e MPC Pressure Is Within Design-Basis Limit

e No Coatings Used

— All alloy construction
— Boral plates are completely enclosed

e MPC Pressure Below Design Basis (Normal) for
the Most Adverse Conditions

— Maximum normal ambient temperature
— Full insolation

— Decay heat load

— 10% fuel cladding rupture
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Confinement Analysis for Storage Accident
Conditions

e Assumes a Full Release of Available MPC
Contents

* Nuclides Quantities Based on Bounding
ORIGENS-S Calculations

— B&W 15x15, 45,000 MWD/MTU, 5-yr cooled
— GE 8x8R, 45,000 MWD/MTU, 5-yr cooled

e Based on Nuclides and Release Fractions of
NUREG-1536 (draft)

e 60Co Source Based on 140 Micro-Ci/cm?
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Results of Storage Accident Conditions

(at 200 meters)

Component | MPC-24 MPC-32 MPC-68

(Rem) (Rem) (Rem)
Whole Body | 0.556 0.741 0.565
Dose
Thyroid 1.467 1.955 1.504
Regulatory |5 5 5
Limit
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HI-STAR 100 OVERPACK
CONTAINMENT BOUNDARY
COMPONENTS
VENT PORT C.L'OSURE PLA S TEST PORT
% TOP FLANGE %
INNER SHELL\\
;;w//\\ﬁs:
BOTTOM PLATE
DRAIN PORT 3 ' R
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HI-STAR 100 Closure Plate Containment
Details

- TEST PORT PLUG

CLOSURE PLATE

NN NN N Y

CLOSURE PLATE
MECHANICAL SEALS
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HI-STAR 100 Overpack Vent and Drain
Port Details

COVER PLATE

\BOLT

—HHI]

V4

— ——ﬂHHHHHHH+{BEHHHHHH§? — | o

o

SEAL\

PORT PLUG

i AND SEAL i M]
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Summary of Containment Boundary

Design Specifications

Design Attribute Design Rating
Overpack Internal Design Pressure (normal) 100 psig
Average Gas Temperature (normal) 507 °F
Overpack Internal Design Pressure (accident) 125 psig
Average Gas Temperature (accident) 568 °F
Closure Plate Mechanical Seals:
Design Temperature 1200 °F
Pressure Rating 10,000 psig
Design Leakage Rate <1x10° cm%/s, He
Overpack Vent and Drain Port Cover Plate
Mechanical Seals:
Design Temperature 464 °F
Pressure Rating 10,000 psig
Design Leakage Rate <1x10® cm®/s, He
Overpack Vent and Drain Port Plug
Mechanical Seals:
Design Temperature 1600 °F
Pressure Rating 15,000 psig
Design Leakage Rate <1x10”° cm’/s, He
Design Basis Helium Leakage Rate 1.51x10™* cm’/s
Helium Leakage Rate Test Acceptance £2.4x10°° cm®/s
Criterion

Helium Leakage Rate Test Sesitivity

1.2x10°% cm’/s
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HI-STAR 100 Containment Closure
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Bolting Summary
Item Qty | Type Material
Closure Plate Bolt |52 |1-1/2”-6 UNCx 7-3/8” | SB-637-
(Long) LG Socket Cap Screw | N07718
Closure Plate Bolt |2 1-1/2”-6 UNC x 6- SB-637-
(Short) 15/16” LG Socket Cap | NO07718

Screw

Vent/Drain Port 4ea |3/8-16UNCx1-1/4” SA-193 Grade
Cover Plate Bolt LG Socket Cap Screw | B7
Vent/Drain/Closure | 1 ea | 7/8 diameter Fabricated | SA-193 Grade
Plate Port Plug Plug B8
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Overpack Weld Testing and Examination

Overpack Weld NDE Leakage Test
Location Requirement

Inner shell-to-top RT,MT or PT | Helium MSLD
flange Surface (Fabrication)
Inner shell -to-bottom | RT, MT or PT | Helium MSLD
plate Surface (Fabrication)
Inner shell RT,MT or PT | Helium MSLD
longitudinal seam Surfac,e (Fabrication)
Inner shell RT,MT or PT | Helium MSLD
circumferential seam | Surface (Fabrication)




Overpack Seal Testing

e Full Fabrication Assembly Leakage Test
— Evacuated envelop method
— Tested in accordance with ANSIN14.5
— Acceptance criteria based on transport limits

e All Penetrations Have Double Seals

e Assembly Verification Leak Test (Following
Loading)
— Evacuated envelop method for each individual
penetration
— Tested in accordance with ANSI N14.5

— Acceptance criteria based on fabrication verification
leakage test limit
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Normal and Accident Conditions of
Transport

* Overpack Stress Limits Are Within Their Code-
Allowable Limits

e Overpack Temperatures Are Within Design-
Basis Limits

» Overpack Pressures Are Within Design-Basis
Limits

* No risk of Overpressurization

* Overpack Pressure Below Design Basis for the
Most Adverse Conditions

— Complete loss of MPC pressure boundary
— 100% gas gap release

— Design basis fuel conditions

— 10 CFR Part 71 fire
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Containment Criterion for Transport

Conditions

o Leakage Rates Determined in Accordance With
ANSINi14.5

e Assumptions

3% fuel rod rupture normal transport
100% fuel rod rupture during transport accident

30% of the Tritium and 3°Kr escapes from failed fuel
rods -

15% of the 9Co of crud released as aerosol (normal)

100% of the Co on assembly surface released as
aerosol (accident)

60Co source based on 140 micro-ci/cm?

e Nuclides Quantities Based on Bounding
ORIGEN-S Calculations

B&W 15x15, 45,000 MWD/MTU, 10-yr cooled
GE 8x8R, 45,000 MWD/MTU, 10-yr cooled




Conclusions

The HI-STAR 100 Confinement Boundary
Design and Operating Conditions Meet all
Requirements for Normal and Hypothetical
Accident Conditions of Storage Defined in
10CFR Part 72

The HI-STAR 100 Containment Boundary
Design and Operating Conditions Meet all
Requirements for Normal and Hypothetical
Accident Conditions of Transport Defined in
10CFR Part 71 ‘
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Presentation Qutline

e Operations Development

e Operations Overview

o Utility Events/Experience

e HI-STAR 100 System Technical Specifications
¢ MPC Unloading

o HI-STAR 100 System Acceptance Testing
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Operations Development

* Operations Are Based on Conservative, Site-
Proven Methods

o Utility Events/Experiences Have Been
Incorporated Into the Procedures

» Good/Safe Utility Work Practices Are
Incorporated Into the Procedures in the Form of
Notes, Warnings and Cautions

e Procedures Are Presented in a Similar Format
to Utility Operating Procedures

o All Operations Are Designed for Safety and
ALARA |
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Operations Overview

Preparation for Loading

Placement of HI-STAR in the cask washdown area
Installation of the MPC

MPC fit testing

MPC and annulus filling

Placement of HI-STAR in the spent fuel pool

Fuel Loading
MPC Closure

Removal of HI-STAR from the spent fuel pool
Dose rate monitoring

Decontamination/installation of the temporary shield
ring

Lower the MPC water level
Weld the MPC lid/ NDE
Raise the MPC water level

Blow the water from the MPC and measure the
volume

Vacuum dry the MPC
Backfill the MPC with measured volume of Helium
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Operations Overview
(Continued)

e MPC Closure (Continued)
— Helium leak test the lid-to-shell welds
— Install/weld the vent and drain port cover plates/NDE
— Pressure-rise leak test the cover plates
— Install/weld the outer closure ring/NDE
— Dose rate/contamination monitoring

e HI-STAR Closure
— Install the closure plate
— Drain and dry the annulus
— Backfill the annulus
— Leak test the overpack closure plate seals
— Install the cover plates/test port plug
- — Remove the temporary shield ring
— Perform contamination surveys
» HI-STAR Placement in Storage
— Place HI-STAR in storage
— Install shear ring segments
— Install pocket trunnion shield plugs
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Utility Events/Experience

 Load handling -

e Contamination Control

 Equipment Removal from the Spent Fuel Pool
e Moisture Condensation

e Veni/Drain Port Cover Plate Leakage Testing
» Water Pumping

* High Dose Rate Locations

o Storage of Components

e Combination of Remote Automated and Manual
Welding

e Fuel Cool-down

e Duration of Draining, Drying and Backfill
Operations

* Fit-Testing/Alignment
e Welder Removal




EEEEE
HOLTEC

* ——lNTERNATIONAL

HI-STAR 100 System Technical
Specifications

e Fuel Characteristics
— Type and Physical Condition
— Cladding Material
— Burnup and Initial Enrichment
— Soluble Boron Concentration (MPC-32)
~ Cooling Time
— Assembly Dimensions

e MPC
— Dryness
— Helium Backfill Mass
— Surface Contamination
— Dose Rates |
— Leakage Rates
— Field Weld NDE
— Duration of Vacuum Drying and Backfill Operations
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HI-STAR 100 System Technical

Specifications (Continued)

e HI-STAR100 "

Dryness

Helium Backfill Pressure

Dose Rates

Leakage Rates

Operational Lift Height Restrictions
Overpack Spacing

Weight of Contents

Duration of Horizontal Handling Operations
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Helium Backfill Mass

 The Amount of Helium Backfilled Is Based on
the Free Volume of the MPC

* Performance
— Displace all air in the MPC

— Measure the water volume displaced from the MPC
during blowdown

— Evacuate the MPC (<10 torr)and verify dryness
(pressure rise <8 torr in 10 minutes)

— Backfill quantity based on the measured volume of

water displaced from the MPC (Helium Mass Flow
Monitor)

* Basis
— Ensures proper heat transfer
— Ensures proper operating pressure
— Ensures inert atmosphere

— Ensures inventory of oxidizing gasses are below 0.25
% (volume)
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MPC Leakage Rates

e Leakage Rates Determined in Accordance With
ANSI N14.5

— Helium Mass Spectrometer Leakage test on the
MPC-to-shell weld

— Pressure-Rise Leakage test on the vent and drain port
cover plates

e Performance
— Evacuated test bell
— Leakage rate must be less than 1x10-* cm?/sec

e Basis

— Ensures that the quantity of Helium in the MPC is
sufficient to meet long-term storage conditions inside
the MPC
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HI-STAR 100 Overpack Leakage Rates

e All penetrations closed with double metallic
seals

e Leakage rates determined to meet the most
limiting transport requirements (normal vs.
accident)

e Performance
— Evacuated envelop method (ANSI N14.5)
— Leakage rates must be less than 2.4x10° cm?/sec

e Basis

— Ensures that the quantity of Helium in the overpack
is sufficient to meet long-term storage conditions.

— The overpack leakage rate ensures the requirements
of 10CFR71.51 are met.
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Duration of Horizontal Handling
Operations

Based on Design Basis Heat Load

— Control the amount of time the loaded package is in
the horizontal orientation

— Stabilization period following upending

Basis

— To ensure that fuel cladding temperatures remain at
or below 900 °F during the overpack transfer
operations. (PNL-6189)
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Operational Lift Height Restrictions

 Based on Contact Stiffness
— Outside of the Fuel Building
— Non-Single Failure Proof Lifting Device
— Without Drop Protection System
— Loaded Casks

e Performance
— Prior to cask handling determine the contact stiffness

e Basis

— Ensures that the HI-STAR 100 maximum
acceleration does not exceed maximum acceptable

value
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MPC Unloading

e Situation
— No gas sample locations
— Condition of Valved Quick Disconnect - Unknown
— MPC under pressurized
— Fuel at high temperature
— Risk of over-pressurization of MPC
— Risk of fuel thermal shock

e Procedure
e — Remove closure ring
— Establish ventilation control

— Dirill 1/8 inch hole through cover plate weld to
evaluate Valved Quick Disconnect operability

— Remove cover plate

— Depressurize MPC

— Perform fuel cool-down

— FillMPC

— Remove MPC lid-to-shell weld
— Unload MPC
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HI-STAR 100 Acceptance Tests

* Fabrication Leakage Testing of MPC Shell and
Overpack to ANSI N14.5

e Shielding Tests
— Control of neutron shield installation

— Verification measurements of gamma shield
thickness

— Post-loading neutron and gamma shield effectiveness
tests

¢ Neutron Absorber Tests of BORAL

— Wet chemistry to confirm minimum 19B contents

— 100% neutron attenuation testing of each BORAL
panel to confirm !°B areal density (allows credit for
90% of minimum 1°B content for criticality
evaluations)

e Thermal Acceptance Testing of Each HI-STAR

Overpack to Confirm Heat Transfer Capability
of the As-Fabricated Unit.




